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�Foreword

Telemedicine uses telecommunications to deliver health care, often over great distances, with the possibility of cost savings particularly in remote and rural areas. Telemedicine has important benefits to providers and users alike. It contributes to economic and social development. It is a multidisciplinary undertaking requiring expertise from the telecommunications, health�care and information technology sectors.

There has been significant interest in the possibilities of using telemedicine to help overcome some of the difficulties in providing health care in remote and rural areas of developing countries. As requested by the International Telecommunication Union (ITU)�D World Telecommunication Development Conference in Buenos Aires in March 1994, the ITU Development Sector has produced a Report on Telemedicine and Developing Countries which was adopted by the ITU�D Study Group 2 in October 1997. 

This Report has been prepared for people from a wide range of backgrounds, including those in the telecommunication, information technology and health�care sectors interested in telemedicine, particularly in developing countries. It provides information on many different aspects of telemedicine and is intended to help those undertaking telemedicine projects in the emerging markets of developing countries.

Our Study Group 2 gave its members an opportunity to provide additional information before the Report was finalized for printing and distribution. The Report has benefited from those and other amendments made by the Rapporteur’s Group led by David Wright of Inmarsat. I am pleased to present it here.

BDT has undertaken other activities in the telemedicine domain. It convened the first World Telemedicine Symposium for Developing Countries in Portugal in July 1997, the conclusions and recommendations of which are reflected in the Report. It is also serving as a catalyst in bringing together expertise from the different sectors in telemedicine pilot projects in developing countries. 

The Rapporteur’s Group has produced a new questionnaire (see pages 123-127) to help carry out the tasks in a new Question which was adopted by Study Group 2 in October. Please send responses to the Rapporteur.

Ahmed Laouyane

Director

Telecommunication Development Bureau (BDT)

Geneva, December 1997
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NOTE

Comments on and contributions to the Report on Telemedicine and Developing Countries are welcome. They should be sent to the Rapporteur for Question 6: David Wright, Inmarsat, 99 City Road, London, EC1Y 1AX, England, fax: + 44 171 728 1778, e-mail: david_wright@inmarsat.org. A copy can also be sent to Leonid Androuchko, ITU-BDT, Place des Nations, 1211 Geneva 20, Switzerland, fax: + 41 22 730 5484.

Summary

While there are significant potential advantages and benefits from telemedicine, the evidence of its cost�effectiveness and sustainability is meagre. This is because much of the telemedicine activity so far has been in the form of pilot projects or demonstrations in universities and hospitals with subsidized funding from government or other sources. The number of self�sustaining, commercial applications of telemedicine is still very small. Telemedicine undoubtedly yields cost savings in certain circumstances, but often the savings and benefits accrue to those who do not have to pay for the service. Thus, few service providers have found a way to recover their costs (and make a profit) from those to whom they provide their service. Even fewer countries have actually budgeted for the provision of telemedicine as a service widely available to their citizens. Nevertheless, with the rapidly declining cost in hardware and telecommunications, the level of interest and the corresponding activity in telemedicine is rising rapidly.

Most of the telemedicine experience to date has been in the industrialized world. It is apparent that the first requirement of developing countries is for more information about telemedicine, what it is, and how it might be able to help solve some of the shortages in medical and health care.

Given the potential of telemedicine to facilitate the provision of medical information and health care in rural areas, it seems useful for developing countries to undertake pilot projects in order to evaluate its potential and cost�benefits. The results of such pilot projects could be part of the development of a national health for all policy which takes telemedicine into account.

In view of the other priorities of developing countries, especially those of the least developed countries, financing telemedicine activity is likely to remain a challenge for some time to come. Funding from external donor agencies may well be necessary, but local commitment and participation in pilot projects is essential if the project is to have a chance of success. As telemedicine requires a multidisciplinary approach, the active participation of telecommunication operators must be assured.

Despite some false starts in the deployment of telemedicine as a continuing service to the general population – as opposed to a few well�to�do clients – telemedicine has great potential to improve access to health care and to contain costs in developing countries.











�REPORT  ON  QUESTION  6/2

Impact of telecommunications in health-care�and other social services

Report on Question 6/2

1	Introduction

The state of health of a population is a direct determinant of development. It affects productivity, the potential of children, infant and general mortality, and the allocation of resources within a family, community and nation. Access to better health services reduces poverty and increases productivity. Investment in health is a prerequisite to economic and social progress.

Population growth and the emergence of new health problems are increasing the demand for health services and for more expensive treatments. However, increasing demand and rising health�care costs have not been matched by the funding of the health sector in most developing countries. Health infrastructure – buildings and equipment, medical staff, drugs and vehicles – is central to good health care and requires high investments. Health services must also be integrated, cost�effective and available to the people who need them. The adoption of sound policies and strategic plans that guarantee the provision of high quality, sustained and integrated health services to the population are challenges faced by most governments of developing countries today. To meet this challenge, governments and private health�care providers must make use of existing resources and the benefits of modern technology.

Many developing countries have inadequate health�care and medical services. Developing countries suffer from a shortage of doctors and other health�care professionals. Inadequate infrastructure, such as telecommunications, roads and transport, make it even more difficult to provide health care in remote and rural areas and to transport patients properly. Where clinics and hospitals exist, they are often ill�equipped and, especially outside urban areas, beyond the reach of normal communications. Developing countries face various problems in the provision of medical services and health care, including funds, expertise and resources.

For countries with limited medical expertise and resources, telecommunications services have the potential to provide a solution to some of these problems. Telemedicine has the potential to improve both the quality of and access to health care regardless of geography. It enables medical and health�care expertise to be accessed from underserved locations. Health�care professionals can be more efficient. Telemedicine offers solutions for emergency medical assistance, long�distance consultation, administration and logistics, supervision and quality assurance, and education and training for health�care professionals and providers. Telemedicine can help counter tropical diseases and meet the particular requirements of various medical specialities.

In the industrialized world, there has been a rapidly growing interest in telemedicine as a means of easing the pressure of health care on national budgets. Some of the technologies and experiences of the industrialized countries could help developing countries in their desire to provide improved health care and primary health care in particular.

Services such as telemedicine should be of interest to telecommunication operators since they generate additional traffic on existing networks and offer the opportunity to extend networks. The telecommunication and health “industries” can achieve synergies.

Telemedicine needs to be implemented carefully and managed well. The impact of telemedicine on health�care structures can be significant. In this respect, telemedicine can be seen as a tool to reorganize or to build up new health�care structures. It also raises concerns about liability, confidentiality, competition and other policy and regulatory issues.

For these and other reasons, the World Telecommunication Development Conference convened by ITU in Buenos Aires in March 1994 recommended that the ITU study the potential of telemedicine to meet some of the needs of developing countries [1, 2]. In particular, the Conference approved a question on telemedicine which was assigned to Study Group 2 in the ITU’s Development Sector. The text of the question was:

�Statement of problem

The widespread use of telemedicine services could allow universal health access and consequently facilitate the solution of the principal health problems connected with infectious diseases, paediatrics, cardiology, etc., particularly in areas where medical structures are inadequate or non-existent.

Telemedicine mainly concerns two different aspects related respectively to telecommunications infrastructure and health�care organization.

Question

The Study Group shall:

1)	define the best technologies for the most efficient diffusion of telemedicine to developing countries;

2)	study the costs and benefits of different solutions, taking into account the various solutions existing in developing countries;

3)	analyse the results of pilot projects, surveys, sectoral studies, etc., carried out by the various entities involved in order to identify the main trends in technology used for telemedicine;

4)	foster the adoption of global standards required for systems and equipment in order to facilitate telemedicine and other social services;

5)	produce a telemedicine handbook.

This Report was prepared in response to the above question.

2	Scope of the Report

This Report focuses on the possible applications of telemedicine in developing countries. The Report surveys telemedicine experience around the world, different telemedicine applications and the technologies required. It reviews the costs and benefits of telemedicine, and examines in particular the notion of a telemedicine “value chain”. The Report notes some of the main trends in the development of telemedicine services and examines the prospects and complexities inherent in the development of global standards for them. Based on the analysis of the Study Group, recommendations and guidelines are provided for developing countries who are considering the implementation of such services.

The telemedicine industry appears to be growing rapidly, judging by the increasing number of conferences on the subject and World Wide Web sites dealing with telemedicine services, but there are, as yet, few examples of commercial, profitable services.

The industrialized countries of North America, Europe, Japan and Australia have considerable experience in telemedicine. Based on research so far and the responses to the Telemedicine Questionnaire (see Appendix 2) sent out to countries in helping to prepare this Report, it is clear that much of the telemedicine activity undertaken around the world depends upon subsidies from government, telecommunication carriers or international organizations. However, the situation is changing and a trend towards the commercialization of telemedicine is clearly discernible.

In Europe, the European Commission (EC) has supported a large number of telemedicine projects, about 45 in its Third Framework Programme and about twice as many under its current Fourth Framework Programme. The costs amount to more than 235 million ECU (1 ECU is about US$ 1.3) over an eight�year period. The EC research programme aims to develop a competitive European telemedicine industry as well as to improve the delivery of health�care services to Europeans. 

There are many telemedicine applications, some relying on sophisticated and expensive technologies. Telemedicine applications using virtual reality technologies are being developed and demonstrated in the United States and the United Kingdom. Such sophisticated and expensive technology is out of the reach of developing countries. What they need is low-cost, sustainable solutions for the delivery of health care, as well as access to appropriate medical expertise.

Although telemedicine has many socio�economic benefits, can generate new sources of revenues for service providers and equipment suppliers, and can optimize the use of available human and capital resources in developing countries, it is important to recognize that investing in a telemedicine delivery system will cost something and that something will be competing for scarce resources in developing countries. External support and funding, i.e. outside the developing countries, can be contemplated, but the sustainability of the delivery system – of the value chain [3] – should be scrutinized carefully before committing significant capital.

�The success of a telemedicine service will depend heavily on which technologies and services are used and on how appropriate they are to particular countries. Clearly, what may work in one country may not meet the needs of another country. These and other issues were discussed at ITU’s first World Telemedicine Symposium for Developing Countries, convened in Portugal in mid�1997. Some of the documents prepared for that symposium have been used in the preparation of this Report. 

This Report is intended to serve as a source of reference for government administrations and operating agencies, amongst others, so that they can evaluate a range of possibilities and choices related to networks and applications, cost�benefit analyses and standards, in order to identify the solutions appropriate to their needs and availability of resources.

3	Health care in developing countries

Of more than 52 million deaths in 1996 worldwide, over 17 million were due to infectious and parasitic diseases; more than 15 million to circulatory diseases; over six million to cancers; and about three million to non�specific respiratory diseases. Poor countries had four times more deaths than rich countries [4]. About 40 million deaths occurred in the developing world where most babies are not vaccinated, clean water and sanitation are not commonly available, nor are curative drugs and other treatments. Mothers dying in childbirth, reduced life expectancy, disability and starvation, mental illness, stress, suicide, family disintegration and substance abuse are common in developing countries. The main cause is poverty. According to the World Health Organization (WHO), poverty is the main reason why the human race suffers in all walks of life [5]. During the second half of the 1980s, the number of people living in extreme poverty increased, and was estimated at more than 1.1 billion people in 1990 – more than one�fifth of humanity.

Every year in developing countries, more than 12 million children under the age of five die from preventable causes – preventable in many cases at a cost of just a few pennies each. There are widening disparities between rich and poor, between one population group and another, between age groups and between the sexes. According to the 1995 report [5] from WHO, a person in the least industrialized countries has a life expectancy of 43 years, compared to 78 in some industrialized countries. Some developing countries have less than US$ 4 to spend on health care per person per annum.

According to WHO, the biggest killers in the world today are infectious diseases and parasites. In the developing world, some 23% of deaths among children under the age of five occur in the first week of life and 33% within the first month. Most of these deaths are associated with the delivery itself or immediate complications and infections. Seven out of 10 babies in the developing world are born without the help of a trained attendant [5].

Problems of disease are compounded by a shortage of medical staff. For example, in Africa the number of doctors is simply inadequate for the continent’s overwhelming health needs. Whereas industrialized countries have one doctor for every 200 to 500 people, in East Africa the ratio ranges from one doctor per 7 000 people in relatively prosperous Zimbabwe, to one per 40 000 people in Mozambique [6]. This is where the problem lies. People in developing countries do not have access to the same quality of health care as enjoyed by people in the industrialized countries. The mounting African health crisis relates in part to the lack of adequate information systems [7]. While health�care workers in the developing world struggle with some of the world’s most serious public health problems, their efforts are severely hampered by a lack of information.

About one billion people worldwide do not have regular access to local health services. At the same time, cheap, effective, life�saving treatments sit unused on shelves while people are dying because in many areas of the world, the systems required to deliver them to the target populations do not exist or are inadequate. Increasingly, there is a recognition that health services must be provided close to the people who need them and an integrated, cost�effective approach is necessary. 

Integration is the key to effective delivery of care (Figure 1). There cannot be high�technology hospitals in every part of every country, and with telemedicine links there does not need to be. Instead, a stratified system can be used, with telemedicine and conventional links between the various levels of the health services, so that the peripheral health units seeing the majority of cases can feed them through to district�level hospitals as appropriate, which in turn can refer patients to more specialized centres if necessary. As described later in this Report, there are relatively inexpensive and affordable telemedicine systems that can be set up easily and are user�friendly. But some developing countries will not be able to afford such systems nor the costs of teaching the health staff to use them.
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It is ironic that in some parts of the world hundreds of millions of people suffer daily from a lack of basic health care while in other parts millions of people spend money on things which are not healthy. Think what a billion dollars could do to help immunize people against deadly diseases in developing countries. A billion dollars is not much money – it is what Americans spend on beer every 12 days and what Europeans spend on cigarettes every five days [8].

Developing countries are inevitably short of high level hospital infrastructures. The geographical distribution of existing hospitals and health services is far from ideal; usually they are limited to urban centres at county or district level. Referral hospitals with competent medical specialists and state of the art medical technology, such as scanners and other sophisticated diagnostic equipment are non�existent, or where they do exist are at best confined to a single metropolis.

The inability of governments in developing countries to provide high�quality health services irrespective of geographical location is in part linked to the health service’s organizational options, which currently imply mobilization of financial, material and human resources against a background of creating decentralized hospitals and health clinics. There is a growing recognition in many countries of the importance of placing greater priority on the provision of primary health care as a way of minimizing the cost of direct medical care.

The implementation of telematics in primary health care has lagged behind the application of telematics to the hospital environment for a number of reasons. One reason is the lack of investment in primary health care. Another important reason is the unstructured and dispersed nature of primary health care. As the policy to shift more health care from secondary to primary care is implemented and as demographic changes begin to have an impact, increasing demands are being placed on primary health�care services. The need for coordination of health�care services for individual patients is a major consequence and the application of telematics in this area has the potential to improve both the quality and efficiency of health care. WHO’s principles of primary health care are based on accessibility, continuity and comprehensiveness. 

Telemedicine has the potential for offering developing countries both qualitative and quantitative improvements. These include:

·	distance consultations, diagnosis and advice for treatment by medical specialists practising in a national, regional or international hospital centre for referrals;

�·	availability of high quality health care in remote areas of the country, by deployment of mobile telemedicine centres travelling from one village to another, or even local community centres which meet the joint requirements of several villages;

·	opening up new methods of education and training. Rural health�care staff can have regular access to lessons given by specialists in hospitals (e.g. on the management of common and special diseases);

·	improvement in qualification of national specialists and health technicians, by providing access to international medical databases;

·	increasing effectiveness and efficiency, for example in reducing waiting times for consultations, and in introducing medical information systems.

Telemedicine could reduce health costs in developing countries in various ways. For the patient there may be savings from:

·	cutting down on journeys to major health centres or for specialist consultations;

·	reducing the length of stay in hospital, and therefore the cost of hospitalization, since the patient can be monitored at a distance.

For the providers of health services there may be savings from:

·	a reduction in operating costs through centralization and optimization of resources (e.g. expertise, laboratories, equipment);

·	a reduction in travel costs and time for specialists visiting other hospitals for consulting;

·	a reduction in costs of training and updating, and improvement of specialists’ qualifications through distance teaching and access to medical databases.

Telemedicine, by comparison with conventional health services, introduces added value and has a positive impact at social, economic and cultural levels.

4	What are telemedicine and telehealth?

4.1	History of telemedicine

Telemedicine has been practised for a long time – it is not a new technique. Some people say that telemedicine came about with the introduction of the telephone. Dr Alexander Graham Bell called “Come here, Watson, I need you” because he was feeling ill. Telemedicine was certainly practised by telegraph in the early 1900s [9]. And telemedicine was practised by radio shortly afterwards: offshore telemedicine started in the 1920s when several countries offered medical advice from hospitals to their fleets of trade ships by using Morse code. Sahlgrens University Hospital in Gothenburg, Sweden, started such services in 1923.

The initial idea behind telemedicine was, and is, to overcome the barriers of time and distance. From its inception, the emphasis has been on diagnosis. Diagnosis usually requires visual information, hence one needs a device that enables the physician to “see” the patient.

Among the early telemedicine efforts was the research and development work into telemetry undertaken by the National Aeronautics and Space Administration (NASA) in the United States. Scientists at NASA demonstrated successfully that the physiological functions of an astronaut could be monitored by physicians on earth. NASA’s scientists were originally concerned with the effects of zero gravity on their astronauts. They decided to constantly monitor their astronauts’ physiological functions, such as blood pressure, respiration, and body temperature. NASA developed a medical support system which included diagnosis and treatment of in�flight medical emergencies as well as a medical delivery system.

Other early telemedicine experiments were based on the use of television. For example, a patient�physician telemedicine system was established in 1957 by Dr Cecil Wittson as part of a telepsychiatry and medical education programme in Omaha, Nebraska. The programme involved the establishment of the first interactive video link, between the Nebraska Psychiatric Institute in Omaha and the Norfolk State Hospital, 112 miles (180 km) away [10]. Another early telemedicine system in which there was a regular interaction between physicians and patients was installed in Boston in 1967. A radiologist who worked at the Massachusetts General Hospital (MGH) set up a diagnostic “shop” in the medical station of Logan airport. Physicians passing through were invited to bring X�rays and patient data to a room on the passenger concourse. The X�rays were illuminated by an ordinary light box, scanned by a black�and�white television �camera and the images transferred to a video monitor in the MGH’s radiology department. The physician could discuss the case with MGH radiologists via an ordinary telephone line [11]. These experiments demonstrated that it was possible to undertake remote diagnosis by interactive television.

There were other early applications of telemedicine. One involved the Papago Native American tribe in the late 1950s. Space Technology Applied to Rural Papago Advanced Health Care (STARPAHC) delivered health care to residents living in remote areas of the Papago Indian Reservation in Arizona. This was a joint effort between Lockheed, the NASA and the US Public Health Service. The project lasted about 20 years [10].

Most of these projects used some form of video transmission (black�and�white television, colour television, slow�scan television) to complement the most basic unit of telemedicine equipment, the telephone [12].

Some early experiments used satellite communication. One of the first telemedicine projects using a satellite was conducted in Canada. The satellite, launched in January 1976, was a Communications Technology Satellite, later renamed Hermes, and designed to serve the communications needs of remote areas of Canada. Three telemedicine experiments were conducted using Hermes. The first was in June 1976 and involved the Ontario Ministry of Health which used VHF radio and Hermes to test the feasibility of monitoring vital signs such as heart rate, respiration, temperature and blood pressure, when a patient was evacuated from a remote community in northern Ontario [13].

The second experiment began in October 1976, when the University of Western Ontario started a five�month trial, using Hermes to link the University Hospital in London (Ontario), the Moose Factory General Hospital and the Kashechewan Nursing Station on James Bay. The system was used for medical consultations, data transmission (e.g. ECGs, X�rays, heart sounds) and some continuing education. The third project, in 1977, involved Memorial University in St John’s, Newfoundland. It enabled Memorial medical staff to broadcast television from St John’s to hospitals in Stephenville, St Anthony, Labrador City and Goose Bay. Hermes was used to support an existing medical education programme. 

Thus it can be seen that the use of telemedicine grew out of a need to provide medical diagnoses for patients in remote areas who were unable to travel. There also was a need to help small towns by providing doctors with technology that would allow them to keep abreast of advances in medicine and to consult with other physicians. From these beginnings, interest in telemedicine has continued to grow. Today, telecommunications networks are being developed to transmit information about patients to doctors and information from doctors to patients, faster than ever before, and eventually from any location. The same networks can be used to provide access to patient records and medical libraries, to facilitate communications among medical specialists, and make available standardized medical information and insurance data more readily. Telemedicine technology is advancing and will continue to do so. Although the more sophisticated technologies such as virtual reality are still expensive, the cost of others is dropping, so that telemedicine should become more affordable to more people, in more regions and countries than ever before.

4.2	Definitions

Telemedicine means, literally, “medicine at a distance”. There are several different definitions, which include:

·	telemedicine is “rapid access to shared and remote medical expertise by means of telecommunications and information technologies, no matter where the patient or relevant information is located ” [14];

·	telemedicine is “the practice of medical care using interactive audiovisual and data communications. This includes medical care delivery, diagnosis, consultation and treatment, as well as education and the transfer of medical data” [15];

·	telemedicine is “patient�care oriented telehealth” [16];

·	telemedicine is “the use of telecommunication technology to assist in the delivery of health care”;

·	telemedicine is “a system of health care delivery in which physicians examine distant patients through the use of telecommunications technology” [17];

·	telemedicine is “the interactive transmission of medical images and data to provide patients in remote locales with better care”;

·	telemedicine is “the delivery of medical care to patients anywhere in the world by combining telecommunications and medical expertise” [18].

�Other related terms such as telehealth and telecare have also been used:

·	telehealth refers to “the use of telecommunication technologies to make health and related services more accessible to health-care consumers and providers in rural, or otherwise underserved areas” [16];

·	telemedicine and telehealth are “the use of telecommunications and informatics for medical and health purposes” [19];

·	telecare is “the newly emerging area of distance nursing and community support” [20].

Telecommunications can be used to deliver telehealth services, aimed at maintaining the “wellness” of society or improving the general health of society. Telehealth can be distinguished from telemedicine in the sense that telehealth is the provision of a service to those who are at a distance from the service provider, but who are not necessarily ill or wounded, who are already well and want to stay that way by following healthy practices of diet, nutrition, lifestyle, exercise, etc., and by taking steps to avoid illness and disease, for example, in regard to sanitation.

The common element in these different definitions is the use of telecommunications to deliver health�care services to patients wherever they are located.

Telemedicine can be regarded as an example of the use of telematics for health. Telematics for health, however, has a broader scope since it also includes informatics or information technology aimed at improving the efficiency of health care even within a single hospital or health administration. The European Commission, for example, has a division called “Telematics for health” and the scope of their work is not just telemedicine or telehealth. It also includes considering applications of information technology to improve the health�care systems in Europe.

For the purpose of this Report, telemedicine is used in a broad sense and is defined as follows:

	Telemedicine is the delivery of health�care services, where distance is a critical factor, by health�care professionals using information and communication technologies for the exchange of valid information for diagnosis, treatment and prevention of disease and injuries, and for the continuing education of health�care providers as well as research and evaluation, all in the interests of advancing the health of individuals and their communities.

This is the definition adopted by an international consultation group convened by WHO in Geneva in December 1997 to draft a health telematics policy for WHO.

5	Types of telemedicine services

Telemedicine encompasses a whole set of practices aimed at increasing well�being, and involves diverse technologies and applications. It can be characterized by the type of information sent (such as radiographs or clinical findings) and by the means used to transmit it. Many areas of medical practice have potential telemedicine applications. Telemedicine can be useful for situations in which:

·	physical barriers prevent the ready transfer of information between patients and health�care providers; and 

·	the availability of information is key to proper medical management [12]. 

For the purpose of this report, telemedicine services can be categorized as being of three main types – based on the transmission of data, audio or images. Within each of the broad types are several subtypes.

5.1	Data

A feature of certain types of telemedicine is the transmission of data, whether in the form of relatively static information, such as a patient’s medical record, or dynamic information such as vital signs data (e.g. heart rate and blood pressure, Figure 2).

Telemetry

Telemetry provides a means for monitoring human and animal physiological functions from a remote site. One of the first telemetry experiments was conducted at the NASA when physicians on earth began monitoring the physiological functions of astronauts while they were in space.

�More recently, a briefcase kit for monitoring the vital signs of patients in remote areas and transmitting the data to hospitals or doctors some distance away has been developed (Telemedic Systems Ltd., Taunton, United Kingdom). This telemedicine application was demonstrated at the G-7 conference on the Information Society and Development in Midrand, South Africa, in May 1996. Telemedic Systems has been negotiating agreements for production of its telemetry system for use on board aircraft. United Airlines was one of the first airlines to announce its intentions to provide such a service for passengers.

When it goes into commercial production, the equipment is expected to include a laptop computer where the information will be gathered electronically, and re�transmitted to a doctor who will be able to give advice based on the information he or she has received. Trials have been conducted from trans�oceanic passenger flights. 
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Information services

Many hospitals and medical practitioners exchange information such as records of the outcome of treatments; use e-mail for administrative purposes; employ bulletin boards for up�to�date clinical information; and transmit patient records, referral letters and test results between general practitioners (GPs) and hospitals. Many hospitals, clinics and other health institutions around the world use computer systems routinely and have stored their medical records and databases electronically. This allows doctors to retrieve information about their patients very quickly. Telemedicine can also be used to keep patient records up to date. Visiting doctors can access patient records and update the data from a distance.

There are many specialized medical databases, especially in the industrialized countries. They generally require access via computer using particular protocols. In some instances, access can be free, in others, the user pays for access, for connect time or for both. Medical databases, such as MEDLINE and others, can be accessed via the Internet. MEDLINE is the on�line medical literature retrieval service sponsored by the US National Library of Medicine, a part of the National Institute of Health. The MEDLINE database contains details of over eight million articles in twenty languages.

Bruda, the German printing and publishing group, together with Hewlett�Packard, Digital Equipment, Sun Microsystems and Netscape, have produced a commercial Internet service called Health Online. The service is based on Netscape’s publishing system and browser software and uses Digital’s advanced encrypted “tunnelling” technology to provide users with a secure on�line service over public telephone lines. The service provides doctors with access to medical databases, information on medical products, news of conferences, summaries of medical news, publications and discussion forums.

�Finally it should not be forgotten that fax messages have become universally associated with information exchange. This is another way a health professional can obtain anything from patient medical history to information on the latest drugs in the market.

5.2	Audio

One of the simplest telemedicine services is the consultation between health�care workers by telephone. The conventional telephone service (PSTN) is probably the most cost�effective means of facilitating consultations between remote and rural areas and urban hospitals within a country or with centres of excellence in other countries. The telephone can also be used for consulting between doctor and patient [21].

Private health insurers have also seen the potential for using the telephone in health�care delivery. A major private health company in the United Kingdom (PPP Healthcare) introduced a customer helpline staffed by nurses. It receives about 500 calls a week from customers who do not think their problem is serious enough for them to visit their GP. Others just want more information about their condition in plain English.

5.3	Images

Medical images may be still pictures, for example radiographs, or moving pictures, i.e. video. Much telemedicine image transmission is for the purposes of teleradiology which is perhaps the most widely used telemedicine service at present. Radiology is the use of X�rays and other techniques for medical imaging. Teleradiology therefore refers to the transmission of radiological images from one location to another for the purpose of interpretation or consultation [22]. The term teleradiology therefore covers the transfer of X�rays and computed tomography (CT) images, magnetic resonance imaging (MRI), ultrasound images, images from nuclear medicine scans, and from thermography, fluoroscopy and angiography. Each of these modalities can produce an anatomical or functional image of the patient.

Radiology images

Because there are other types of images (e.g. photographic, endoscopic and microscopic) available to a diagnostician, use of a broader term is perhaps desirable. For example, tele�imaging might be a better term to use to describe image transfer in telemedicine.

The different types of images produced and transferred in radiology departments include:

Conventional X�ray

Conventional X�ray images are taken by passing X�rays through a portion of the body and recording the X�radiation that is not absorbed. A plain X�ray is the most frequently used mode of medical imaging. 

Computed tomography

X�rays are also used in computed tomography (CT) scanning. To generate a CT image, the patient lies on a table, which passes through a doughnut�shaped scanner. The X�rays that pass through the patient are digitized by detectors on the opposite side of the scanner. CT scanners allow an image of the tissue density to be computed in a slice through the patient. A three�dimensional model can be computed from multiple scans and the resulting image manipulated using a computer.

Magnetic resonance 

Magnetic resonance (MR) scanners are used increasingly because the patient is not exposed to electromagnetic radiation and different medical information from a CT scan is obtained. An MR machine consists of a table on which the patient lies and which goes into a tunnel in the scanner. In the scanner, the patient is surrounded by extremely powerful electromagnets. The magnets are used to align the atomic nuclei in the body, and this alignment is then disturbed by a radio frequency pulse. The nuclei return to their former orientation and emit radiation which is picked up by a receiver coil. The analysis of this radio signal identifies the concentration of certain atoms within the body.

�Ultrasound

Ultrasound involves passing a high�frequency sound wave (2-4 MHz) into the patient’s body. The reflected waves are then recorded, rather like a radar display. Like MR, ultrasound scanning does not involve ionizing radiation and is thought to be harmless. Both MR and ultrasound are able to detect soft tissue abnormalities, such as tumours and lesions. Ultrasound is the preferred non�invasive diagnostic tool in many medical specialities, including cardiology, internal medicine, obstetrics, gynaecology and emergency medicine. It is less expensive than MR and CT scanning.

Nuclear medicine 

The basic principle of nuclear medicine is to inject a suitable radioactive substance into the patient and then detect the gamma rays that are emitted from it. Depending on the tracer used, this can produce an image of, for example, the flow of blood through blood vessels. The equipment required is a camera sensitive to gamma radiation. Three types of machines are used. One is plain conventional camera imaging, the second is single photon emission computed tomography (SPECT) and the third is positron emission tomography (PET). 

A SPECT machine detects gamma�ray photons emitted from the body and constructs a two�dimensional image. PET relies on the fact that when positrons are emitted from the radioactive substance, they subsequently produce two gamma rays travelling in opposite directions. By detecting these gamma rays, most of the background noise in the image can be removed. 

Thermography

Thermography uses infrared detectors to measure heat radiated from the surface of the skin. Although it can be used to follow the course of certain diseases, it is not particularly specific.

Fluoroscopy

Fluoroscopy is a dynamic imaging technique, often used to study patient physiology, such as the digestive system. The patient is given an X�ray contrast medium, and a series of X�ray images are made at regular time intervals. The physician can view them in real time or can store them on films or on videotape.



� EMBED Word.Picture.6  ���

FIGURE 3/Q6-2...[D03] = xx CM

Angiography and digital subtraction angiography 

In angiography, an X�ray contrast medium is injected into the bloodstream in order to visualize the blood vessels in the area of interest. In digital subtraction angiography (DSA), a background X�ray is taken first. The patient is then injected with a contrast medium which is opaque to X�rays. With the patient positioned exactly as before, a series of X�rays is then taken to image the flow of the contrast medium through the body. The background image is then subtracted from �the series, giving a sequence of images without confusion from shadows of irrelevant body structures. This technique can be used to detect blockages in blood vessels. DSA gives more possibilities for image processing procedures than conventional angiography using films.

Image capture and transmission

The first step in the radiology process is capturing the image(s) for interpretation. A conventional analogue film radiograph can be converted to digital form, either by a digital camera or by using a film digitizer. Digitizers employ either a laser or a charge coupled device (CCD) scanner. Computed radiography is a new technique in which direct digital image capture is performed, i.e. no film is used at all. Some images, such as those from CT, MR, ultrasound or nuclear medicine, are produced digitally at the outset. 

Once the image is available in digital form, it can be compressed for more efficient storage and/or transmission via telecommunications to a distant location. Using sophisticated compression techniques, it is possible to compress an X�ray image by a factor of 30:1 without significant loss of information [23]. Using this kind of compression, it is possible to transmit radiological images over virtually any communications network (including the public telephone network, cellular radio or mobile satellite telephones), albeit at low transmission rates. However, the length of time it takes to transfer a set of X�ray images depends on the type of communications used. Figure 3 shows an example involving the transfer of a thoracic X�ray.

Examples of teleradiology

As described above, one of the first teleradiology uses was in 1967. A video camera was used to record the image and X�rays were viewed with a video monitor. The equipment used today is now more sophisticated although there are still examples where a video camera is used to record images. 

Although there were teleradiology experiments conducted in the 1970s and 1980s, the examples given here are from 1990 onwards.

FIGURE 4

Teleradiology is the most widely used telemedicine application in Sweden.�ISDN is used in most cases. Figure shows Professor Holger Peterson at Lund University �Hospital in Sweden being consulted by teleradiology. Teleradiology is also used for education �and training, and Lund has such a programme involving centres in Mexico, Norway and Singapore.�Photo credit: Goran Eliasson, Lund, Sweden.
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�Intercontinental teleradiology

In 1994, a teleradiology demonstration was performed between Massachusetts General Hospital (MGH) and two sites in the Middle East: Abu Dhabi in the United Arab Emirates (UAE) and Riyadh in Saudi Arabia. The equipment included a  film digitizer (Lumiscan 150) for image acquisition and computer equipment for input of history and demographic information. The digitizer had a resolution of 1 664 ´ 2 020 ´ 12 bits. A diagnostic workstation (Model DWS�2000, RSTAR) was used to display the digitized images. It was installed at both the transmitting and receiving ends of the system. The workstation allowed the user to manipulate the image, i.e. to magnify a particular part of the image. 

To transmit an X�ray image from the remote site, the radiograph was digitized, appropriate demographic information was entered and the image was compressed using data compression software. This was done by using a wavelet�based algorithm, produced by Aware, on a Unix workstation (Sun SparcStation 10) [18]. Image compression took approximately one minute per radiograph. The compressed images were transmitted over ordinary telephone lines. The data arriving at the receiving end were decompressed and displayed on a high�resolution video monitor for interpretation.

National teleradiology

Teleradiology trials started in Sweden in 1970 between Lund University Hospital and Malmö General Hospital, some 30 km apart. Digital image transfer in teleradiology started in 1988, also in the South Health Care Region in Sweden. Currently about half of the hospitals in Sweden have access to teleradiology for consultations using CT and MR images (Figure 4).

Teleradiology is also used in the primary health�care system in Sweden. About 30 primary health�care centres (GP centres) have access to teleradiology in Sweden for consulting or obtaining a second opinion with the specialists in the hospitals by using transfer of X�ray images. Preliminary experience shows that 80�85% of the cases involve questions about diagnoses and the remaining 15�20% of the cases are about advice for treatment. Other experiences in the primary health�care system have meant less travel for the patients, higher medical quality and more motivated staff.

An economic analysis of teleradiology in Norway showed that it was cheaper than a visiting radiologist service, provided that a certain annual caseload was exceeded. The local hospital concerned carried out 8 000 X-ray examinations per year (6 000 patients) and in these circumstances teleradiology cost NKr 108 per patient in comparison with NKr 178 per patient for the visiting radiologist service. The critical workload was about 1 600 patients per year, after which teleradiology was cheaper [24].

Teleradiology for ultrasound scans

A pilot trial of a foetal telemedicine service has been carried out in the United Kingdom. The trial concerned the Centre for Foetal Care (a national centre of excellence in foetal medicine) at Queen Charlotte’s Hospital in West London and the Maternity Unit at St Mary’s Hospital, Newport, Isle of Wight [25]. The two sites were linked by Integrated Services Digital Network (ISDN) at 2 Mbit/s. Ultrasound and video images from St Mary’s Hospital were compressed by a video codec (VC2300, British Telecom) and transmitted to London. At Queen Charlotte’s Hospital the data were decoded by a second codec and displayed on a monitor, thus permitting consultants in London to view real�time ultrasound images from the Isle of Wight.

In the first six months of operation, the link was used for 39 consultations involving 29 patients. In 25 cases, a definitive diagnosis was made using the telemedicine link and physical referral was avoided. In 20 of the 25 cases, the patient was counselled face�to�face over the link, while in the remainder it was deemed to be more appropriate for this to be carried out by the staff in the Isle of Wight. The trial demonstrated the technical and clinical feasibility of a foetal telemedicine service.

Telepathology

Pathology is the medical study of disease�related changes in cells and tissue. Telepathology is the practice of pathology at a distance. The pathologist sees images of tissue on a monitor rather than viewing the tissue specimen directly at a microscope. Telepathology can be used for obtaining a second opinion or for obtaining a primary diagnosis [26].

Pathology covers a very broad range of diseases and medical disciplines which makes it impossible for a single pathologist to be expert in them all. Hence consultations are an important part of the practice in pathology. Also pathologists frequently need opinions from those who specialize in particular diseases. 

�Special studies on a pathology specimen are frequently performed after the initial evaluation of the microscopic preparations. Sometimes these studies cannot be performed at the referring site and hence the pathology material would have to be sent to the consultative site for processing. This process takes time and it costs money. Also pathological specimens need to be kept under special conditions otherwise they are ruined and an examination of the specimen is not possible.

Telepathology can minimize many of these limitations. There are two ways to do telepathology: remote examination of still microscopic images or remote examination of moving video images, sometimes with robotic control of the remote microscope. To pathologists, the latter is the more attractive system, but it is expensive and requires very high�speed telecommunications links. Still image transmission, though cheaper, has various disadvantages in practice. 

Examples of telepathology

In 1994, a demonstration was performed between Massachusetts General Hospital (MGH) and Riyadh in Saudi Arabia. Images from a histopathology specimen were scanned and compressed before transmission using ordinary telephone lines. At the MGH, the images were decompressed and displayed on a high definition monitor for interpretation by pathologists.

In northern Norway, a remote, robotic video microscope telepathology system has been used for some years. Initially, image transmission was by a dedicated 2 Mbit/s point�to�point telecommunications link, but since 1995 the ISDN has been used at 384 kbit/s [27].

In France, a private company (RESINTEL) was created in 1993 at the University of Dijon to provide telemedicine services in particular, distant telepathology interpretation. RESINTEL established a global telecommunication network and signed contracts with hospitals in India, the Middle East, Morocco and South Africa. 

Telepathology was first tried out in Sweden in 1976 between the hospitals of Eksjö and the Malmö General Hospital, located in the southern part of the country, some 250 km apart (Figure 5). A Swedish national telepathology project started in 1992 with Uppsala University Hospital as the main node. During the national project, virtually all pathology departments in Sweden had access to telepathology equipment for about 10 weeks for practice. The experience gained created a base for further developments and considerations in industry as well as in the health�care system itself [28]. 

Teledermatology

Dermatology is that branch of medicine which deals with the skin and its diseases. Teledermatology involves dermatology (i.e. diagnosis and clinical management) at a distance from the patient. Like telepathology, it can be conducted using either still images (store�and�forward telemedicine) or moving images (real�time or interactive telemedicine). There is as yet no consensus about which method is to be preferred in which circumstances.

Examples of teledermatology

A multicentre international research trial of teledermatology has been conducted using real�time videoconferencing equipment connected by ISDN. The trial has shown that acceptable diagnostic accuracy and clinical management can be achieved using low-cost video equipment [29].

Other centres have reported success using still image transmission, for example using digital cameras and electronic mail (e-mail).

Among the benefits of teledermatology is the saving of time for patients. Formal studies of the economics of telermatology are still in progress.

5.4	Telemedicine services

Teleconsultation

Telemedicine networks offer the opportunity for consultations between doctors and others in health care. Consultation can take place in real time by telephone or videoconferencing. Teleconsultation can also be done off line, using store�and�forward techniques, such as e-mail. Teleconsultation has been described as a special form of clinical information exchange. The simplest example of this application uses only the telephone, i.e. a doctor can ask another doctor for a second opinion using the telephone.

�FIGURE 5

Telepathology is being evaluated in 10 hospitals in Sweden. Pioneering scientific work has been done�at Uppsala University Hospital by Associate Professor Christer Busch. Digital image transmission is by ISDN.�Photo credit: Björn Lind, Uppsala, Sweden.
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Transmission of images via different kinds of telecommunications, mainly videoconferences and data communication, is a central issue in remote consultations. Development has reached varying stages in different medical disciplines. In some areas there are products for remote consultation already in daily use, whereas others are still in an early phase of development.

Examples of teleconsultations

With the advent of computer networks, it has become easier to obtain information. The Internet in particular has facilitated international information gathering. Some doctors are responding to queries on the Internet. A number of World Wide Web (WWW) sites provide a means of teleconsulting.

The Mayo Clinic in America has a concentration of world�class experts who cover almost every medical speciality. With Mayo’s Arizona and Florida branch locations, its Rochester site has set up a three�way telemedicine link in order to make full use of these specialists. The three sites communicate via high�quality videoconferencing [30].

Staff from Norwegian Telecom Research and the University Hospital of Tromsø (UHT) in Norway have developed telemedicine applications in many fields of medicine. One of those applications is ISDN videoconferencing which is the basis for regular contact between GPs in rural areas and doctors at the UHT in the fields of dermatology, otorhinolaryngology and psychiatry. To take psychiatry as an example, the remote patient, situated in his or her own room, and the psychiatrist at the UHT can see and hear each other through a television screen. There is a question of the extent to which a patient is willing to “open up” to a physician viewed on a TV screen, but the experience in Norway and other countries with extensive telepsychiatry networks, such as Australia [31], has been very good.

