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FOREWORD 

Welcome to the third conference entitled "Successes and Failures in Telehealth" sponsored by 
the Centre for Online Health of the University of Queensland at the Royal Children's Hospital 
in Brisbane. The first and second conferences,[l,2] held in 2001 and 2002, were a great 
success and I have similar expectations for this meeting. 

The inaugural conference, held in 2001, was something in the nature of an experiment, since 
it was not known at that time whether people would be willing to discuss telehealth failures in 
a public forum. The medical community is certainly the richer for the willingness of 
delegates to do this. Previous conferences have been both entertaining for the delegates and 
highly informative. 

Over the years presentations at the conferences have covered many different health systems 
and telehealth applications. What do the papers presented at these meetings tell us about 
successes and failures in telehealth? To answer this question, Hailey and Crowe have carried 
out a carehl analysis of the papers presented at the two previous conferences and this one[3]. 
Common themes that have emerged about the determinants of success and failure include the 
reliability of equipment, the reliability of vendors, political and budgetary issues, the 
perceived need for telehealth, the involvement of stakeholders, health professionals' opinions, 
the stability of management structures, the turnover of personnel and cooperation between 
organisations. Despite some limitations, the papers have made a valuable contribution to our 
knowledge of what has worked and what has failed in the field of telehealth. 

As evinced by the programme for this conference, there is an increasing diversity of specialty 
services being provided by telehealth in Queensland. At the Royal Children's Hospital in 
Brisbane, for example, we have a growing experience in the delivery of a wide range of 
services by telehealth. While I support telehealth as a method for delivery of health services 
in Queensland, I am also a critical observer. Those of us responsible for health service 
administration and management require a more rigorous analysis of both the clinical- and 
cost-effectiveness of telehealth than is commonly available. This of course requires research. 

In many respects, Queensland is an ideal test-bed for telehealth. It is a geographically large 
state with its north-south dimension being equivalent to the distance fiom London to Moscow. 
Much of its population is concentrated in the south-east corner and along the coastline in 
regional cities. A relatively small number of people live in widely scattered rural and remote 
areas, making the equitable provision of routine medical services difficult and the provision of 
specialist and sub-specialist services an even greater challenge. However, public health 
services are provided by a single agency, Queensland Health, and travel expenses for patients 
in rural, remote and regional Queensland for access to specialist services is government 
hnded. In this environment, if telehealth services obviate the need for patient travel, there are 
"bankable" savings for the health system. This is not often the case in other countries, where 
the hnding models, health service delivery systems and geographical imperatives vary 
widely. It is therefore sometimes difficult to generalise the lessons