An impressive teleconsultation session was demonstrated in the Sahel Hospital of Beirut, in November 1996, during the Regional Telecommunication Development Conference for the Arab States. Technically difficult coronary surgery was carried out for the first time by Lebanese surgeons, with remote assistance from senior cardiologists in Toulouse hospitals. The telecommunication satellite services offered by France Telecom ensured the videoconference link between a mobile earth station in Beirut and the European Institute of Telemedicine in Toulouse.

�Telemedicine will be developed, deployed and prioritized differently in different countries according to their general and specific needs and the organization and structure of the health�care systems. In Sweden, the public part of the health�care system is provided by the 26 county councils and it is up to the different county councils to set the agenda for telemedicine. Almost all county councils have at least one telemedicine project at present. The Swedish national telecommunication company Telia has, in collaboration with many of the county councils, as well as with other industries, supported telemedicine developments in different applications, such as teleradiology, telepathology, tele�ENT, teleneurophysiology, tele�education and training.

Mobile emergency care, i.e. telemedicine by transmitting ECG signals between ambulances and cardiology intensive care units, has been developed in several countries, including Sweden (Swedish Telemedicine Systems, Gothenburg). The Swedish system is used in about 75 ambulances and is an integrated part of the cardiology emergency system in nine county councils (Figure 6). 

Tele�education

It has become apparent in recent years that an efficient and effective health�care infrastructure requires not only access to appropriate expertise, but continuing education of health�care professionals and the public. Education may improve the chances of early detection of disease and reduces the subsequent treatment requirements. Tele�education may help reduce many of the demands on the health�care system by focusing on prevention – education about diet, hygiene and the many other basic requirements for a physically healthy society. With the participation of local representatives, telemedicine can create a forum for continuing medical education. In addition, the network infrastructure can also be used to access on�line services or participate in seminars through videoconferencing. The network also provides an opportunity to disseminate preventative health�care information.



FIGURE 6

To reduce the time between a heart attack and treatment, mobile telemedicine is used in Sweden.�ECG signals are transmitted from the site where the patient is having the heart attack and/or�from the ambulance during transport to the hospital. Swedish Telemedicine Systems AB in Gothenburg�is the developer of the Mobimed Telemedicine System. The mobile networks, Mobitex or GSM�are used for signal transmission.�Photo credit: Peder Hildor, Sweden.
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�Education and training are widely seen as the most important factor in achieving sustainable development. They represent one of the development activities which stand to benefit most from appropriate use of telecommunications. The possibilities of telecommunications for the delivery of education to vast unreached populations in developing countries holds great promise. Telemedicine services offer the opportunity for both training and education. Paramedics or junior hospital staff can witness or be informed about particular medical techniques and practices.

Tele�education consists of at least three areas: distance education, access to remote information and community health education. Distance education could involve a small rural teaching hospital linked to a major city teaching hospital. Students at the rural site can “attend” a lecture conducted by a professor at the big teaching hospital. 

Examples of tele�education

In the United Kingdom, a project for distance teaching of surgery to medical students used the universities’ asynchronous transfer mode (ATM) video network (SuperJANET) to link six major universities in the United Kingdom. The project used a combination of real�time teaching from operating theatres and access to multimedia information resources. Collaboration between the six universities allowed students access to a larger pool of surgical expertise and case studies than any single institution could provide [32].

The European project TESUS (TEleSUrgical Staffs) is an example of medical tele�education at postgraduate level. Once a week since 1996, experts and students from France, Germany, Belgium and Switzerland have been participating in training sessions by multipoint videoconferencing. Video data have also been stored in a surgical database for teaching and training. The project is 50% funded by the European Commission’s Health Care Telematics Programme (DGXIII) and is coordinated by IRCAD (Institut de Recherche contre les Cancers de l’Appareil Digestif) in Strasbourg.

Community health education in North Carolina has benefited from the application of telecommunications with a system organized by the East Carolina University College of Medicine in Greenville. The school has a family practice training programme where trainees live in rural areas and are supervised over the state telemedicine network. The tele�education system gives doctors access to resources that would not otherwise be available to them. The aim of the programme is to encourage these doctors, once they graduate, to set up their own practices or to join another in these areas.

In Tromsø, the reproducibility and accuracy of routine ultrasound examinations of the heart were evaluated when the scans were done by an inexperienced doctor using tele�instruction. The signals were transmitted using a 2 Mbit/s link. No systematic measurement errors were found in a series of 38 patients. Tele�instructed echocardiography was found to be an excellent educational tool, allowing an inexperienced doctor to take responsibility gradually for a local echocardiography service [33].

Some of the benefits from tele-education have included: 

·	less public spending due to the reduction of travel on the part of the specialist and/or the patient;

·	an increase in the GP’s level of confidence;

·	an improvement in the flow of information between the GP and specialist, both with referred patients and in emergencies.

A good example of when education and training are inherent in telemedicine is that of consultations between primary health�care centres and hospitals. The advice given from the hospital specialists also serves as training. In Sweden, telemedicine in primary health care includes, for example, teleradiology, ENT�telemedicine (ear, nose and throat), and dermatology. One recent project in ENT�telemedicine between a primary health centre and the general hospital in Skövde showed very good results, to the satisfaction of GPs, specialists and the patients. These results have encouraged the county council to plan for enlargement, involving more GPs and also the university referral hospital, to obtain a continuity of care (Figure 7). 

Medical emergencies and disaster relief

A major requirement in developing countries is the delivery of medical care in the event of an emergency. One�third of the population of Latin America has no access to any medical care, and in Africa an even larger proportion of the population has no access to health care. Civil conflict, droughts and natural and man�made disasters can bring death and tragedy to thousands or even millions of people very quickly. Refugees arriving from remote and rural areas to other remote or rural areas or cities can place huge demands on medical services, often in areas with no means of communications. 

�FIGURE 7

Telemedicine in otorhinolaryngology in Sweden is practised between primary health-care centres and hospitals.�One such project in Skövde showed very good results regarding GP-, specialist- and patient-satisfaction.�Figure shows such a telemedicine application in practice where Dr Jörundur Kristinsson is performing �a throat investigation on his patient by video endoscopy. The digital image is transmitted by ISDN to�Skövde General Hospital where the ENT specialist Dr Ingemar Melén (in image on the �right-hand TV screen) is consulted.�Photo credit: Inger Wiklund, Stockholm, Sweden.
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Telemedicine can be used in international disasters to assist relief workers by providing them with instant support from health�care professionals not located at an emergency site. International organizations have long understood the potential of communication and information technologies and have used telemedicine applications to respond to natural disasters and complex emergencies around the world since the 1960s [34].

Communications are vital for medical emergency services. Health�care professionals in the field need the assistance of other medical professionals, especially those in the emergency department of a hospital. The paramedic has to be able to warn the emergency medical staff that they are about to receive a patient in a critical condition so they can prepare for the case. Wireless communications technology may be applied to medical emergency services. Such technology can include radio pagers, radios, cellular telephones, mobile earth stations and personal communication services.

Examples of telemedicine in emergencies

Reliefnet, a collaborative effort between the United States Department of State and the United Nations Department of Humanitarian Affairs, plans to create a telecommunications network that will improve the exchange of information related to decision�making and operational coordination of humanitarian emergencies with the goal of saving lives. This network will provide general information on humanitarian emergencies to a wider public, including the media, and will improve information flow between emergency relief offices and field operations in participating countries.

When the highly contagious and deadly Ebola disease broke out in Zaire, several days lapsed before any news of the event was picked up by the outside world. An Inmarsat�M terminal was used as a communications medium when specialists first started to arrive. 

�The European Commission examined the feasibility of a Global Emergency Telemedicine Service (GETS) as part of a project under the G�7 initiative in Brussels in February 1995. The basis of the GETS project was a 24�h, multilingual telemedicine surveillance and emergency service around the world. Its objective was to improve the promptness and effectiveness of interventions. This would be achieved by ensuring the continuous availability of qualified advice which in turn would be achieved by interconnecting different medical centres. However, following the feasibility study, the GETS project did not receive further funding.

Medical Emergency Aid Through Telematics (MERMAID) is a European pilot project for providing 24�h�a�day multilingual telemedicine surveillance and emergency services in the maritime sector. It is 50% funded by the European Commission’s Health Care Telematics Programme (DGXIII) and coordinated by Biotrast of Greece. It meets the objective of the G�7 countries and European Union policy for global health�care applications. The overall objective of MERMAID is to establish a transnational and multilingual health emergency system which will make telemedicine intervention more effective and widely available. The start�up MERMAID service is aimed at about 100 ships equipped with telemedicine stations.

Telesurgery

Telesurgery is surgery at a distance. This application is still some years away from becoming widespread because of its complexity and high cost in industrialized countries, let alone developing countries. Experiments are, however, taking place. Robotic tools are being used on patients to remove tumours and for drilling holes in bones for attaching pins and supports. The US Army is the main organization conducting research and experiments in telesurgery. In Europe, telesurgery is usually regarded as computerized assistance to surgery, i.e. the surgeon can operate with the help of virtual images showing on the screen invisible parts of the patient’s body.

Examples of telesurgery

One telesurgery experiment has involved a link between the Netherlands and Hawaii, where a gall bladder operation took place. One of the surgeons performed the operation while the other gave advice via a television screen. The surgeon from the Netherlands has also been conducting experiments using a robot arm to operate an endoscope in laparoscopic or keyhole surgery. The next phase is to operate a robotic arm by remote control via a telephone line.

In September 1995, the Politecnico di Milano carried out telesurgery for a prostate biopsy. The patient was in the hospital in Milan while the surgeon was some kilometres away in the Politecnico. The surgeon “operated” in front of a computer with an image of the prostate and by remote control was able to conduct the biopsy through use of robotics with only an assistant present in the hospital.

The one important factor that is missing from telesurgery at present is the ability to transmit the surgeon’s sense of touch. It is expected that transmission of the tactile sense will become possible in the next few years.

6	Telemedicine technologies

Developing countries can benefit from using information technology and telecommunications networks to improve health care in remote and rural areas. Although advanced telemedicine applications may require a sophisticated and expensive telecommunications infrastructure, some solutions require only a basic infrastructure to provide health�care services to remote areas.

Telemedicine applications can be categorized as requiring either low, medium or high bandwidth transmission. The range of network choices includes basic telephony, digital land line, cellular/wireless, satellite and broadband networks such as ATM. When considering telemedicine and telecommunications technologies, it is important to evaluate not only capabilities and the cost/performance trade�offs, but also general technical development. Cellular, wireless and satellite technologies are options which should be considered in providing health care to remote locations (Figure 8).
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6.1	Telecommunications technologies

Telephony

Basic telephony (or the plain old telephone service, as it is sometimes described) can be delivered via copper wire, fibre optic cable, point�to�point microwave radio, point�to�multipoint microwave radio, HF radio, VHF or UHF radio, or satellite. In most developing countries, especially in remote and rural areas, only relatively simple technologies are available, such as copper wire or HF radio, and consequently they become a determining factor in the sophistication of telemedicine services which can be provided in these countries. 

Relatively low�cost technologies such as satellite telephones and point�to�multipoint microwave radio can allow the transmission of ISDN services and low�speed video. 

A modem is used to provide an interface for transmission of data between a computer and a telephone line. A computer with a modem can act as a fax machine capable of receiving and transmitting medical reports, biosignals, pictures and other printed material as well as enabling transmission and receipt of digitized data. 

Modems

Relatively low�cost modulator�demodulator units (modems) offer data rates of up to 19.2 kbit/s which is faster than the rate many telephone networks can deliver the data. Modems capable of much higher data rates are on the market and are used for more sophisticated applications such as videoconferencing. 

The latest modem technology (ITU�T V.34 standard) has a higher resilience to noise on the line. The modems built to this standard are very robust. The V.34 standard provides speeds up to 28.8 kbit/s.

Many modems are built to meet a national telephone network (PSTN) specification, which can differ from country to country. A big problem is that the audio transmission level for many modems (and fax machines) has been set too high, causing distortion. To counter the noise and distortion present on many communications links, it is essential to have data error correction enabled, either controlled by communications software, or by the modem’s internal firmware. 

�Cellular radio

Cellular radio provides mobile telephony and data transmission at rates of 2 400 bit/s to 16 kbit/s. Some computer manufacturers offer portable computers with interfaces to cellular telephones. Among other things, cellular radio can be used for the transmission of ECGs from ambulances to hospitals.

Cellular telephones allow two�way communication via radio links established between the cellular telephones and radio sites located within a particular geographic area. They provide convenient and familiar means of communicating in medical emergencies [35]. However, it is important to mention that there are several different and incompatible cellular standards in use around the world (see Table 1). In other words, global interconnectivity is not possible at present.



TABLE  1

Mobile telephone standards



�Cellular radio standards��Analogue or digital�Approximate�frequency band �(MHz)��AMPS�Analogue�– 450��NMT 450�Analogue�– 450��NMT 900�Analogue�– 900��TACS 900�Analogue�– 900��C 450�Analogue�– 450��GSM�Digital�– 900��D�AMPS�Digital�– 900��PHS�Digital�1 900��DECT�Digital�1 800��DCS�1800�Digital�1 800��



If used with a personal computer, a suitable modem and appropriate software, a cellular telephone can transmit and receive text, data and other communications.

Radio pagers

Radio pagers receive messages initiated by callers using a telephone. Messages can take several forms: the caller’s actual voice, a telephone number or a short text message. Some pagers have both voice and e-mail facilities. The caller is able to transmit voice or computer�composed text and information by telephone to the service provider. Recent advances in this technology make it possible for a caller to send large quantities of medical data directly to the radio pager.



VHF radio

VHF radios are used for two�way communications on specified radio frequencies. A drawback of such radios is the limited distance over which a radio signal can be transmitted. Many radio frequencies suffer from congestion, interference and atmospheric disturbances. Today though, through greater power and larger antennas, it is possible to communicate over longer distances. 



ISDN

The ISDN is a widely accepted standard for digital telecommunications. It is a modular standard allowing users to configure their installation to their bandwidth needs (in multiples of 64 or 16 kbit/s) and to access a wide range of additional services supplied either by the telecommunications operator of the network or by third parties.

�Multimedia telemedicine conference systems can be delivered over ISDN networks. Multimedia is the simultaneous use of text, sound, images, colour and motion.

ISDN is not yet available in all countries, in particular, those of the developing world.
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Asynchronous transfer mode 

Asynchronous transfer mode (ATM) is a fast packet�switching technique designed to route all types of digital information (data, graphics, voice, video and multimedia) over a common network, which is usually fibre optic cable. It is more efficient and faster than the traditional packet�switching methods. Error detection and correction are left to the sender and receiver rather than being built into the network. This is possible thanks to the low error rates of current transmission lines and switching equipment. 

Broadband ATM networks enable use of sophisticated applications which demand considerable network resources. These broadband networks need to be carefully evaluated for flexibility, accessibility and cost efficiency. The cost of installing and using an ATM network is so high as to be prohibitive for most developing countries, although this may change in the future.

Videoconferencing systems

Videoconferencing systems enable health�care workers such as a GP and a specialist to see and talk to each other, exchange notes, discuss a case, transmit video and still images, and examine a patient. Use of a videoconferencing system can eliminate the need for a patient or doctor to travel long distances for a specialist consultation.

Videoconferencing systems were traditionally supplied as standalone equipment (“rollabout units”), often quite bulky because of the size of the display monitors. However, desktop videoconferencing systems are now available, which are satisfactory for single person use although not for group videoconferencing. A typical desktop system comprises an ordinary PC, a small video camera which sits on top of the PC monitor, a microphone and a loudspeaker, so that both parties can see and hear one another. The codec (compression/decompression unit) which digitizes, compresses and decompresses audio and video images over the communication lines, is usually supplied as a standard PC card. Desktop systems are often connected by ISDN (Figure 9). Document cameras and scanners enable pictures, drawings and diagrams to be transferred.

�The video quality of videoconferencing systems depends on the bandwidth used. An ISDN link at 64 kbit/s works reasonably well, although movement on the screen can be a little choppy. The higher rates of 128 kbit/s or 384 kbit/s are obviously better and produce higher resolution, more naturally fluid images on the screen. Even higher data rates are available by using leased lines, frame relay and ATM, but such networks are not so widely available as ISDN, especially in developing countries, where even ISDN is not yet common. 



Videoconferencing systems use an ITU�T compression standard called H.261. Its resolution is lower than a broadcast�quality video image. Telepathology and dermatology generally need better quality. Using videoconferencing systems which are capable of transmitting video quality still images (10 s to transmit) will produce a better result. The quality and speed of videoconferencing will obviously be better with the equivalent of two or three ISDN lines than with one. In 1998, an ITU�T standard called MPEG�4 will come into use. MPEG�4 makes videoconferencing possible using low bit rate lines (mobile, satellite and modem connections).



The main international standards are H.320, H.221, H.230, H.342, H.261 covering video and G.711, G.722 and G.728 covering audio. T.120 is a new standard for data transfer in videoconferencing (see Table 2).







TABLE  2

Videoconferencing standards





ITU-T standards���G.711 (11/88)�Pulse code modulation (PCM) of voice frequencies

(Blue Book Fascicle III.4)��G.722 (11/88)�7 kHz audio�coding within 64 kbit/s

(Blue Book Fascicle III.4)��G.722 Appendix A (03/93)�Testing signal�to�total distortion ratio for 7 kHz audio�codecs at 64 kbit/s. Recommen�dation G.722 connected back�to�back��G.722 test sequence (03/87)�Digital test sequences for the verification of the G.722 64 kbit/s SB�ADPCM 7 kHz codec��G.728 (09/92)�Coding of speech at 16 kbit/s using low�delay code excited linear prediction��G.728 Appendix G (11/94)�16 kbit/s fixed point specification��G.728 Appendix II (11/95)�Speech performance��G.728 Software (07/95)�Programs and test sequences for implementation verification of the algorithm of the G.728 16 kbit/s LD�CELP speech coder��H.221 (07/95)�Frame structure for a 64 to 1 920 kbit/s channel in audio�visual teleservices��H.230 (07/95)�Frame�synchronous control and indication signals for audio�visual systems��H.261 (03/93)�Video codec for audiovisual services at p ´ 64 kbit/s��H.320 (03/96)�Narrow�band visual telephone systems and terminal equipment��H.342�New Recommendation not yet agreed (as of end 1997)��T.120 (07/96)�Data protocols for multimedia conferencing��

A new video standard has also been ratified known as H.263. This standard allows about 30% more video throughput during calls at data rates from 64 to 128 kbit/s. That could be important in developing countries where bandwidth is likely to be a significant issue. As of mid�1997, only one company (Tandberg) offers H.263�compatible equipment but others, such as Intel, are expected to do so in the near future.

�The biggest technical inhibitor of telemedicine in developing countries can be summed up in one word: communications. The ability to get stable full�duplex digital signals to locations where the service would do the most good is a challenge. Satellite networks can help. Networks offering data rates from 56 kbit/s to 384 kbit/s may be optimum. Compressed video quality at 384 kbit/s is quite good and, with the advances such as H.263, these rates are more than enough for the majority of telemedicine applications. 

Examples of videoconferencing systems

Various videophones are available for operation on the ordinary telephone network. Such equipment allows you to hear and see the people you are talking to – in colour and in motion. These videophones are simple to install and use. The VideoPhone 2500 (AT&T) transmits colour video pictures. It has an 8 cm (diagonal) colour LCD video screen and a fixed�focus camera lens with a focal length from 30 to 270 cm. There are screen messages to remind the user when to press a button. The camera has a view indicator to help maintain position within camera range. It has a one�way video mode which lets the user see without being seen, as well as a two�way mode, where both users can see each other. There is a multilevel focus control, screen brightness control and handset and speaker volume control.

Better quality video pictures can be obtained using videoconferencing equipment designed for the ISDN. The VC7000 (British Telecom) is basically a telephone with a monitor on which you can see the person to whom you are talking and vice�versa. It is also possible to connect an external video camera to the VC7000, e.g. so that close�up pictures can be sent. The screen is a 25 cm colour monitor. Although a handset is available, it will also work in hands�free mode when more people are present in the room. The VC7000 is user�friendly, compact and easy to transport.

Many manufacturers now supply videoconferencing cards for PCs. These are usually designed to work either with ordinary telephone lines or with the ISDN. Cards for the ISDN generally operate at 128 kbit/s, but can often be upgraded to work at 384 kbit/s by the addition of an ISDN multiplexor.

Satellites

Satellite technology can be used to deliver telemedicine services to areas that lack an advanced terrestrial network. Health�care professionals in Canada, Australia and the United States began experimenting in the 1960s with radio, telephone, microwave, two�way television, computer and satellite technology to link isolated and rural areas to urban medical practices. 

Mobile satellite communications provide a medium for immediate as well as long�term delivery of national health programmes to remote regions where other means would be uneconomical. Applications include delivery of basic information to remote clinics; dealing with medical emergencies via live two�way communications, including video; teleconsultation, videoconferencing, access to specialized databases for retrieval of medical information; remote training of paramedics; interactive records management; supplies management; public health monitoring; and general administration. In other social programmes, mobile satellite communications can be used for activities such as tele�education, administration of community initiatives, and library catalogue access and book ordering.

Mobile satellite communications are also invaluable in the event of disasters, particularly those severe enough to demand international assistance. Today’s mobile earth stations are small, portable and can operate from a variety of power sources, including a car battery. Their independence of fixed telecommunication and power infrastructures facilitates the continuation or restarting of health care after a disaster. 

Compression

Data compression is a technique for reducing the size of a file in order to use less storage space or reduce the time for its transfer through a network. It eliminates the redundancy that is contained in most files. Compression may be less useful if the transmission system is not very reliable because it reduces the possibility of correcting errors. “Loss�less” �compression and decompression algorithms allow the original data to be recovered exactly. Such methods allow compression by factors from 2 or 10 or so, depending on the degree of redundancy in the original file. “Lossy” compression only permits an approximation of the original file to be recovered – although the loss of very fine detail in an image, for example, may be unimportant – but allows compression by factors of 10�100 or so. PC�based software packages which can be used for data compression are available.

Most computer�generated data, drawings, pictures, spreadsheets and ordinary text files contain redundant information which can be compressed into a smaller number of Bytes without any information loss. The smaller the data file, the shorter the transmission time and the lower the telecommunication charges. There are two forms of data compression:

·	Software compression is usually done before the transmission, using a suitable program (these are widely available). It will add to the overall processing time (off line), but can provide savings on telecommunications charges.

·	Hardware data compression is usually built into the modem, and is active during the real�time transmission, if switched on.

The ability to transmit medical images has been enhanced by the introduction of compression software. With fewer bits to be sent, complex images can be transmitted in shorter periods of time, expanding the possible applications of telemedicine and resulting in lower costs.

Video pictures require high data rates to transmit in uncompressed form. For example, broadcast quality TV pictures would require about 100 Mbit/s. For this reason, video is normally compressed prior to transmission. This results in a reduction in image quality, which may or may not be noticeable, depending on how the compression was done and how much bandwidth was used for the transmission. Currently, motion can be shown in video pictures sent via ISDN lines at 128 kbit/s, although this motion appears somewhat blurred. Higher data speeds permit a smoother appearance of motion. However, even at slower speeds (i.e. the equivalent of two digital telephone lines) the amount of motion one can see is quite acceptable in many teaching and some clinical situations.

E-mail

Electronic mail is a service allowing different computer users to communicate through a network. It was initially developed for communication of plain text (i.e. with only one font type and no variation in size or density) between UNIX computer users. It has evolved to suit all environments and more complex file transfers. E-mail can be delivered by various systems such as the Internet and X.400 networks. Many off-the-shelf software packages are available, which can be used to provide a user�friendly interface with the e-mail networks.

E-mail can be a very cost�effective way of carrying out a consultation. Its limitation is that it is less widely available than telephone services in developing countries, although the use of e-mail, especially via the Internet, is growing very rapidly. X.400 is an ITU�T standard for e-mail which takes into account security and confidentiality requirements as well as complex file transfer needs. 

The Internet

The Internet is a publicly�accessible, global computer network which can be used for electronic mail, file transfer and on�line access to information services. The Internet has grown at breathtaking speed in recent years and seems likely to continue to do so. Among its limitations are the lack of confidentiality and absence of guarantees about service.

A popular Internet application is the World Wide Web (WWW), which is an easy-to-use system of information linked seamlessly from computer to computer by the Internet. The WWW is a powerful and rapidly growing source of information in general. There are thousands of Web sites which specialize in the medical field. Many Web health�care “home pages” are access points to medical information databases. 

The Internet also provides access to the Usenet collections of news groups and electronic bulletin boards, which are organized by topic, with questions, answers and comments posted for perusal by the general public. Usenet now has a growing number of medical discussion groups, ranging from academic exchanges on molecular biology (“bionet.molbio”) to general exchanges from laymen (“talk.politics.medicine”).

�The Internet offers a considerable resource to the practice of telemedicine. This resource is of equal potential value to both industrialized and developing economies. The exponential growth of Internet access and usage means that patients, medical professionals and organizations can jointly benefit from the wealth of information and support that is available. However, relatively few hospitals yet have access to the Internet.

Specific examples of Internet usage include:

·	medical training,

·	medical information access,

·	patient care and support,

·	remote diagnosis and consulting,

·	emergency/epidemic support, 

·	teleworking for the disabled,

·	preventative care education.

The Internet provides an enormous medical and health�care resource which is potentially of immense value to practising physicians and medical students alike. Owing to the quantity of information which is freely available, this is of equal value to all medical professionals. However, the quality of the information is sometimes suspect – caveat emptor! In addition to these free resources, several proprietary resources are emerging. The success of these closed�user services will depend upon the quality of their content and the number of people that subscribe to them. Experience has shown that loyalty to similar on�line services is very low once users recognize the free resources available on the Internet itself. Nevertheless, there are opportunities for specific, fee�based, high�quality services. 

The utilization of the Internet by medical professionals and institutions has been relatively low. Research conducted by the National Library of Medicine in the US during 1995 indicated that 75% of teaching hospitals had Internet access but only 25% of community hospitals had access. In March 1996, it was estimated that less than one per cent of all hospitals in the world currently had their own Web server. To encourage hospital usage of the Internet, the Health On the Net Foundation, based in Geneva, embarked on a major project, entitled the Global Hospital, that seeks to help new hospitals gain Internet access.

The growth of Internet usage is now providing opportunities for individuals, medical professionals and health�care providers to obtain information, communicate with professionals, deliver first�line support and promote preventative medicine programmes. The Internet provides a low�cost communications tool with almost universal availability (173 countries had Internet access in March 1996). 

The growth in access is prompting new initiatives that enable health�care providers to deliver better support at lower cost. This is of immense importance in view of the changing socio�demographics of many industrialized countries (longer life expectancy and declining fertility rates) and the escalating costs of health�care provision. A specific example of such an initiative is the virtual support community. These are groups of patients, and/or people caring for them that participate in newsgroups concentrating on specific medical conditions. The quality of information provided to participants is often of a high level, often supported by contributions from medical professionals. Possibly of greater significance, however, is the social or community support provided between participants. This social support is a powerful tool in assisting patient recovery and in reducing the numbers of visits to physicians and clinics. There is an enormous opportunity for health�care providers to contribute to these support groups and encourage their patients to use them for complementary support. The Internet is a superb communications facility for such support communities, particularly in regions with low population densities and limited health care. A regularly updated listing of such virtual support groups is maintained at the Health On the Net Web server [36], which also includes examples of the benefits generated by such groups.

The Internet also provides disabled individuals with an opportunity to achieve levels of social integration that were simply not possible before. This extends to personal income generation through teleworking from home or from a clinic.

More advanced examples of telemedicine across the Internet are also emerging. Transfers of medical image files using the Internet have greatly benefited from new compression techniques and are providing a real alternative to the more expensive, high�bandwidth services. Other uses for the Internet include emergency response support. In this case, experts around the world can be quickly assembled into a virtual group to support teams working in epidemic areas and/or remote locations. Field personnel can use satellite communications for electronic mail and access to existing resource centres on the Internet.

�There is no doubt that the Internet can play an important role in improving communications and information-sharing in the developing world. But the degree to which the Internet becomes a positive force will depend on how much it costs to access and how well people are trained in its use. If its potential is harnessed in locally appropriate ways, at a cost that is affordable to ordinary people, it will be a force for good.

For some health�care professionals in Africa, access to the Internet is obtainable through a growing number of commercial e-mail providers, especially in the major cities. However, access fees and training costs are financially out of reach for the large majority of health professionals. One particular problem of real�time Internet access for those in the developing world is the extraordinary breadth of information on the WWW. Searching the WWW can be time consuming because the vast quantity of information available is not organized coherently. Trying to locate a specific piece of information can be like the proverbial hunt for a needle in a haystack. Yet for every minute the user is picking away at the haystack, he or she is running up usage charges. While there are hundreds of Web sites containing information on cancer or heart diseases, there exist very few sources of information on diseases like leprosy, malaria or cholera that have major consequences outside the industrialized West. Even sites that deal with tropical diseases are often cursory and unhelpful to clinicians dealing with the disease in hospitals and clinics in the field.

6.2	Telemedicine technologies

It is clear from the experience in the industrialized world that successful telemedicine requires much more than just installing the necessary hardware – it requires a change in the organization of health care. Assuming the re�engineering of health�care delivery, a wide range of hardware, software and methods of communication are used in telemedicine services. Essentially, however, health-care professionals need equipment to capture and manipulate data so that the data can be transmitted over a telecommunications line. For most telemedicine applications, digital communications are necessary. The hardware, software and communications needed for typical telemedicine applications can be described broadly as follows. References to specific types of hardware, software and communications facilities can be found in Appendix 1, the survey of telemedicine experience in some countries.

Teleradiology

Hardware	–	X�ray, digitizer, scanner, PC, modem 

Software	–	digitizing, compression, image processing, e-mail 

Communications	–	ISDN, PSTN or satellite. Data rates of 14.4�384 kbit/s or more

Teledermatology

Hardware	–	digital still image camera, digitizer, scanner, PC, modem 

Software	–	imaging, compression, e-mail

Communications	–	satellite or terrestrial networks

Endoscopy

Hardware	–	video endoscope and adaptor, digitizer, scanner, PC, modem 

Software	–	imaging, compression, e-mail

Communications	–	satellite or terrestrial networks 

Videoconferencing

Hardware	–	speakers, microphone, video camera, PC, modem 

Software	–	videoconferencing 

Communications	–	ISDN via satellite or terrestrial networks 

�Ultrasound

Hardware	–	ultrasound scanner, digitizer, PC, modem 

Software	–	image processing

Communications	–	ISDN via satellite or terrestrial networks 

Vital signs monitoring (telemetry)

Hardware	–	monitoring equipment (for blood pressure, temperature, pulse oximetry, ECG) 

Software	–	telemetry

Communications	–	satellite or terrestrial networks (low bandwidth)

Internet access, training and tele�education

Hardware	–	for Internet access: PC, modem, speakers. For more sophisticated training and tele-education applications, videoconferencing equipment may be used.

Software	–	Web browser, e-mail

Communications	–	satellite or terrestrial networks 

Teleconsultation, telepsychiatry

Hardware	–	telephone 

Communications	–	satellite or terrestrial networks 

Users

Among those using the hardware, software and communications facilities identified above are the following:

·	Transmitter/users – hospitals (urban, rural, university), doctors and health�care professionals in rural areas, aid workers, disaster relief agencies, ambulances, ships, airlines, armies, navies, pharmaceutical companies, disaster relief agencies, fire fighters, health departments. 

·	Receiver/users – reference hospital, telemedicine service provider (a consulting doctor), telemedicine institute.

Others

Among the others who have a role to play in the delivery of a telemedicine service are the following: Ministries of Health, standards bodies, national entities such as licensing and certification bodies, international organizations such as WHO, ITU, equipment manufacturers, software developers, system integrators, telecommunications operators, service providers.

7	Costs and benefits of different solutions

Successful use of telemedicine in developing countries depends on many factors, especially cost, but also on factors such as the availability of appropriate resources and expertise. Figure 10 is not particularly accurate, but it is intended to convey the idea of increasingly sophisticated, increasingly expensive telemedicine applications and the cost of hardware at one site.

7.1	Socio�economic benefits of telemedicine

There is no doubt that telemedicine has the potential to improve the quality of health care generally. Telemedicine may evolve as a cost�effective alternative to some forms of health�care delivery. However, the economic, organizational, legal and ethical aspects have to be taken into account. A thorough cost�benefit evaluation will certainly be of crucial importance for health�care policy�makers when deciding if telemedicine should be introduced generally or not [37].
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The delivery of telemedicine services yields many socio�economic benefits, including those derived from national development objectives such as the following:

·	health education of various segments or of the whole population;

·	universal care provision and a much broader reach in rural and remote areas;

·	employment opportunities for indigenous technicians and paramedics;

·	dissemination of advanced technological knowledge; 

·	availability of regular or on�demand health care in remote areas which helps to slow population migration or attract people back to previously abandoned areas;

·	attraction of skilled personnel (including but not limited to medical practitioners) to remote and rural areas with a positive impact on the local and national economies;

·	improved health indicators as used by WHO and national governments;

·	improved image of a country (which is important, for example, in attracting investment).

Cost savings

Telemedicine could help some countries to cut health�care costs. A substantial part of the cost of running some hospitals is spent on what are essentially hotel services, such as providing bed, breakfast, lunch and evening meals. Although telemedicine costs are not low, countries with high health�care costs are interested in the prospect of telemedicine as a way to reduce costs and demands upon hospitals. A study carried out in 1992 in the United States estimated that between $36 billion and $40 billion could be saved if the health�care industry were to use more efficient telecommunications and telemedicine technologies [38].

The more health care can become decentralized and administered efficiently in low�cost settings such as clinics with telecommunications links, the less dependent patients become on expensive, asset�based sites such as hospitals for speciality care. 

�Reduced waiting lists

Telemedicine could reduce hospital waiting lists if patients can be seen more quickly using telecommunication systems. It can allow treatment to be given immediately. 

Reduced travel

Some of those who use telemedicine can avoid the need to travel to far-away doctors and hospitals. It can save patients time and money by eliminating the need for a trip to the hospital.

In the telemedicine service in the Canary Islands, the Centre of Advanced Technologies in Image Analysis (CATAI) receives three or four distant videoconsultations a week, so that 30% of inter�island patient transfers were avoided and 3% of national transfers. Routine medical visits to the smaller islands by health�care workers were reduced by 20%. The yearly savings were thus estimated at 35 million pesetas (US$ 280,000).

Improved consultations and second opinions

Telemedicine enables health�care professionals to consult quickly with specialists many miles away, without the cost and risk of transporting an ill or injured patient long distances, perhaps over rough terrain. In the future, more and more people will be treated and diagnosed via telemedicine, especially patients in smaller hospitals which may not have the facilities of the larger ones.

Telemedicine can provide access to centres of excellence for various specialities – theoretically from anywhere in the world. Telemedicine allows the scarce resources of specialists and expensive equipment to be shared by a much greater number of patients. Doctors are no longer restricted by geographical boundaries; international specialists are able to spread their skills across continents, without leaving their own hospitals. 

Universal service

Those who have had limited or no access to medical care, especially in remote and rural areas, can take advantage of telemedicine services if they have access to appropriate telemedicine equipment.

Public health

Governments in industrialized countries have developed public health networks separately from health�care networks, in order to follow up the main health issues in the population. For example, the Réseau national de santé publique in France collects statistical data on birth, mortality, diseases, water and nutrition, and sends alert messages to local and regional centres in case of epidemics or any other significant health problem. Statistics are later disseminated by traditional paper publication and by the Internet (“sentinelle” service). In developing countries, such facilities should be managed jointly with telemedicine networks for reasons of cost and efficiency. Public health telematic services and information centres should be considered as a necessity by governments in the framework of national or international programmes for the improvement of health.

Stress reduction

Telemedicine allows families to be spared the stress and expense of visiting relatives who are being treated in a hospital in a distant city.

Training and education

Telemedicine can help in medical education and training. For those health�care professionals working in rural areas of developing countries, access to remote medical databases on the Internet, for example, could be a boon for keeping up to date with what is happening in their field, to share experiences and address questions to other doctors. 

Telemedicine can be an important source of case study material from every part of the world. Students in one place can watch an operation being performed by a surgeon or physician in another place. It is not always possible to get students to attend or watch live operations, so the next best thing is to record the operations and play them back. This also allows the lecturer to stop the tape and explain further or replay the event. When the money is available, students should be able to watch live operations being conducted anywhere in the world and communicate directly with the surgeon.

�Revenues

The provision of telemedicine services offers the possibility of making the most of limited health�care budgets, but also offers revenue generation and employment opportunities. Telemedicine is a high�tech industry, involving equipment manufacturers and service providers, who generate revenues from the sales of their products and services. Telecommunication networks can generate additional revenues if their networks are used for the provision of telemedicine services. Commercial service providers can also find opportunities in this sector of the economy.

Cost�effectiveness information

While there are significant potential advantages and benefits from telemedicine, the evidence of its cost�effectiveness is meagre [39]. This is because much of the telemedicine activity so far is in the form of pilot projects or demonstrations or used in universities and hospitals with subsidized funding from government or other sources. The number of self�sustaining, commercial applications of telemedicine is still very small. Telemedicine undoubtedly yields cost savings in certain circumstances, but often the savings and benefits accrue to those who do not have to pay for them. Thus, few service providers have found a way to recover their costs (and make a profit) from those to whom they provide their service. Even fewer countries have actually budgeted for the provision of telemedicine as a service widely available to their citizens. Nevertheless, with the rapidly declining cost of hardware and telecommunications, the level of interest and the corresponding activity in telemedicine is rising rapidly. The main goals are cost containment in industrialized countries and more widely available heath care in developing countries.

7.2	Delivery of telemedicine: the value chain 

Telemedicine challenges the leaders of the medical establishment to reconsider the ways they provide their services and to address the medical needs of areas where such services are absent or in short supply. Telemedicine applications should be assessed in each health�care system before implementation, because of the strong interrelationship between health�care organizations and structures.

The following list shows some factors which may influence the diffusion of telemedicine:

·	medical need,

·	financial strength of the country,

·	organization of the health�care system,

·	financial strength of the health�care system,

·	way of financing health care,

·	the financing pattern of specific procedures,

·	competition between hospitals or hospital groups,

·	R&D,

·	recruitment of the most suitable candidates,

·	continuous medical education (CME) benefits,

·	liability,

·	public demand,

·	culture (people and medical practice),

·	geographical structure of the country,

·	demographic structure of the country,

·	decision�makers’ willingness to invest,

·	domestic medical equipment industry,

·	governmental supportive or regulating procedures.

�The Bangemann Report, Europe and the Global Information Society [40], assumes an inter�operability of health�care systems structured in three layers:

·	networks (e.g. telephone, satellites, cables), which carry the information;

·	services (e.g. electronic mail, interactive video) which allow people to use the networks;

·	applications (e.g. teleconsultation, distance learning) which offer dedicated solutions for user groups.

To deliver telemedicine applications, telecommunications are certainly needed, but it is really necessary to look at the telemedicine “value chain”. How does the equipment supplier, telecommunication service provider, health�care or medical service provider deliver their products or services to their clients? How does or how should the value chain work, especially in the context of exploring potential export markets? Is the value chain commercially viable or otherwise sustainable? Two possible configurations of the value chain are shown in Figure 11.

Other more complex configurations are conceivable. The value chain for a real, commercial (or even partly subsidized) telemedicine service could look quite different when there are several hundred users or sites compared to when there are only a few. 
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Telemedicine can be delivered in developing countries in at least three ways:

·	via a paramedic, midwife or doctor who travels from village to village with a satellite telephone and other pieces of equipment which enable him or her to consult with a distant hospital or service provider. Australia is famous for its flying doctor service, for example;

�·	via installation of a telemedicine service in a rural clinic or a small hospital;

·	in a “telecentre” or community centre (which could be a church, school, post office or police station, for example), where the communications needs of several user groups could be aggregated in order to maximize the utility and lower the cost of providing a community telecommunication service.

These approaches, or any others that seem practical, need to be validated. 

To test one or more value chain configurations properly, there need to be sufficiently large�scale trials to provide meaningful results, to be of interest to all of the participants and to serve as models or “test�beds” for other developing countries. This was the essence of a Resolution adopted at the African Regional Telecom Development Conference in Abidjan in May 1996. It should also be noted that the first World Telemedicine Symposium for Developing Countries, convened in Portugal, 30 June-1 July 1997, “concluded that developing countries could facilitate introduction of telemedicine by selecting appropriate equipment for small�scale pilot projects. The Symposium recommended that ITU�BDT set aside specific funding for supporting telemedicine pilot projects, including missions by telemedicine experts to assist developing countries in formulation of proposals”.

It is worthwhile having a good understanding of the roles of the different players in the value chain. Among those who could be included in the value chain are the following:

·	health�care professionals, such as midwives, paramedics, nurses, general practitioners, physicians, medical specialists;

·	other professionals involved in the broader provision of health care (e.g. managers, researchers, epidemiologists, technicians, information engineers, statisticians);

·	end users (patients);

·	telecommunication operators;

·	service providers;

·	equipment suppliers;

·	informatics and computer suppliers;

·	telecommunication and equipment manufacturers;

·	professional associations;

·	health management organizations;

·	individual experts;

·	universities or other academic research institutions;

·	hospitals;

·	insurance companies;

·	pharmaceutical companies;

·	the Ministry of Health (or equivalent); 

·	regulators and licensing authorities.

7.3	Cost�benefit analysis

Determining needs and priorities

The following guidelines represent a simple tool to evaluate the need for telemedicine in a developing country and its potential benefits. The guidelines comprise a short list of open questions designed to help identify and prioritize areas of potential use for information and communication technologies (ICTs) to improve the delivery of health�care services. The guidelines could be used by a multidisciplinary task force, whose mandate might be:

·	to identify health problems and specific areas of health�care delivery which could potentially benefit from the use of ICTs;

�·	to assign each area a degree of priority for each health�care level;

·	to make an inventory of all relevant resources (physical, human and financial in health, information and communication infrastructures and technologies) and their geographical distribution;

·	to identify the constraints, potential obstacles, socio�cultural factors and legal considerations relevant to the introduction of new ICTs;

·	to coordinate a cost�benefit study of various technological alternatives;

·	to make a certain number of recommendations based on the findings of this study. 

The task force could use the following questions for assessing needs:

1)	Is there a comprehensive long�term health plan and is it adequate in terms of taking into consideration the new ICTs?

2)	What are the most pressing health, nutrition and population problems that need to be addressed in the country, by region and by population group?

3)	What is the geographical distribution (and quality) of health resources? These include:

·	number, type and quality of infrastructures (including pharmacies and laboratories) and medical equipment 

·	all categories of health personnel

·	all categories of health training infrastructures and personnel

·	inventory of and area covered by mobile teams (medical, health education, vaccination, training).

4)	What is the geographical distribution (and quality) of information and communication networks and technologies? Information is required about:

·	the present and projected adequate road and transportation system (in terms of time and cost for individuals to access different levels of health care)

·	the present and projected telecommunications infrastructures and equipment of various types (real�time and delayed access)

·	computers and peripherals in the health sector (type, capacity); availability of parts and maintenance technicians; training programmes for users; modems and connectivity

·	the present and projected electrification coverage (all sources used to generate power for medical equipment, computers, lighting, etc.) 

·	radio and television (including cable and satellite).

5)	What is the state, in each region, of health�related infrastructures such as access to water and sanitation?

6)	Are there any specific geographical, climatic, cultural or political factors to be taken into consideration in integrating ICTs in health care? What are they?

7)	What are the current uses of ICTs in health? Who are the players and champions?

8)	Have there been any evaluations of the use of ICTs for health and what were the benefits produced and problems encountered?

9)	What are the present sources of health�care financing (national and foreign) and what is the allocation of these resources? 

10)	Are financial resources sufficient to cover the present health plan? Would they be sufficient to integrate ICTs into health care? Are there any strategies to generate new sources of financing? 

11)	Is there a concerted development strategy by different related sectors to share costs and resources? Is there a strategy:

·	at the national level?

·	at the community level?

The need for cost�benefit assessment

There is usually a need to justify expenditure on telemedicine (i.e. capital expenditures, operating costs and indirect costs) versus expected benefits or revenues possibly generated. Various standard techniques for project analysis can be used, for instance a net present value (NPV) analysis, which may enable a comparison between the cost of the existing situation and other alternatives. The overall objectives of the telemedicine project should be kept in mind when conducting any economic feasibility study; they may include specific national policy objectives such as the provision of �universal care or those simply aimed at reducing the costs of health�care provision among a specific target population or in a specific target region. 

While a full�fledged cost�benefit analysis (or a feasibility study) could itself be costly and time consuming, particularly in the absence of readily available necessary inputs (described below), at least a thumbnail sketch of both the costs and benefits is required to enable the planners, politicians and health�care administrators to address a proposal for a telemedicine project.

An important factor to keep in mind when preparing a cost�benefit assessment is that telemedicine is conducted in a complex and ever�changing technological, medical and political environment. Costs and priorities can change rapidly, and cost�benefit assumptions valid a few years ago, or even a year ago, may no longer be valid. Many countries have found that, over a number of years, cost�benefit ratios improved significantly: projects that would not have been funded in the past subsequently became feasible and were approved.

Cost�benefit studies should be conducted properly and include all known benefits – both direct and indirect – as well as the economic and social benefits. Texts on these topics are widely available, so only a review of the most important elements for analysis and assessment is provided here.

Benefits of telemedicine

The benefits of telemedicine can be classified in different ways, as follows.

Tangible direct benefits

Tangible benefits are those whose monetary value can be readily ascertained, for example:

·	savings from reduced travel costs of specialists engaged in consultation or teaching sessions;

·	savings from reduced travel costs of patients;

·	savings on hospital accommodation of patients that can be treated remotely;

·	savings on hospital processing costs of patients that can be treated remotely;

·	savings due to provision of health care in remote clinics or mobile health units versus expansion of urban or regional hospitals (i.e. the difference in the construction and running costs of facilities).

Intangible direct benefits

Intangible benefits are those that have a definite perceived value but the actual value is somewhat more difficult to determine, although in many instances it can be ascertained or estimated. Such intangible benefits include:

·	better opportunity for consultations and second opinions resulting in avoidance of delays or costly mistakes; 

·	reduced waiting time and transfer delays which can in some cases prevent serious complications or death;

·	reduced loss of income for patients who need not travel;

·	reduced expenses for family members who might otherwise accompany the patient;

·	improved effectiveness of specialists: broader reach with more patients being seen due to reduced travel;

·	improved overall health�care management, both internally and externally;

·	improved availability and reduced cost of training of local medical specialists;

·	increased collegial support to medical personnel working in remote and isolated areas, resulting in increased job satisfaction;

·	improved teaching and learning possibilities and opportunities.

Indirect benefits

Indirect benefits are those accruing to various parties involved in the provision of telemedicine, such as:

·	increased revenues to equipment providers, hospitals, telecommunication services providers and the like;

�·	enabling specialist and technical personnel to increase their knowledge and qualifications; 

·	facilitating decentralization of care and distribution of competence;

·	promoting maximization of scarce central resources (e.g. specialists, diagnostics apparatus and computers).

Another way of classifying benefits is according to the target group:

·	Benefits to patients: e.g. faster diagnosis and treatment; reduction of additional examinations; seamless care; avoidance of the inconvenience of travelling to another hospital or physician; easier scientific and statistical analysis; better management of the population’s health by governments.

·	Benefits to clinicians: e.g. new opportunities to consult experts, broader base for decision-making, avoidance of the inconvenience of travelling, improved image quality and the opportunity to manipulate images.

·	Benefits to hospitals: e.g. reduced risk of images getting lost, faster and more precise diagnosis and treatment, better communication between sites, transport savings, more efficient use of equipment.

·	Benefits to other groups: e.g. relatives can be closer to patients and service, provision of an additional teaching resource for students, easier scientific and statistical analysis. 

Ranking of benefits

Following a survey, benefits have also been ranked according to the degree of significance, as follows:

·	improved quality of treatment and patient care;

·	more readily available information, greater accessibility;

·	more timely information, faster and more accurate decision�making;

·	savings in time and costs for staff and specialists;

·	improved communications with advice more readily available to junior staff.

Costs of telemedicine

The costs of telemedicine are usually easy to identify, although care must be taken to avoid including costs that the national or private health service providers would have incurred regardless, or the costs of equipment that has already been obtained for a different reason. Similarly, costs of vehicles, telecommunication equipment and operators, should be shared in appropriate proportions if these items are used not only for telemedicine. The costs fall roughly into three categories: capital expenditures, recurring operating costs and indirect costs. There is also the cost of evaluating projects. The US Army is reported to have allocated a significant proportion of its investments in telemedicine for evaluation of systems.

It should be kept in mind that costs of telecommunications are decreasing every year. The same can be said of the costs of computers and other equipment, while, on the other hand, costs of personnel may be rising.

Capital expenditures

Capital expenditure includes costs for:

·	telecommunication equipment specifically used for telemedicine (or a proportion, if also used for other purposes);

·	vehicles, boats and aircraft for mobile units (unless already available);

·	necessary hardware, software, interfaces and peripherals;

·	special diagnostic apparatus or modifications to the existing stock;

·	import duties, one�time licence fees and similar;

·	modifications to remote clinics, if necessary;

·	preliminary studies;

·	re�engineering of hospital services;

·	project management;

·	project assessment.

�Operating expenses

Operating expenses include:

·	telecommunication expenses;

·	maintenance of computers and specialized telemedicine apparatus; 

·	vehicle running expenses and maintenance;

·	cost of telemedicine specialists and operators (when performing non�telemedicine duties, only the relevant proportion should be counted);

·	administrative costs;

·	insurance costs;

·	training and skill maintenance costs.

Indirect costs

Indirect costs include:

·	impact of competition for available funds in times of scarcity;

·	impact on the balance of payment if funds need to be obtained externally.

More detailed methods for the economic evaluation of telemedicine have been published [41].

Simple framework for assessment

Cost�benefit analyses and economic and financial assessments should enable a good understanding of all cost and benefit elements as well as their evolution in time. Such analyses will satisfy the requirements of government decision makers, policy planners and health�care administrators. Among key considerations are:

·	the overall feasibility in a country or regional setting;

·	the annual schedule of savings resulting from telemedicine applications; 

·	the annual operating costs for the health centre responsible for running the programme.

It is important that the apparently large set�up cost of a telemedicine programme is contrasted with all categories of benefits over a suitable period of time, say five or 10 years. All benefits can be annualized and used for constructing a series of cost�benefit ratios.

In performing a net present value analysis, discounting should be done using appropriate social discount rates as opposed to commercial rates, to better reflect the value of a telemedicine programme to the community. It should be noted that not all categories of either benefits or costs are applicable in a particular programme or a country. In fact, most cost�benefit analyses can turn out to be relatively straightforward.

Criteria for selecting and assessing telemedicine projects

Telemedicine should be implemented on a scale commensurate with the requirements (needs) of the health�care policy and resources available. It is best to start with small�scale and simple projects, and gradually expand them as experience is gained. Care should be taken that the technology used (its level, complexity and quantity) and specific applications are appropriate for the objectives selected. Some typical criteria and factors which should be considered for project selection include:

Health�care criteria

·	types of patients and symptoms to be addressed by telemedicine;

·	skills needed for telemedicine practitioners;

·	health�care protocols which need to be established or modified;

·	methods of evaluating the success of telemedicine.

Management criteria

·	operational support needed;

·	administrative skills required;

�·	training needs to be arranged for practitioners at either end of the telemedicine link;

·	technical requirements and skills necessary to implement telemedicine;

·	requirements for integrating telemedicine into the overall health�care system.

Technology criteria

·	equipment required for the initial set�up to achieve at least the minimum set of objectives;

·	requirements on the telecommunications side to operate telemedicine applications reliably;

·	type of training needed.

Technology assessment in the field of telemedicine has addressed questions such as technical feasibility, image quality, diagnostic accuracy, medical need, investments and running costs. But more emphasis is required in the field of diagnostic impact, therapeutic impact, patient outcome, organizational impact of the health care, and new possibilities in the delivery and structure of health care. Technology assessment should be used interactively with the evolution of telemedicine. Consequently, technology assessment work in the field of telemedicine should be a guide to further development, setting of priorities and implementation strategies. In this way it should provide a scientific foundation for policy�making.

7.4	Financing telemedicine

Funding telemedicine services will be easier if the potential benefits of telemedicine are recognized within the framework of the national health policy. Telemedicine should be promoted, not necessarily as a new service or a new technology, but rather as a tool to improve existing services. Three levels of financing requirements were identified at ITU�D’s World Telemedicine Symposium for Developing Countries:

1)	pilot projects;

2)	large�scale trials of telemedicine services;

3)	nation�wide services.

Although countries have their own interests and are at different stages of development, countries should nevertheless start with modest pilot projects which are appropriate to their circumstances and which can be used initially to demonstrate a basic telemedicine service. Countries could implement telemedicine services gradually based on lessons they have learned and on the experience of others. Politicians and policy�makers will gain confidence in telemedicine with a step�by�step approach to pilot projects. It is also necessary to gain the confidence of potential foreign partners.

The Symposium considered how telemedicine could be funded in developing countries. Many valuable suggestions were made, including the following:

·	A percentage of health�care budgets. There is a need for some quantitative analysis based on actual telemedicine experience, for example, from pilot projects, which could demonstrate to policy�makers and funding bodies the cost�benefits of telemedicine. On the basis of such an analysis, politicians could be encouraged to devote a small percentage of the health�care budget to telemedicine and to solicit matching funds from the large funding institutions such as the World Bank.

·	ITU funds. ITU could finance some pilot project proposals with some of the funds from the TELECOM exhibitions.

·	Preferential tariffs and USOs. Telecommunication operators could provide preferential tariffs for the telecommunication part of telemedicine services. Developing countries could form regional groups in order to get better prices for telecommunication services provided by foreign operators. The experience of Africa in negotiating more attractive tariffs from Intelsat through the mechanism of RASCOM provides an example. Telemedicine could be part of the telecommunication operators’ universal service obligations (USOs), as provided in the new Telecommunications Act adopted in the United States in 1996.

·	Provision of education materials by broadcasters. TV broadcasters could devote some programming time to health education and health promotion.

�·	Joint ventures. Developing countries could consider establishing joint ventures in the field of telemedicine, by inviting local or foreign partners to participate and to take equity stakes in the delivery of telemedicine services.

·	Other innovative financing mechanisms. Countries seeking to implement telemedicine services should consider innovative funding sources, for example, by negotiating debt conversion through the Paris Club of creditors. Those interested in telemedicine implementation could encourage their Ministries of Finance to negotiate some portion of debt conversion for telemedicine as a desirable social good. Another innovative source might be through social security schemes and convincing the pension fund managers to invest in telemedicine projects. 

·	Development and aid agencies. The World Bank, regional development banks, and national aid agencies, such as the Danish International Development Agency (DANIDA), the United States Agency for International Development (USAID), the Norwegian Agency for International Development (NORAD), the Swedish International Development Agency (SIDA), the Canadian International Development Agency (CIDA), and the United Kingdom Overseas Development Agency may be willing to support pilot projects. In some instances, national aid agencies may require the use of suppliers from their country as a condition of assistance being granted. The European Commission has also supported pilot projects. 

·	International organizations. The United Nations Development Program (UNDP), the United Nations Economic Commission for Africa (ECA) and UNESCO have supported some pilot projects and acted as catalysts in bringing other partners together.

It is obviously desirable to identify possible sources of funding for telemedicine in developing countries.

8	Main trends

8.1	Potential problems with telemedicine

Acceptance and further development of telemedicine will depend upon a number of factors, among which are the following:

1)	Like many people, some physicians may resist the use of a new technology which they do not understand.

2)	There are few insurance providers who will cover the risks associated with telemedicine consultations.

3)	Rural consultations are not frequent and it may be difficult to operate telemedicine systems cost-effectively.

4)	Some states in the United States require that if a physician is to practise by telemedicine, he or she must hold a licence not only in the state where the doctor is, but also in the state where the patient is.

5)	Confidential medical data regarding patients must be protected from unauthorized access [42]. Data encryption and password security may help.

6)	To be successful, telemedicine service providers must focus on the needs of the medical profession and the patient, and not force fit existing technology on these services. Customer focus must not be replaced by product focus.

7)	Some telemedicine systems and services require that users have compatible hardware at both ends of the communications link, which reduces inter�operability and the benefits of access to different sources of telemedicine expertise. Similarly, the absence of standards in some aspects of telemedicine can also deter the cost�effective implementation of new telemedicine services. 

8)	Financing is often complex since telemedicine applications often involve different partners in a single venture (e.g. telecommunication operators and hospitals).

9)	Telemedicine may not appear to be cost�effective since it often enhances the service rather than performs a process more efficiently. It may also multiply demand for a previously inaccessible service, thereby increasing costs.

10)	Systems management and organizational problems may defeat the successful implementation of technologies or services which otherwise may be good.

�8.2	Current Issues

As yet, there are a number of unresolved issues which need further consideration before telemedicine becomes widely accepted, even in the industrialized countries.

Reimbursement

Telemedicine services can be delivered either on a commercial or public basis. On a commercial basis, users pay for all components of the telemedicine service: remote consultations, telecommunication expenditures, amortization of investments, operating costs, maintenance and so on. Frequently, assistance contracts include payment for telemedicine in cases of emergency, e.g. American Express, Europe Assistance.

On a public basis, telemedicine services are delivered within the framework of a social establishment, where no difference is made between a conventional consultation and a teleconsultation. Therefore, secondary consultations cannot easily be reimbursed and investment and telecommunication costs cannot easily be amortized. Public regulation will have to evolve with the generalization of telemedicine in public organizations.

Who pays?

In the end, in one way or another, it is the consumer or the taxpayer who can expect to pay for telemedicine, but that is a facile answer to a complex problem where there are many diverse parties in the telemedicine value chain and where the consumers may be distant from the service providers. 

There are many different telemedicine projects taking place around the world and they are financed from a variety of sources, which include:

·	funded by government subsidy or grant;

·	funded by university or hospital subsidy or grant;

·	underwritten by a telecommunication operator directly or undertaken in a joint venture with an equipment manufacturer or other service provider;

·	funded in whole or in part by international and regional organizations, such as WHO, ITU or the European Commission;

·	funded by commercial or semi�commercial organizations such as Inmarsat, Intelsat or SatelLife;

·	funded by the military, particularly in the United States. 

In the next few years, it is likely that telemedicine projects and services will continue to be funded from a variety of sources. As telemedicine services become commercialized, the end user, the doctor or patient in industrialized countries, can expect to pay for the commercial service, either as a user of the service or as a taxpayer or through a private medical insurance plan. In developing countries, few individuals will be able to pay for telemedicine. Hence, the introduction of telemedicine (except for the very rich) will probably require active support by governments. 

The questions of “Who pays?” and “Who should pay?” are, of course, different. In regard to the latter question, it is interesting to note research done by Feachem and Jamison at the University of California in Los Angeles. At a WHO technical seminar on health financing in developing countries, held in January 1997, Professor Jamison presented work in progress which showed that in most countries, prepaid finance systems are favoured over “out of pocket” health spending. Three policy dimensions were distinguished, as follows:

1)	As a result of the increase of prepayment preference in countries that are growing in economic terms, the basic question will be what kind of prepayment schedule will be developed, private or public. Publicly financed systems have been significantly more successful in containing costs and achieving health gains. 

2)	Prepaid schemes reduce the risk for the consumer (first party). They transfer the risk to the government or to insurance companies (third party), often resulting in a rapid increase in costs. A better option might be to divert some of the risk to the providers (second party), e.g. in the form of capitation payments. This could ensure that in the decision�making process of health�service delivery, costs are still taken into consideration. However, these second party entities must be big enough to share such a risk.

�3)	Health�care markets are not really competitive markets. This would require complete information on both sides (provider and consumer). Nevertheless, competition between providers should be stimulated, for instance, in a capitated system that gives the necessary information to consumers (e.g. on provider performance). Such a system would welcome the private sector, but within a framework of strong government regulation and a publicly financed system.

Diagnosis at a distance

Are doctors willing to make judgements on the basis of information transmitted rather than seeing the patient face to face? The answer seems to be yes. At least one survey of doctors in the US showed overwhelming support for telemedicine. Similarly, patients seem willing to take advantage of telemedicine services, especially if it means they can avoid unnecessary, costly or difficult travel to see the doctor. General practitioners and paramedics would like to have a second opinion or guidance from a specialist who may be many hundreds or thousands of kilometres away. Despite the evidence so far, there is still an issue with regard to the willingness of doctors to make judgements on the basis of transmitted information.

Liability

If a local doctor or paramedic treating a patient contacts a telemedicine service and sends X�ray images for interpretation, who bears the responsibility toward the patient? Is it the local doctor or the specialist a thousand kilometres away? Although many telemedicine interactions are already crossing state and national boundaries, legal precedents for remote liability and licensing have not yet been established in the courts. When a telemedicine consultation crosses state lines, does the provider have to be licensed in one state, the other, or both? If the community “standard of care” is to be upheld, which community standard applies? If the telemedicine services are available and a poor outcome results when they are not used, does this constitute malpractice? Today’s patchwork of state regulation, accreditation and liability is clearly incompatible with the widespread use of electronic medical services. Legal advice at present is that telemedicine does not raise any new issues of principle in comparison with traditional forms of distance consulting, such as the use of the telephone, fax or mail, and that the doctors involved still have the same inter�professional responsibilities and still owe the same duty of care to the patient [43].

Medical doctrines and laws are based on who has a duty to whom. Normally, the doctor in direct connection (contract) with the patient is liable. In case of doubt or when the remote doctor receives a payment for his expertise, it is recommended that a contract be established in which liability is explicitly described. Consultations between specialists already occur without patient contact (e.g. radiologists, pathologists, laboratory specialists). What is more dangerous for the patient? Is treatment by telemedicine better than delayed treatment or no treatment at all? 

Finally, the use of the Internet for telemedicine offers particular medicolegal problems. The Internet, by its nature, is not under the control of any identifiable organization. In addition, anyone can establish a Web site and some of those who may offer consulting services may not be qualified to do so. 

Competition

As in so many other sectors of the economy, competition is increasing in telemedicine services. There are telecommunication operators, equipment manufacturers and specialized service providers competing for local and global telemedicine markets. Some countries, such as Australia and Singapore, are competing to become regional hubs for telemedicine services. Alliances are common and undoubtedly will increase, as telemedicine requires expertise from several distinct disciplines. 

Privacy and confidentiality

Remote consultations involve the transfer of information and/or competence. The public health services are generally concerned with protection of privacy, especially when it comes to the introduction of new technology. Sensitive information which can be associated with a patient’s identity must not fall into the hands of unauthorized persons. It is recommended that rules be established before implementing telemedicine systems, so that any commercial use or �transfer of personal medical data is not authorized without written agreement from the patient. As far as teaching and training are concerned, case studies do not need to be identifiable, therefore names, identification numbers and photographs should be removed before an electronic exchange takes place. Another factor concerning patient security is a guarantee against mix�ups. The medical profession wants information to be stored so that it can be used later for statistical and research purposes, as well as for patient management. This raises issues regarding how this information should be managed. The problem of data storage in health care is far from solved and the process of archiving images electronically has just begun.

Medical data are frequently sensitive, confidential and private. Consequently, it is natural that there should be concerns about the security and confidentiality of health�care data, especially when it is transmitted electronically from one location to another.

One of the projects sponsored by the European Commission as part of its Third Framework Programme focused on this issue. The project was entitled the Secure Environment for Information Systems in Medicine (SEISMED). Within the next few years, all European citizens could choose to have their medical histories stored on a database known as HERMES, currently under development. This would give doctors greater and more complete information on which to base advice.

Security of data has three aspects: 

·	confidentiality; 

·	integrity, i.e. completeness, correctness and prevention of unauthorised modification;

·	availability, i.e. accessibility and readiness for immediate use when and where needed in a usable form. 

As information technology becomes increasingly sophisticated and accessible, questions may arise about how much information should be given to insurance companies who can adjust the premiums for higher�risk groups. There are also issues about who should bear which costs.

Acceptance 

Some telemedicine applications have been available for several years, yet they have never been widely embraced. One reason has been the cost and technical quality of the equipment available. Another factor has been the absence of a strategy for how telemedicine should best fit into health�care delivery systems. The concept of telemedicine is still foreign to most patients. But patient awareness and education about the benefits and convenience of telemedicine could accelerate its acceptance.

The success of telemedicine, indeed the use of information technology in general, will depend upon how users – patients, doctors, hospitals and governments – accept it. Clearly, a service delivered via telecommunications is not quite so personal as being in the consulting rooms of a doctor. On the other hand, some people have limited access (or no access at all) to medical care. As the acceptance of telemedicine grows, it will gradually put pressure on practices that are not networked.

Patients and doctors are accustomed to personal visits and many are reluctant to alter the traditional methods of health care. This may explain why telemedicine is penetrating the market first in specialities like radiology and pathology in which the physician’s role is removed from the patient. Yet as the need to cut costs increases and providers re�engineer health�care systems to be less dependent on the hospital as the central point of care, the use of telemedicine is sure to increase at both the provider and the purchaser, or consumer, level. For many manufacturers, telemedicine should expand the market for existing products, particularly in the international market, as more outlying clinics and physician groups become connected to medical centres for diagnostic and speciality services. It will also result in the sale of more lower�cost equipment as providers rely on telecommunications to link to remote sites with expensive equipment at large medical centres. As in other aspects of marketing, success will come to those manufacturers who can convince decision makers that broad utilization of their equipment, in conjunction with telecommunications links, will yield improved health care and savings.

Structural changes in health�care delivery

Like managed care, telemedicine opens the door for radical change in health�care systems and the practice of medicine. So far, established telemedicine programmes have been largely subsidized by governments, either directly or indirectly. �If telemedicine is widely accepted, it will undoubtedly force some structural changes in the delivery of health�care and medical services. It may be that, given the huge costs of health care now in the industrialized countries, governments may seek to promote telemedicine as a way of containing health�care costs. If a patient can be dealt with via telecommunications, he or she will not need to visit the hospital. Hospitals today are major cost centres. On the other hand, much of the equipment used in telemedicine is still expensive (although costs are coming down) and network costs can be significant. Thus, while governments or health�care service providers are “containing” some costs, they may also be spending greater sums on telemedicine equipment and services.

8.3	Future telemedicine technologies

Many of the cost and technical quality impediments that have hindered the growth of telemedicine in the past are being overcome by the worldwide introduction of digital communications networks. In digital networks, diagnostic images such as X�rays, CT or MR scans can be transmitted in minutes instead of hours. CT and MR scans are already recorded digitally, allowing the receiving radiologist to review the entire scan as if he or she were at the examining site. Conventional X�ray film needs to be digitized prior to transmission. The hardware and software costs can range from a few thousand dollars up to $100,000 or more per site, but like all computer equipment, the prices have been falling and further decreases can be expected. But the real savings in telemedicine have come in transmission costs. Prior to the introduction of digital networks, medical images were transmitted over satellite links (at a cost, if available, of about $400 per hour) or conventional telephone networks that possessed very low bandwidth. 

Telesurgery may not be used in practice for another decade, but work is in progress in the United Kingdom, the United States and elsewhere towards achieving it. In March 1995, there was an international conference on Interactive Technology in Medicine and Surgery, in Leeds. The conference considered the progress and challenges of interactive technology in surgery and medicine. Interactive technologies, including virtual reality systems, may revolutionize the practice and delivery of medicine as well as other scientific and engineering disciplines by providing novel methods of visualizing and manipulating complex images. The cost of using holograms and virtual reality systems is still high. Recent developments, however, have begun to reduce these costs, and have contributed to the emergence of interactive technology systems in a growing number of applications.

While there is considerable work taking place in regard to “high” technologies, there is a need for cost�effective, lower technology solutions to meet the needs of developing countries. With telecommunications operators competing to maximize use of bandwidth by both consumers and businesses, transmission costs have fallen considerably over the past two years. The addition of declining transmission costs to the advances in digitization and compression has made telemedicine applications more affordable than ever to potential consumers.

8.4	Service providers

As noted elsewhere in this report, especially Appendix 1 which reviews the telemedicine experience of some countries, telemedicine is delivered by a variety of service providers, such as telecommunication operators, equipment manufacturers, hospitals, universities, governments, information service providers and system integrators, often in alliances or joint ventures. In a few countries, pharmaceutical companies and suppliers are active in telemedicine. Many telecommunications companies are seeking alliances with hospitals and other provider groups for the provision of telemedicine services. 

There are many players in the telemedicine market. These include small companies providing telemedicine hardware and software, who are attempting to grow quickly by creating local networks with medical centres, individual practitioners and patients. There are also larger equipment manufacturers, such as IBM, GE and Kodak, who are forming independent regional networks. Telecommunications companies are also seeking to establish alliances with large equipment providers.

�9	Prospects for the development of global standards

9.1	Policy and regulatory situation

Delivery of telemedicine services may require a variety of licences, type approvals and other regulatory sanctions. Telecommunication operators require licences. Users of telecommunication equipment may require individual licences (there may be “class licences” obviating the need for individual licences). Equipment specifications may need to meet various standards at the national, regional and/or international levels. Service providers may need operator licences. Global services may require global standards.

In the case of mobile satellite communication, one of the media for telemedicine delivery, the existence of various regulatory and commercial barriers (e.g. high import duties) inhibits the use of mobile earth stations despite their successful application by various health and relief organizations such as WHO, Pan American Health Organization (PAHO), International Committee for the Red Cross (ICRC), International Federation of Red Cross and Red Crescent Societies (IFRC), Médecins Sans Frontières (MSF) and others. There is thus a need for more favourable regulatory regimes.

As telemedicine becomes more of a commercial service, requirements may emerge for certain minimum standards. For example, the clinical value of an image transmitted over a telecommunication network is likely to increase as its resolution increases. If the resolution of the image is poor, its utility is limited and doctors will hesitate to make a diagnosis. Much work has been done in the field of teleradiology [22, 23] and it is conceivable that a minimum resolution for other transmitted images will emerge. Some new standards for compression algorithms seem likely. 

Many countries have yet to develop a policy and regulatory framework covering telemedicine issues such as tariffs, licensing, standards, confidentiality of data, liability due to misleading or faulty images during transmission or other stages of the telemedicine process. Malaysia is one of the first countries to adopt specific telemedicine legislation. The US Telecommunications Reform Act of 1996 also has a specific universal service obligation with regard to the delivery of health�care services to those living in rural areas.

9.2	Telemedicine standards

The introduction of telematics in health care has emphasized the need for standardization and for a common use of medical informatics and telematics standards. The importance of overcoming linguistic and other barriers has also become increasingly evident as plans are developed to deploy telematics applications across international borders. 

One of the technical barriers to the interconnection of telemedicine centres around the world is the difficulty of exchanging and processing medical data from one site to another, due to incompatibilities in data formats and equipment interfaces. Although telecommunication standards are well established, the software in the medical equipment from different companies is in most cases proprietary. This hampers the use of telemedicine and delays the development of organizational and health�care structural adaptations.

In Europe, a Technical Committee for Medical Informatics (TC 251) was established within the European Standardization Committee (CEN, Comité Européen de Normalization). The objectives of CEN TC 251 are the organization, coordination and follow�up of standards development in health�care informatics at the European level. CEN TC 251 is the only official vehicle for European consensus-building and standardization in health�care informatics and liaises with a number of international organizations. The relationships between the important standards bodies are shown in Figure 12.
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In the United States, teleconsultation systems are approved by the Food and Drug Administration (FDA), Medicare organization and insurance companies. In July 1997, the FCC (Federal Communications Commission) and the non�profit group Healthcare Open Systems & Trials (HOST) co�sponsored a forum to promote the adoption of standards for telehealth equipment. Other government agencies supporting the forum included the FDA, the Federal Interagency Joint Working Group on Telemedicine (JWGT), and the Department of Health and Human Services Office of Women’s Health. The FCC’s Advisory Committee on Telecommunications and Health Care stated in its 15 October 1996 report that a lack of standards and the resulting incompatibility of telehealth systems is an obstacle to the development of telehealth. The Committee suggested that the government help bring together members of the industry and the medical community to work toward the adoption of standards and open architecture for telehealth equipment and networks. 

�DICOM

DICOM (Digital Imaging and Communications in Medicine) is a standard which defines a standard network interface and data model for imaging devices to facilitate information systems integration [44]. In 1983, the American College of Radiology (ACR) and the National Electronic Manufacturer’s Association (NEMA) both set up a joint committee to develop a standard for medical imaging communication. The result of the collaboration was the ACR�NEMA Digital Imaging and Communications Standard 300�1985. This standard defined a point�to�point communications protocol, a set of command messages and a data dictionary for image communications. Basically, a 16�bit parallel electrical interface was specified to permit the direct connection of two pieces of imaging equipment or an imaging device and a network interface unit. A second version of the standard was published in 1988. However, it was not successful. The reason was that it did not conform to the seven�layer International Organization for Standardization (ISO)�Open Systems Interconnection reference model for communication services, a model widely used in the communications industry.

To give it a degree of independence from the standards body and to foster international collaboration, it was renamed DICOM which specifies both an ISO compliant profile and an industry standard protocol (TCP/IP, transmission control protocol�Internet protocol). DICOM is a complex standard which provides detailed definitions of communication services and associated protocols. It is based on an object data model. The model represents an abstraction of certain aspects of the real world. The main advantage of DICOM is that it is applicable to networked environments. The standard provides a mechanism for manufacturers to claim conformance by clearly specifying which DICOM functions are supported.

10	Guidelines and recommendations

In developing countries, the government department responsible for defining and implementing general policy on health and organizing health services is generally the ministry for public health. Although their principal concerns are for primary health care in their populations, many of these government departments view telemedicine as an experimental concept. Nevertheless, from a review of the telemedicine experience of many countries (see Appendix 1) and from the work contained in this Report, it would appear that telemedicine may be useful in the developing world. Two complementary strategies can be suggested:

·	increase awareness in government circles. This implies holding seminars, symposia, conferences, presentations, and correspondence addressed to the health authorities and other bodies. The success of such action is linked to the synergy of actions initiated by the various international organizations (e.g. ITU, WHO and UNESCO);

·	introduce pilot projects so as to demonstrate the value of telemedicine to the decision�makers and government departments responsible for the organization of health services.

10.1	Computerization of health�services management

The organization of health services is an important factor for telemedicine, once the regulatory, legislative and quality control aspects which this implies are considered. The very rapid development of computer�based information systems and medical informatics allows simultaneous access to a variety of different types of documents: texts, numerical data, pictures, graphs, sound and voice messages. Multimedia medical records are not far away. The development of numerous picture processing techniques has made it possible to improve image management systems, from which PACS (Picture Archiving and Communications System) has been derived, and which is used in the radiological environment in industrialized countries.

While industrialized countries discuss and implement PACS, multipoint distribution networks for medical information and the use of the Internet, much of the management of health services in developing countries is still done manually using paper forms. Introduction of telemedicine services comes up against the absence of computerization in present day health services management in developing countries. Nevertheless, medical informatics will help:

·	exchange of information and data between scientists, between medical specialists and between general practitioners;

·	holding distant consultations by real�time examination of diagnostic pictures;

·	interactive management of patients’ medical records.

�10.2	Need for basic infrastructures

Telecommunications

Telecommunications constitute an essential link in any telemedicine application. For reasons of reliability, authenticity and security, the risks of breakdown or of any corruption of links must be as small as possible. Telemedicine therefore demands a high degree of telecommunications network security, a high level of efficiency and adequate transmission capacity.

For practical and economic reasons, security and reliability of telecommunications networks is a decisive factor in introducing telemedicine applications. But it is precisely in the developing countries that the existing infrastructures tend to be obsolete and the transmission capacity of the arterial routes is often inadequate for telemedicine. The need for advanced technologies is pressing, but their introduction in developing countries must also take into account the widely varying transmission capabilities available, which may be only 2.4 kbit/s to 64 kbit/s or less.

Medical technologies

In a modern health service, providing diagnoses, treatment and care depends on the quality of both the biomedical equipment and professional expertise. Developing countries are inevitably short of both equipment and well�trained experts. Acquisition of communications interfaces and suitable expertise is a need which must be taken into account in any strategy for introducing telemedicine in a developing country.

10.3	Training requirements

The requirements for training in telemedicine and distance health care are enormous in developing countries, and involve training in the three sectors which play a part in the provision of telemedicine services: telecommunications, medical technologies and health services.

10.4	Financial constraints

If telemedicine is to be introduced widely, then all the constraints and requirements mentioned above imply mobilization of major financial resources. Given the state of economic crisis which developing countries are experiencing, enormous demands for services and basic infrastructure such as roads, schools, electricity and telephones, strategies to introduce telemedicine into developing countries may need to rely on external finance. Such finance can be granted in the form of aid from industrialized countries, credits granted by backers, or support for implementation of pilot schemes by specialist international organizations, such as UNDP, WHO, UNESCO and others.

There is great potential for telemedicine applications in both the industrialized and the developing countries. While the most advanced services require facilities that may not be widely available in developing countries, there are many applications currently in use which require only basic infrastructure and resources. Administrations should work together to ensure that policies are in place at the national level to expand and introduce inter�operable telemedicine networks that can be used effectively to improve the quality of health�care delivery worldwide. Any plan to create a health�care system utilizing telemedicine should address medical practice, continuing medical education and public wellness.

10.5	Factors to consider in the implementation of telemedicine

The Rapporteur’s Group for Question 6/2 identified the following as some of the steps which developing countries should take in considering the implementation of telemedicine projects:

·	Identify the types of medical services where telemedicine could be useful, e.g. in primary health care or emergencies. 

·	Define telemedicine needs. For example, rural and remote hospitals may have no communications links with urban hospitals. Ambulance services may need some telemedicine equipment. Perform a market analysis in the country concerned. Who would benefit and who would pay for such services? 

·	Remember that there are different technologies and services available which could meet particular needs (Figure 13). Some will be more expensive and complicated. Thus, countries should do a careful assessment to determine the most appropriate technologies, means of communication and services.

�·	Are telecommunications needed inside the country only or also outside the country?

·	What telecommunication infrastructure is available or could be made available?

·	Carry out a cost�benefit analysis.

·	Ensure that diverse players are involved in the implementation of telemedicine services, including the Ministry of Health and other health�care professionals, telecommunication operators, service providers and telemedicine equipment manufacturers.

·	Raise awareness about potential telemedicine applications among health�care professionals and telecommunication operators. 

·	Get some limited experience via pilot projects or demonstrations before implementing a large�scale service.

·	Consider what other countries have been doing, preferably by visiting countries with relevant telemedicine experience.

·	Seek advice from international organizations, such as WHO, ITU and the European Commission.

·	Ensure adequate training in the use of telemedicine equipment and services. 

·	Ensure adequate organizational and administrative arrangements are established and sustainable.

·	If considering a telemedicine service provider outside the country, then seek competitive bids and negotiate appropriate contracts, which are preferably non�exclusive. 

·	There are various national, regional and international organizations from whom some funding for telemedicine projects can be sought. Although it is worthwhile contacting these funding bodies, the country should ensure that telemedicine services are self�sustaining in the medium to long term to avoid raising false expectations.

·	Follow a gradual, step�by�step approach to the introduction of telemedicine services. 

·	Telemedicine should be a part of the overall health infrastructure, but it needs to be introduced in a balanced way so that it is not at the expense of higher priorities, such as clean water, adequate nutrition and basic sanitation. At the same time, countries should not be seduced by glamorous technology to the extent that they try to introduce inappropriate telemedicine services in sectors where other needs should be met first. 

·	National administrations should take steps to implement Resolution 36 (relating to telecommunications for disaster mitigation and disaster relief operations) of the ITU Plenipotentiary Conference, Kyoto, Japan, September 1994. The Resolution urges administrations to take all practical steps to reduce and where possible to remove regulatory barriers and to strengthen transborder cooperation between states.
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�10.6	Resolutions

Telemedicine and health care have been the subject of a Resolution and Recommendation from two regional telecommunication development conferences. The first World Telemedicine Symposium for Developing Countries, convened by the ITU in Portugal, also drew a number of conclusions and recommendations. Key extracts are as follows.

Resolution 7 from the African Regional Telecommunication Development Conference 

The African Regional Telecommunication Development Conference (AF�RTDC�96) (Abidjan, 6�10 May 1996):

considering

a)	that few African countries have any experience in the application of telemedicine, even in urban areas equipped with telecommunication infrastructures;

b)	that there is, nevertheless, an overwhelming need for the provision of medical and health�care services, especially in areas outside the cities;

c)	that the provision of health care consumes a large portion of national budgets,

recognizing

a)	that telemedicine services could be an economical means of achieving national health policy objectives with regard to improvement and/or extension of medical and health care, especially to non�urban areas,

resolves

1	that African countries should support any initiatives which will help gain them practical experience in telemedicine and telehealth;

2	that African telecom organizations should discuss the utility, logistics and feasibility of telemedicine delivery, especially in remote and rural areas of their country.

Recommendation COM2/a from the Regional Telecommunication Development Conference for the Arab States

The Regional Telecommunication Development Conference for the Arab States (AR�RTDC�96) (Beirut, 11�15 November 1996):

conscious also

a)	of the increasing competition in the telecommunication sector;

b)	that a number of countries have established universal service obligations (USOs) as a means of ensuring that all competitors contribute to the extension of telecommunications to remote and rural areas which might not otherwise be economically served and that, even where competition has not yet been introduced, often the public telecom operator (PTO) has USOs anyway,

considering

a)	the need to extend adequate health care to all citizens;

b)	the need for collaboration between health officials and telecom operators in order to implement telemedicine services;

c)	the desirability of some pilot projects in order to help identify the most cost�effective solutions to the provision of health care to those living in remote and rural areas,

invites all Arab countries

1	to promote collaboration between health�care officials and telecom operators in order to identify solutions to meet health�care needs, especially in remote and rural areas and for those on the move and for those who might not otherwise have access to the quality of care available in urban hospitals;

2	to consider initiating one or more telemedicine pilot projects in remote and rural areas.

�World Telemedicine Symposium for Developing Countries

(Portugal, 30 June-4 July 1997)

Role of telemedicine in developing countries

There is a need to bridge the gap between the telecommunication and health�care communities at all levels. ITU/BDT and WHO should further enhance their links and collaboration as well as promote collaboration between their respective constituencies. National Ministries of Health and Communications should work together towards introduction of a telemedicine policy. Telecommunication operators and telemedicine experts, suppliers and service providers are also encouraged to work together.

Although a few countries have established a national telemedicine policy and/or strategy, other countries should also do this in the context of a national “health for all” policy. Such a policy or strategy should identify health�care priorities and include consideration about how telemedicine can be funded, whether by government, by industry, as part of universal service obligations for telecommunication operators, or by other means. Since the delivery of telemedicine services requires the use of telecommunication networks, telecom operators are encouraged to take an active interest in telemedicine, not only as part of a universal service obligation but also as a potential business opportunity.

A telemedicine strategy should take into account the need to identify appropriate partners, appropriate, low�cost technology as well as financing. It should also recognize that specific applications and a conducive regulatory environment may be sufficient to incentivize industry to undertake some implementation of telemedicine. Nevertheless, given the varying economic circumstances of countries around the world, external support is likely to be necessary if telemedicine is going to make a contribution towards improvement of health and health care, especially in remote and rural areas of developing countries.

The Symposium recommended that ITU/BDT set aside a specific budgetary allocation from ITU TELECOM surpluses for supporting telemedicine pilot projects, including missions by telemedicine experts to assist developing countries in formulation of proposals.

The determination of which pilot project proposals to support should be determined by the level of support shown by other potential sponsors. In selecting which telemedicine projects to support, ITU/BDT should also take into account the needs of developing countries, which projects could have the greatest impact, the costs involved, etc.

The Symposium was of the view that ITU-D should continue its studies of telemedicine and, in particular, identify pilot projects, provide an analysis of project results and help countries to define a policy and strategy towards telemedicine implementation.

The Symposium was of the view that it would be useful to generate a directory of companies, institutes, service providers with telemedicine products, services and software which would be appropriate and cost�effective in the context of meeting the needs of developing countries.

11	Recommendations

11.1	Role of telemedicine in developing countries

Improving health care is a responsibility of governments. Health�care planning should take telemedicine into account within the framework of the national health policy. Planners should consider at least four aspects of health care where telemedicine could play a role:

1)	Administrative: Telemedicine could help in the administrative tasks involved in implementing national health policies, which is currently a problem in many developing countries.

2)	Reinforcing national health structures: Telemedicine could help improve links between rural district hospitals and the main national hospitals.

3)	Education: Telemedicine services could help provide training and education to health�care professionals in rural areas.

4)	Quality and efficiency of health�care services: Telemedicine services could improve quality and reduce costs.

�11.2	Introduction of telemedicine in developing countries

Various views with regard to the possible introduction of telemedicine in developing countries were expressed by the Symposium participants. The first requirement of developing countries is for more information about telemedicine, what it is and how it might be able to help solve some of the shortages in medical and health care. 

It is necessary for developing countries to identify and express their health�care needs and then to see how telemedicine could help meet those needs. The introduction of telemedicine should be needs�driven, not technology�driven. The medical profession should take the lead in determining their needs and how telemedicine might help. Doctors and other health�care professionals might be able to identify needs, but implementation of telemedicine requires multidisciplinary collaboration, with the active participation of telecommunication operators.

Developing countries should share information about their health�care needs and telemedicine requirements. The Symposium noted that there had been an exchange of letters of agreement between the Secretary General of ITU and the Director General of WHO in regard to cooperation. ITU/BDT and WHO should promote collaboration between developing countries. It is necessary to have a clear understanding of the value for the health�care community of telemedicine technologies and services.

The Symposium recommended that ITU/BDT should take further steps to raise the awareness of decision�makers about telemedicine and how it might be able to help solve some health�care needs. Wide dissemination of the Telemedicine Report could help in this regard.

The Rapporteur for Question 6 (telemedicine) of ITU�D Study Group 2 informed the Symposium that the draft Report was available at the Inmarsat site on the World Wide Web [45]. The final Report will be available at the World Telecommunication Development Conference which is to be held in Valetta (Malta) in March 1998.

The Symposium believed that it is useful for developing countries to construct a hierarchy of health�care priorities in order to ensure that possible implementation of telemedicine has the maximum impact in meeting their health�care needs. Such a hierarchy of priorities should also take into account disease prevention and health promotion. The developing countries have to identify and assess their needs for telemedicine services and appropriate partners. A needs assessment can be relatively simple, i.e. developing countries could ask themselves questions such as: Do we need some help? What kind of help do we need? What are our problems in delivering health care to rural and remote areas? What possible solutions can be envisaged?

There is a need to bridge the gap between the telecommunication and health�care communities at all levels. ITU/BDT and WHO should further enhance their links and collaboration as well as promote collaboration between their respective constituencies. National Ministries of Health and Communications should work together towards the introduction of a telemedicine policy. Telecommunication operators and telemedicine experts, suppliers and service providers should also be encouraged to work together.

ITU cannot implement telemedicine on its own and would not wish to do so. The implementation of telemedicine is a multidisciplinary undertaking, involving many different players. The Midjan Group (an association under French law comprising representatives from hospitals, universities, telemedicine institutes, government departments, international organizations, telecommunication operators and equipment suppliers to facilitate pilot telemedicine projects in developing countries) offers a useful model for collaboration between government and industry, between international organizations and local service providers, between telecommunication operators and telemedicine institutes. The Symposium recommended that ITU/BDT pursue its discussions with interested parties in regard to the establishment of an Asia�Pacific Telemedicine Collaboration Group whose mandate would be developing countries’ needs in telemedicine.

Although a few countries have established a national telemedicine policy and/or strategy, other countries should also do this in the context of a national “health for all” policy. Such a policy or strategy should identify health�care priorities and include consideration of how telemedicine can be funded, whether by government, by industry, as part of universal service obligations for telecommunication operators, or by other means. Since the delivery of telemedicine services requires the use of telecommunication networks, telecommunication operators are encouraged to take an active interest in telemedicine, not only as part of a universal service obligation but also as a potential business opportunity.

A telemedicine strategy should take into account the need to identify appropriate partners, to specify appropriate technology and to find financing. It should also recognize that specific applications and a satisfactory regulatory environment may be sufficient to stimulate industry to undertake some implementation of telemedicine. Nevertheless, �given the varying economic circumstances of countries around the world, external support is likely to be necessary if telemedicine is going to make a contribution to improve health care, especially in remote and rural areas of developing countries.

11.3	Pilot projects

The Symposium concluded that developing countries could facilitate the introduction of telemedicine by selecting appropriate equipment for small�scale pilot projects. The Symposium recommended that ITU/BDT set aside a specific budgetary allocation from ITU TELECOM exhibition surpluses for supporting telemedicine pilot projects, including missions by telemedicine experts to assist developing countries in the formulation of proposals.

The decision about which pilot project proposals to support should be determined by the level of support shown by other potential sponsors. ITU/BDT is inviting potential sponsors to collaborate in undertaking some of the pilot projects which have already been requested by developing countries. ITU/BDT should stimulate a collaborative approach to pilot projects, not only with telecommunication operators and others in the telemedicine industry, but also especially with WHO, the World Bank, the European Commission and other institutions who are already heavily involved in telemedicine.

In selecting which telemedicine projects to support, ITU/BDT should also take into account the needs of developing countries, which projects could have the greatest impact, the costs involved, etc. It would be desirable for the pilot projects to help define a minimum telemedicine service and the different types of telemedicine services.

There was a question about who would “own” a pilot project, i.e. who would be in charge of it. In this regard, the Symposium participants concluded that a project “champion” was necessary to lead not only the pilot stage, but also the transition to a sustainable service. Who the project leader should be is a matter for the pilot project participants themselves to decide. While national policy direction and assistance from ITU/BDT, WHO, the European Commission or others could be helpful, success of a telemedicine initiative depends on the commitment of the participants and their ability to work together. The Symposium concluded that the challenges for implementation were not so much a matter of available technology, the cost of which was continuing to fall, but more a matter of organization and human resources.

The Chairman of the Midjan Group announced that the Midjan Group intended to facilitate three telemedicine projects prior to the World Telecommunication Development Conference in Malta in March 1998. The projects would be selected from the list drawn up by ITU/BDT and those which became known as a result of the Symposium. West African countries represented at the Symposium announced that they intended to pursue a regional cooperation, to be coordinated by Senegal, in the development of telemedicine pilot projects, and they solicited the support of the ITU/BDT in undertaking such projects.

The Symposium recognized that, while pilot projects were useful in determining models for the introduction of telemedicine, the private sector should nevertheless not hesitate to develop services where they saw opportunities.

SatelLife and its HealthNet affiliates were a good example of how to assist developing countries by giving them access to medical information. This experience deserves further extension and support. BDT, together with WHO, should consider setting up pilot Health Information Centres at selected sites in order to train staff in the use of electronically�based information. These staff would be known as “info�medics”. For this purpose, existing telecommunication training centres, such as those in Dakar and Nairobi, could be used.

The Symposium also concluded that while large�scale trials, as recommended by the African Regional Telecommunication Development Conference, would be useful, a number of small pilot projects should be initiated in developing countries at the earliest opportunity.

In formulating proposals for pilot projects, developing countries should identify their needs, the justification for the pilot projects, expected results, local commitment to the projects and so on. Proposals for pilot projects should come from the developing countries first and such proposals, if sufficiently detailed and justified, could justify a fact�finding mission by a telemedicine expert supported or funded by ITU/BDT, WHO, the EC or some other partner in order to assist in the formulation of a more detailed proposal which could then be put to an appropriate funding agency. Developing countries were reminded that the large institutional sponsors were not likely to fund more than 50% of the cost of a pilot project and that the remainder would need to come from other sponsors, including the local commitment.

�11.4	The role of the ITU/BDT in telemedicine

The Symposium concluded that ITU/BDT has an important role in raising the awareness of policy�makers, telecommunication operators, donors and others. Telemedicine workshops or symposia are one useful method of raising awareness and bringing together representatives from the telecommunication and health�care sectors, from industrialized and developing countries.

With regard to donors, BDT should aim to convince them that funding telemedicine is often as necessary or useful as funding for ambulances, drugs or hospital supplies. ITU will not be able to fund all pilot projects but it could act as an important catalyst for stimulating additional funding from other domestic, foreign or international sources. The Symposium requested that BDT identify possible partners for sponsoring telemedicine projects in developing countries. 

ITU should also establish a database which could be updated regularly and which would provide a source of information about the different pilot projects in developing countries, what financing mechanisms and technologies have been used, what services have been provided, what the results of the pilot projects have been, what lessons have been learned and what mistakes to avoid.

The Symposium was of the view that the 1998 World Telecommunication Development Conference in Malta should agree that ITU�D should continue its studies of telemedicine and, in particular, identify pilot projects, provide an analysis of project results and help countries to define a policy and strategy towards telemedicine implementation.

The Symposium concluded that ITU has a special role to play in setting standards for the communications part of telemedicine. The BDT should discuss this issue with the ITU�T Sector in particular.

11.5	A telemedicine policy and strategy for ITU�D

The Symposium concluded that the Telecommunication Development Bureau should make recommendations and provide guidelines to developing countries in regard to telemedicine and recognized that such recommendations and guidelines were expected as a result of Question 6/2. Any ITU/BDT policy and strategy in regard to telemedicine should be based on the sustainability of the telemedicine service.

The Symposium recognized that there are different approaches to telemedicine. One approach could be characterized as taking a luxury car on the information highway; a luxury car could do a lot, but would also cost a great deal. A bicycle could be chosen for travelling down the information highway; it would not cost much, but would be slow. An alternative was a bus, where telemedicine was one of a number of applications which shared the same vehicle.

One Symposium participant noted that 10 communicable diseases were responsible for 80% of the health�care problems in developing countries. It would be useful to focus on how telemedicine and ITU could contribute to efforts to control those diseases.

The Symposium recommended that ITU/BDT help developing countries by identifying appropriate telemedicine technologies and showing how telemedicine could optimize the use of the limited human health�care resources in developing countries.

The Symposium also recommended that it would be desirable for ITU/BDT to pursue its telemedicine programme, which included the work of the ITU�D Study Group 2 Question 6 on telemedicine, pilot projects and symposia such as the one held in Portugal, as well as several training activities for telecommunication and health�care staff dealing with telemedicine. In regard to the telemedicine study, the Symposium was of the view that it would be useful to generate a directory of companies, institutes, service providers with telemedicine products, services and software which would be appropriate and cost�effective in the context of meeting the needs of developing countries.

The Symposium participants congratulated ITU/BDT on its initiative in convening the first World Telemedicine Symposium for Developing Countries, and expressed their appreciation to ICP, their Portuguese hosts, for their hospitality and organizational support. The support of the European Commission for the Symposium and, in particular, for facilitating the attendance of representatives from developing countries, was also gratefully acknowledged as was the support of the Midjan Group, Inmarsat, SatelLife, Welch Allyn and Portugal Telecom. The participants were unanimous in their view that the Symposium had provided a welcome, useful exchange of views and information about the potential of telemedicine to address health�care needs in developing countries and were enthusiastic in their recommendation that a second such Symposium should be convened in 1998, perhaps in Latin America.

�12	Conclusions

Based on the experience gained from the preparation of this Report as well as one of the conclusions from ITU�D’s World Telemedicine Symposium in Portugal, it became apparent that the first requirement of developing countries is for more information about telemedicine, what it is, and how it might be able to help solve some of the shortages in medical and health care. 

While there are significant potential advantages and benefits from telemedicine, the evidence of its cost�effectiveness and sustainability is meagre [37]. This is because much of the telemedicine activity so far has been in the form of pilot projects or demonstrations in universities and hospitals with subsidized funding from government or other sources. The number of self�sustaining, commercial applications of telemedicine is still very small. Telemedicine undoubtedly yields cost savings in certain circumstances, but often the savings and benefits accrue to those who do not have to pay for the service. Thus, few service providers have found a way to recover their costs (and make a profit) from those to whom they provide their service. Even fewer countries have actually budgeted for the provision of telemedicine as a service widely available to their citizens. Nevertheless, with the rapidly declining cost in hardware and telecommunications, the level of interest and the corresponding activity in telemedicine is rising rapidly. 

Given the potential of telemedicine to facilitate the provision of medical information and health care in rural areas, it seems useful for developing countries to undertake pilot projects in order to evaluate their potential and cost�benefits. The results of such pilot projects could be part of the development of a national health for all policy which takes telemedicine into account.

In view of the other priorities of developing countries, especially those of the least developed countries, financing telemedicine activities is likely to remain a challenge for some time to come. Funding from external donor agencies may well be necessary, but local commitment and participation in pilot projects is essential if a project is to have a chance of success. As telemedicine requires a multidisciplinary approach, the active participation of telecommunication operators must be assured.

Despite some false starts in the deployment of telemedicine as a continuing service to the general population – as opposed to a few well�to�do clients – telemedicine has great potential to improve access to health care and to contain costs in developing countries.
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�APPENDIX  1��Telemedicine experience

1	Telemedicine in some countries

Many countries, especially in the industrialized world, have experience with telemedicine applications. This Appendix provides some details about the experience so far. It is not comprehensive, but it is at least indicative. The information comes from contributions made to the Rapporteur’s Group of ITU�D Study Group 2 from various countries, as well as from research by the Group. In addition, Appendix 2 summarizes responses to the Telemedicine Questionnaire which was circulated in September 1995.

1.1	Argentina

Argentina has approximately 35 million inhabitants and an area of 2.8 million km2. Thirty-three per cent of the population lives in Buenos Aires and its suburbs. There are 75 000 active doctors and about 50% of them live in Buenos Aires or in the surrounding area called Gran Buenos Aires. Thus, vast regions of the country could be considered to be medically underserved.

There is much cable television in Argentina. There are around 1 000 cable TV stations operating, with five million subscribers throughout the country. Fifty per cent of the homes with a television set have cable TV. This high percentage puts Argentina in third place among American countries, after Canada and the USA. As a consequence, an alternative network of telecommunications has developed, as well as an important industry of producing programmes for cable stations which were originally distributed by video cassette.

Three aspects of telemedicine – diagnosis, administration and education – are especially important to Argentina. 

Continuing medical education

In addition to the efforts made by the Fundación de Informática Médica (Foundation of Medical Computer Systems) in database projects, Argentina has a long experience in the field of medical distance education. In 1989, as a result of the growth of cable television and in view of the space available to new television channels with specific topics, Teleciencia was launched. Teleciencia is a health and medicine channel offering postgraduate education to professionals. About 200 hospitals, clinics and societies around the country have been connected, free of charge. Special events have been held by broadcasting images and sound via satellite, and receiving enquiries via telephone. Such enquiries obtain an immediate reply from the TV studio.

Using this system, a two and a half hour videoconference on the clinical handling of HIV infection was held. The conference connected doctors from seven different countries with the President of Sociedad Argentina de SIDA (Argentine AIDS Society), Dr Petro Cahn, as well as 123 local doctors.

Another demonstration featured the interconnection of two operating theatres of the Hospital Italiano de Buenos Aires (Italian Hospital of Buenos Aires) with the Simposio de Cirugía y Hemodinámica del Congreso Internacional 1996 de la Sociedad Argentina de Cardiología (Symposium on surgery and hemodynamics of the 1996 International Congress of the Argentine Cardiology Society). That day, four operations were carried out, two angioplastys and two open heart procedures. The broadcast lasted 17 hours in total, of which 6 hours were transmitted from the operating theatre. The symposium participants were able to interact with the surgeons. The number of professionals attending the Symposium was estimated at 2 000.

Present and future

Several telemedicine projects have started in Argentina, two of which are the following:

·	Telecom Argentina has installed a broadband multimedia system for doctors, professors and students of the Hospital de Clínicas (Clinics Hospital) and the Universidad de Córdoba (University of Córdoba), linked by fibre optic cables. It allows them to have interactive videoconferences, save digitized images of patients together with their clinical background and to broadcast video from the university video library to several classrooms at once. They have also installed a fibre optic link between the Facultad de Medicina (Faculty of Medicine) and the Hospital de Clínicas de la Ciudad de Buenos Aires (Clinics Hospital of the University of Buenos Aires) to provide a transmission system for educational videos and images of clinical use.

�·	The Ibero�American Society of Telemedicine, which was founded by a group of telecommunication companies and members of Teleciencia, is currently installing 10 sets of videoconferencing equipment for education. The objective is to develop a private network with terminals for medical societies in the major cities of the country. The first authorization to use ISDN lines in Argentina has been solicited. It is expected to start service in late 1997. This stage will be completed with the installation of 80 fixed pieces of equipment within the next 12 months. The second stage in this project consists of operating a Permanent Virtual Hospital interconnected with other health centres, for diagnosis and enquiries, having access to remote zones as well as ships and aeroplanes through the mobile satellite services of Inmarsat.

On 18 June 1997, access to the Internet for all the inhabitants of the country was declared a national priority by the Argentinean Government. The Government also aims to promote a national telemedicine Web site to improve the use of available resources. As a result – and setting aside the important projects already started – a rapid growth in telemedicine activities is expected throughout the country.

1.2	Australia

Telemedicine facilities have been established at a number of sites in Australia. State and federal governments are committing their resources to specific projects rather than to trials, of which there have been many in recent years. In particular, state health departments are giving attention to the potential of telemedicine to provide help in home medical situations and to overcome long hospital waiting lists.

Sydney’s Westmead Hospital, among the most advanced centres in Australia for telemedicine facilities, has established telemedicine links in New South Wales with the Orange Hospital and the Armidale district, providing specialized opinions and the results of pathology tests. Together with the telecommunication provider, Telstra, the hospital has developed the LaserCast hospital/university fibre optic network. The network is used for telemedicine education and enables Westmead to send material to the University of Sydney and five other hospitals in Western Sydney. Using satellite links, it can reach about 400 hospitals.

Telemedicine is regarded as a way of reducing the costs of transporting patients over long distances. The cost of an air ambulance can run into several thousand dollars. Some country hospitals are now sending X�ray images to Sydney by ISDN, allowing specialists to provide a diagnosis that can often save the expense of transporting a patient by air. One of the main benefits of telemedicine for Australia is the linking of isolated areas. There is an earth station (satellite dish) in every rural hospital in Western Australia, which supports education for medical staff. 

Westmead’s neighbouring hospital, the new Royal Alexandra Children’s Hospital, has an advanced radiology picture archiving and communications system (PACS). All images are stored digitally, eliminating the need for the bulky storage of X�ray films. A direct�imaging link between the children’s hospital and Westmead Hospital’s neonatal ward has brought advantages to both institutions, particularly in getting a second opinion on ultrasound scans.

The Australian federal government and most state departments of health have sponsored telemedicine trials. (A list of projects in Australia can be found at http://www.psychiatry.uq.edu.au)

1.3	Bhutan

Bhutan, a landlocked kingdom in the Eastern Himalayas, has a population of approximately 600 000 people and an area of 40 000 km2. Bhutan’s terrain is among the most rugged in the world, with steep and inaccessible mountains and swiftly�flowing rivers. Within a distance of 100�150 km, the land rises from an altitude of less than 160 m above sea level in the south to more than 7 000 m above sea level in the north. The climatic variation is correspondingly extreme. These vagaries of nature have always been a challenge to the socio�economic development of the nation. With the strong determination of the people and the government backed by advances in technology, Bhutan is overcoming these impediments and is improving the quality of life of its citizens. Dramatic improvements have been made in the fields of education, health, agriculture, power, telecommunications, trade and industry.

Bhutan has its main referral hospital in the capital, Thimphu. There are 26 regional hospitals and 131 basic health units (BHUs). Except for the referral and regional hospitals, the rest of the health activities are managed by non�medical staff. Medical facilities outside the towns are limited. Improved telecommunications between the main hospitals and �these health units would allow sharing of the expertise of the doctors at the main hospitals. Bhutan is committed to the WHO goal of health for all by the year 2000. To achieve this, Bhutan is extending telecommunications services to its rural health units. The government hopes that it can implement its rural telecommunications effectively so that the benefits of development reach the rural population.

1.4	Cameroon

There are no telemedicine projects in Cameroon at present. However, videotex is already available and the introduction of electronic mail by Intelcam, Cameroon’s international telecommunications company, will allow the creation of socially�based services such as tele�education, access to specialized databases for the consultation of documentation, the Internet and others. Interactive audio�visual and data transmission services pose two problems in Cameroon. These concern the telecommunications infrastructure and the organization of health care.

In terms of the organization of health care, telemedicine is governed by the Ministry of Public Health. In terms of telecommunications infrastructures, Cameroon’s network and its experience of Intelcam provide a positive framework for the introduction of telemedicine services. Nevertheless, the mobilization of financial resources and the necessary collaboration with health services are major tasks.

In terms of the telecommunications infrastructure, Cameroon’s telephone network is organized around two regions: the towns in the Yaounde region and the towns in the Douala region. Each region has national and international digital telephone exchanges and an earth (satellite) station. The majority of its telecommunications infrastructure has been modernized. The regional exchanges, urban exchanges and satellite centres of the two main cities (Yaounde and Douala) are fully digital. The exchanges in the provincial towns are of the electromechanical type. The exchanges are interconnected via analogue links, except in the cases of Yaounde and Douala.

Although various techniques could be used to deliver telemedicine in the two digital areas, the solutions most appropriate to the isolated regions of the hinterland, where telemedicine services might be most useful, are the use of VSAT earth stations and, to a lesser extent, the use of the cellular network.

1.5	Canada

Canada is a vast country with an area of 10 million km2. Its size and relatively small population (about 29 million people) give it one of the lowest population densities in the world. The majority of Canadians live in centres located within 250 km of the country’s southern border with the United States, with the rest of the country being sparsely populated. Travel in remote areas is often difficult due to the geography or inclement weather conditions. These factors have combined to create a need for Canadians to develop expertise in telecommunications technology, e.g. Canada launched its first domestic telecommunications satellite, Anik A�1, in 1972. Canada was also one of the first countries to use telecommunications technology to assist in the delivery of health services. In 1956, Dr Feindel, a neurosurgeon in Saskatoon, used closed circuit television to transmit live EEG data and Dr Jutras, a Montreal radiologist, pioneered teleradiology in 1958. However, it was not until the mid 1970s, following the First Canadian Telemedicine Symposium in October 1975, that the first formal evaluations of telemedicine occurred. The Federal Department of Communications sponsored a number of projects, from 1976 to 1982, that evaluated the use of satellite technology for telemedicine. Although the projects showed that telemedicine was useful, satellite systems were not found to be cost�effective for most applications.

A landmark Canadian telemedicine study carried out during the 1970s compared four alternative telecommunications systems: colour television, black and white television, still�frame television and hands�free telephone. The controlled study involved more than 1 000 patients and concluded that there was no significant difference between the effectiveness of the four telecommunications modes when used for remote diagnostic consultations. Therefore, the use of the most cost�effective modes, i.e. slow�scan television and the hands�free telephone, was recommended.

After grant funding ended, the majority of the early telemedicine projects were not sustainable. However, there were a few exceptions. The Telemedicine Centre at Memorial University (Newfoundland) developed a cost�effective audioconferencing network, with audio programmes supplemented by slides and lecture notes. In addition, a few sites experimented with slow�scan television to transmit medical images. Using the least expensive equipment for the purpose and utilizing the network for multiple applications were factors that permitted the network to become �economically self-sufficient. Sioux Lookout, a town in northern Ontario, also maintained a two�way audio, slow�scan video network for a number of years. The system continued even though it was not found to be strictly cost�effective, as non�economic factors, e.g. medical support and education, were sufficient to justify its continued operation. Technology transfer also occurred following the successful demonstration of satellite transmission of audio and slow�scan images to support health care on a floating oil rig, 250 km offshore on the Grand Banks. During the rest of the 1980s, except for a few international projects, there was a relative lull in Canadian telemedicine research activity. A combination of factors in the late 1980s, such as telecommunications infrastructure development, advances in computer and compression technologies, and pressure to deliver health services at a lower cost, revived telemedicine research.

In 1996, there were 14 sites across the country that had recently carried out telemedicine activities. Most were demonstration or pilot projects. The British Columbia Children’s Hospital in Vancouver successfully demonstrated the transmission of radiology and pathology images for interactive case presentations between a number of remote sites using high speed fibre optic links. The Remote Consultative Network pilot project based in Calgary, Alberta, evaluated the effectiveness of interactive video technology for multidisciplinary consultations for a rural site, transmitting at 384 kbit/s. The telemedicine equipment is currently being upgraded, and it is hoped that a telemedicine consultative service will continue between the two regions. A number of other telemedicine demonstration projects involving mental health, paediatrics and emergency medicine have taken place at different sites in Alberta. The LARG*net project in London, Ontario, has demonstrated the transmission of digital X�ray images between city hospitals using ATM links. The network has recently initiated projects in telepathology, video endoscopy, fluoroscopy and Alzheimer’s assessment. In Sioux Lookout Hospital in northern Ontario, telemedicine equipment was recently installed to evaluate multidisciplinary consultations, medical education, tele�ECG, teleradiology, and live stethoscope transmission from two remote nursing stations using 384 kbit/s satellite links. The Department of Radiology at Hotel-Dieu in Montreal, Quebec, has demonstrated that it is possible to remotely operate a CT scan study being carried out in Cochin Hospital in Paris. Physicians from the two institutions have exchanged clinical data, graphics, high definition CT images and pathology slides in real time during five separate interactive sessions involving 18 case presentations. Memorial University’s Telemedicine Centre and the Radiology Department of the General Hospital in the Health Sciences Centre in St John’s, Newfoundland, evaluated the clinical effectiveness of a still-image tele�ultrasound link from a rural health clinic using ordinary telephone lines and 19.2 kbit/s modems.

Building on earlier demonstration and pilot projects, a few Canadian telemedicine sites now provide telemedicine services. The Health Science Centre in Winnipeg, Manitoba, receives 15 tele�EEG transmissions per month from three remote sites and 100 ultrasound studies per month from one remote site over standard telephone lines. The Bathurst General Hospital in New Brunswick transmits all nuclear medicine studies, up to 200 per month, to Moncton City Hospital using a 38 kbit/s digital link. This service was recently discontinued as Bathurst was successful in recruiting a radiologist with nuclear medicine expertise. Saint John General Hospital in New Brunswick receives approximately 100 digitized teleradiology studies per month from Grand Manan Island over fibre optic lines. The IWK Grace Children’s Hospital in Halifax, Nova Scotia, receives approximately 3�4 live paediatric echocardiography studies per month sent from five different out�of�province sites via fibre optic links. A live paediatric echocardiography service is also in place between Rimouski, Quebec and Quebec City transmitting over a 1.5 Mbit/s (Tl) link. The Health Science Centre in St John’s, Newfoundland, receives approximately 50 tele�EEGs from six different sites and 15 nuclear medicine studies from one remote site every month. The Telemedicine Centre at Memorial in Newfoundland also produces approximately 20 hours of medical and health education programming per month.

At present, there is no official telemedicine fee schedule in Canada. However, a number of provincial medical associations are negotiating with their provincial governments to implement one. For most of the telemedicine services mentioned above, physicians are reimbursed at the same rate they would receive if conventional services were being provided. There are also some telemedicine initiatives at national level. Telemedicine Canada based in Toronto coordinates a national health education audioconferencing network supplemented by slides and handouts. The concept and initial stimulus for this network came from the Telemedicine Centre at Memorial University which collaborated with the Royal College/Toronto General Hospital Teleconference Project. The Canadian Network for the Advancement of Research, Industry and Education (CANARIE) is a government funded initiative to develop a national high�speed �network and information�based technologies, including those applicable to the delivery of health care. Seven regional high�speed networks will be linked together under this project. STENTOR, an alliance of private sector telecommunications companies, is working closely with many provincial governments to research and develop telecommunications technologies, with an emphasis on health and medical applications.

Canada has been involved in a number of international telemedicine projects. Project SHARE (Satellites in Health and Rural Education), from 1985 to 1986, involved an audio satellite link between Kenya, Uganda, Memorial University, and medical centres in Ontario and Quebec. The system was used for teaching, administrative meetings and transmission of EEGs. In June 1986, Project SHARE was extended to include a link with the University of West Indies (UWI) teleconference network. Health programming using voice and, in many instances, slow scan was carried out for six months. Intelsat donated satellite time for the SHARE projects. Subsequent to these projects, the Telemedicine Centre, the Newfoundland Telephone Company and UWI jointly developed a radio-based teleconference system linking four locations in Jamaica to the UWI teleconference system. SatelLife, a non-profit-making international organization for improving health communications between the industrialized and the developing world using modern communication technologies, has its North American ground station for the project located at Memorial University. The organization’s major project is an e-mail link between North America, Europe and countries in the developing world using a store and forward low earth orbit (LEO) satellite. The organization’s satellite, HealthSat 2, has also been used to demonstrate a communications link to a Canadian Coast Guard icebreaker in the Northwest passage, and to two groups of polar explorers. Canada is also a participant in the G-7 Global Healthcare Application Project.

1.6	China

China is a huge country with a large population and relatively poor communications. There is a big difference in development between the coastal area and the middle and western parts of the country. Health resources are relatively available in the coastal area but there is little medical care and few drugs in the more remote areas. Patients in remote areas often cannot get good medical care on time. If patients have to travel to get medical care, they will incur major costs for accommodation and other expenses.

The China Education Research Network (CERNET), which connects eight areas in China, is the first nationwide computer network for education and research activities. The CERNET was started at the end of 1993 and was connected to the Internet two years later. More than 30 medical universities (such as Shanghai Medical University (SMU), Beijing Medical University and Zhongsai Medical University) and other medical institutes have been connected to the CERNET and the Internet since 1995. Access speed to the Internet is not high except at SMU because of its ATM campus network and the relatively good communications in Shanghai.

The SMU is conducting telemedicine research with several affiliated hospitals, such as the Zhongsan Hospital, Huashan Hospital, Children’s Hospital, EENT Hospital, Tumour Hospital and the Gynaecology Hospital. SMU is a comprehensive university which has facilities for medical treatment, teaching and research. In 1995, SMU became the first in China to put telemedicine into practice by using ordinary telephone lines and low bandwidth satellite communications for applications in remote areas. The transfer rates of normal telephone lines for diagnostic images are not satisfactory. SMU connected to Wenzhou City Hospital about 800 km from Shanghai via satellite and connected to Jingjiang City Hospital about 300 km from Shanghai via a digital data connection. About 30 consultations have been carried out by using PC videoconferencing. The doctors in those hospitals learned a lot from the doctors in Shanghai and the patients involved in the consultations were happy because they got advice from specialists.

Telemedicine has good prospects in China. It is welcomed and will provide medical education and consultation to less developed areas. It will raise the quality and efficiency of the health service, improve people’s health status and quality of life, contribute to the development of medical science and health care, and use health resources more effectively.

Research is being done on the feasibility and potential of a China Telemedicine Network. SMU is doing research on the following issues:

·	forecasting and evaluating the need and demand for telemedicine;

·	the accuracy and validity of diagnosis and treatment;

�·	the evaluation of direct costs (medical equipment, travel) of telemedicine and of indirect costs (loss of working time, absence from families);

·	the social impact of telemedicine, including availability, accessibility and acceptability.

Telemedicine plans include:

·	spreading knowledge about telemedicine, especially to people in rural and remote areas. Health education is a measure of the cost�effectiveness, health status and quality of life;

·	carrying out regional pilot studies aimed at showing the feasibility of developing telemedicine in different areas. Experience in setting up telemedicine will also be exchanged;

·	setting up a telemedicine training centre.

The Hong Kong Telemedicine Association was formed in 1995. It is involved in a number of active telemedicine projects in Hong Kong, for example teleneuroradiology, and is also collaborating with centres in mainland China.

1.7	Croatia

Croatia’s telemedicine network links several widely separated hospitals. It is used to extend medical practice to remote areas of the country as well as for research. The network links personal computers with image display capabilities, TV cameras, microscopes and endoscope adapters. The multipoint transmission software enables live display, processing and analysis of shared images and data. The telemedicine network facilitates consultations between doctors in the country as well as consultations with doctors outside the country. It provides for exchange and collection of scientific and professional data. Funding for the network comes from the Ministry of Science and Technology and in cooperation with a company called VAMS, based in Zagreb. Access is available to anyone with the right hardware and software. The Croatian Government intends to develop a telemedicine policy. 

1.8	Dominican Republic

The American telecommunications operator, GTE, which owns Codetel, the telecommunications operator of the Dominican Republic, gave a telemedicine demonstration in January 1995. The demonstration linked physicians in Canada, Venezuela and Hawaii as they diagnosed a patient in the Dominican Republic using video transmitted over existing telecommunications networks. During the demonstration, a doctor examined the eardrum of a patient in Santo Domingo. Using an ENT (ear, nose, throat) videoscope, video images of the patient’s eardrum were transmitted to doctors in Caracas and Canada. To confirm the diagnosis, the doctors called on a colleague in Honolulu to display relevant information from a telemedicine and teaching programme used in Hawaii called TEACH (Training Education Applied to Community Health).

The patient also asked the examining doctor about a skin lesion on his chest. The doctor used a video dermascope to examine the lesion while the physicians in Venezuela and Canada watched. After the three doctors agreed the area was not malignant, the TEACH system was used to display an example of a malignant mole for comparison.

1.9	Finland

Finland has a population of five million people, an area of 338 000 km2 and many rural regions with a very low population density. With a severe climate and a long winter, Finland has a need for telemedicine. Telecom Finland has been carrying out many telemedicine projects with medical experts. One major aim is to develop cost�effective solutions for rural health care by utilizing the Finnish university hospitals’ diagnostic services remotely through telecommunications networks. Lapland and other northern regions of Finland have been a region for testing medical applications related to diagnostics and proper medical care.

Significant savings have been produced by remote diagnostics through videoconferencing systems between health�care centres in Lapland and university hospitals of northern Finland (such as Oulu) as well as university and private hospitals of southern Finland (Helsinki and Turku). The long distances between the health�care centres and the nearest central hospitals (sometimes more than 400 km away) indicate that such telemedicine systems avoid inconvenience to patients needing a monthly follow�up by specialists.

�In addition to general surgical consultations, videoconferencing systems are used for telepsychiatry, remote consultations by specialist radiologists through real-time transfer of ultrasonic examinations, gastroscopies and dermatological images. Telemedicine enables a better distribution of specialized health�care resources between regions as well as between urban and rural areas.

Teledermatology and ultrasound examinations between Turku and the health�care centre of Utsjoki (1600 km away) have shown that a videoconferencing system can provide satisfactory image quality. Still image transfer systems are used in several diagnostic specialities such as teleradiology, telepathology and teledermatology. One part of the work relates to the optimization of PC�based stations which can be afforded by small health�care centres while providing sufficient reliability and versatility. Still images have been transferred through all networks of Telecom Finland, including ISDN and ATM.

The GSM network of Telecom Finland has also been used for telemedicine. PC packages with GSM phones and PCMCIA cards have been developed for transmitting ultrasound as well as pathology images. Using ordinary modem connections and ISDN, monitoring systems are expected to meet the needs of distant patients, including pregnant women with risks of antenatal complications. 

A great effort is being made in Finland to raise the standard of primary health care by means of telemedicine.

1.10	France

The French Service of Urgent Medical Assistance (SAMU) experimented in the 1970s with ECG transmissions between ambulances and management centres. However, these experiments had little effect on the medical practice and organization of the French health�care system. From the early 1990s, however, there has been a renewed interest in telemedicine. There are currently more than 100 telemedicine applications operational in France. Some of them have been supported under the information highways programme of the Ministry of Industry. The emergence of many telemedicine projects shows the importance of the communication of medical information produced in different places and at different times.

Nearly 30% of telemedicine applications focus on the organization and management of emergencies, 20% on obstetrics and perinatality and 15% on pathology. Also, organization of health�care networks between hospitals and GPs will develop in the short term. Among the telemedicine operating systems are the following:

·	At the university hospital of Lille in the north of France, medical meetings by videoconferencing have been taking place regularly since 1993. Physicians at the hospital of Bethune and the maternity clinic of Lille dealing with perinatal subjects can introduce medical cases, show scans and ask for advice. Other hospitals in the region are joining the network.

·	In south�west France (Bordeaux), a network initiated in 1993 allows 20 hospitals to send or receive imaging data relating to neuroradiology, via ISDN.

·	In the Midi�Pyrenees region, a videoconferencing system links physicians in the university hospital of Toulouse with hospitals in Rodez, Cahors, Lourdes and Foix, for cardiology, oncology and emergencies.

Emergencies

Emergency telemedicine focuses on early diagnosis and treatment of the patient and avoids unnecessary transfers of patients to hospitals. The public hospitals of Paris (APHP) have been using ISDN for transmission of imaging data between 17 hospitals for neurosurgical emergencies.

In the SCIRRIM project (led by the Bull company), a regional system of medical imaging has been developed with links between Moutiers, Annecy and Chambéry hospitals and the university hospital of Grenoble. These hospitals are busy during winter because of ski accidents. Because of the lack of local specialists, patients are often transferred by helicopter. The transmission of images via ATM links allows specialists in Grenoble to offer diagnostic assistance to distant hospitals.

A teleradiology service (the IMMEDIAT project) using an ATM link has been developed between the University of Rennes and the general hospital of St Brieuc to assist in neurosurgical emergencies.

Other telemedicine networks

Medical speciality networks allow specialist physicians to communicate, an example of which is the Transpath network developed for histopathologists (who are specialists in the examination of human tissues and cells), which is in place in 22 centres in France. Traditionally, a pathologist who wished for a second opinion sent a slide by mail for review by �another specialist. Now, the image of a slide seen by the microscope can be sent via ISDN and advice obtained much more rapidly.

The European Medical Imaging Centre (CIME) is the project leader for a European programme for diagnosis, training and research assistance by medical document transmission. Based in Nancy, this centre is developing a bank of some 20,000 medical reference images. 

The Institute for Research on Digestive Cancers (IRCAD), based in Strasbourg, develops telemedicine projects supporting training courses and staff meetings. The project master has focused on the development of workstations, robots and simulators for minimally�invasive surgery.

Home care and monitoring

The goal is to improve the quality of monitoring and care of patients at home. Experiments in telesurveillance of patients suffering from chronic respiratory failure (there are some 50 000 patients in France) were carried out in Ile de France (Paris) in 1995. These experiments, which involved 100 patients who were monitored at a distance by telesurveillance centres, have enabled an evaluation of feasibility.

Broussais Hospital (Paris), in collaboration with the Bertin company, has conducted a telesurveillance experiment using the telephone to verify physiological measurements (blood pressure) made in selected patients’ homes in Paris, Marseilles and Aix. Eventually, the service will be extended to other regions.

National strategy for telemedicine

More than 100 telemedicine projects including 15 European or international projects have been undertaken in France. Telemedicine could be a major element in the organization of health-care areas, in particular for the continuity, quality, security and coordination of care centres, medical evaluation, updating and improving competence and medical practice. For this reason the French Government has defined a national policy, which includes the following:

1)	to observe telemedicine developments in France and maintain a database. The results of investigations in more than 300 hospitals are accessible on the Internet at: http://www.sante.fr;

2)	to set up national study groups in the main topics addressed by regional applications, i.e. emergency medicine and obstetrics. General issues are discussed, such as the legal responsibility of remote experts, reimbursement, ethics and security;

3)	to promote interoperability between regional networks; technical standards and international medical classifications are recommended. The Ministry of Health is currently starting a study for a new approach to the development of telemedicine applications, which relies on existing experiments but goes beyond the experimental vision towards an industrial approach;

4)	to assist hospitals and industries in developing international cooperative actions. National authorities in charge of health are involved in G-7, ITU and EU study groups relating to information technology and health. A particular priority is given to overseas departments, to promote cooperation in Latin America, Caribbean States, Pacific and Indian Ocean Islands.

This policy is steered by a committee of health�care professionals, manufacturers, researchers, government representatives and professional organizations. Its role is to ensure coordination of health�care projects and define the minimum regulations to guarantee coherent deployment of telemedicine infrastructures and services.

International cooperation

Many telemedicine and distance learning projects are undertaken under bilateral cooperation programmes between French hospitals and health�care centres in developing countries, mainly in the French�speaking regions.

Within the G-7 Information Society Programme, France was the leader of the G-7 sub-project for a Global Emergency Telemedicine System during 1996. The European Institute of Telemedicine, based in Toulouse, was in charge of the feasibility study.

Within the EU’s research and development programme, French universities, hospitals and industries are involved in 12 telemedicine projects, mainly addressing emergency situations (ships, travellers, isolated areas). In early 1997, the Ministry of Health, in liaison with counterpart departments in Germany, the UK, Sweden, Finland, Italy, Greece, Ireland and Portugal, initiated a project which aims to link major telemedicine centres in Europe. This project, the TEN�TELEMED project, is supported by European industries and the European Commission.

�In a development context, France has participated in various conferences in order to demonstrate the advantages of telemedicine on live medical cases, such as in Abidjan (May 1996), Rio de Janeiro (October 1996), Beirut (November 1996) and Cascais, Portugal (July 1997). In all of these demonstrations, the major participants have been from France Telecom, the French telecommunications operator, and the European Institute of Telemedicine in Toulouse.

1.11	Germany 

Germany is a country with few remote areas, in the sense that they are off the mainstream of service provision. One exception are the islands in the North Sea. There is strong pressure to contain the costs of the health system in Germany. Therefore, the main challenge facing telemedicine projects is to optimize service provision in terms of their costs, rather than to implement new services. The annual expenditure in the German health system has been estimated at 500 billion Deutschmarks. It has further been estimated that about one per cent of this expenditure is related to medical telematics. A specific German initiative is that all members of the public health insurance system have a smart card which holds their administrative data. 

A major champion of telemedicine in Germany has been Deutsche Telekom, the German telecommunications operator, which has initiated, financed, implemented and evaluated a variety of R&D projects. Deutsche Telekom has organized three national telemedicine symposia. In 1997, o.tel.o, a new telecommunication provider, introduced an initiative to deploy a Deutsche Gesundheitsnetz (DGN, i.e. a German health network) together with the Federal Organization of German Physicians. The DGN will connect all practitioners and their professional organizations via a private, specially secured network. There are a number of telemedicine R&D projects. These include: 

·	The RADCOM (Radiologische Kommunikation) project was operational in Berlin from 1988 to 1992. It was one of the precursors of today’s telemedicine projects in Germany. It was organized by the Virchow Clinics in Berlin together with the DeTeBerkom, a subsidiary of Deutsche Telekom. 

·	The MEDKOM (Medizinische Kommunikation) project, which started in 1986, aimed to improve cooperation between central hospitals and the surrounding institutions in Hanover via video communication. The main focus was the optimization of oncological health care, especially the provision of effective expert consultation.

·	Komet was a project initiated by the Virchow Clinics together with DeTeBerkom, which introduced cooperative work between remote participants using ISDN and multimedia PCs. 

·	The RATEMA (Radiation Accident Telecommunication Medical Assistance System) project is based on satellite communication, and supports the transmission of multimedia data of patients who have been victims of radiation accidents in the former Soviet Union. The centre of radiation medicine in Tschelyabinsk/GUS is linked with the University Clinics of Ulm. 

·	PROMETHEUS is a project of Deutsche Telekom which deals with radiological and radio�oncological services. The main topics are access to multimedia patient records, the telepresence of specialists and archiving of documents. 

·	The trial HISTKOM (Histologische Kommunikation) of the University of Stuttgart evaluates new approaches in the field of telepathology. 

·	The project KAMEDIN (Kooperatives Arbeiten und rechnergestützte medizinische Diagnostik auf innovative Netzen der Deutsche Telekom) deals mainly with cooperative working and computer�based diagnosis regarding medical image interpretation.

·	The project BERMED (Berliner Initiative Medizininformatik) started in 1992 and is aimed at improving computer�based controlled dissemination of medical data. 

·	REGKOM (Register Kommunikation) implemented and validated a communication and information system to connect the cancer centre in Dresden with selected clinics and practitioners. 

·	MEDICUS is a project which focused on the implementation of regional communication networks to exchange medical images. 

·	SICONET (Stereoscopic Image Communication Network) is a bi�directional communication network for the transmission of stereoscopic motion picture information. In the context of the project OP 2000 (operation room 2000), a first prototype has been set up. 

�·	The EU-funded project HERMES (http://telemedicine.clh.ed.ac.uk/hermes.htm) aims to implement a European platform for quality-managed telemedicine. The German partners of the project, the Institute of Aerospace Medicine (IoAM) of the German Aerospace Research Establishment (DLR, see http://www.me.kp.dle.de), the hospital of Remscheid and the Children’s Clinics of Köln�Porz, have focused on the development of an electronic health�care record system in combination with a real-time data handling system. The other European partners are located in Edinburgh, Oxford, Athens and Madeira. 

·	The ARGONAUTA proposal for implementing regional networks in Argentina and Chile has been accepted by the EU INCO Programme. The project, being coordinated by DLR, will start to work this year. 

1.12	Greece

Remote diagnosis using wireless communications was demonstrated in Greece by the late Professor of Medical History, Skevos Zervos, as long ago as 1936. In Greece, the telecommunications infrastructure is mainly analogue and the infrastructure in remote areas is still being improved. GSM providers have covered most areas, including the Aegean islands, but the cost of communication still remains high.

Telemedicine services were introduced in Greece in 1991, following an initiative of the Medical Physics Laboratory (MPL) of the School of Medicine of the University of Athens [1]. Telemedicine services are provided by the Sismanoglion General Hospital in Athens to 12 primary health�care centres (HCCs) scattered all over Greece. The investments and the operating costs are covered by the Greek Ministry of Health, Welfare and Social Security. The objectives are to provide support to remote physicians and on�the�job training opportunities for medical workers (continuous medical education).

The telemedicine services have resulted in improved medical services in remote and/or isolated areas, and have practically eliminated the scientific isolation of medical workers. In addition, the telemedicine services have increased the confidence of remote populations in the health�care services offered locally.

The Greek Telemedicine Programme has developed a particular strategy for facilitating the implementation of health�care telematics. The principal features of this strategy are: 

·	approval and financing from the Ministry of Health; 

·	medical and administrative support from a large hospital;

·	support of the Programme’s R&D activities from various sources; 

·	support and financing from OTE, the national telecommunications operator;

·	national and international cooperation;

·	visibility and promotion.

The Ministry of Health has established a Telemedicine Committee as an advisory body to the Minister of Health. In addition, the MPL has been nominated as the Telemedicine Reference Centre for the country.

VSAT network

The project VSAT for telematics and health care aims to exploit alternative communication possibilities for telematics and health�care services in Greece. The project began in 1994 [2]. The project is organizing telemedicine services to be provided from the tertiary Athens hospitals Aghia Sophia (paediatric), Laikon General and the Onassis Cardiac Surgery Centre (CSC). The Sismanoglion General Hospital was also invited to participate. The services are used by the primary health�care centres of the Aegean islands of Naxos and Milos in the Cyclades and of Karpathos in the Dodekanese.

International trials for providing telemedicine services across borders have been undertaken in collaboration with the Radiology Department of the School of Medicine of the University of Essen, Germany. A VSAT antenna has been installed by the project for that purpose in the Computer Centre of the University of Essen.

The Health�Care Centre of Naxos is becoming a prototype primary health�care unit in the sense that an appropriate health�care information system is being built, the first of its kind in Greece. Currently four computers, all running the client�server version of an electronic health record, are in operation. The VSAT station can be accessed by any PC connected to the local Ethernet network. Every physician will be equipped with a PC. In parallel, there is access to the ordinary telephone network. 

�At the MPL, a central telemedicine node simulating a support hospital and capable of supervising the telemedicine activities is under construction. The VSAT network consists of five antennas: three in Athens at the MPL, TECHNOGNOSIS and Onassis CSC, one at the Computer Centre of the University of Essen and one at the HCC of Naxos. The services to be offered include case handling, access to databases, teleconsultations and telemonitoring. They will be provided to the HCC’s physicians by the expert physicians of the supporting hospitals. Telecardiology services were first offered in May 1995, from the Onassis CSC to the HCC of Naxos and Milos [3]. Teledermatology and teleradiology services are being tested.

TALOS project: a telecardiology network

A consortium of four partners is building an experimental telecardiology service to provide medical support from the Onassis CSC to the inhabitants of the Aegean islands of Naxos, Milos, Santorini, Myconos and Skiathos. In the consortium are Interamerican Assistance (a daughter company of Interamerican Insurance, providing patient evacuation to its subscribers), the Onassis CSC, the Institute of Social and Preventive Medicine, a non�profit organization and the MPL. It is the first time that private and public institutions have collaborated for the provision of telemedicine services to the general public. Experimental operation at the HCCs of Naxos and Milos has produced encouraging results [4].

Tele�ECG services

Since 1993, CARDIOExpress has been offering ECG and home alarm services to its subscribers. At its headquarters, expert cardiologists support the subscribers or their relatives and when appropriate they dispatch a suitably manned and equipped ambulance to transport the person in need to a cardiology clinic.

Telemedicine at the Athens Medical Centre

The Athens Medical Centre, one of the largest private hospitals in Greece, is connected via a 64 kbit/s link to two diagnostic facilities, one in the town of Trikala in central Greece and the other at Phaliron, in the Athens metropolitan area. The network is used for teleconsultations. The hospital is linked to an international health network consisting of 200 hospitals around the world.

R&D telemedicine projects

Greek R&D institutions are participating in 22 EC projects, all designed to provide telemedicine services on a pilot basis. In four projects, the primary contractor is a Greek institution. Among these projects, project HERMES (Telematic Healthcare – Remoteness and Mobility Factors in Common European Scenarios), which was initially designed by the University of Edinburgh and the University of Athens, has demonstrated telematic medical services to fulfil the client/customer requirements for access to health care and for continuity of care in situations where separation and mobility result in poor service provision. The services focused on common European scenarios that occur outside hospitals, where lack of patient�related information and separation from appropriate advice or from the usual provider result in a health�care disadvantage to the European citizen.

Particular attention was paid to the clinical service organization, to the integration of products and services, and to the fulfilment of the client/customer requirements. The project scenarios were chosen from current telemedicine service applications to illustrate both the widespread nature of the health�care problem to be solved and the market potential for both products and services across Europe. The VSAT project described earlier was at one of the HERMES four�pilot sites. 

1.13	Iceland

The Icelandic health�care system is based on primary health�care centres and general family practitioners. These institutions are linked to hospitals at various levels. Three hospitals and one private institution provide a specialized radiology service. The total annual number of radiological examinations in these institutions is about 180 000. Twenty other hospitals and health�care centres have approximately 40 000 annual radiological examinations. The radiological equipment is regarded as essential to a wide range of health�care procedures. A large number of health�care institutions depend on the primary care physician for viewing and reporting X�rays. To bridge the knowledge gap between the �radiologist and the primary care physician, various methods are in use, including consultations by visiting radiologists, transporting images by mail or messenger to institutions providing fuller services, or sending the patient for examination at another institution. All of these can be time consuming and inconvenient for both patient and physician, and can also be expensive. Teleradiology has been established as a solution to this problem. 

A teleradiology service has been in operation since 1992 between the University Hospital of Iceland and the provincial hospital in the Vestmann Islands, south of Iceland. Radiologists visit the town once a month for special procedures but all films are mailed to the University Hospital. Between 1992 and 1994, about 400 images were sent using the teleradiology service [5].

For reasons of cost, equipment was installed which did not conform to the American College of Radiology standards. Health�care authorities and doctors had limited faith in the technology. The primary objective was merely to demonstrate the possibilities of a teleradiology service and to gain experience in using such a service. Scan time and sending time were 6 minutes using an off�the�shelf CCD camera with a resolution of 512 ´ 512 ´ 8 bits, light box and frame grabber with a PC and a modem.

One of the advantages of this project was more controlled transport of patients. A disadvantage was that teleradiology did not become a regular service from the University Hospital. As a result of the experience of teleradiology in Iceland, a national teleradiology service was established in 1995. The University Hospital and the Directorate General of Health with the support of the Ministry of Health developed a plan to establish a teleradiology service to remote hospitals and some primary health�care centres which have no permanent radiological service. Currently, four institutions are connected and another 14 are being connected according to need and feasibility. The purpose is to provide a specialist service to clinicians in remote health�care institutions using a single country�wide network. Three institutions with specialist radiological services will act as receiving sites.

Recent telemedicine projects

A project group has been formed with the participation of the University Hospital of Iceland, the Directorate General of Health and Icelandic Telecom, which has planned several projects, one of which is interactive videoconferencing for:

·	otorhinolaryngoscopy;

·	foetal examination by ultrasound (maternity care);

·	dermatology;

·	laboratory tests using microscopes.

Another is telemedicine for ships using, for example, Inmarsat. Recordings of temperature, ECG, blood pressure and freeze�frame video image showing skin colour will be sent to an emergency department of a specialized hospital.

Currently, foetal examination using ultrasound is being implemented in association with the regional hospital in south Iceland. A specialist at the receiving end guides the operator during the scanning of the patient. ISDN communication at 2 Mbit/s is used and the ultrasound image and colour video image showing how the operator scans the patient are sent almost in real time from the regional hospital as well as audio in both directions. Video images of doctors are only used at the beginning of each examination.

1.14	Indonesia

Indonesia’s current telephone density is low compared with Japan and most countries in the Association of Southeast Asian Nations (ASEAN). The figure in Indonesia is less than 1.8 telephone lines per 100 people; in Malaysia, it is 6.5; in Thailand, 13, and in Singapore there are 46 lines per 100 people. Much work will be required to reach a ratio of four fixed lines per 100 people in 1998, 10 per 100 by the year 2000 and 20 per 100 people in 2020. Currently, quality is still low and the country has a high dependency on imported technology and equipment.

Some private hospitals have already used telemedicine for consultation in difficult cases with collaborating hospitals abroad. The telemedicine activities mostly involve patients who can afford to pay for second opinions from abroad.

�Indonesia is preparing a massive telecommunications plan for the information technology era. The project, Nusantara 21, is designed to connect the whole archipelago to an information superhighway. Nusantara 21 includes the development of multimedia technology in several big cities and wideband information highways by 2001. Participants in Nusantara come from both the private sector and the government.

Nusantara will link the country’s 27 provincial capitals with 155 Mbit/s circuits. All existing telecommunications infrastructures will be interconnected, including satellites, submarine and terrestrial cable, and radio. Major cities and district capitals should be linked by 2001. The Nusantara project will include community access centres. Satellite personal communications services will be used based on Indonesia’s satellites. A well designed network infrastructure is of tremendous importance for successful exploitation of telemedicine. A combination of high�speed backbone across the country with slower speed rural access points will have to be evaluated for maximum cost efficiency. A comprehensive assessment of telemedicine should include cost, quality and accessibility.

The Directorate General of Medical Care introduced telemedicine technology at a national seminar in February 1997. The seminar was held in a new settlement area 30 km outside Jakarta and was opened by the Vice-President of Indonesia, who said that he supported the implementation of telemedicine, especially for referral cases in remote areas. Many health professionals, decision�makers and hospital directors attended the seminar.

Based on the availability of an appropriate infrastructure, the Ministry of Health has allocated funds for a regional referral hospital, which is located in Surabaya. The Dr Soetomo Hospital there has been implementing radio communication technology successfully for the purposes of referral cases from the eastern part of Indonesia where this approach is needed because of the lack of medical specialists. The government is providing funding for videoconferencing. The main objective of the new telemedicine programme is to link district hospitals.

Some hospitals in remote areas, mostly owned by oil companies, are expected to link up with the Dr Soetomo Hospital. With the assistance of Vrije Universiteit in Belgium, two teaching hospitals located in Bandung (West Java) and Ujung Pandang (South Sulawesi) will be equipped for telemedicine including teleradiology. Implementing telemedicine in Indonesia will mostly depend on the results from pilot projects as well as the commitment of decision�makers and administrators and, most important of all, the willingness of clinicians to adopt and use the technique in their daily activities.

1.15	Italy

The International Radio Medical Centre (CIRM) was established in 1935 in order to provide free radiomedical assistance to ships. In 1950, the Italian government established the CIRM as a foundation by means of a legislative decree. In this decree, the remit of the CIRM was extended to the assistance of airline passengers and patients resident in areas without medical facilities, such as the many offshore islands around Italy.

The CIRM has its headquarters in Rome and is organized into three services:

·	a medical service, with a medical staff of 10 physicians and 49 specialist consultants providing radiomedical assistance 24�h a day; 

·	a telecommunication service (radio, radio�telex, telex, fax and telephone); 

·	a study section, for research in the field of pathology of the sailor.

In sixty years of activity, the CIRM has assisted more than 37 000 patients. In the ten  years from 1986 to 1996, the Centre provided radiomedical assistance to 7 647 patients, of whom 6 981 (91.3%) were sailors, 642 (8.4%) were people living in isolated areas (small Italian islands) with poor medical facilities, and 24 patients (0.3%) were airline passengers. In the same period, the telecommunication service received or transmitted almost 80 000 messages [6].

The possibility of using satellite communications for telemedicine has been demonstrated in the SHARED project. SHARED is Satellite Health Access for Remote Environment Demonstrator: it is a project to provide telemedicine support to humanitarian missions. SHARED in its actual configuration involves three sites, the Italian Field Hospital in Sarajevo (in the future, the Clinical Centre of the University of Sarajevo), the Scientific Institute H. San Raffaele in Milan and the Military Policlinic CELIO in Rome. It represents a test bed for telemedicine for emergencies such as natural disasters. As an extension to the network, two additional telemedicine facilities are being deployed in Tirana and Valona (Albania).

�As the SHARED project has demonstrated, a satellite�based telemedicine system can provide effective support for humanitarian missions for the following reasons:

·	a satellite system can reach remote and isolated areas without relying on existing terrestrial communication infrastructures;

·	the telemedicine network can be rapidly deployed in case of emergency;

·	it is possible to compensate for the lack of highly specialized physicians available in the field;

·	it is possible to reduce the professional isolation perceived by physicians in the field through their involvement in telemedicine sessions.

The most important benefit so far in the SHARED activities is the provision of on�line access to critical and routine medical care in an area where it was not formerly available. The primary beneficiaries are, in this context, patients, and the physician who needs to consult his fellow colleagues. Secondary benefits include improved quality of care through prompt therapeutic intervention and increased efficiency. Without the telemedicine capabilities offered by SHARED in remote areas, the only options for treatment and diagnosis will remain evacuation of the patients.

The Telerobotics Laboratory of the Politecnico di Milano has carried out research on surgical robotics for a number of years. In 1993, one of the first telesurgery experiments over a long distance was conducted between the Telerobotics Laboratory and the JPL Laboratory of the NASA in Pasadena, California, using an intercontinental satellite connection. In 1995, the first prostatic biopsy on a human patient to be performed using a telesurgery system was conducted in the operating theatre of the Istituto di Urologia del Policlinico di Milano. The operation consisted of the ablation of two tissue samples from the patient’s prostate by means of a robot controlled from the Telerobotics Laboratory.

The main goal of the Telehealth in Africa project was to establish a demonstration link between European reference hospitals and certain African hospitals by satellite communication and other means, to transmit and receive diagnostic images, and to provide assistance and training for medical and paramedical staff. This was achieved in two telemedicine demonstrations (transmission of dermatology, cardiology and first aid images) on 6 May 1996, during the African Regional Telecommunication Development Conference (Abidjan 6�10 May 1996), with a satellite connection between the conference centre in Abidjan (Côte d’Ivoire), the European Telemedicine Institute in Toulouse (France) and the Politecnico di Milano (Italy). The following week during the ISAD (Information Society and Development) Ministerial Conference, both Inmarsat and ISDN connections were used between the conference centre in Midrand (South Africa) and the Politecnico di Milano.

As a result of the Telehealth in Africa project, international collaboration has continued on occasions such as the teleconference of the Telerobotics Laboratory during the Regional Telecommunication Development Conference for Arab States in Beirut, Lebanon, on 13 November 1996 and the teleconference with the transmission of cardiology images at the first World Telemedicine Symposium for Developing Countries, in Estoril, Portugal, on 30 June 1997.

1.16	Japan

Telemedicine in Japan dates back to 1971 when the first experiment involving closed�circuit television (CCTV) took place. CCTV was temporarily installed to provide medical care to rural mountain areas that had limited medical resources. Direct images and sound were transmitted by CCTV and documents were transmitted by a primitive form of fax. This experiment confirmed that telemedicine was possible even with limited technology. There were several experimental trials in the 1970s mainly involving transmitting X�ray images through telephone lines, TV and CCTV. From the latter half of 1980s, some local areas started carrying out telemedicine on an experimental basis. At the beginning of the 1990s, many public hospitals, local governing bodies and central government agencies have carried out experiments and organized study meetings concerning telemedicine.

During the latter half of the 1980s, telemedicine experiments in local areas focused on the transmission of medical data and still images by means of ordinary public telephone lines. With the 1990s, however, the increase in telemedicine use in local areas has been accomplished by means of satellite communications and ISDN. An ISDN service started in Japan in 1988. Initially, the demand was slow and less than 200 000 lines were in service as of 1992. Thanks to the boom in Internet use and to the relatively high telephone charges in Japan, the demand for fast telephone line connections surged. A rapid increase in ISDN lines was seen after NTT, Japan’s giant telecommunications operator, introduced a service to �switch analogue subscribers to ISDN without changing their current telephone number. It is reported that over two million ISDN-64 lines are in use as of 1997, which equals one ISDN line per 20 households.

The Ministry of Health and Welfare of Japan took an initiative to form a Study Group on Telemedicine in 1996 to review the situation and to formulate a proper system for telemedicine in Japan (http://square.umin.ac.jp/enkaku).

About 200 experiments have been started to date, but most (70%) have failed to continue mainly due to the lack of reimbursement by the government�run health insurance fee schedule. The Japanese Health Insurance System has a single fee schedule system. In addition, most of the projects were heavily oriented toward technology and not needs�based, but the emphasis has changed. Telemedicine which acknowledges the importance of economics and efficiency will draw governmental attention and support. The need to provide improved medical care to an ageing and increasingly quality�oriented public will be the impetus for the government to improve the infrastructure.

Legally, physicians must be in the presence of a patient to practise formal medical care in Japan. Thus, when the physician is not in the same room as the patient, it will create legal problems. Yet medical care without the physical presence of the doctor is already part of the medical system since the current health insurance system covers normal telephone consultations with a physician after an initial visit with a nominal fee. Moreover, there are no legal problems associated with telemedicine practised between physicians in Japan. However, because telemedicine is not listed on the fee schedule, it is unclear how doctors would be reimbursed. Items not listed on the official fee schedule are not considered formal medical care. Telemedicine is considered technically legal and the problem of reimbursement will be solved shortly.

Examples of telemedicine

There are many experimental projects focusing on exchanging high�quality medical images between hospitals using B�ISDN, mobile communication systems and satellite communication systems both within Japan and with foreign countries. There are, however, more projects using low bandwidth ISDN lines (64 kbit/s) because of their ready availability.

Videophones for paediatric home care

Paediatric home ventilatory care started in 1983 when a girl with muscle disease was first discharged home on mechanical ventilation from the National Children’s Hospital, Tokyo. The number of patients on home mechanical ventilation in the whole population was reported to be 160 in 1993, 200 in 1994, 536 in 1995 and 1250 in 1997. The sharp rise in home ventilatory care after 1995 was attributed mainly to the institution of reimbursement by government�run health insurance. Paediatric patients need paediatric equipment and paediatric skills, but the number of people who understand the need for home mechanical ventilation and who can actually implement such a programme is extremely small. There are a limited number of specialists in paediatric respiratory care and an insufficient number of paediatric intensive care units (PICU). A national survey conducted in 1992 found that the biggest frustration of paediatricians who had candidate patients for home respiratory care was the non�availability of a support system by respiratory care specialists. The use of videophones for home care was initially introduced to better utilize the limited number of hospital�based paediatric respiratory care specialists.

Videophones for home care

An inexpensive system which could be used for everyday home care has been developed for home respiratory care. A stand�alone colour videophone using ISDN-64 with a built�in fixed focus camera (Picsend R, NTT�Photovision 300 Hitachi, Tokyo, Japan) was modified by adding a simple remote camera control system (Aishin Cosmos Inc., Aichi, Japan) using telephone push buttons. This system can transmit near TV�quality pictures at 10 to 12 frames per second. The system was tested with 15 paediatric home�care patients. Although motion is still jagged, the oscillatory movement (up to 40 breaths/min) of an airway pressure manometer can be observed. The quality of sound transmission is excellent, but there is a delay of approximately 0.5 s from the picture. The quality of the system was sufficient for home�care patients. Videophones were treated exactly the same way as conventional telephones. The videophone installed in the PICU could be answered by any PICU physician or nurse nearby. No routine arrangements or special calling times were made.

�After the installation of the videophone system, the number of unscheduled hospital visits decreased significantly. The number of admissions to the hospital was also decreased. There was a 100% reduction in urgent or semi�urgent house calls, saving a significant number of hours of the physician’s time, an 80% decrease in unscheduled hospital visits, and a 50% decrease in hospital admissions. A significant number of hours of the physician’s time could be allocated to other patient care. The videophone system using an ISDN-64 line can be considered as a practical and effective tool to more effectively utilize specialist resources to improve the quality of paediatric home ventilatory care.

Remote medical examination and treatment in isolated islands

There are many isolated islands in the Kagoshima prefecture where transportation is poor. Historically, medical examinations and treatment for people on these isolated islands involved only periodic visits by doctors (usually once a month), and often a permanently stationed nurse who acts in lieu of a doctor. Before the introduction of this system, the only means of communication between the doctor and the nurse involved telephone or fax, which presented serious difficulties not only for emergency cases, but also for daily medical service due to the lack of information. To overcome these limitations, a remote medical examination and treatment system which involves a still�image transmission system using a telephone circuit was introduced in 1990.

Images taken by video camera at the clinic on an island are transmitted to a hospital in Kagoshima via telephone circuit. At the hospital, doctors diagnose the disease from the still image and provide directions to a nurse in the island. The transmitted still images are automatically stored on a floppy disk for subsequent reference at any time. With respect to trauma�related surgery, the system is sufficient to assess injuries. For internal diseases, however, still images are not sufficient for symptoms such as dyspnoea or facial expressions of pain. This imposes limits on the examination and treatment which can be done using the still-image system. However, decisions about emergency transfer have been improved.

Experiments in developing countries 

Developing countries in the Asia�Pacific region face problems in health care such as:

·	a shortage of medical specialists;

·	an undeveloped infrastructure, including roads and transportation, which makes it inconvenient to transfer patients in order to receive specialized treatment; and

·	a lack of modern medical technology.

To solve these problems, the Japanese government and the private sector have been working together since 1993 to study international telemedicine systems utilizing satellites. In order to understand the needs of medical organizations in actual operations, the Ministry of Posts and Telecommunications, the National Space Development Agency, Tokai University and others have been jointly carrying out experiments in telemedicine by satellite linking medical organizations and countries in Southeast Asia. Earth stations for these experiments have been installed in six places in Japan, such as Tokai University and Nippon Medical College. Overseas links include five sites in Thailand, five in Papua New Guinea, four in Cambodia and one in Fiji. The system involves the transmission of medical information by voice, fax and compressed television still�image format, using telephone circuits and 9.6 kbit/s data circuits. Up to now, the experiments have included case presentations and questions and answers, as well as treatment advice offered by medical specialists in Japan to doctors in developing countries.

Experiments utilizing B�ISDN

With the growing diversification of disease treatment and the increase in medical specialists, it is becoming more and more important to exchange medical information in the fields of education, research and clinical medicine. Accordingly, telemedicine is attracting attention as the most important application of B�ISDN. The Kyoto University, Osaka University and the Broadband�ISDN Business Chance and Culture Creation (BBCC) started a three�year telemedicine experiment in the research and education fields utilizing B�ISDN in 1995. The experiment connects the medical departments via a B�ISDN network which permits the multimedia exchange of medical information on an interactive basis which includes voice and high�quality imaging equivalent to HDTV. Accordingly, experiments in telemedicine education and telemedicine research covering such things as symposia, lectures and case studies can involve the participation of two universities.

�1.17	Jordan

In Jordan, an international telemedicine link for medical education has been established between Jordan and the United States, using an Intelsat satellite. In the US, the three sites of the Mayo Clinic are connected (Minnesota, Florida and Arizona). In Jordan, the King Hussein Medical Centre and the Amman Surgical Hospital are linked to the Mayo Clinic. All centres are equipped with videoconferencing facilities for telemedicine diagnosis and treatment as well as tele�education programmes. In addition to the expanded diagnostic and treatment services, telemedicine often serves as a first�step in determining whether travel is necessary for specialized care. The facilities allow physicians at each location to consult with one another and obtain second opinions for Jordanian patients. Interactive medical education programmes are broadcast from the Mayo Clinic and received at the King Hussein Medical Centre auditorium. These programmes, designed specifically to meet the needs of Jordanian physicians, include live lectures by Mayo staff and question and answer sessions.

The video signals can originate from either of the two Jordanian health�care facilities which share an 11�m earth station, the Hashim Standard B, which is located at the King Hussein Medical Centre. Transmissions from the Amman Surgical Hospital are sent to the Hashim earth station by microwave. The satellite link transmits the signal via an Intelsat satellite to the Washington International Teleport. A domestic link then transmits the signal to the Mayo Clinic’s three sites. The Hashim earth station, which was built specifically for telemedicine purposes, will also be used eventually to transmit telemedicine links from several other Jordanian hospitals to the Mayo Clinic.

1.18	Malaysia

Malaysia has initiated a Multimedia Super Corridor (MSC) near Kuala Lumpur which is expected to boost the Malaysian information technology industry. It is managed by the Multimedia Development Corporation (MDC) and guided by a Telemedicine Advisory Panel. One of the seven main applications is telemedicine. The Telemedicine Advisory Panel, comprising people nominated by interested companies, the Ministry of Health and the MDC, met between March and June 1997 to design the future telemedicine system in Malaysia. 

Malaysia’s health system suffers from a chronic shortage of doctors, e.g. there are just over 6 000 doctors in a country of 20 million people; there are only 200 radiologists. Doctors are leaving the public health system for the higher�paying private sector. The hospitals are under�funded. The telemedicine project is expected to alleviate some of the difficulties currently experienced in health�care delivery. The Malaysian Health Ministry has identified five hospitals that will act as centres for telemedicine in the country. The hospitals will offer consultancy, pathology, radiology, nephrology, psychiatry and oncology services by telemedicine to district and rural hospitals.

In March 1997, the Malaysian Parliament adopted a Telemedicine Act. Malaysia became one of the first countries with specific telemedicine legislation, which enables the practice of medicine through the use of multimedia. The Act is subtitled “An Act to provide for the regulation and control of the practice of telemedicine and for matters connected therewith”. Telemedicine is defined as the practice of medicine using audio, visual and data communications. Section 3 (1)(a) provides that any practitioner registered with the Malaysian Medical Council and holding a valid certificate may practise telemedicine. No additional approvals, licences or certificates are necessary. Section 3 (1)(b) says that any medical practitioner who is not registered with the Council but is registered or licensed to practise telemedicine in his or her own country may practice telemedicine in Malaysia provided: (a) he holds a certificate to practise telemedicine issued by the Malaysian Medical Council, and (b) practises telemedicine from outside Malaysia through a fully registered medical practitioner holding a valid practising certificate. Section 3 (3) enables the Director General of Health to permit a provisionally registered medical practitioner, a registered medical assistant, a registered nurse, a registered midwife or any other person providing health care to practise telemedicine under the supervision, direction and authority of a fully registered medical practitioner. 

Section 4 (1) of the Act says an application for a certificate to practise telemedicine by a medical practitioner registered or licensed outside Malaysia shall be made through a fully registered medical practitioner to the Council. The Council may issue a certificate for a period not exceeding three years. Section 5 (1) says that before a fully registered medical practitioner practises telemedicine in relation to a patient, he shall obtain the written consent of the patient. 

�The Minister has regulatory powers under Section 6 of the Act to “prescribe the minimum standards in respect of any facility, computer, apparatus, appliance, equipment, instrument, material, article and substance to be used in the practice of telemedicine on any premises” and to “provide for acceptable quality assurance and quality control in respect of telemedicine services”. Any person convicted of a contravention of the Act shall be liable to a fine of up to 5,000 ringgit or imprisonment of up to one year or both. 

1.19	Malta

The Maltese archipelago is located in the Mediterranean Sea, about 100 km south of Sicily and 300 km north of Tunisia. The group consists of Malta (230 km2), Gozo (67 km2), Comino (2.6 km2) and the uninhabited rocks called Cominotto and Filfla. The main island is Malta with a population of about 335 000, while the island of Gozo situated 5 km northwest of Malta accommodates a population of 25 000. Comino is mainly a tourist resort, with few permanent residents. The islands have a well developed road network enabling access by motor vehicle to all inhabited areas. Inter�island transport is provided by a car ferry and a helicopter service.

Telecommunications facilities are provided by Maltacom which operates the local and international PSTN and data services, Telecell which operates a cellular telephony service, Skytel which operates a paging service and Melita Cable TV which operates a cable TV service. There are several wireless TV and radio stations in operation. Maltacom has provided several telemedicine�related services while also planning for the eventual introduction of more advanced services.

Telecare service

Elderly people who want to live in their own house often feel insecure and isolated. Maltacom has responded to these needs by providing a telecare service which is a joint venture with the Secretariat for the Care of the Elderly. The telecare system provides the facility for elderly persons to send a personal alarm signal when in need, by pressing a button on a neck�worn pendant or on a special telephone set. As soon as a call is triggered, the set automatically dials the number of a control centre. Voice communication between the elderly person and the operator is set up, making it easier and quicker to attend to the emergency call. The operator can then summon help from the next of kin, family doctor or emergency services as necessary. The control centre is manned by specially trained operators on a 24�h basis. The telecare service was introduced in Malta in 1990 and there are now more than 5 900 telecare customers.

The main difficulty encountered with the telecare system is that when the mains power fails in the home of the elderly person, the back�up battery of the set takes over. The set makes an automatic call to the control centre to alert the operators that the battery is being drained. Unfortunately, if the mains power fails in a whole village, the control centre is suddenly flooded with calls. This problem is under investigation. There is also sometimes difficulty in instructing elderly persons in the proper use of the telecare set. Although dedicated technicians are used for the work, some customers forget how to utilize some features of the equipment. There is therefore the need to revisit such customers on a regular basis.

By using the telecare service, elderly customers have the following benefits:

·	provision of immediate help in the case of health problems (e.g. heart attacks);

·	provision of immediate help in the case of thefts or intruders;

·	provision of a help line in the case of everyday chores which an elderly person living alone may find difficult to tackle (e.g. what do you do when a light bulb needs changing?);

·	provision of a channel of communication when loneliness grips the solitary person. The operators are trained to establish a friendly conversation in such cases;

·	friends and relatives feel more at ease when they know that their loved ones are only a telephone call away from a 24�h emergency service.

All these benefits can be collectively described as providing peace of mind. It is reassuring for the elderly person and his or her relatives to know that competent help is within reach at any time. This fits into the modern approach to health care for elderly persons since it encourages them to remain in the familiarity of their homes and integrated in society as far as possible.

The social element was given the edge over the economic element when preparing the tariffs. There is no charge for installation of a telecare set. In cases where no exchange line is present, there is a reduced connection charge for a new exchange line installed for the specific purpose of providing the telecare service. For elderly people living on their own and who have a low financial income, the normal subscriber tariffs are waived.

�Other services

The local TV and radio stations provide a service by broadcasting medical and public health�oriented programmes. These serve to further educate the general public on public health matters. The TV stations transmit related information as part of their teletext transmissions, enabling users of teletext�equipped television sets to read the information at leisure.

The Maltese government has commissioned a National Strategy for Information Technology project (NSIT) for the formulation of a broad�based strategy aimed at the development of IT on a national level. Maltacom has played an active role in this project. The NSIT project has identified three main areas where IT and telecommunications would have a positive influence towards more widespread use of telemedicine:

·	Edunet: interconnecting schools, libraries, technical colleges, medical educational institutions, university campus networks and R&D companies to the Internet. This network will facilitate the dissemination of knowledge, sharing of resources and transfer of technology.

·	Communitynet: providing access to local councils, domestic banking, post offices, home shopping, police, social security, home care, housing and Edunet. Such a network would, through its very diverse applications, enable economies of scale to increase the penetration of technology to the household, thereby facilitating widespread use of telemedicine applications.

·	HealthNet: interconnecting all the local medical institutions for the accurate availability of patient records, hospital information and administration, statistics, health supervision, shared resources, expert systems, e-mail and specialized databases. 

In 1995, Maltacom and the Ministry for Social Development set up a joint committee to further identify beneficial telemedicine applications and to speed up their introduction.

Future plans

Maltacom is upgrading its national and international infrastructure, and introducing both n ´ 64 kbit/s and 2 Mbit/s leased line circuits. The introduction of ISDN is also being actively worked on. These services should enable the introduction of a range of telemedicine applications, including teleconsultation, telemonitoring and tele�education. While it is clear that telemedicine applications depend on a sound telecommunications infrastructure, several applications do not require state�of�the�art telecommunications technology. In fact, the conventional telephone wire can carry numerous telemedicine services. Very often, all that is required is a culture change rather than major new technology. Consequently, it is necessary to inform and educate the general public and the medical community regarding the benefits of providing health care remotely. This awareness will ensure that once telemedicine services are introduced, they will be accepted and used effectively. 

1.20	Mexico

In March 1995, the Mexican government began a pilot programme in which doctors in a remote hospital could consult via satellite with colleagues in Mexico City. The telemedicine link was the result of an agreement between Mexico’s second largest health�care provider, the Institute of Social Security and Services for Government Employees (ISSSTE) and Hughes Electronics. Telecomunicaciones de México (Telecomm) is providing the satellite time on its Solidaridad satellites.

The General Hospital “Dr Belizario Domingues”, a full�service regional medical facility in Tuxtla�Gutierrez, Chiapas, in south�eastern Mexico, is linked with ISSSTE’s Centro Medico Nacional, “20 de Noviembre Hospital”, in Mexico City. The system enables physicians to consult quickly with specialists many miles away, without the cost and risk of transporting an ill or injured patient long distances, perhaps over rough terrain. Each site has a dedicated telemedicine centre with patient�monitoring equipment, X�ray scanner, video camera, video monitor and computer workstation, as well as a satellite dish. The system displays the information in a series of windows, and accommodates both still and moving images. Thus, a doctor in Tuxtla�Gutierrez can send a patient’s medical file, X�rays, real-time readings from medical instruments and close�up video pictures of the patient via the telemedicine link to the 20 de Noviembre Hospital.

ISSSTE has invited Mexico’s National Academy of Medicine, the Mexican Academy of Surgery, the Medical Faculty of the Universidad Autónoma de México, and the University Anahuac del Sur to participate in medical education and research applications of the system.

�1.21	Micronesia

The US Army has had an operational telemedicine service in the Federated States of Micronesia since 1994. It was originally developed to support the hospital services at the Kwajelein Missile Range (KMR) at Kwajelein Hospital in the Republic of the Marshall Islands. Using real-time videoconferencing, the Tripler Army Medical Center (TAMC) was able to reduce the number of medical referrals from the KMR hospital. Following the introduction of a still�image telephone, the TAMC began to expand the telemedicine service to selected islands in the western Pacific.

The still�image telephone (Picasso, AT&T) is a still�frame videoconferencing system which, when used with a video camera and a TV monitor, can digitize and transmit freeze�frame colour pictures over ordinary telephone lines. It is also possible to link it to a satellite telephone system. At a meeting of the Pacific Basin Medical Association (PBMA) in 1995, the TAMC telemedicine team gave two demonstrations using the still�image telephone to over 75 participants of the meeting: (1) a long�distance patient consultation from Pohnpei to the Republic of Belau, which avoided the need for an off�island referral and (2) a lecture from the TAMC in Honolulu to the PBMA delegates on Pohnpei about HIV in the Pacific.

The telemedicine demonstration projects which have been carried out in various areas of the western Pacific have provided long�distance medical consulting and long�distance continuing medical education to isolated health�care workers. The still�image telephone system is an example of a relatively low�cost system which requires only an ordinary telephone line, needs little extra equipment and is user�friendly. The demonstration projects in telemedicine have shown the utility of the system in (a) metropolitan international communications (Hawaii to Pohnpei, Hawaii to Kosrae), (b) inter�island communications (Pohnpei to Kosrae, Pohnpei to Belau) and (c) intra�island communications (Nett, Pohnpei to Pohnlangas, Pohnpei). The telemedicine demonstration projects in the western Pacific have been initiated without special grant funds. The main expense has been the long�distance telephone call charges incurred. With the adaptation of the still�image telephone system to the PEACESAT satellite educational network, the need for long�distance telephone calls will diminish and the coverage of the telemedicine system will expand to many isolated islands.

1.22	Netherlands

Telemedicine in the Netherlands was not the result of a planned project, but the coincidence of two separate user groups having the same service provider. Telemedicine began with the WATERNET project, in which barge captains can communicate by means of mobile electronic mail. The success of WATERNET led to privatization of the service. The project manager of WATERNET, Jan Joanknecht, founded Joanknecht B.V. as a value�added network provider. The company acquired a client, the Health Care Insurance Company, RZR. RZR works together with the regional association of medical doctors called DHV. The joint venture of RZR and DHV led to a service called GELRENET. 

The presence of these two user groups led to communication between the two and the first experience with telemedicine. People working in the inland shipping industry consulted a physician by electronic mail. A gateway between the user domains WATERNET and GELRENET made this possible. In 1991, the Ministry of Transport and Communications in the Netherlands gave a contract to a firm of management consultants to investigate the role of telematics in inland shipping. The consultants advised implementation of a mobile electronic mail service. A subsequent feasibility study showed that:

·	mobile electronic mail was technically feasible, based on cellular radio (mobile telephony);

·	there was enormous enthusiasm among parties in inland shipping;

·	there was enough budget to start a pilot project.

More than 100 participants took part in the project. WATERNET has grown to a community system with:

·	e-mail and fax services;

·	daily news for inland shipping;

·	discussion groups and conferencing;

·	databases with daily information on water heights; congestion of waterways; weather forecasts; opening times of bridges and locks. 

�GELRENET is a network for communication between parties in the health�care industry. Over 300 physicians use it to receive laboratory results and X�ray reports in an electronic format. Six hospitals, the insurance company, several employers and other organizations use GELRENET for the daily exchange of EDIFACT�messages and e-mail. GELRENET has grown to the second largest network in the health�care industry. Like WATERNET, GELRENET has features such as discussion groups, conferencing and databases. Many care providers have their mailbox on GELRENET. Also new insurance companies and their care providers have joined GELRENET.

Today, barge captains, their families and employees can consult a physician through electronic mail. The service has been provided on an experimental basis, without any costs for the patients. The experiments should lead to protocols for using telemedicine. From an insurance point of view, it should lead to a registration and a price for an electronic visit. A pilot project is being prepared for the electronic exchange of X�rays between hospitals and GPs. Another pilot will check if a patient is registered as insured.

1.23	Norway

Norway began its telemedicine experience in the 1980s [7]. Norwegian Telecom Research (NTR) and the Public Health Service (PHS) collaborated in some pilot projects in the early 1990s. In one pilot project, a set of X�rays taken at a local hospital were digitized and transmitted over an ordinary telephone line for interpretation by a radiologist. A considerable amount of time was saved by the radiologists without reducing the quality of diagnosis. With the development of computer technology during the 1980s, the possibilities for remote consultations were significantly extended. Today, applications for remote consultations depend on digital image processing. Equipment for medical examinations can produce digitized pictures directly, or analogue video signals which can be digitized. 

In Norway, the health services are divided into a hierarchical structure of three levels, namely institutions for primary health�care services, local hospital services and the national, regional and specialist hospital services. The general principle within this system is treatment on the lowest level of efficient care. This means that a person needing medical care seeks contact with the health service through a GP first. This doctor will examine the patient. If it is considered necessary to involve a specialist, the patient is referred to a higher level in the system. The reference is routed to the nearest relevant specialist, who may be located at a local, regional or central hospital. Remote consultation can be one way of meeting the political objective of a decentralized yet locally accessible health service. 

Remote consultation can be performed within one of the three levels in the Norwegian public health service, or it can be carried out between two levels. The subject of remote consultation may be direct treatment of a patient, instruction or teaching, where health personnel are present at both locations.

The way remote consultations are performed varies widely. One extreme is in psychiatry where skilled personnel at a child guidance clinic treat children or whole families using a two�way sound and picture connection. For this process to function properly, the psychologist or social worker must know the patient being treated. The conversation itself is most important. It is also an advantage if the remote consultations can be supplemented by “near�consultations”. 

An example of the other extreme is teleradiology, where an X�ray is taken and transmitted together with the requisition. In turn, this is assessed by the radiologist to a certain extent independently of information about the patient or the environment in which the picture was taken. Most remote consultations are performed somewhere in between these two extremes, where medical pictures might be supplemented by relevant information about the patient. Telephone enquiries from patient to doctor are also a kind of remote consultation.

Radiology

In radiology, experiments have been performed with expert consultation by videoconference and with high quality image transfer between workstations. The consultations via videoconference have not been on a regular basis. The image quality in videoconferencing is not good enough for displaying all details and grey levels in, for example, a thorax image. By zooming into the region of interest and by grey scale manipulation, however, it has been useful for remote education and some kinds of remote consultation where more time than usual may be used on the consultation. To obtain diagnostic quality for a routine teleradiology service, it is necessary to use high quality digitizers and monitors. �Teleradiology has replaced the weekly visiting service by radiologists from University Hospital Tromsø (UHT) to a small regional clinic, the Tromsø Military Hospital (TMH). The new procedure involves daily scanning of analogue X�ray films, transmission of the digital images to UHT, diagnostic examination on a multi�screen workstation and digital transmission of dictated reports back to the local clinic. In contrast with most other implementations of teleradiology, the TMH link involves a continuous, large flow of pictures (more than 100 per day), and the diagnosis on the computer screen is final, with no viewing of the analogue films afterwards. This places severe requirements on the speed and ease of use of both the digitization and the viewing equipment. The pictures must be of very high quality. A 64 kbit/s leased line is used for the transmission from the TMH to the UHT. The pictures are received by a Unix�based viewing station at the UHT.

The weekly visiting service has been totally replaced by teleradiology. Since October 1992 there have been no radiologist visits to the TMH for diagnosing X�rays. Results show that teleradiology is a viable solution for small clinics lacking qualified radiologists, as well as for clinics with a single radiologist who needs ready access to colleagues. The project also shows that teleradiology can now be implemented routinely for serving local clinics, with little loss in picture quality and substantial gains in the quality of health care.

Pathology

The concept of using video microscopy to provide pathology services to remote hospitals was first experimented with about 20 years ago. It is only during the last few years, however, that telepathology systems have been used regularly in a few hospitals [8]. The pathology department at the UHT established a remote service to two local hospitals in northern Norway. The local hospitals are furnished with a videoconferencing workstation equipped with a motorized robotic video microscope. The microscope is controlled from the pathological department at the UHT, and the video signal from the microscope is transferred by the videoconferencing system. The pathology department at the UHT continuously receives video images (dynamic images) and, on demand, still images on the monitors. This system is one of the first static�dynamic robotic telepathology image systems to be put into practice.

With this system, diagnostic services can be provided to small rural hospitals. The system is primarily used to provide hospitals with immediate tissue diagnosis on patients undergoing surgery. Laboratory technicians at the local hospitals have been trained to prepare tissue samples for microscopy according to standard frozen section procedures. With limited training, the laboratory technicians have been able to prepare frozen sections of good quality. The validity of frozen section diagnosis based on video microscopy has been tested on archived material. The results indicate that the accuracy is acceptable for a frozen section service.

Tele�ENT

Examinations of ear, nose and throat by endoscopy is gradually replacing other methods. The equipment for endoscopic examinations consists of a light source, endoscopes, video camera and a monitor. In remote consultation, the output from the video camera is connected to a videoconferencing unit. A GP controls the endoscope. The patient and the GP in a local studio can communicate over the two�way audio and video connection with a specialist located at the UHT. The specialist can see the endoscopic examination on a monitor and influence the control and movement of the endoscope with the GP operating it. The results from trials show that it is quite possible to examine a patient at one site with a specialist at a different site. The ENT specialist did not report great problems with not being able to put his hands on the patients, but in the beginning he felt that the time devoted to each patient was too long. This has changed gradually, and now a remote examination does not last longer than an ordinary endoscopic examination. Remote endoscopic consultation could have a major positive impact on health�care costs, access and quality.

Echocardiography

Examinations with ultrasound equipment are important in a variety of cardiac diseases. The examinations are carried out by specialists in cardiology at the UHT. These specialists also provide visiting services to smaller hospitals in the region. In remote consultation trials, the small hospital was equipped with a videoconferencing studio. The physician at the hospital controlled the ultrasound equipment and the position of the transducer. A cardiologist located at the UHT received the transmitted video pictures and made the diagnosis. The cardiologist guided the examination, and gave the local physician advice through the two�way sound and picture connection. Control tests comparing diagnoses made during direct examination and those made by videoconferencing showed no major differences. The only possible �exception may be quantitative measurements of the heart muscle. However, this may be solved by high�quality still pictures. Remote consultation provides good basic training in echocardiography. A testimony to the method’s success is that it has now been accredited as part of the training programme necessary in specialist education.

Dermatology

Dermatologists in northern Norway provide a visiting service to small hospitals and health centres. In a trial which started in 1989, this visiting service was replaced by videoconferencing. A GP and a dermatologist are involved. Twice a month, the GP brings his patients to the videoconferencing studio. The dermatologist is located in the videoconference studio at the UHT. The patient describes the problem to the specialist, supplemented by the GP who has previously examined the patient. The camera is focused on the area of skin in question, while the dermatologist views either a live image or a high�quality still image. In the first phase, the telediagnoses were checked by a local dermatologist and the two diagnoses were found to be in complete agreement. Thus the dermatologist could be confident in the diagnoses made through teleconsultation. The diagnostic procedure is done collaboratively between the GP and the specialist. In addition to making a diagnosis and proposing a treatment for the patient, the dermatologist transfers some of his knowledge to the GP. In this way, the GP increases his level of knowledge through use of telediagnosis. The service is now in routine use between the local hospital in Kirkenes and the UHT.

Diffusion of telemedicine

Remote consultations are in the process of being put into routine use in Norway. The greatest challenge is not a technical one, but of an organizational and economic nature. Remote consultations require revision of local routines. Priorities must be changed and legislation adapted. Regulations for financial settlement must take into account the benefits contributed by remote consultation to social economics.

1.24	Poland

The Polish Society of Medical Informatics has begun a telemedicine project called TELONC. The system is being developed by the Institute of Computer Science at the Technical University and the Department of Oncology at the Medical University of Lodz. The system is to be used to assist oncology education in the area of diagnosis and therapy (including radiotherapy, chemotherapy and oncological surgery) with a special emphasis on telemedicine. It is also expected to teach medical students how computers can be used efficiently in their future professional work. In its first stage of operation, the system will make use of two local networks of the Lodz University, connected through the Internet.

When creating the system, special care was taken to enrich the software with a number of multimedia elements to assure good user�system communication and contribute to the efficiency of the computer�aided educational process. In the first stage of implementation, considerable emphasis was put on patterns for image examinations which are of great importance in oncological diagnosis. The next step was to develop both the module for drug information and instructions and the module of training simulators. The TELONC software is expected to improve the efficiency and quality of education at medical universities by creating broad access to medical knowledge conveyed in a clear, easy�to�acquire way with the help of multimedia. It is also expected to encourage future physicians to make rational use of the latest achievements in computer science and telemedicine.

Due to its modular structure, the TELONC software is easy to enhance and extend in capability. The following features are of significance for oncology education:

·	easy access to a file of X�ray and ultrasound images;

·	use of training simulators to learn case�history taking and diagnosis, as well as to acquire suitable expertise in modern medical technology;

·	broad access to multimedia information on drugs, including instructions on the administration of certain drugs;

·	long�distance transmission of audio and video directly from an operating theatre during operations;

·	active participation in remote medical consultations. 

�1.25	Portugal

The Institute of Informatics and Financial Management of Health (IGIF) is a public (governmental) institute with a department for informatics in health care. One of the main responsibilities of the IGIF is introducing and promoting information technology in health�care systems. The IGIF has a central department in Lisbon and regional departments in Oporto in the north and Coimbra near the centre of the country. The IGIF is implementing a national network for the connection of all Portuguese health�care institutions. This network uses the ISDN for the exchange of information in all kinds of format (data, images and audio) (Figure 14).

The primary nodes of the network are located in Lisbon, Oporto and Coimbra and form the backbone of a 2 Mbit/s communication system. The health institutions have small routers which manage the communications to and from the backbone (Figure 15).

The network has access to international networks (e.g. other European and worldwide networks, including the Internet) from Lisbon. All three points in the backbone network support regional sub-networks with basic rate ISDN access (2 ´ 64 kbit/s). A connection between two institutions in the same region uses the regional network to avoid congestion of the national backbone network.

The use of ISDN allows the following services:

·	remote booking;

·	remote access to health�care or administrative information;

·	remote monitoring;

·	videoconferencing;

·	distance learning and training;

·	access to international databases;

·	efficient connection between primary and secondary care centres;

·	connection between the hospital information systems and health�care centres;

·	remote maintenance of informatics system.

Implementation of services has begun. The first application provides teleworking and a mechanism for exchange of files containing medical information (e.g. CT, X�ray and MR images). Fourteen institutions use this application. These institutions include three central hospitals, four district hospitals and seven primary health�care centres. A software application called INTERACT is used. It was developed by a Portuguese research institute (INESC). The system architecture is shown in Figure 16.

The main objectives of the telemedicine project are:

·	creation of a single cooperative work environment for the visualization, manipulation and storing of medical images and other associated information;

·	rapid transfer of all kinds of information (data, images and audio) between the health�care institutions;

·	creation of an efficient system that provides the possibility for teleconferences and remote access to information no matter where that information is located;

·	rapid access to medical expertise.

The main benefits expected from the project are:

·	better accessibility to health care for patients;

·	cost reductions in the provision of health care;

·	improved diagnosis and follow�up of patients.
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1.26	Russia

Morsviazsputnik, the Russian mobile satellite service provider to Inmarsat, in cooperation with Inmarsat and ITU, participated in a telemedicine demonstration at the Telecom 95 conference. A set of videoconferences was organized to provide live communication between scientists of the Russian Medical Radiological Research Centre in Obninsk (situated not far from Moscow) and experts of WHO, visiting the ITU stand in Geneva during the Telecom 95 exhibition. The videoconferences were aimed at the medical consequences of the Chernobyl accident. Images from a microscope equipped with a video camera were also transmitted. In general, the results were considered as very promising by the scientists. 

At present, there is no strategy for implementing telemedicine in a centralized manner nor a general telemedicine programme in Russia. This is mainly because of financial constraints on the development of medicine in general. The videoconferences mentioned above were possible only because of the support of such bodies as Inmarsat, Morsviazsputnik, ITU and the BASIC Association (Japan). Nevertheless, the Medical Radiological Research Centre is making great efforts to develop telemedicine to help solve problems related to the results of the contamination caused by the Chernobyl accident. Currently there is a project being run with the participation of the Sasakava fund, Japan and the Medical Radiological Research Centre. Under this project, the annual medical inspection of 3 000 persons with radio�contaminated thyroid glands who were children when the Chernobyl accident occurred is taking place. For this project, the Medical Radiological Research Centre uses a mobile laboratory in a bus. For rapid communication with leading specialists, the personnel of the mobile laboratory use two Inmarsat�B satellite terminals. 

�1.27	Saudi Arabia

The King Faisal Specialist Hospital is one of the largest hospitals in the Middle East. It provides free medical care and accommodation to local patients as well as to cases outside Saudi Arabia. The hospital is a centre for the research and treatment of cancer, liver and heart disease. The use of advanced telecommunications services via Intelsat has been an important element in the hospital’s success. The hospital operates a T1 (1.5 Mbit/s) leased circuit on an Intelsat satellite to transmit and receive medical images, such as X�rays, to hospitals and research institutions throughout the United States. This satellite connection also provides the hospital with videoconferencing capabilities for doctors and medical specialists in both countries to discuss specific cases, treatments and the latest techniques in medical practice.

The medical imaging and videoconferencing are conducted at the King Faisal Specialist Hospital complex, where there is a 9�m Intelsat antenna. In the United States, the international link is received at AT&T’s standard A earth station at Coram near New York City. The bulk of the interactive exchanges are then redistributed to the George Washington University Medical Center, located in Washington, D.C., with other hospitals in the United States also participating, depending on the topic and the type of expertise required. In addition to the telemedicine applications, part of the King Faisal link encompasses 64 kbit/s used exclusively for data, providing researchers and doctors access to current information on the Internet.

In addition to the international link, the King Faisal Specialist Hospital is also arranging domestic T1 links to extend the network to other hospitals and research centres within the Kingdom. Currently, the Rasheed Paediatric Leukaemia Hospital, also in Riyadh, is participating in the telemedicine system and links have also been established to the King Abdul Aziz City of Science and Technology (KACST). The Science City is a large research centre located outside Riyadh where local personnel use the network to access Internet medical databases.

1.28	Singapore

Telemedicine is one of the initiatives identified under the government’s IT2000 plan to transform Singapore’s infrastructure. Singapore General Hospital (SGH) is embarking on a five�year information technology plan which will include making all patient medical records available on line. Electronic medical records (EMR) and remote monitoring systems have been identified as ways in which information technology can help doctors in their daily work. The aim of the SGH telemedicine project is to provide accessible, affordable and high�quality health care for the nation based on information technology. The project is still in the experimental stage. The hardware components of the telemedicine system consist of the following:

·	film digitizers,

·	image acquisition modules,

·	modality interface units,

·	image archive,

·	diagnostic workstations,

·	review workstations,

·	hard�copy devices,

·	modem, codec, network and ISDN lines.

In addition to the radiology information system software, other software components include:

·	software in the PCs to enable viewing, compression and decompression, and post-processing of images;

·	software for videoconferencing between local and remote sites.

Doctors at the SGH and at the Stanford University Hospital in the United States share radiology images via a computer link. The link allows doctors at the SGH to keep up with the latest advances in medical technology. Doctors and other health�care staff are able to transmit images generated by MRI or CT scanning to each other, and to discuss diagnosis and treatment. A limiting factor is the length of time and the cost of transmitting these images. Each image from an MRI scan takes 40 s to send at a cost of S$1.25 per image. There are 80 images in the average MRI scan.

�As the telemedicine project is still in the experimental stage, regulatory issues such as tariffs, licensing, standards, confidentiality of data, liability due to misleading or faulty images during transmission or any other stages, the allocation of such liability and other legal issues are still under consideration.

1.29	Spain

Telecare

There are several public and private organizations in Spain providing telecare services. The Red Cross is the main provider with up to 17 000 telecare customers and 50 telecare centres. The Red Cross system has some of the following elements:

·	Home units consist of a portable alarm pendant unit and a special telephone set connected to a normal exchange line. In addition to the normal functions, the telephone unit has special functions such as quick dialling and identifying the type of the emergency to the telecare centre.

·	The Control Centre consists basically of a computer�based system, with a patient and medical information database, connected to the telephone line. When a call is received, the system displays the caller’s information and related information like hospitals close to the caller’s location.

Teleradiology

In 1996, a teleradiology pilot project was carried out between the referral hospital “Clínica Puerta de Hierro” and a primary health centre in Collado�Villalba, a village sited 50 km from Madrid. The primary health centre provides a service to an area of 70 000 inhabitants (140 000 during the summer time). Forty per cent of the patients coming to the emergency service of the centre (15�20 every day) need a radiological investigation. These were the cases studied during the pilot.

A teleradiology network was established in the provinces of Jaén and Cádiz (Andalucia, Spain) in 1984 to meet the need for a CT imaging service in the province. Patients previously had to travel more than 100 km to Córdoba for a CT scan. An agreement with the local public health service subsequently ensured a strong referral base and now there are four MR and two CT systems operational across the province. The systems are linked by an ISDN network to a central administration, diagnosis and reporting centre in Jaén. Here, an EasyVision CT/MR workstation and EasyReview systems are used to provide reporting and diagnosis of images from all image centres. Installation of a RIS system has added to the overall administrative efficiency, enabling optimum exploitation of both the imaging hardware and staff. The staff at Jaén and Cádiz each perform around 12 000 examinations per year. The systems have proved easy to use, have given excellent results and have been highly reliable.

Videoconferencing

In 1996, the Ministry of Defence established a telemedicine project between the Gómez Ulla military hospital located in Madrid and a field hospital set up in Bosnia�Herzegovina in order to provide medical support to advanced units in military operations. The telemedicine link is based on a high�quality videoconferencing system using an Inmarsat satellite link. The system allows remote consulting and consists of the following elements:

·	a videoconferencing terminal in the Gómez Ulla military hospital;

·	a similar videoconferencing terminal in Bosnia�Herzegovina, including a portable satellite unit with a small antenna. A high�quality video camera with a zoom lens is used;

·	an ISDN line links the terminal in the military hospital and the satellite earth station.

The EMERALD project (European Multimedia Services for Medical Imaging) is a three�year project focusing on the introduction of ATM technology in health care. The project aims to develop a generic broadband service for health care, involving a large number of hospitals to evaluate cost benefit and usability. The service will support the transmission of medical images in real time, using the DICOM 3.0 standard for medical image transmission. The service integrates a set of basic modules: videoconferencing, cooperative work (CSCW), data file transmission and reception, image and document digitizing, DICOM database management, DICOM image query, storage and retrieval, image visualization and processing, multimedia mail and security.

�Telemedicine in the Canary Islands

The Canary islands have a telemedicine network called REVISA (network of health�care videophones), which was started in 1990. Although all hospitals are interconnected directly with each other, most prefer to pass the consultations (urgent, deferred or scientific) to the Centre of Advanced Technologies in Image Analysis (CATAI), which specializes in telemedicine and is based in Tenerife. The centre evaluates referrals for urgency and availability of specialists within the network or elsewhere in Europe, and, furthermore, assures the compatibility of the different standards and proprietary systems used. The telemedicine consultations are called videoconsultations because images are always captured through video cameras, and their quality depends on the device used.

Telemedicine for diabetes care

During the last ten years, the Bioengineering and Telemedicine Department of the Universidad Politécnica de Madrid (GBT�UPM) has been carrying out research and development of information systems for diabetes care in various national and European research projects.

The latest telemedicine system provided by GBT�UPM is the DIABTel system. This system supports two basic functions: telemonitoring and telecare. First, telemonitoring supports the control of major variables which need to be supervised in diabetes care: blood glucose levels, diet, insulin dosage, physical activity and other related aspects, i.e. ketonuria, drug intake and high temperature. Second, telecare provides two�way communication between patients and doctors, operating as an electronic data mailing communication system and allowing patients to ask for advice on daily care. It also allows doctors to supervise patients’ therapeutic decisions.

The telemedicine system architecture is based on two main components: the medical workstation (MW), to be used by physicians and nurses at the hospital diabetes day centre, and patient units (PU), to be used by patients during their daily life. Both systems communicate with each other through the public telephone network. The telemonitoring and telecare functions are supported by the MW that works as a 24�h call centre receiving and processing the incoming patients’ monitoring data, as well as patients’ messages, requests for advice on therapy adjustments or other related issues. The system is not yet in routine clinical use, although preliminary tests with volunteer patients have been carried out.

FEST project

As part of the European Research Project FEST (Framework for European Services in Telemedicine), GBT�UPM designed and developed a telemedicine application to provide a cooperative decision�making telemedicine service for several regional hospitals and a specialized haemodynamics centre. Telemedicine cooperative work services are intended to work as follows: after viewing the newly acquired images of a patient, the referring cardiologist can discuss the case with the haemodynamist, a consultation to help in arriving at a diagnosis and deciding the most convenient therapy in real time, that is, while the patient is still in the catheterization laboratory and surgical treatment is still possible. The timing constraints for this operation (less than 30 min) are very strict. The telemedicine scenario selected in the FEST project involves two Spanish hospitals: the Hospital General Vall d’Hebrón (HVH), one of the best hospitals in Barcelona, as the referral site, and the Hospital de Manresa (HM), as a referring site, located in a small village 35 km from Barcelona.

A communication network was set up to support all components of the FEST application installed between the two clinical sites at the HVH and the HM. The network infrastructure consists of:

·	a local area network at the HVH site, used to import image series from a digital imaging system to the telemedicine workstation;

·	a link between both telemedicine workstations at the HVH and the HM. This is currently a basic rate ISDN link for 128 kbit/s operation.

The telemedicine system has been in use since September 1994 in clinical practice between the two Spanish hospitals mentioned above, with an average use of four cooperative sessions per week, which is the normal average of patients sent from the HM to the HVH referral hospital. 

�1.30	Sweden

Teleradiology was introduced in Sweden at the beginning of the 1970s, in cooperation between three acute care hospitals in the most southerly health�care region of Sweden. In 1979, telepathology was tested between two hospitals, also in southern Sweden. Images were transmitted using television technology. The transmission of radiology images through the telecommunication network was first introduced in Sweden in 1981. Today, teleradiology is the most widely used telemedicine application in Sweden, with 60�70 units installed, most of them in hospitals. About 10 are installed in primary health�care centres. Although some of the systems are used in daily clinical routine work, most of the systems should be regarded as clinical trials and as a way for the different county councils in Sweden to get their own experience as a foundation for further development and diffusion.

Besides teleradiology, there are other telemedicine projects in Sweden:

·	telepathology (expert consultations);

·	tele�echocardiology (ultrasound/children);

·	teleradiology/cardiology (medical decision making/clinical rounds at a distance);

·	telemedicine and departmental cooperation between two transplantation clinics;

·	general telemedicine (videoconsultations) between primary health�care centres and hospitals;

·	teleneurophysiology;

·	tele�ECG (ECG transmission from ambulances to hospitals, used for heart attack patients);

·	telemonitoring (e.g. new�born infants at risk of sudden death syndrome).

The means of telecommunications most used in telemedicine in Sweden is basic rate ISDN (2 ´ 64 kbit/s). For mobile applications, MOBITEL is used. The equipment used in telemedicine applications is rather company�specific. Large medical companies as well as small Swedish companies are providing telemedicine equipment.

Most of the telemedicine projects in Sweden are carried out at the departmental level, typically with two or three radiology departments cooperating in expert teleradiology consultations. Often there are enthusiasts developing and maintaining the services. In recent years, however, telemedicine matters have gradually been transferred to hospital managers (although physician managers are very much involved). In most cases, the funding for the projects comes from county councils. At the national level, there are also funding possibilities available, e.g. the Swedish National Board for Industrial and Technical Development.

Spri, which is owned 50% by the central government and 50% by the Federation of Swedish county councils (regional governments), has published reports and papers about telemedicine. From the general experience of telemedicine in Sweden gained so far, an important factor is the time it will take to develop a proper telemedicine service. It is not only that the equipment should work properly, but the people and organizations involved must adapt in order to get the best from telemedicine. Some projects in Sweden have been transferred to a fully integrated part of the daily clinical work and have changed the medical service and the organization in a very positive way.

1.31	Taiwan

A pilot telemedicine system allows doctors at several leading hospitals, including the National Taiwan University Hospital and the Veterans General Hospitals in Taipei, Taichung and Kaohsiung, to share their medical resources and conduct group diagnosis as well as provide consulting support for doctors on the offshore islands of Penghu and Kinmen.

1.32	Thailand

The Public Health Ministry in Thailand is drafting a National Public Health Policy for the next six years. The policy is expected to emphasize a Public Health Ministry network, standardization of hospital databases and distance learning which includes a telemedicine project. Telemedicine is seen as a way of increasing the quality of health care nationally, permitting remote areas to have access to experts in cities. Services would include teleradiology, telecardiology and telepathology, videoconferencing, distance learning and on�line medical databases. Satellite communication is being used to link the Rajvithi hospital with remote stations in Buri Ram, Khon Kaen, Nong Khai, Petchabun, Sakon Nakon and the computer centre of the Public Health Ministry. Twelve remote stations were to be set up in 1997, increasing to 60 by 1999.

�WHO and the Asia-Pacific Telecommunity (APT) are cooperating in the project. The APT will provide satellite experts to be consultants to the project. Three committees have been set up to look into telemedicine. There is an executive committee directed by the Minister of Public Health, an academic committee and a telemedicine specification committee. The planned telemedicine system would be the first step towards a National Information for Health Network. A National Information for Health Network is expected to be useful for collecting data on health from hospitals, academics, clinics and drugstores that could be stored in a database. Individuals would be able to consult medical people directly over the network and have access to information on how to maintain good health. The Ministry of Public Health also has plans to disseminate public health data as well as medical programmes through the ThaiSky TV network.

1.33	United Kingdom

The UK National Health Service (NHS) is developing a telecommunications network for health purposes which covers the whole of mainland Britain. The Department of Health, which manages and finances the NHS, put out to tender the creation of the telecommunication network which it calls the NHS�wide Network. British Telecom won 90% of the contract and the remainder is being provided by Cable and Wireless Communications. Eventually, all health�care institutions could be connected, from large teaching hospitals to local General Practitioners (GPs), dentists and pharmacists. More than 80% of general practices are computerized in the UK. Most of them were due to be linked to their regional administrative centres and to hospitals by the end of 1997. The NHS�wide Network is designed to be a secure, variable bandwidth, private intranet with one�way access to the Internet through a firewall. The ultimate intention is for the whole of the NHS to be connected with password access. A number of different services will be run on the network, including telemedicine. The services will include the provision of medical education, information on services being provided by hospitals and academic medical centres, and access to other appropriate medical data sets.

By buying capacity on an ad hoc basis, the NHS will avoid the huge cost of setting up its own infrastructure. Administrative savings could be substantial. Each of the country’s 90 regional administrative centres employs between seven and 10 clerical staff to key in paper forms; these would no longer be needed. With centralized purchasing, the NHS expects to cut its £150 million annual telephone bill by 25%. The NHS is to invest an estimated £60 million on the network during the next seven years.

Applications still need to be developed, but they could include remote consultations, access to medical databases; distance learning via live video links or via recordings; e-mail for administrative purposes; bulletin boards for the exchange of information between clinicians; and the transmission of patient records, referral letters and test results between GPs and hospitals. A brief list of current UK telemedicine applications includes:

Aberdeen: Teleconsulting

Peterhead is approximately 60 km north of Aberdeen. There is no local airport or rail service. A telemedicine pilot project was established in the Peterhead Community Hospital using a combination of videoconferencing, telepresence and teleradiology [9]. The link was set up by RGIT Limited (RGIT Limited is the commercial arm of the Robert Gordon Institute of Technology in Aberdeen). Expert opinion was obtained from the Aberdeen Royal Infirmary. Most cases were for minor trauma and second opinion on patient management. Examples include a case involving a patient with renal colic (a kidney problem) where teleradiology was used. Another example where teleradiology was used was with a patient who had a problem with his dynamic hip screw (it needed repositioning). Both cases used teleradiology in combination with videoconferencing. During a one-year trial, communications between clinicians using the telemedicine link avoided the transfer of 70 patients, representing an estimated cost saving of £65,000.

Belfast: Community care project

The EPIC project is designed to improve the quality of community care provided to vulnerable people through the development of an information system for integrated care, which supports the sharing of information between health- and social�care professionals. Initial applications focus on care for the elderly. In developing a shared care database between GPs and community and social service workers, EPIC has tested work in areas of significance for GP links and seamless care.

�Bristol: Automatic electrodiagnostic system

An international network has been established using automated equipment for electro�oculography. Four multimedia�based systems provide comprehensive electrodiagnostic services, research and teaching [10]. Each system provides objective, reliable, non�invasive assessment of visual function and has a wide range of applications in neurosurgery, endocrinology, neurophysiology and psychophysiology, assisting in early diagnosis. The network connects centres in the UK, Cyprus and Malaysia.

Dundee: Training in minimally invasive surgery

The development of minimal access surgery has required new and complex skills from surgeons. The University of Dundee and Ninewells Department of Surgery have developed unique models simulating clinical situations, allowing techniques to be perfected before moving on to assist in actual operations.

Edinburgh: Remote antenatal clinics

Improvements in technology have allowed the development of antenatal services to include community�based foetal scanning and home and health�centre�based foetal monitoring. Communications between midwives, GPs and consultants have been improved through the use of a single electronic medical record, electronic care plans and telemonitoring. A portable vital signs monitor is being piloted at the Edinburgh Royal Infirmary.

Ipswich: Multimedia education in diabetes 

A multimedia framework has been developed to promote better understanding and better management of chronic conditions. The first application is for diabetes, but it is planned to include asthma and cardiovascular conditions. The programme uses the full range of multimedia to allow patients, carers and clinicians to interact with information to help them understand and therefore manage the condition more effectively. It can be accessed through cable television networks, telecommunication and local area networks, and as a stand�alone package. It is being developed for use on public access terminals.

Isle of Wight/London: Remote foetal ultrasound scanning

There are only a small number of specialist foetal medicine centres in the UK and it would often be helpful to obtain specialist advice without the patient needing to travel to the centre. A trial was conducted between Queen Charlotte’s Hospital Centre for Foetal Medicine, London, and St Mary’s Hospital, Isle of Wight, to assess the feasibility of remote scanning and to provide a demonstrator [11]. Using a combined data�sharing and videoconferencing system, staff at Queen Charlotte’s Hospital can view ultrasound images of the foetus and talk to the patient and the operator via a video link.

London: A&E telemedicine

To assist nurse practitioners at a minor injuries unit to obtain expert advice, a telemedicine facility has been set up between Wembley Hospital and the main Accident & Emergency Unit at the Central Middlesex Hospital 5 km away [12]. The facility enables the consultant to see and hear the patient, view and annotate X�ray images, and discuss the case with the nurse practitioner and patient. The telemedicine link brings expertise and service closer to the patients at realistic cost.

London: Decision support for nurse practitioners

A low�cost telemedicine link was established from a large teaching hospital in Belfast, the Royal Victoria, to support nurse practitioners running a minor treatment centre in London [13]. The telemedicine link for trauma and minor injuries was an extremely cost�effective way of providing medical expertise to cover the clinical risk in a small percentage of the workload requiring expert medical opinion. The use of telemedicine was estimated to produce annual savings of £42,000.

�1.34	United States of America

Telemedicine began in the United States in the late 1950s and early 1960s with a number of pilot projects in both rural and urban areas that linked rural clinics, nursing homes, prisons and Indian reservations to distant health�care centres. Although the number of telemedicine projects has continued to grow over the years, interest in using information technology for telemedicine increased dramatically when the Clinton Administration included this aspect of health care in its vision for a National Information Infrastructure in 1993, as set out in “The National Information Infrastructure: Agenda for Action”. An advanced telecommunications network can help reduce the costs, improve quality and expand access to health care for all Americans.

Applications currently operational in the United States include: primary care, preventive medicine, public health, consumer health information systems, continuing medical education, consultative services, and systems to improve financial and administrative transactions, and facilitate research. In addition to industry�led projects, there are a number of federal and State programmes that allocate funds to support telemedicine development. Some of the sources for federal assistance include: the Office of Rural Health Policy of the Department of Health and Human Resources, the National Telecommunications and Information Administration (NTIA) of the Department of Commerce, the National Library of Medicine, the Rural Electrification Administration of the Department of Agriculture and the Advanced Research Projects Agency. In 1994, for example, NTIA funded several projects that demonstrate how to use information technology to bring improved health�care services to more people. These projects ranged from Planned Parenthood’s prototype of a nationwide on�line information system to collect and exchange data on reproductive health, to the collaborative effort between the Columbia�Presbyterian Medical Center, the New York City Department of Health and the Visiting Nurse Services to develop an information infrastructure that provides coordinated care to tuberculosis patients at home, in their doctor’s office or in a hospital.

Examples of telemedicine projects

More than 35 States have current telemedicine projects and many of those States are developing State�wide telecommunications networks to link hospitals with rural areas in order to reduce costs and improve the overall State health�care system. For example, the State of Georgia linked 60 sites State-wide which included the Medical College of Georgia, rural community hospitals, an ambulatory centre, a public health facility and correctional institutions. That State is now in the process of connecting chronically ill patients with their doctors via interactive cable television. This will allow doctors to test the vital signs of patients in their homes with virtual reality technology, thereby reducing the number of visits that chronically ill patients need to make to hospitals.

In June 1995 at Advanced Technology Laboratories, Inc. in Bothell, Washington, the real-time evaluation of ultrasound images from remote areas was demonstrated. Patients were scanned with a digital ultrasound system, and the ultrasound images were transmitted to a satellite and thence to the University of Washington Medical Center. There, a radiologist reviewed the images on a video monitor for interpretation and diagnosis. The satellite used was NASA’s Advanced Communications Technology Satellite (ACTS), which operates in the Ka�band. 

Some US hospitals provide services to patients in other countries. For example, most Middle Eastern countries are obliged to provide universal high�quality care for all of their residents. Until 20 years ago, the obligation in the Middle East generally resulted in patients travelling to London, Paris, New York or Boston. But over the past generation, state�of�the�art medical centres have been built in the Middle East and the level of physician skill has advanced considerably. Nonetheless, patients still often travel to the West to receive a second opinion. Since 1994, however, some of these second opinions have been obtained by teleconsulting. Since WorldCare and ATI began commercial operations in Saudi Arabia in June 1994, some 35 000 consultations have been handled through their telemedicine service, The majority of these by far have involved teleradiology.

One of the largest telemedicine projects in the United States uses videoconferencing equipment in prisons. Approximately 2 500 prisoners from Texas prisons were treated via telemedicine in 1995. The use of integrated computer and videoconferencing systems, with specially designed medical peripherals and cameras, enables physicians in one location to use two�way interactive technology to examine prison inmates at distant sites. This saves time and transportation costs and avoids security problems. Physicians in 17 different speciality areas are now using telemedicine to examine approximately 40 to 60 inmates each week.

�The Oklahoma Telemedicine Network was established in 1994. The network, which was funded by the State of Oklahoma to provide diagnostic and other medical services to 38 rural hospitals, is one of the largest telemedicine networks in the world. The Henry Ford Clinic in Detroit initiated a joint venture with IBM to install a fibre optic network connecting its 38 satellite hospitals that will transmit patient information and images at all sites. It also initiated a pilot programme in teleradiology which it expects will ultimately lead to savings in its radiology costs. The Group Health Cooperative of Puget Sound has linked three imaging sites between Seattle, Tacoma and Redmond to enable multiple consultations on diagnostic images.

In perhaps the most ambitious project, the BJC Health System and the Washington University School of Medicine in St Louis launched Project Spectrum in 1994, a three�year pilot project aimed at integrating into one network the information systems of all 15 BJC hospital sites. The project will also institute state�of�the�art telecommunications technology which will allow BJC physicians to work at clinical workstations, which will receive diagnostic images for interpretation and which will connect hospital centres with single offices or homes. In addition to Washington University, BJC’s partners in the project are IBM, Kodak and Southwestern Bell. BJC will assess whether the introduction of a large network can result in savings and eliminate unnecessary duplication of services. A concern is that the technology will cost more to buy and support than the cost of maintaining the existing systems. To establish the Project Spectrum network, BJC and its partners will have to collapse and then reconnect 39 different existing software systems now in use at BJC facilities. 

The Mayo Clinic, based in Rochester, Minnesota, was one of the pioneers in the use of satellite technology for telemedicine, using satellite and ground�based communication to provide two�way, real-time exchange between health�care professionals and their patients [14]. The Mayo Clinic has established permanent telemedicine services with several US sites, including the Pine Ridge Indian Reservation located in the south�west corner of South Dakota and private clinics in Amman in Jordan, and Athens in Greece. The Mayo Clinic uses an advanced communications satellite launched by NASA, which enables it to offer surgical and diagnostic consultations in addition to transmitting medical images and information around the world. For example, in a telemedicine link with Mayo’s clinic in Scottsdale, Arizona, physicians used diagnostic ultrasound on a liver tumour. The images were televised to the satellite and relayed to Rochester, Minnesota, where a physician directed his colleague in Arizona on how to administer an alcohol�injection to kill the patient’s cancer cells. The Mayo Clinic plans to continue to work with other countries through a global information network to provide diagnostic care to patients independent of location, bringing speciality care to areas that are underserved. The Virtual Medical Center (VMC) in Montana, USA, is a relatively inexpensive telemedicine application that could help countries with limited telecommunications capabilities. The VMC is a computer bulletin board system that allows health professionals with any computer, modem and a standard telephone line to obtain clinical support, such as medical library services, drug information, continuing education courses and clinical consultation. Most of the VMC’s users are rural health�care professionals in the States of Montana and Washington who access the system through toll�free telephone numbers. The VMC is also available over the Internet, which permits worldwide access to the system. Because this is an inexpensive and effective way to provide clinical support using readily available technology, health�care providers in other countries are using it as a model for their own rural telemedicine networks.

Military telemedicine

At present, 80% of deaths resulting from injuries received in battle occur within the first 60 minutes after injury, mainly from loss of blood. The main thrust in military medicine is thus to find the casualties, stabilize their condition, diagnose their injuries and initiate treatment as soon as possible. The United States is pursuing technological advances in all these areas. Its Advanced Research Projects Agency (ARPA) is working with Sarcos to improve performance of the company’s personal status monitor, incorporating a Global Positioning System (GPS) receiver, which will indicate when a soldier is injured and transmit his location. 

Telemedicine allows specialized staff at a central facility to receive diagnostic�quality images and supporting data from the battlefield, normally via a satellite communications link, and transmit recommendations back to the remote site. This approach makes efficient use of expensive and scarce resources by moving information rather than people. Remote diagnosis, followed by local treatment, is quicker and cheaper than evacuating casualties to a rear area.

�In December 1992, the US Army Surgeon General launched the Telemedicine and Advanced Technology Initiatives. A Medical Advanced Technology Management Office (MATMO), based at Fort Derrick, Maryland, was established to coordinate the application of work in this field to meet tri�service needs. MATMO worked with the Walter Reed Army Medical Center (WRAMC) to set up and operate a telemedicine centre. Since its inception, this has grown from a medical�image transmission system to incorporate videoconferencing, filmless radiological imaging and field testing of personal digital assistants to increase the efficiency of physicians dealing with medical paperwork. Staff at the WRAMC say that a key factor in the success has been the establishment of a service that is available 24�h a day. This operates as an additional teleconferencing unit in the WRAMC emergency room, which permits consultation regardless of the time zone in which forces are operating.

Since its initial trial in Somalia in February 1993, the telemedicine centre has provided service in Macedonia, Croatia, aboard the medical ship USNS Comfort off Haiti, and at Landstuhl in Germany. The equipment used in field hospitals includes a laptop computer with a built�in modem. The computer processes and transmits high�resolution colour images provided by a digital camera. The more comprehensive suite of equipment at a medical centre includes a larger computer with an optical disk drive and a colour printer that provides electronic photographs without requiring a darkroom. The system provides electronic images of similar diagnostic quality to those available from existing film�based systems, which it stores in optical�disk jukeboxes, and permits rapid access by multiple users at different locations. Under�exposed radiography can be recovered by adjusting brightness and contrast, and accentuating selected features such as adipose tissues, which are radiologically translucent.

Future developments will increase the scope of telemedicine by further automating the information�gathering process and introducing remote surgery. The US Department of Energy’s Pacific Northwest Laboratory (PNL), in collaboration with the Madigan Army Medical Center, is developing an Advanced Imaging System (AIMS) that uses ultrasound to locate and monitor internal injuries. The equipment will generate three�dimensional images in real time, showing biological damage such as internal bleeding and locating bullets or fragments lodged in the body. AIMS could form the field end of a remote diagnosis system, either in its own right or as part of a critical�care trauma pod. The PNL chose ultrasonic imaging because of its ability to image soft tissues. The laboratory has been conducting research and development work on ultra�wideband holographic imaging for a wide variety of applications over the past 10 years. 

Under another ARPA contract, SRI International is developing a battlefield version of its Telepresence Surgery System that will allow combat surgeons to operate on patients without being physically present. A remote surgical unit (RSU), positioned above the operating table, contains the instruments, manipulators and stereographic cameras. The RSU is connected by wire, optical cable, microwave or satellite link to the telesurgeon’s console. The surgeon, looking down into a stereo image of the wound, sees the remote instruments as the operation is performed. Specially developed surgical telemanipulators and feedback mechanisms allow the surgeon to feel tissues as they are touched.

In late 1994, Science Applications International Corporation (SAIC) launched an internally funded programme to develop ruggedized portable diagnostic equipment that is compatible with existing military hardware and software. Initial work has focused on interfacing a vital�signs monitor – which measures the electrocardiogram, blood pressure and pulse oximetry (the percentage saturation of blood by oxygen) – with the V2 model of the Lightweight Computer Unit (LCU) that the company has developed for the US Army’s Common Hardware Software (CHS) programme.

2	Organizations involved in telemedicine

2.1	European Commission

Telehealth is one of the top priorities mentioned in the European Commission’s White Paper on Growth, Competitiveness and Employment [15] of December 1993, as well as the Report of May 1994 prepared by a high�level group of industrialists, led by Martin Bangemann, the European Commissioner for information technology. Entitled Europe and the Global Information Society [16], the Bangemann Report identified 10 key areas for the development of an information society in Europe, one of which is telehealth. Among the recommendations made by the Report was the �creation of direct communication networks based on common standards linking GPs, hospitals and social centres in Europe. The creation of health�care networks is expected to lead to less costly, more effective health care. The private sector, insurance companies, medical associations and EU Member State health�care systems would establish and pay for those networks.

According to the Bangemann Report, patients would benefit from on�line access to European specialists, on�line reservation of analyses and hospital services, and Europe�wide matching for transplants. For taxpayers and public administrations, the benefits would come in the form of tighter cost control, savings in health�care spending and accelerated reimbursement procedures.

The European Commission has taken an active approach towards the development of telemedicine for several years. This is in part because the health sector is the largest public employer, consumes an average of 8% of the GDP and is responsible for preventive and curative services that represent valuable social assets [17]. The research and technological development (RTD) activities supported by the EU are carried out through its Framework Programme. The Framework Programme is both the basis and instrument of European research and technology policy. It sets aims and priorities and outlines the budget and its distribution to specific programmes. The overall objective is to maintain and strengthen the international competitiveness of European industry in high technology sectors, taking into account other policies of the EU. 

The Third Framework Programme (1991-1994) had a subprogramme known as “Telematics networks and services applied to health”, also known as AIM (Advanced Informatics in Medicine). The AIM programme had a total budget of about 108 million ECU, which was used to support projects (up to 50% of the costs) which met the criteria. The overall objective of AIM was the development of harmonized applications of information technology and telecommunications in health care as well as the development of a European health�care information infrastructure taking into account the needs of users and technological opportunities. The European Commission provided funding for a total of 52 projects dealing with electronic medical records, multimedia workstations and images, computer�aided decision support, rehabilitation and home care, integrated instrumentation and bio�signal handling, telemedicine, and regulatory issues, including security and confidentiality.

One of the Third Framework projects was EpiAim, which analysed the use of health informatics and telematics in Africa and Latin America. The overall scope of EpiAim was to explore a scenario for telematics applications in the health sector within the context of European and international cooperation with Africa and Latin America. Two international workshops were held in 1994. Among the study’s recommendations were that Europe should “conduct well�designed pilot activities that aim to critically examine how health systems capacity can be augmented by the application of telematics in health between Europe and developing countries” and “development of specific but separate actions for mutually beneficial telematics application in health activities relative to Africa and Latin America”. The EpiAim experience “demonstrated that cooperation between Europe and the developing world in the fields of health and telematics is feasible and opportune”. It also concluded that “Europe must concern itself more with international health and educational issues and prepare itself better to influence the information society of developing countries”. Subsequently, the European Commission initiated its Fourth Framework Programme which is focusing EU support on the priorities identified in the Bangemann Report. The Work Programme for the Telematics Applications Programme (1994-1998) was published on 15 December 1994. One of the sectors (area C, sector 7) of the Work Programme is “Telematics for health care”. According to the Work Programme, “Work in this area aims to enable the entire health�care sector to benefit from access to telematics services. Four fields will be covered: the computerization and telecommunication of multimedia patient records, with particular emphasis on medical images; the development of telematics application that increase the resources available to medical practitioners for purposes of diagnosis, treatment and health�service management; telemedicine, with the objective of providing isolated patients with adequate care; and the provision of information to health workers and citizens concerning the prevention and identification of the major serious diseases”.

Out of a total of ECU 843 million ($1.1 billion) available for telematics under the European Commission’s Fourth Framework Programme, health�care telematics has received funding of ECU 135 million ($175.5 million). The Telematics Programme for Health Care supersedes the AIM programme. Its objective is to improve the quality of health�care services offered to citizens, regardless of the time or place of provision. Its focus has been on the possibilities of information and telecommunication technologies and the necessary requirements in terms of standardization, compatibility, acceptability, confidentiality, etc.

�Action 2 C of the Fourth Framework Programme relates to cooperation with developing countries. The basic aim is to help developing countries to:

·	improve their knowledge base;

·	find innovative solutions to their problems.

Among the research activities are health issues and actions concerning telecommunications and information technologies.

MERMAID (Medical Emergency Aid Through Telematics) is one of the projects supported by the European Commission under its Fourth Framework Programme. It is designed to deliver a model for a 24�h multilingual telemedicine system of surveillance and emergency services, and establish a telematic network interconnecting major private and public emergency centres around the world. 

Such a system will enable transfer of medical expertise via satellite and ground�based ISDN and other networks when and where necessary, including medical emergencies on ships and in distant and isolated communities. In this way, the medical emergencies to which both ships’ crews and isolated populations, who must be self�reliant in terms of health�care needs, can be helped by inexperienced fellow mates or persons with little or no medical training. 

The MERMAID project uses the wide�area coverage of Inmarsat and relatively low-cost and currently available technologies to provide safety and health care. Local skills can be supplemented by multimedia support on medical procedures. On�line consultations are improved by the use of locally stored reference material, such as the WHO medical guide for ships. Inmarsat�A and Inmarsat�B earth stations, capable of supporting both the multimedia applications and direct voice consultations, are installed on ships and in selected remote communities where other means of communication are not feasible. 

In 1997, a new project named TELEPLANS, proposed by Professor M. Braccale from the University of Naples, was initiated. The goal of this project is to “establish a forum which will bring together national authorities, decision�makers and users to share views on experiences and requirements of telemedicine services”. In addition to European partners, Canada is included in the project consortium and Australia could be. Although the TELEPLANS project has G-7 (see below) as its background, it was approved by the European Commission at the end of July 1997.

Other projects supported by the European Commission of potential interest to developing countries are:

·	HERMES,

·	NIVEMES,

·	HECTOR,

·	WETS (an extension of the MERMAID and HECTOR projects).

More details of the projects can be found at the EHTO Web site (www.ehto.be).

Currently, the European Commission is preparing the content for the Fifth Framework Programme and it is expected to include telemedicine. 

2.2	European Health Telematics Observatory

The European Health Telematics Observatory (EHTO) is a support measure of the Health Telematics Programme of the European Commission. The EHTO project is coordinated by Portugal with the participation of Belgium, Finland, France, Greece, Spain and the UK. The EHTO is a new service based on a World Wide Web site and designed to:

·	assist in the coherent and coordinated dissemination of categorized health telematics information (after its collection and scientific analysis); 

·	integrate specific information and demonstrations, in order to help the telemedicine market to grow; 

·	help a wide implementation of results and the development of the use of telematics in health care.

�The EHTO offers the following new services:

·	to EU Member States and to industry: an “electronic European market place” via a network of National Language Satellite Web Sites, integrating users, providers and decision�makers in a common set�up, irrespective of their language and of their health system culture and organization;

·	to projects: a dissemination and demonstration platform enabling them to disseminate their results in a coordinated way, targeted to the right health audience with the possibility of exchanging experiences or of looking for partners with specific expertise in particular domains. 

The EHTO Web site can be used: 

·	to find the latest information on European Commission initiatives, programmes, calls for proposals and European projects;

·	to search for information on specific domains and key areas that are supported by telematics applications or solutions (such as diabetes, bone�marrow transplants), just by clicking the related keywords;

·	to ask questions of general interest to the Commission’s Health Telematics Office, or to the related Internet health telematics business world;

·	to find pointers to other important sites dealing with health telematics;

·	to display public deliverables and ask for comments;

·	as an electronic market place where users can display to the Internet world (including health professionals, decision�makers, other providers of hardware, software or services) who they are and what they are looking for (profiles of interest). Companies can also display their products and provide a link to their own Web sites for further demonstration (EHTO provides users with their first�page announcement free�of�charge); 

·	as a discussion forum (public or private) on any topic of interest in health telematics, or for electronic workshops.

EHTO’s role will allow a more coherent dissemination of best practices and put European health telematics in a leading position in international cooperation. This gives EHTO the ambition to become a reference agency for the implementation of the Information Society in Europe and beyond. 

After its first year of installation and development, EHTO now involves all of the European Community health telematic users as well as users in other non�European countries. This expansion of EHTO is based on another innovative concept – the National Language Satellite Web sites, which have already been installed in Spain, Portugal, France and Greece. In addition to these pilots, the Finnish Health Ministry has recently approved the creation of its own satellite site, and five others are also being launched: South Africa, Romania, Ukraine (covering both the Ukrainian language and Russian), Bulgaria and Germany. 

These satellite sites use WWW and Internet technologies for communication across their networks. Multimedia services are available for dissemination and desktop videoconferences. One permanently installed demonstration in the EHTO in Brussels relates to the MERMAID project (telemedicine to ships) using an Inmarsat satellite dish which is linked to other Inmarsat terminals in different parts of the world, in order to constantly guarantee access to telemedicine aid. 

The Spanish and the Portuguese satellite sites (and the French as well) have a special mission to exchange information and communication with Latin American Spanish�speaking countries and with Portuguese�speaking African countries, respectively.

Who benefits from EHTO?

Citizens will indirectly benefit from EHTO and from its Satellite Web sites. They will act as a powerful platform to give support to health organizations, enabling health policy decision�makers to be better informed in order to adopt the most appropriate solutions to provide better health care to their citizens. 

EHTO together with its network of Satellite Web sites will give support to the development of health telematics in each particular country. Interactive access in each language to the National Satellite Web sites will help national user groups to define their requirements, decision�makers in their choice of the most appropriate technologies. This will also lead to synergies from existing know�how and to help in new applications of health telematics. 

�The coherent and integrated information in health telematics which is disseminated through the EHTO platform could also benefit SMEs and other industries. It will contribute to the development of a coherent market and avoid the undue fragmentation which still exists today. 

EHTO seeks to meet the needs expressed by the Bangemann Report and by recent G-7 meetings. Therefore, deployment of communications and contribution to the implementation of the Information Society are also key goals of the coordinated network of National Language Satellite Web sites.

With reference to the National Language Satellite Web sites, EHTO’s view is that those local sites should appear as a clear commitment of local industry and health authorities, and reflect the need for this new means of information dissemination. The content of each site should reflect the local health culture and structure. Thus, the content of each Satellite Web site is different and not simply a copy or translation of the others. 

National Satellite Web sites should be locally financed through advertizing or other types of paying services. This has been achieved so far by all the already installed Satellite Web sites, and is taken as an encouraging sign that the market for a service like the EHTO is beginning to mature.

From that perspective, electronic market places will develop on the Internet with its associated possibilities of precision targeting of the right information to the right user in the right format and in the right language. In this respect, EHTO is a good demonstrator of what the future might be. Its ambition is to become the first choice for finding health telematics information (on products, services, institutions, regulations, demonstrations, other sites, thematic discussions) on the Internet. 

The fact that EHTO satellite sites have the support of their local health authorities (as an official information dissemination channel) will add to the appeal of the EHTO as an awareness�raising tool. This stimulates an added�value in the system as a whole and a feedback effect in the global EHTO network, and thereby attracts a qualified audience and other types of direct sponsoring. 

The EHTO project is scheduled to end by January 1999, but in 1998 EHTO should become an independent and self�funded European Institution (e.g. a foundation), supported by a multi�sectoral strategic Board. 

2.3	European Institute of Telemedicine

The University of Sciences (Paul Sabatier University) created the European Institute of Telemedicine in July 1989 in the Teaching Hospital of Toulouse under the aegis of the European Community with a view to foster and promote the development of telemedicine in Europe.

Transnational programmes

Transnational operational programmes have been conducted thanks to the joint support of the European Commission and the Teaching Hospital of Toulouse.

The MAC�NET programme (Medical Advice Centres Network) carried out between 1986 and 1991 was a European cooperation programme between the maritime medical consultation centres in Madrid, Toulouse, Rome, Athens and Lisbon with a view to improving medical aid at sea.

In order to better plan for the free circulation of goods decided on by the Single Act in 1993, the European Commission initiated the EUROTOXNET programme (European Toxicological Network) as early as 1988-1989 with the collaborative participation of Poison Information Centres in Brussels, Milan, London, Toulouse and Munster in order to harmonize European toxicology programmes and the management of poisoned patients.

The SAME�NET programme developed in 1991-1992 with Athens intended to improve remote medical aid in order to help any injured or diseased person in Europe – however isolated – benefit from care and advice by a medical expert. When the European Institute of Telemedicine was set up, telemedicine mainly consisted of medical consultation and emergency medical aid applications (quite similar to the French medical emergency care service) as well as medical aid at sea in cooperation with the Maritime Medical Consultation Centres and toxicological applications with the Poison Information Centres via the transmission of voice data.

The network concept covers the exchange of experiences between the various centres, the building of case history bases and of common compatible databases (e.g. the setting up of a centralized medical filing system for seafarers, of product banks and a bibliography on toxicological matters).

�Until July 1992, the European Institute of Telemedicine focused on training programmes in order to make best use of the available means and systems. Telemedicine was mainly linked to the notion of trainers’ training.

Those initial applications clearly illustrated the use of voice�data networks in the medical field. The progress achieved in the last few years in the telecommunications and computer sciences sector now facilitates the use of voice�data�image networks in medical practice.

ISDN networks constituted a major breakthrough by providing the users with easy access to voice�data�image transfer, including still- and live-image transmission. Image transfer and videoconferencing soon became a necessity.

Since July 1992, the European Institute of Telemedicine has staged 200 videoconferencing sessions with regional, national and international correspondents between Toulouse and foreign hospitals of member countries, non�member countries, overseas departments and territories, and with vocational training centres in order to achieve better training and medical referral.

The ETELNET programme (European Telemedicine Network) was developed thanks to the financial support of the European Commission from May to December 1994 in the public health sector. This programme promotes the use of telemedicine (voice�data�image transfer) in order to coordinate information exchange at the European level with a view to undertaking prevention and health education actions between Andorra, Belgium, France, Germany, Greece, Portugal and Spain.

The interactive work is carried out with doctors at the local, regional, national and international level. Exchanges of data and experiences have occurred between the health professionals of the various Member States and those involved in health protection programmes in order to promote partnerships which could assess the existing methods, the circulation of information on the most efficacious practices, the definition of common goals in specific areas of interest (new health issues or hazards).

The actions undertaken in the ETELNET programme clearly highlight the added value of telemedicine in public health for prevention and health education. Telemedicine facilitates the setting up of graded networks at all levels (European, national and regional) by pooling the available skills in order to conduct optimized and well coordinated actions in the health sector to the benefit of the European population. The financial support granted by the European Commission has been essential to help initiate networks of collaborators and correspondents able to generate a durable and fruitful collaboration.

Since January 1996, work has begun on the GETS project (Global Emergency Telemedicine Service) with Italy. The project was planned at the World Conference on Telemedicine held in Toulouse in December 1995. This project, carried out in the framework of sub�project 4 of the G-7 health programme, intends to create a permanent, worldwide emergency care service using multidisciplinary, multilingual, round�the�clock telemedicine and telesurveillance. The project requires the deployment of medical pilot centres which will answer any call from anyone living in isolated, remote or developing areas. Such a complementary system pooling all the available resources will make it possible to act in cases of distress anywhere in the world. The final goal is to obtain a genuine universal service. At the International Symposium on Telemedicine held in Rome in December 1996, the final report clearly highlighted the feasibility of the programme proposed by the G-7 countries. Meanwhile, several telemedicine videoconferences have been staged from the European Institute of Telemedicine between Toulouse and Rome, Paris, Cologne, Melbourne, Perth, Adelaide, Montreal, Midrand (South Africa), Abidjan, Beirut and Bamako.

Regional health network in the Midi-Pyrenees

The object of building up a regional health network in the Midi�Pyrenees using telemedicine has shaped the various initiatives undertaken so far. Telemedicine enhances the existing complementarity between medical skills and facilities with one common aim: providing access to high�quality care to anyone anywhere on the territory, while controlling health costs. Telemedicine can be considered as a structuring element of health institutions, thus allowing for the creation of real health�care networks which could in turn become a synonym for efficacy, quality and security, and contribute to the matching of the supply of hospital care with a well�controlled regional development policy.

The anchoring of such networks to hospital structures is a guarantee of efficacy. The networking of professional health institutions is a prerequisite for building a health service in which circuits have to be properly tailored to each health hazard and discipline. Telemedicine should encourage the cooperation between the various health�care institutions and the health professionals in order to ensure the continuity of care at the patient’s home.

�New communications technologies can support real professional interactive exchanges between distant medical teams and networks, as defined at the national and European level, and become a priority at the regional level since they can optimize the health facilities available on a given territory. This approach applies very well to regional health and social planning as stated in the latest hospital law. It also contributes to learning and professional development. Links by telemedicine are already underway in the Midi-Pyrenees between the hospitals of Toulouse with Rodez, Cahors, Lourdes, Foix-Pamiers and Luchon.

Telemedicine is a key factor in the continuity and humanist practice of care.

2.4	EuroTransMed

EuroTransMed is a non-profit-making organization established as a foundation to provide high quality medical education for doctors throughout Europe. It broadcasts weekly CME programmes on a wide variety of medical topics to medical audiences in central and western Europe. Programmes are broadcast by satellite.

2.5	Global Information Society Initiative

In February 1995, the G-7 Information Society Ministerial Conference held in Brussels established 11 joint pilot projects, one of which was on health care. The global health project is aimed at the creation of direct communication networks based on common standards linking GPs, hospitals and social centres. The project has six sub�projects, the aims of which are to improve health�care cooperation, allow practitioners better access to the most effective forms of treatment and promote knowledge sharing through computer networks.

Three of these sub�projects are of potential interest to developing countries. The first sub�project is “Towards a Global Public Health Network” and is aimed at facilitating the work of public health institutions, notably in their fight against infectious diseases or major health hazards. The overall objective is to improve worldwide cooperation in public health by providing telematics services to health professionals and public health authorities, initially in G-7 countries and eventually across the world. The project is investigating the feasibility of linking existing and emerging public health data telematic networks in Canada, Europe, Japan, the USA, WHO and other international health�related organizations. Public launch of the Global Public Health Information Network was targeted for the third quarter of 1996.

Sub�project 4 was “A 24�h multilingual telemedicine surveillance and emergency system around the world” aimed at establishing a Global Emergency Telemedicine Service (GETS). However, this initiative has now been terminated. A report of the feasibility study is available from the European Commission. A new sub�project has been configured led by Dr André Lacroix. See the following subsection for more detail. 

Sub�project 5 is “Enabling mechanisms for global health�care network” which deals with nomenclature, coding and standards, with tools for navigation and access to the networks, with linguistic aspects (including on�line translation) and with the harmonization of security standards for patient�related data exchange.

Sub�project 4: Telemedicine

The objective is to design and implement compatible operating platforms (backbone) for the development of telemedicine services (emergency or not) in G-7 countries and globally. 

At a meeting of G-7 Healthcare Applications Project National Coordinators in Bethesda (February 1997), it was agreed that the lead for the G-7 sub-project 4 would be assumed by Dr André Lacroix of Canada. In March 1997, the EU launched a call for proposals aimed at the development of a Trans�European Network for Telemedicine (TEN�Telecom). Subsequently, it was agreed to link this project to the G-7 sub-project 4. Another European project, PLATINUM (PLATform for an INtegrated UMbrella of telemedicine services) is designed to “coordinate demonstration activities of ongoing projects and promote consolidation of their results”. Dr Lacroix was invited to participate in both projects. As chair of the G-7 sub-project 4, he attended the Transatlantic Telemedicine Summit in Boston (20�22 May 1997), then travelled to Paris to participate in a meeting (28 May 1997) organized by Dr Guy Rossignol to finalize the TEN project �and afterwards he went to Kobe, Japan, to co�chair the first meeting (30 May�1 June 1997) of coordinators of the reoriented G-7 sub-project 4. The revised G-7 sub-project 4 consists of two complementary approaches. The first approach is to conduct thematic forums on telemedicine. These forums are designed to bring together health�care authorities, key decision�makers, telemedicine experts and users from within G-7 countries and other selected countries. Organized at six�month intervals, these forums/workshops will focus on themes such as: 

·	inter�operability between various telemedicine applications and networks; 

·	evaluation of the cost�efficiency of applications; 

·	medico�legal aspects of national and international applications; 

·	technical quality and standards; and 

·	impact of telemedicine on health�care management. 

The second approach is labelled the G-7 IMPACT Project (International Multipoint Project of Advanced Communication in Telemedicine) and aims at developing an international backbone network between telemedicine units. In G-7 countries and Australia, one goal is to develop the technical protocols and agreements with academic and industrial partners to test the feasibility of multipoint meetings using diversified telemedicine equipment. The project will be initiated with one pilot site in each country, but the eventual target is to link national networks with an international backbone. IMPACT will allow joint, multidisciplinary and multimodal staff meetings of groups of experts in diverse fields of clinical medicine, allowing teleconsultations in complex cases or during large�scale public health emergencies. A plan of action for the G-7 sub-project 4 should be ready by October 1997. Dr Lacroix was asked to give consideration to the development of a Canadian component. This is especially important because he would like the first Forum on G-7 sub-project 4 to be held in Montreal in March 1998.

At the next meeting of G-7 Healthcare Applications Project National Coordinators in Brussels (30 September�1 October 1997), the revised G-7 sub-project 4 was to be introduced. Formal endorsement is planned for the March 1998 meeting of national coordinators in Japan.

2.6	Inmarsat

Inmarsat is a commercial company which operates a global communications network. The network is based on 10 satellites, which provide communications anywhere in the world, except the extreme polar regions. The organization has 81 member countries, but is used in more than 160 countries. Inmarsat supplies satellite capacity as a wholesaler, generally on a per�minute basis, to gateway stations known as land earth stations (LESs). The service to the end user is provided either by a land earth station operator (LESO) or by a local service provider as an agent of a LESO.

There are more than 100 000 mobile earth stations used by customers and produced by different manufacturers around the world. Inmarsat sets the specifications for mobile earth stations, and every manufacturer must meet Inmarsat’s stringent type approval procedures before its equipment can access the satellite system (Table 3).

Inmarsat is the only global provider of mobile satellite communications for distress and safety as well as commercial applications at sea, in the air and on land. Satellite communications, such as those provided by Inmarsat, are a cost�effective means of delivering health care to remote villages, settlements and camps, and to crew and passengers aboard ships and aircraft.

Telemedicine is not new to Inmarsat. In August 1984, a young Swazi boy was remotely examined by physicians in London’s Great Ormond Street Hospital, and was diagnosed as having Crouzon’s disease, a condition where the bones of the skull fuse during the early years of life. The size of the protruding eyes comes about because of the shallow bone socket, and as the condition progresses, the patient has difficulty in closing his eyes and this can cause an impairment in sight. During the telemedicine demonstration, a slow�scan video transmission of the afflicted child was made from Swaziland to Inmarsat’s headquarters in London. The boy was subsequently brought to England for surgery and treatment, which were successful. The telemedicine activity was sponsored by a UK company, the CAP Group, which had fitted a Land Rover with a portable Inmarsat mobile earth station, one of the early examples of the use of Inmarsat for telemedicine delivery. The Land Rover was used by health�care professionals to travel through remote areas of Swaziland and to provide medical assistance. 

�TABLE  3

Comparison of Inmarsat (Inm) systems





�Inm�B�Inm�phone�Inm�C��Equipment cost (approximate US$)�$20�30,000�$3,000�$4,000��Cost/minute (US$)(1)�$3�6�$3�$1(2)��Weight (minimum)�10 kg�2 kg�4 kg��Antenna size (approximate)�0.9 m�0.5 m�0.3 m��Battery option�External�Internal�External��Telephone�Yes�Yes�No��Group 3 fax (maximum)�9.6 kbit/s�2.4 kbit/s�n/a��Data rate (maximum)�9.6 kbit/s�2.4 kbit/s�600 bit/s��High speed data�64 kbit/s�No�No��Internet connectivity�Yes�Yes�Yes��Video transmission�Yes�No�No��(1)	Charges vary depending on the land earth station used for interconnecting with terrestrial networks, and additional land�line charges may be applicable. There are discounts for off�peak, large volume users. Multi�channel and large antenna terminals are available. Charges for high-speed data transmission are higher.

(2)	Approximate charge for a typical message of 100 characters. Shorter data transmissions may be significantly cheaper.��

Since then, the Inmarsat system has been used in numerous telemedicine applications, on land, in the air and at sea, in industrialized and developing countries. Some examples include the following:

On land

·	To improve the quality of health care for Spanish troops assigned to international missions, the Gómez Ulla Central Hospital in Madrid has implemented a system that enables satellite connection from any point on the planet to this hospital, so that the specialist at this health�care institution can support physicians transferred with the troops. The system enables real-time video and audio transmission from the zone of operations and employs easy�to�use equipment at reasonable cost [18]. The Spanish Ministry of Defence initiated the service in 1996 with a high quality videoconferencing system using an Inmarsat�B terminal to connect the Gómez Ulla hospital with a portable unit in Bosnia. The system allows remote consulting, and consists of a videoconferencing terminal in the Gómez Ulla military hospital and a similar videoconferencing terminal in Bosnia�Herzegovina configured with a 64 kbit/s modem and a video camera with a zoom lens.

·	US Army doctors have also used Inmarsat in Somalia, Croatia, Bosnia and elsewhere, helping both military personnel and the local population. In Somalia, the US Army set up a Remote Clinical Communications System (RCCS) [19] using off�the�shelf components, including a high�resolution digital colour camera (Kodak DCS 200ci), a laptop computer (Macintosh PowerBook 180), image acquisition software (Adobe PhotoShop) and an Inmarsat terminal supplied by Magnavox (MX 2020P MAGNAPhone). The digital camera was used to take a high�resolution, 24�bit�colour, digital image. The camera contained a hard disk where images were stored. These were transferred to the laptop computer using a Small Computer System Interface (SCSI). To store, compress and display the images, Adobe PhotoShop software was used. The data and images were transmitted to the Walter Reed Army Medical Hospital by a modem linked to a normal telephone or the Inmarsat terminal.

�·	A pilot project in Obninsk, Russia, is based on use of an Inmarsat�B mobile earth station and a high-speed data (HSD) multimedia videoconferencing kit. In several clinics, victims of the Chernobyl nuclear accident receive regular check�ups and treatment under the guidance of experts in Japan. Inmarsat collaborated with Morsviazsputnik (its Russian Signatory), ITU and WHO for demonstrating a set of videoconferences to provide live sessions of communication between scientists of the Russian Medical Radiological Research Center in Obninsk (situated not far from Moscow) and experts of WHO in Geneva. Images were also sent directly from a microscope equipped with a video camera.

·	WHO has become a significant user of Inmarsat services. When the highly contagious and deadly Ebola disease broke out in Zaire (now Democractic Republic of Congo), several days lapsed before any news of the event was picked up by the outside world. An Inmarsat�M terminal was used as a communications medium when specialists first started to arrive. 

In the air

·	Telemedic Systems, a UK company, has developed a briefcase�sized monitoring kit which can be used on aircraft, particularly long�haul flights. (The device can also be used in remote and rural areas, or in ambulances.) United Airlines is one of the first to use the kit which can monitor a patient’s vital signs, including ECG, blood pressure, blood oxygen levels, temperature and other data for transmission via Inmarsat to doctors on the ground. Cabin staff will then be helped to make a diagnosis or give treatment. Telemedic Systems supplies telemedicine equipment which uses low bandwidth. Its equipment includes remote mobile foetal heart monitors and the remote mobile vital signs monitors. The latter was produced with IBM and Nera UK and combines in a single briefcase the vital signs unit and two Inmarsat�phones, one for voice and one for data.

At sea

·	An offshore application involved the Medical Division of Aberdeen’s RGIT Survival Centre, Nera UK and British Telecom. The telemedicine facility provides medical cover for men and women working on North Sea oil platforms and rigs. (The RGIT also supports the British Antarctic Survey in Antarctica [20].) A paramedic on the oil rig can use an Inmarsat mobile earth station to communicate with a community hospital in Peterhead, which in turn is linked via ISDN land lines to the Accident and Emergency Department of Aberdeen Royal Infirmary. British Telecom and Nera developed a telepresence system which allows the user in a remote area (in this case, an offshore oil rig) to be in touch with a medical specialist while a patient is being examined. The heart of the CamNet system is a headset worn by the operator which includes a miniature video camera, small visual display screen and a two�way audio link.

·	Based in Rome, the International Radio Medical Centre (CIRM) provides free radio medical assistance to ships. CIRM was established by the Italian government as a foundation by means of a legislative decree. In this decree, the remit of the CIRM was also extended to assist airline passengers and patients residing in areas without medical facilities. For ships cruising far from Italian coasts, the communication system most frequently used is Inmarsat.

·	Inmarsat is being used in the MERMAID project [21], partly funded by the European Commission, to provide a model for a 24�h multilingual telemedicine system of surveillance and emergency services, and to establish a telematic network interconnecting major private and public emergency centres around the world. The MERMAID project uses the wide�area coverage of Inmarsat and relatively low�cost and currently available technologies to provide safety and health care. Local skills can now be supplemented by multimedia support for medical procedures. On�line consultations are improved by the use of locally stored reference material, such as the WHO medical guide for ships. Inmarsat�A and Inmarsat�B earth stations, capable of supporting both the multimedia applications and direct voice consultations, are installed on ships and in selected remote communities where other means of communications are not feasible.

Mobile earth stations

Inmarsat mobile earth stations (MESs) can be hand�carried to remote areas with inadequate telecommunications so that local health�care personnel can contact regional hospitals for consultation or training. Off�the�shelf computers and multimedia packages can be used with these terminals for a variety of purposes.

�A user can choose an MES that meets his or her needs in terms of functionality, size, weight, power requirements and cost. MESs can be purchased, leased or rented from service providers, manufacturers, their agents, system integrators or rental agencies (there are more than 20 manufacturers of Inmarsat mobile earth stations. A complete list can be obtained from Inmarsat). Table 3 contains a brief comparison of the technical and economic characteristics of those Inmarsat MES systems most often used in telemedicine applications.

Inmarsat�B

Inmarsat�B supports high�quality digital telephone, fax, data, telex and high-speed data (HSD, at 64 kbit/s). The system provides the user with a simple means of direct dialling to any telephone or telex machine in the world, or communicating with a PC. In the other direction, terrestrial subscribers can call mobile earth station users as easily as calling any other international number. An Inmarsat�B terminal can be purchased for about $25,000. Cost of usage starts at less than $3 a minute. Other peripherals, such as personal computers, modems, videoconferencing equipment, scanners, can be plugged into the terminal. In addition to slow�scan and compressed video, Inmarsat�B can be used to transmit or receive diagnostic�quality black�and�white or colour images, photos, digitized images of X�rays, ultrasound scans and other multimedia applications.

Inmarsat�phone

In response to demand for a smaller, lighter and cheaper mobile satellite telephone, Inmarsat developed the Inmarsat�phone (also known as mini�M), which is the size of a laptop computer. This digital system provides a voice, fax and data service at 2.4 kbit/s. Inmarsat�phone terminals are lightweight (2 kg, including the antenna, telephone handset and internal battery). Easy portability, battery operation and lower overall cost of operation make the Inmarsat�phone particularly useful for emergency and disaster relief communications and for mobile medical teams.

Inmarsat�C 

In situations where sending and receiving short written messages is preferable to voice communications, Inmarsat�C is a cost�effective alternative. This system provides two�way messaging and data communications on a store�and�forward basis, as well as one�way position and data reporting. In telemedicine, it is a means of sending reports in either “free” or pre�coded format, and receiving instructions from the home base. Vehicle terminals with omnidirectional antennas allow automatic position reports as well as messages to be sent and received while on the move.

Small digital terminals can either be mounted on a vehicle or carried in a briefcase weighing about 4 kg. When combined with a small PC (even a palm�top data organizer can be used), Inmarsat�C can provide a means of reaching hospitals or authorities with an accurate assessment of the situation and requirements. The message can be delivered via a telephone or data line. At the mobile end, received instructions can be displayed, stored in memory or printed. This system can be used in telemedicine applications, such as in the assessment of epidemic risk after floods or earthquakes. 

Inmarsat is also a member of the Midjan Group (formerly known as the European Telemedicine Collaboration Group), which has been formalized as an association under French law. The Midjan Group comprises experts from the telecommunications sector, telemedicine institutes, ministries of health, manufacturers and equipment suppliers, universities and hospitals, who share the common objective of promoting telemedicine applications in developing countries. The Midjan Group has demonstrated telemedicine applications at several ITU conferences and supported the first ITU World Telemedicine Symposium for developing countries, convened in Portugal in July 1997.

2.7	Institute of Telemedicine and Telecare

The only academic research organization for telemedicine in the UK is based at Queen’s University of Belfast. Its main roles are research and teaching in all aspects of telemedicine and telecare. The Institute is coordinating a number of research trials in telemedicine, including the UK Multicentre Teledermatology Trial, a trial of a minor injuries �telemedicine link and a trial of remote foetal ultrasound scanning. See http://www.qub.ac.uk/telemed for further information.

2.8	Intelsat

Intelsat, a major global provider of satellite communications for over 30 years, has played a role in socio�economic development by extending basic and advanced communication and broadcasting services and a wide array of service applications to its 139 members and over 80 non�member customers. As an agent for development, Intelsat has helped stimulate economic activities and facilitated the delivery of social services through its satellites providing connectivity for such activities in any country, or region, even remote villages and scattered islands.

Technology advances in both telecommunications and medical science have enabled the delivery of telemedicine – the application of telecommunications to health�care services, facilitated by satellite communications. With the appropriate infrastructure, Intelsat can provide the delivery of telemedicine to whoever needs it at anytime.

Telemedicine offers a solution to developing countries where the delivery of health�care services to populations is impaired by a combination of factors such as shortage of resources, e.g. trained medical workers, medical facilities and equipment, and the lack of adequate health infrastructure. Through the Intelsat system, telemedicine offers the solution in the delivery of social services such as health care to rural and isolated populations. Telephone access to all medical personnel – both local and international –, computerized on�line patient records, pharmacy and drug logistics control systems, links with ambulances and other emergency vehicles, and applications for training and consultation are made possible. In addition, governments can further gain from the benefits of satellite communications’ delivery of information through applications which will provide information support for the government’s policy formulation, programme design, planning, budgeting, monitoring and evaluation of national health�care programmes; health manpower planning, management and training, and statistical analysis for health�care planning indicators, demographics, epidemiology and medical research.

Telemedicine was successfully implemented in Saudi Arabia and Jordan via the Intelsat system. The benefits from this technology are presented for consideration by other nations in the improvement of health�care services in their countries.

Telemedicine opens a world of possibilities to medical practitioners and patients. Telemedicine reduces global health inequities by allowing countries to have equal access to advanced health�care services. Intelsat has made this a reality by removing distance and physical barriers to communication and information exchange in the delivery of health�care services, guaranteeing the provision of quality, sustained and integrated health services to Saudi Arabian and Jordanian citizens. The successful implementation of telemedicine in Saudi Arabia and Jordan is a testimony to Intelsat’s contribution to social services delivery in the Arab region. 

2.9	Royal Society of Medicine

The Royal Society of Medicine is an academic organization with headquarters in London. It has a membership (mainly, but not exclusively, of doctors) of about 20 000, of whom about 2 000 are overseas. The Royal Society of Medicine publishes the Journal of Telemedicine and Telecare, which is the only peer�reviewed academic journal to be indexed in MEDLINE. It also runs the annual TeleMed international conferences (see http://www.qub.ac.uk/telemed/tmed) and the Telemedicine Forum (a telemedicine organization, mainly for the UK).

2.10	SatelLife

SatelLife is a non�profit�making international organization which links medical centres and physicians throughout the world for information sharing. SatelLife, with an international board of scientists and physicians, is an east�west partnership with offices in Boston and Moscow.

SatelLife has established a telecommunications system called HealthNet that links health�care workers around the world and provides them with access to appropriate sources of information. HealthNet combines low�earth�orbit (LEO) satellites, ground stations and telephone�based e-mail networks. It was designed to function reliably and inexpensively even in areas where there is a poor or non�existent telecommunications infrastructure. SatelLife sets up domestic networks that use special software, error correcting modems and local telephone lines to communicate within a country. �Where conditions permit, internationally addressed e-mail messages are picked up and delivered using international direct�dial telephone circuits from a host computer with high speed modems. In more remote locations where an international telephone service is non�existent or not reliable, service is provided via a micro satellite called HealthSat. This LEO satellite stores and forwards messages between inexpensive ground stations provided by SatelLife. In both cases, all that is needed to access HealthNet is a local telephone call using a modem and a personal computer. 

For example, a health�care worker in a rural hospital, using a computer, can send a message to a colleague in a neighbouring district, in the region, or to an institution located in another part of the world. This e-mail system has enabled many doctors practising in remote areas in Africa to send and receive messages about patients to and from specialists at national hospitals. These messages have saved lives and assisted in the speedy diagnosis of disease. SatelLife’s HealthNet also allows users to participate in electronic conferences, makes current medical research and reports available on line, and permits on�line access to international medical databases. HealthNet is operational in 15 African countries, three Latin American countries and several Asian countries.

While the technology that SatelLife employs cannot be called state�of�the�art, it is, more importantly, cost�effective and well�suited to prevailing conditions in the developing world.

In 1987, SatelLife purchased two LEO satellites, built by Surrey Satellite Technology Ltd. of the UK, and commissioned their launch from Arianespace. HealthSat 1 was launched in 1991. HealthSat 2 was launched in 1993.

Each satellite, roughly the size and shape of a small refrigerator, orbits the earth in a polar trajectory at an altitude of 800 km. Circling the globe every 100 min, they pass over every point on earth at least three times daily. Because of their polar orbit and the rotation of the earth, ground stations at the equator have the least access, with an average of four passes daily, while sites near the poles have as many as 14 over�flights per day. Because the satellites are at relatively low altitude and employ sophisticated modulation and coding techniques, the connections to ground stations are robust and virtually error�free, despite the relatively low effective radiated power.

Ground stations can establish contact with the satellite for about 15 min during each pass of the satellite that permits a connection. Compression software permits data transmission at a rate of about one page of text per second. Messages composed on computers can be uploaded to the satellite where they are stored until the satellite passes over the addressee’s ground station. Then the message is forwarded to the recipient.

While the ground station technology continues to serve extremely remote medical facilities, improvements in the quality of international telephone connections to capital cities enabled SatelLife to shift the greater volume of its e-mail and information throughput from satellite to telephone lines in the early 1990s. Despite this shift, SatelLife has continued to rely on store�and�forward technology, as it is well�suited to the poor quality of telephone service which still plagues many HealthNet users working in district hospitals and remote clinics outside capital cities. 

The costs to be saved by eschewing real-time communication in favour of store�and�forward technology – used in conjunction with either the satellite or telephone lines – are considerable. For example, the Internet is coming to Tanzania. Connect time promises to be “cheap”: only $100 per month! With an income of approximately $150 per month, a public health physician in Tanzania can hardly afford to connect to such a service. With HealthNet, this same physician pays only the cost of a local phone call to send all e-mail and receive HealthNet’s information resources. 

HealthNet now serves approximately 4 000 health�care workers in 25 countries and the network is expanding rapidly. In each country where HealthNet operates, a local “HealthNet Users Council” works with SatelLife to define the country’s health information needs and to develop appropriate communications solutions. A local “network management team” administers the system in each country.

While HealthNet users are able to send and receive e-mail to each other, and to any point on the Internet as well, providing reliable communication is only half of SatelLife’s mission. Equally important is providing health workers in the developing world with health information not found anywhere on the Internet. HealthNet provides access to the most �current information on clinical research, clinical practice and public health for doctors, researchers and other health professionals in Africa, Asia, and Latin America. HealthNet services enable users to:

·	receive electronic publications produced by SatelLife such as the weekly publication HealthNet News, which provides current abstracts from leading peer�reviewed medical journals, as well as current abstracts from the Journal of the American Public Health Association, the World Health Organization’s Library Digest for Africa, the WHO/AFRO Infodigest, the AIDS Bulletin, AHRTAG’s Child Health Dialogue and several others;

·	access international medical databases by means of BITNIS, a software system enabling researchers to conduct remote electronic searches in 21 abstract databases at the US National Library of Medicine; and

·	participate in professionally moderated electronic conferences on topics of importance to the developing world such as emerging diseases, AIDS and other sexually transmitted diseases, and essential drugs.

What have these services meant to HealthNet users? Two examples are typical. A physician at a remote location in Zambia was presented with a patient with mysterious growths in her mouth. Normally, an arduous journey of several days to a district hospital – one this patient might not have survived – would have been the only course of action. Using a SatelLife ground station, however, the physician was able to send an e-mail message describing the symptoms to the country’s leading teaching hospital. Several hours later, the electronic reply came with the recommended treatment – a surgical procedure that could be performed on site. In 1995, when an outbreak of the Ebola virus in Zaire caused concern throughout the world, health�care workers in neighbouring countries were able to monitor the latest information from physicians at the scene, the World Health Organization and the Centres for Disease Control via an e-mail conference co�sponsored by SatelLife.

HealthNet services will continue to expand in the future. Among the potential applications are:

·	Family Planning. Through a cooperative agreement with Management Sciences for Health (MSH), SatelLife is strengthening its existing HealthNet network and bringing HealthNet to additional countries to support MSH in its international family planning managers development programmes. MSH operates its programme under contract from the US Agency for International Development.

·	Field Research. In Cupertino with the Diane Fossey Gorilla Fund, SatelLife provides a telecommunications link via HealthSat II between field researchers and the Fund’s London headquarters using a portable ground station. Some of the Fund’s research has epidemiological implications that may help scientists understand the origins of emerging diseases.

·	Remote Diagnosis. The miniaturization of ground station technology now means that health�care workers at isolated locations can communicate using a laptop computer and portable antenna. Even digital images captured by experimental cameras can be transmitted via satellite. SatelLife’s LEO satellite, HealthSat II, was recently used by a National Geographic photographer to transmit such a digital image from the North Pole, revealing possibilities for remote diagnostic photography that would allow medical workers in remote locations to send pictures to specialists anywhere in the world for immediate analysis and response.

·	High Frequency Radio. SatelLife works with many health professionals who rely on high frequency radio (HF) for communications. By integrating radio technology with satellite and telephone technology, a full HealthNet service, including seamless access to the Internet, can be provided to HF users.

·	The World Wide Web. SatelLife is working with established health information providers to create a “clearing house” of appropriate medical information. For example:

1)	SatelLife is hosting the British Medical Journal’s “Medicine and Global Survival” Web server.

2)	SatelLife maintains comprehensive archives of PROMED and PROCAARE, both of which are global, moderated discussions on emerging diseases, HIV/AIDS and sexually transmitted diseases.

3)	SatelLife is working on a project with the Family Planning Management Division of MSH to provide access to an electronic version of their publication “Family Planning Manager,” a resource for strengthening family planning management skills and techniques in developing countries. 

Most subscribers to HealthNet pay only the cost of periodic local telephone calls and a nominal monthly subscription fee to help cover the costs of operating the network in their home country.
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�APPENDIX  2��Responses to the telemedicine questionnaire

In September 1995, a telemedicine questionnaire was circulated by ITU and Inmarsat to their members. Responses were received from 59 countries. The results of the questionnaire have been synthesized as shown in the spreadsheet (see pages 106-110).

There are some points to note: the responses indicate that there are few instances of a commercial telemedicine service. Examples exist, of course, but in most countries all telemedicine services are subsidized by the government and/or the telecommunications operator and/or a university and/or a hospital. It is also clear that by far the greatest telemedicine experience has been accumulated in the industrialized countries, where there are a wide range of technologies and services of increasing sophistication and cost. Nevertheless, there are important instances of telemedicine experience in certain developing countries and many others are interested. This response from Senegal is an example of such interest: 

Senegal does not have a telemedicine programme. However, the possibility of introducing telemedicine will be studied in order to contribute to improving health-care coverage or to facilitate access to external medical data, subject, in particular, to the existence of a good communications network that allows remote towns or villages to be reached.

Telemedicine might also contribute to the improvement of information systems for management purposes, while providing a means of transmitting data useful for decision�making purposes and for gaining rapid feedback.

Medical training might benefit from the introduction of telemedicine, as it would provide access to external databases. We would like to study possible methods of installing telemedicine services in Senegal.

Some countries which are interested have an inadequate infrastructure and cannot even think of devoting resources to developing telemedicine services because they have more pressing needs. Nevertheless, there are opportunities for service providers who are willing to take on most of the task of offering an end�to�end service. In a few of the responses to the questionnaire it was shown that private sector companies have become involved in developing countries.













































�Responses to telemedicine questionnaire



��Countries���Who responded?��Has country any telemed experience?���Is telemed �used to:�What type of images are transmitted:

b/w, colour, video?��What are principal peripherals�used? �Is telemed consultation between doctors or doctor & patient?��Who participates in or provides telemed?��Is telemed commercial, a public service, or experimental?���How is telemed funded?�Is your telemed service provided to other countries?���If no, could it be?��In what languages is telemed service?��What telecoms are used?�Are there any policies or regulations affecting telemed?��Explanatory Notes�����1.	Extend healthcare?����������������2.	Educate, train?����������������3.	Emergency use?����������������4.	Consultation?����������������5.	Research?�������������Argentina�Satellite organization�Yes�4�B/w, colour�PC, modem, videocamera, microscope�Both�Private SPs�Commercial�User�Yes��Spanish, English�Telephone, satellite�No��Australia�TO�Yes�2�B/w��Between doctors�TO, hosp, univ�Experimental�Govt subsidy, hosp, TO�Yes��English�Phone, ISDN�No��Austria����������������Bahamas�MoH�Yes�2, 4�B/w, colour�Nuclear med, cameras, PCs�Between doctors�MoH, individuals�Experimental�Individuals�No�No��Telephone, satellite�No��Belgium�TO�Yes�4�B/w, colour, data�PCs, e-mail�Between doctors�Hosp, univ, private SPs�Commercial�Govt subsidy�No�Yes�English, French�Phone lines�Yes��Bhutan�TO�Planned�1, 2, 3, 4��Phone�Between doctors�TO, MoH, hosp�Experimental, public service�Govt subsidy, TO�No�Not yet�Bhutanese�Telephone, radio�No��Botswana�MoH�No�1, 2, 4, if were available�����������No��Burkina Faso�MoH�No������������No��Cambodia�TO�No������������No��Cameroon�TO�No��������������

�Responses to telemedicine questionnaire (continuation)



��Countries���Who responded?��Has country any telemed experience?���Is telemed �used to:�What type of images are transmitted:

b/w, colour, video?��What are principal peripherals�used? �Is telemed consultation between doctors or doctor & patient?��Who participates in or provides telemed?��Is telemed commercial, a public service, or experimental?���How is telemed funded?�Is your telemed service provided to other countries?���If no, could it be?��In what languages is telemed service?��What telecoms are used?�Are there any policies or regulations affecting telemed?��Canada�Univ�Yes�1, 2, 3, 4, 5�B/w, colour, video�Fax, audio conf, e-mail, codecs, CD�ROM, etc.�Both�TO, univ hosp�Commercial, experimental�Grants, users, univ, hosp�Yes�Yes�English, French�Phone, radio, satellite�Yes��Chile�TO�Yes�1, 2, 3, 4�B/w, colour, data�PCs, video�Between doctors�MoH, hosp, univ�Experimental�TO, hosp, SPs���Spanish��No��Croatia�Univ�Yes�1, 2, 3, 4, 5�B/w, colour, video�PCs, telemed equipment�Between doctors�TO, MoC, MoH, hosp, univ�Experimental, public service�Univ, hosp, govt, SP�Yes�Yes�English, Croatian�Telephone, computer, net�Yes��Cyprus�MoC�No��������������Czech Rep.�TO, MoH�No��������������Denmark�TO, MoH�Yes�4�Colour, video��Both�MoH, hosp, univ, councils�Public service�Govt subsidy, hosp, councils�No�No�Danish�Telephone�Yes��Ecuador�Hosp�Yes�2�Video�Satcoms�Between doctors�Hosp�Public service�Hosp���Spanish�Satellite�No��Eritrea�MoH�No��������������Finland�TO�Yes�1, 2, 3, 4, �All�PCs, scanners, video, etc.�Both�TO, MoH, hosp, univ�Experimental, commercial�TO�No�Yes�Finnish, English, Swedish, Sami�GSM, ISDN, ATM�Not yet��France�MoH�Yes�1, 2, 3, 4�B/w, colour, video�PCs, minitel, etc.�Both�TO, univ, hosp, SPs�Experimental, public service�Govt, univ, hosp, TO, SP�Yes��French�Phone, ISDN, Inmarsat, ATM�Yes��Georgia�TO�No��������������Germany�TO�Yes�2, 4�All�Multimedia PCs�Both�TO, hosp, univ, private SPs�All�Govt subsidy, TO, insurance�Starting�Yes�English, German�ISDN, X.25, ATM, phone, satellite�Yes��Greece�TO�Yes�2, 4�B/w�PCs, VSAT�Between doctors�MoH, hosp, univ�Public service�Govt subsidy, univ, hosp�No�Maybe�English, Greek�Telephone, satellite�No��Guyana�MoH�No�1��Fax�Between doctors�MoH�����English��No��

�Responses to telemedicine questionnaire (continuation)



��Countries���Who responded?��Has country any telemed experience?���Is telemed �used to:�What type of images are transmitted:

b/w, colour, video?��What are principal peripherals�used? �Is telemed consultation between doctors or doctor & patient?��Who participates in or provides telemed?��Is telemed commercial, a public service, or experimental?���How is telemed funded?�Is your telemed service provided to other countries?���If no, could it be?��In what languages is telemed service?��What telecoms are used?�Are there any policies or regulations affecting telemed?��Honduras�MoC�No��������������Indonesia�TO�Yes�2, 3, 4�Video�Television, PCs, ES�Between doctors�TO, MoH, hosp, univ�Experimental, public service�Govt subsidy, univ�No���Wireless, radio, satellite�No��Iran�TO�Yes�1, 2, 4���Both�MoC, MoH�Public service�TO�No�Yes�Farsi�Telephone�Yes��Italy�TO�Yes�3, 4�B/w, colour, video�Scanners, video, PCs�Both�TO, MoH, hosp, univ�All�Govt subsidy, user, hosp, TO�No�Yes�Italian, English�Telephone, radio�Yes��Kenya�MoH�Yes�4�Voice���Hosp�Public service�Phone bill�No�Yes�English�Telephone�No��Malaysia�TO�No��������������Mali�TO, univ�Yes�5�Data�PC, modem�Between research centres�School of Medicine�Discontinued�External research centre��Yes�English�Satellite�No��Malta�TO, MoH�Yes�2, 3, 4��Telephone, alarm�Both�TO, MoH, MoC, hosp�Public service�Govt subsidy, TO�No�Yes�Maltese, English�Telephone�Yes��Micronesia�MoC�Yes�1, 2, 3, 4�B/w, colour, video�Still�frame telephone�Between doctors�Hosp, univ�Public service, experimental�Govt subsidy, univ�No�N/a�English�Telephone�No��Namibia�MoH�Yes�1, 2, 3, 4�B/w�PC, e-mail�Between doctors�TO, MoH, hosp�Experimental�Hosp�Yes�Yes�English�Telephone�No��Netherlands�TO, SP�Yes�1, 4�B/w�PC, modem, e-mail�Both�Hosp, SP, insurance co.�Experimental�SP, insurance company� �Yes�Dutch�Wireless, telephone�No��New Zealand�MoC�No?��������������Norway�TO�Yes�1, 2, 3, 4�B/w, colour, video, MM�Scanners, video, etc.�Both�TO, MoH, hosp, univ�Experimental, commercial�Govt, univ, TO, hosp�Yes��Norwegian, English�Telephone, Inmarsat�Yes��

�Responses to telemedicine questionnaire (continuation)



��Countries���Who responded?��Has country any telemed experience?���Is telemed �used to:�What type of images are transmitted:

b/w, colour, video?��What are principal peripherals�used? �Is telemed consultation between doctors or doctor & patient?��Who participates in or provides telemed?��Is telemed commercial, a public service, or experimental?���How is telemed funded?�Is your telemed service provided to other countries?���If no, could it be?��In what languages is telemed service?��What telecoms are used?�Are there any policies or regulations affecting telemed?��Peru�MoH�Yes�1, 4���Doctor & patient�Institute of Social Security�Public service�Institute, cooperative�No�Yes�Spanish�Telephone, satellite�No��Portugal�TO, MoH�Yes�1, 2, 3, 4�B/w, colour, video�PCs, ISDN, ATM�Both�TO, MoH, hosp, univ�Experimental, public service�Govt subsidy, univ, hosp, TO�Yes�Yes�Portuguese, English�Telephone, ISDN, ATM�No��Russia�Academy of Medical Science�Yes�3, 4�Colour��Between doctors�Hosp�Experimental�International organizations, NGOs�No�Yes�Russian, English, French�Radio relay satellites�No��Rwanda�Hosp�No��������������Saudi Arabia��Yes�2, 4�B/w, colour, video�PCs, digitizers, camera, microscope, etc.�Between doctors�Hosp�Experimental�Hosp�No��English, Arabic�Satellite�No��Senegal�TO�No��������������Singapore�MoH�Yes�2, 4�B/w, video�PCs, ISDN�Between doctors�Hosp�Experimental�Govt subsidy, hosp, SP�No��English�Telephone, ISDN, VTEL�No��South Africa�TO, MoH�Yes�1, 2, 3, 4�B/w, video��Between doctors�MoH, univ�Experimental����English�ISDN, microwave�No��Spain�MoC�Yes�1, 2, 4�B/w, colour, video�Videophones, PCs, modems�Between doctors�Hosp, univ, SPs, MoH, TO�Experimental�Govt subsidy, hosp, EU�Yes��Spanish, English�Telephone, ISDN�No��Saint Vincent and the Grenadines�MoC�No��������������Sudan�TO�No��������������Suriname�TO�No��������������Swaziland�TO�No������������No��Sweden�Health institute�Yes�1, 2, 3, 4, 5�All�PCs, digitizers, endoscopes, microscopes, etc.�Both�TO, hosp, institute�Public service, experimental�Govt subsidy, hosp, TO, univ�Yes�Yes�Swedish, English�ISDN, mobitel, satellite�Not specifically��Switzerland����������������

�Responses to telemedicine questionnaire (concluded)



��Countries���Who responded?��Has country any telemed experience?���Is telemed �used to:�What type of images are transmitted:

b/w, colour, video?��What are principal peripherals�used? �Is telemed consultation between doctors or doctor & patient?��Who participates in or provides telemed?��Is telemed commercial, a public service, or experimental?���How is telemed funded?�Is your telemed service provided to other countries?���If no, could it be?��In what languages is telemed service?��What telecoms are used?�Are there any policies or regulations affecting telemed?��Syria�TO�No��������������Tanzania�TO�Yes�1, 2, 3, 4, 5�B/w, colour, video�Ultrasound, PCs, ISDN, modems�Both�MoH, TO�All�Govt subsidy, univ, TO�No�Yes�English, Kiswahili�Telephone, radio, satellite�Yes��Turkey�TO�No��������������Uganda�TO�Yes�2, 4, 5��Modems�Between doctors�Univ, doctors�Experimental�Users���English, French�Telephone, satellite�No��Ukraine�TO�No������������No��United States�TO�Yes�1, 2, 3, 4, 5�All��Both�Hosp, univ�Commercial, experimental�Govt subsidy, univ, hosp, TO, grants, users�Yes��English, Spanish�Wireline telephony�Yes��Yugoslavia�TO�Yes�2, 5�B/w, colour, video�PC, medical equipment�Between doctors�TO, hosp, univ�Experimental�Univ, hosp, TO�No�Yes�English, Serbian�ISDN�No��TO = Telecom operator;

MoH = Ministry of Health;

MoC = Ministry of Communications;

hosp = hospital or clinic;

b/w = black/white;

univ = university;

SP = service provider or equipment supplier��

�APPENDIX  3��Documents and publications

ITU contributions

The following lists the contributions which have been made to ITU�D Study Group 2, its Working Party and to the first World Telemedicine Symposium for Developing Countries. Many of these contributions have been included in some form in the Telemedicine Report.

ITU�D Study Group 2, Geneva, 1�11 May 1995

2/004	Using mobile satellite services for delivery of health care (Inmarsat)

2/015	Propositions concerning the formulation of questions (UNESCO)

2/044	Presentation from Bhutan concerning questions 4/2, 5/2 and 6/2 (Bhutan)

2/049	A study on environmental protection and information communications; proposal on telemedicine case studies and cases in Japan (Japan: Nomura Research Institute Ltd.)

2/056	Network and application aspects of using telecommunications to provide health care (Canada: Nortel World Trade)

2/077	The use of telemedicine to expand access to and improve the quality of health care (USA)

2/099	Incidence des télécommunications sur les soins de santé et les autres services sociaux (Haiti)

2/115	Improving the impact of telecommunications in sectors of public concern (UNESCO)

2/118	Initial draft report on telemedicine (Source: Rapporteur)

ITU�D Study Group 2 Working Party B, Geneva, 4-7 December 1995

2/055	Draft report on telemedicine (Source: Rapporteur)

2/138 	Health�care and telemedicine applications in Malta (Malta)

2/163	Country report (Guinea)

2/181	America’s Healthnet (USA)

2/189	Application for telemedicine: a metropolitan area network in the Tuscany region (Telecom Italia)

2/190	Telemedicine: an enabling technology for remote medical care (USA)

ITU�D Study Group 2 Working Party B, Geneva, 16�19 September 1996

Country paper for final report concerning Questions 1/1 and 6/2 (Uganda)

Country paper for final report concerning Questions 1/1, 3/1, 6/2 and 7/2 (Malta)

Country paper for final report (Cambodia)

Country paper for final report (France)

Country paper for final report (Malta)

Contribution for final report (Intelsat)

Contribution for final report (USA: SatelLife)

�Contributions to the World Telemedicine Symposium for Developing Countries,�Portugal, 30 June-4 July 1997



No.�Title�Country or Lecturer��001 + 001A�Telehealth in Malta: the telecare service/the health�care information system�Pace/Agius Muscat��002 + 002A�Telemedicine in Peru�López de la Piniella��003A�Global networked health�care: views and visions – a European perspective�Duwe��004A�A paradigm shift in health�care delivery mechanisms – current barriers and opportunities�Richardson��005 + 005A�Telemedicine assistance to Arctic areas – a feasibility study�Bergsten��006A�Telemedicine service in Ethiopia�Ethiopia��007 + 007A�Use of electronic communication in management and delivery of health services in developing countries�Neuvians��008A�Telecentre pilot project in Bhutan for telemedicine services�Bhutan��009A�Heartbeat�Jordan and the Ministry of Health�Lattouf/Zayadin��010 + 010A�The tropical medicine resource – a computer�based tool for health�care education�Barnes��011 + 011A�Prospects for large�scale development of telemedicine applications�Rossignol��012A�The advantages of telemedicine technology�Plotnizky��013 + 013A�Structure and basic principles of the NIVEMES telemedicine project�Samiotakis��014 + 014A�Optimizing benefits by using integrated telemedicine for clinical, educational and administrative purposes�Mitchell��015A�Asia�Pacific medical information network using ETC�5 satellite on “Partners” project�Nakajima��016A�La télémédecine en Guinée�Guinea��017A�Telemedicine in the developing world�Wootton��018 + 018A�Applications and techniques of teleradiology�Welz/Ratib��019 + 019A�Telemedicine links between the European Institute of Telemedicine and developing countries: what lessons can be learned?�Lareng/Savoldelli��020 + 020A�The Western Pacific HealthNet/The Micronesia Human Resource Development Center Information Letter�Dever��021 + 021A�Health telematics in Ukraine: problems and prospects�Mayorov��022A�Portugal Telecom’s approach to telemedicine�Padinha��023 + 023A�ENN project – European Neurological Network�Paiva��024A�Index of Portuguese medical journals�Crespo��025A�Experiences with low bandwidth emergency vital signs monitoring�MacDonald��026 + 026A�Telemedicine pilot project in Galicia (Spain)�Argüeso Fernandez��027 + 027A�Telemedicine in Cambodia�Cambodia��028A�Transtelephonic cardiac monitoring and vital signs homecare�Royston��029 + 029A�Teleradiology project in Mozambique�Welz/Zita��030 + 030A�Broadband telemedicine activities at the Central Hospital of Vila Nota de Gaia and the HIM project�Silva/Da Gama��031A�Health service in Albania�Albania��032 + 032A�Telemedicine programme of the ITU/BDT�Androuchko��033A�Primary health care and HealthNet: a Kenyan experience�Bukachi��034A�College of Medicine: HealthNet in Nigeria�Oduola��035�Télémédecine au Tchad�Chad��036�A telemedicine link among a central hospital and the surrounding emergency centers: a case study�Nieves��037A�Telemedicine: medical information on the network�Martínez del Cerro��

�

No.�Title�Country or Lecturer��038�Télémédecine à Djibouti�Djibouti��039�Telemedicine in Zambia�Zambia��040A�Diffusion and some experiences of telemedicine in Sweden�Olsson��041A�Telemedicine in the United Kingdom�Wootton��042�Télémédecine au Burkina Faso�Burkina Faso��043A�Intérêts de la télémédecine, de la téléformation et du télé�enseignement pour les pays en développement�Dellagi��044A�Videoconference between the Hospital de Egas�Moniz (Lisbon) and the Centre Hospitalier Universitaire (Toulouse)�Vasconcellos/Savoldelli/�Lareng��045�Telemedicine in Tanzania�Tanzania��046�The MERMAID project�Anogianakis��047�Télémédecine au Mali�Mali��048�Telemedicine in Sri Lanka�Sri Lanka��049A�Transtelephonic ECG�Mata Antunes��050�Opportunities for telecommunication in public health�Zöllner��051�Telematic project�Veloso��052�Telemedicine: a social system�Imai��053�Telemedicine in Uganda�Uganda��054�Telemedicine as viewed by WHO�Mandil��055�Télémédecine au Sénégal�Senegal��056�Telemedicine in India�India��057�The development of international telemedicine networks (G-7 and Europe)�Rossignol��058 + 058A�Telemedicine: challenges for implementation�Sousa Pereira��059�Telemedicine needs in Rwanda�Rwanda��060�Proposal for collaboration in the introduction of telemedicine in Kenya�Kibuga��061�The Midjan Group�Rossignol��063�Application of telemedicine in the health system in Croatia�Croatia��064 + 064A�Conditions for the financial sustainability�Houle��065�Projet de télémédecine en RCA�Central African Republic��066�Telemedicine in Argentina: Present and future�Schor Landman��067�New strategy for teleradiology infrastructure�Kajiwara��068�Telemedicine in Jordan�Jordan��069�The Portuguese telemedicine project�Neto��070�SatelLife: pioneering the path for electronic communication and health information in the developing world�Mullaney��

Contacts

A list of contacts can be found at: http://www.inmarsat.org/inmarsat/html/topics/telemed/draftrept.html

Publications: books and reports

Global Telemedicine Report

AJ Publishing Inc.	Tel: + 1 717 624 8418

PO Box 294	Fax: + 1 717 624 8718

New Oxford	E-mail: ajpubs@aol.com

PA 17350

USA

�A Guide to Telemedicine Policy, Programs, and Opportunities

AJ Publishing Inc.	Tel: + 1 800 632 3109

PO Box 1454	Fax: + 1 301 540 3665

Germantown	E-mail: ajpubs@aol.com

MD 20875–1454

USA

Report of the Working Conference on Telemedicine Policy for the NII

(Airlie House, Virginia 1994)

For a copy of the report, contact:

The Center for Public Service Communications	Tel: +1 703 528 0801

1600 Wilson Boulevard	Fax: + 1 703 528 0802

Suite #500	E-mail: jcscott@access.digex.com

Arlington

VA 22209

USA

Telemedicine Health Guidance Note

(NHS Estates, 1997, £60)

The Stationery Office	Tel: + 44 171 873 0011

PO Box 276	Fax: + 44 171 873 8200

London SW8 5DT

UK

Telemedicine: Past, Present, Future. January 1966 through March 1995 (1634 citations)

Edited by Kristine Scannell, Douglas A. Perednia and Henry M. Kissman

Sold by the Superintendent of Documents

US Department of Health and Human Services

Public Health Service

National Institutes of Health

National Library of Medicine 

Reference Section

Pittsburgh PA

USA

Telemedicine: Theory and Practice

Edited by Rashid L. Bashshur, Jay H. Sanders and Gary W. Shannon

($89,95, 1997)

Charles C. Thomas Publisher Ltd.

2600 South First Street

Springfield

IL 62794–9265

USA

Publications: periodicals

Health Data Management

Faulkner & Grey	Tel: + 1 212 967 7060

Eleven Penn Plaza

New York

NY 10001

USA

�Hospitals and Health Networks

American Hospital Publishing Inc.	Tel: + 1 312 440 6800

737 N Michigan Avenue

Chicago

IL 60611

USA

IEEE Transactions on Information Technology in Biomedicine

John von Neuman Computer Network and	Tel: + 1 609 514 3830

New Jersey Institute of Technology	Fax: + 1 609 514 9010

4390 US Route 1 North, Third Floor	E-mail: swamy@jvnc.net

Princeton

NJ 08540

USA

International Telemedicine

Redacción y Administración	Tel: + 34 1 548 11 63

C/. San Quintín, 8	Fax: + 34 1 542 1145

28013 Madrid

Spain

Journal of Telemedicine and Telecare

Royal Society of Medicine Press Ltd.	Tel: + 44 171 290 2927/8

PO Box 9002	Fax: + 44 171 290 2929

London W1A 0ZA	URL: http://www.qub.ac.uk/telemed/jtt

UK

Modern Healthcare

740 N Rush Street	Fax: + 1 313 446 6777

Chicago 

IL 60611–2590

USA

Telemedicine Journal

Mary Ann Liebert Inc.	Tel: + 1 914 834 3100

2 Madison Avenue

Larchmont

New York 10538

USA

Telemedicine Today

PO Box 11122	Tel: + 1 800 386 8632

Shawnee Mission	Fax: + 1 913 268 3783

KS 66207–1122	E-mail: aallen@telemedtoday.com

USA	URL: http://www.telemedtoday.com

Telemedicine and Telehealth Networks

600 Harrison Street	Tel: + 1 415 9052134

San Francisco	E-mail: ddakins@mfi.com

CA 94107

USA

�World Wide Web sites

There are hundreds of telemedicine Web sites on the Internet. The following list is a selection.
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�APPENDIX  4��Glossary

ACR

American College of Radiology, the US organization for radiology. Amongst other things, the ACR has defined standards for teleradiology.

Angiography

The radiological examination of blood vessels, including the heart, after injection of an X�ray contrast medium. 

ATM

Asynchronous Transfer Mode. A high�speed communications protocol in which data, voice and video can be integrated in a single network connection (usually an optical fibre).

Bandwidth

Bandwidth is a way of expressing the maximum flow of information that a telecommunications link can carry, i.e. its data transport capacity. In image transmission, the higher (or “broader”) the bandwidth, the quicker the images can be transmitted. High bandwidth links can transmit higher quality pictures, but are also more expensive.

B�ISDN

Broadband ISDN. Commonly understood to be ISDN at bandwidths of about 2 Mbit/s.

Codec

A codec (compression-decompression) is used to convert video signals to a form suitable for transmission on a telecommunications network, and vice versa on reception for display.

CCD

Charge�coupled device. A semiconductor sensor for producing video signals in a camera.

CME

Continuing Medical education (sometimes known as Continuing Professional Development).

CT

Computed tomography. An X�ray imaging technique involving reconstruction of cross�sectional images of the body made by rotating the X�ray source and detector around the body.

Cardiology

The branch of medicine concerned with the heart and its diseases.

Dermatology

The branch of medicine which deals with the skin and its diseases.

DICOM

Digital Image Communications In Medicine. A standard for the communication of digital images.

DSA

Digital subtraction angiography. A radiological technique where an initial X�ray image is subtracted from others taken after the injection of contrast medium. This removes the irrelevant background information from the image of the blood vessels.

�EC

European Commission.

ECG

Electrocardiogram. A record of the electrical activity of the heart.

Echocardiography

The examination of the structure and function of the heart by ultrasound scanning.

ECU

European Currency Unit.

EEG

Electroencephalography. The study of the electrical activity of the brain. Recordings are made with sensitive detector equipment.

Endoscopy

Any technique for visual inspection of internal organs. Fibre optic systems are normally used to illuminate and inspect the inside of the human body from outside.

Epidemiology

The study of disease in the population, including its incidence and prevalence.

EU

European Union.

Fluoroscopy

Dynamic X�ray imaging.

G�7

The Group of Seven industrialized nations.

GP

General practitioner (US: primary�care physician). In the UK, GPs are the non-specialist physicians who provide primary care to the community. Their surgeries are usually the first point of contact for the patient regarding anything other than a medical emergency.

Gynaecology

The branch of medicine concerned with diseases in women.

HDTV

High definition television.

ICRC

International Committee for the Red Cross.

�ICT

Information and communication technology.

IFRC

International Federation of Red Cross and Red Crescent Societies.

IMIA

International Medical Informatics Association.

Inmarsat

International Mobile Satellite Organization, which provides satellites for maritime, aeronautical and land mobile communications.

Intelsat

International Telecommunications Satellite Organization.

ISDN

Integrated Services Digital Network. A type of digital telecommunication service allowing the integrated transmission of voice, data and still pictures in digital form.

ISO

International Standards Organization.

IT

Information technology (i.e. computing).

ITU

The International Telecommunication Union (ITU), a specialized agency of the United Nations, has three divisions: the Telecommunication Development Bureau (BDT), the Radiocommunications Bureau and the Standardization Bureau, each of which is headed by a Director elected by the Plenipotentiary Conference of the ITU Member States.

ITU/BDT

The BDT is the administrative arm of the ITU Development Sector which comprises representatives from the ITU Member States as well as industry (Sector Members). The BDT is tasked with implementing the programmes, policies and strategies approved by the World Telecommunication Development Conferences (WTDC) which take place every four years. The WTDC mandates Study Groups and adopts a set of Questions for study and preparation of reports usually with recommendations. Among the Questions adopted by the WTDC convened by the ITU/BDT in Buenos Aires in 1994 was one concerning telemedicine.

JPEG

Joint Photographic Experts Group of the ISO/IEC Joint Technical Committee 1. A standard for still-image compression.

MEDLARS

Medical Literature Analysis and Retrieval System. A collection of more than 25 databases in the biomedical field produced by the National Library of Medicine which is located in Bethesda, USA.

Midjan Group

An association under French law comprising representatives from hospitals, universities, telemedicine institutes, government departments, international organizations, telecommunication operators and equipment suppliers. The Group aims to facilitate pilot telemedicine projects in developing countries.

�Modem

A modem (modulator�demodulator) is used to convert digital data (often from a computer) to a form suitable for transmission on the public telephone network, and vice versa on reception.

MPEG

Motion Picture Expert Group of the ISO/IEC Joint Technical Committee 1. A standard for moving image compression.

MRI

Magnetic Resonance Imaging. The use of nuclear magnetic resonance of protons to produce images of the human body.

NASA

National Aeronautics and Space Administration. The organization responsible for civil space activities in the USA, both research and development.

NEMA

National Electrical Manufacturers Association (USA).

NPV

Net present value analysis.

Oncology

That branch of medicine dealing with cancer.

Ophthalmology

The study of the eye and its diseases.

Otorhinolaryngology 

That branch of medicine which deals with diseases of the ear, nose and throat.

PACS

Picture Archiving and Communications System. A digital storage and display system for radiology images.

PAHO

Pan American Health Organization.

Pathology

Pathology is the area of medical science which deals with the causes of disease and with the bodily changes wrought by disease. Telepathology is the transmission of images of cell or tissue samples for examination and evaluation.

PEACESAT

Pan�Pacific education and communication experiments by satellite.

PET

Positron emission tomography.

Psychiatry

The study of mental disorders.

PSTN

The conventional telephone system: the public switched telephone network.

�Radiology

Radiology originally meant imaging by use of X�rays, but now includes other forms of imaging involving non�ionizing radiation, such as ultrasound and MRI.

SatelLife

A non�profit�making international organization for improving health communications between the industrialized and the developing world.

SPECT

Single photon emission computed tomography.

Telemetry

Monitoring the physiological functions of a human being or animal, e.g. heart rate or blood pressure, from a distance.

Telepathology

Pathology at a distance.

Telepresence

A technique in which a person has many of the sensations (e.g. sound and vision) of being at a distant site even though he/she is not physically present at the site.

Telepsychiatry

Psychiatry delivered at a distance, usually by videoconferencing equipment connecting the patient and the specialist.

Teleradiology

Radiology expertise delivered at a distance, usually by transmitting a radiology image (such as an X�ray) to a radiologist for a report.

Thermography

The use of radiant heat emitted by the body to construct images.

Ultrasound

Ultrasound scanning involves passing a high frequency sound wave into the patient’s body and building up an image from the reflected sound waves.

UNDP

United Nations Development Programme.

URL

Universal Resource Locator. Web site reference.

VCR

Video cassette recorder.

�VSAT

Very small aperture satellite terminal.

WHO

World Health Organization, a specialized agency of the United Nations, with headquarters in Geneva. 

WWW

World Wide Web. A global information system based on the Internet.





































































�Telemedicine Questionnaire

A directory of telemedicine suppliers and partnerships

The Development Sector of the International Telecommunication Union has undertaken a study of the potential of telemedicine to meet some of the health care needs of developing countries. A copy of the current version of the Report on Telemedicine and Developing Countries can be found on the Inmarsat Web site at:

http://www.inmarsat.org/inmarsat/html/topics/telemed/draftrept.html

In order to help identify possible solutions, we are compiling a directory of suppliers of telemedicine products, software, service providers, system integrators and telemedicine institutes. This directory will be sent to all 188 Member countries of ITU and will be made available on the World Wide Web. 

If you would like to be included in this directory, please complete and return this Questionnaire to the Rapporteur (coordinator) of the telemedicine study report: David Wright, Inmarsat, 99 City Road, London, EC1Y 1AX, United Kingdom. Fax: + 44 171 728 1778. E�mail: david_wright@inmarsat.org. A copy of your response can also be sent to  Leonid Androuchko, Telecommunication Development Bureau, ITU, Place des Nations, 1211 Geneva 20, Switzerland. Fax: + 41 22 730 5484. 

Questions

Q.1

Please describe in a maximum of 10 lines the products, services or software which your company, institute or organization supplies which you think would be appropriate and cost�effective in developing countries around the world. It would be helpful if you could indicate the approximate cost of your product(s) or service(s).
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Q.2

The directory will list a number of different categories of telemedicine products, services and software as well as funding agencies. Please indicate in which category(ies) your product or service should be listed:

[  ]	Cameras (still and video)

[  ]	Computers

[  ]	Digitizers

[  ]	Funding agencies

[  ]	Home�telemedicine equipment

�[  ]	Imaging equipment

[  ]	Journals and publications

[  ]	Medical databases

[  ]	Medical equipment

[  ]	Medical training products or services

[  ]	Modems

[  ]	Monitoring equipment

[  ]	Service providers

[  ]	Scanners

[  ]	Software

[  ]	System integrators

[  ]	Telecommunications

[  ]	Tele�endoscopy equipment

[  ]	Telemedicine institutes

[  ]	Telemed Web sites

[  ]	Telepathology equipment

[  ]	Teleradiology equipment

[  ]	Videoconferencing

[  ]	Other (please specify)

Q.3

If your company, institute or organization supplies telemedicine products, services or software, on which telemed markets are you focused?

[  ]	Airlines

[  ]	Ambulance services

[  ]	Home health care

[  ]	Hospitals

[  ]	Individual patients

[  ]	Insurance companies

[  ]	Maritime (ships)

[  ]	Military

[  ]	Ministries of Health

[  ]	National health service

[  ]	Rural/primary health-care centres

[  ]	Universities

[  ]	Other (please specify)

Q.4

In which regions in the world are your products or services available?

[  ]	Africa

[  ]	Caribbean

[  ]	CIS countries

[  ]	Europe

�[  ]	Indian subcontinent

[  ]	Latin America

[  ]	Middle East

[  ]	North America

[  ]	Pacific (including Australia)

[  ]	South East Asia

[  ]	Specific countries only (please specify)

Q.5

Do you have dealers, sales outlets or after�sales service agents in the regions and/or countries which you have ticked in Q.4 above?

[  ]	Yes

[  ]	No

Q.6

Have you supplied products or services to rural areas of developing countries? If yes, we would be grateful to have a brief description of where and for what purpose your product or service has been used and whether it has produced the expected cost benefits.
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Q.7

Does your organization fund telemedicine projects in developing countries?

[  ]	Yes

[  ]	No

Q.8

If yes, does such funding come under a specific programme? (Please specify.)
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�Q.9

ITU would also like to identify potential collaborators for telemedicine pilot projects in developing countries. Would you be interested in contributing to or participating in a pilot project?

[  ]	Yes

[  ]	No

Q.10

If yes and if you have a preference, in which countries would you be most interested?
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Q.11

If you are interested in collaborating in telemedicine pilot projects, which types of telemedicine applications or services would be of greatest interest to you?

[  ]	Access to telemed, medical and/or heath-care databases

[  ]	Consultation, diagnosis

[  ]	Teledetermatology

[  ]	Tele�education

[  ]	Telepathology

[  ]	Teleradiology

[  ]	Videoconferencing

[  ]	Vital signs monitoring (telemetry)

[  ]	Other (please specify)

Q.12

Does your company or organization belong to a telemedicine association, society or group? If so, please identify the association, where it is based and provide a telephone, fax and/or e�mail address. 
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Q.13

Please provide a contact point in your company or organization.
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If you would like to provide any supplementary information about your product or service, please post it to the Rapporteur at the address given in the introduction above. Thank you for your help.��
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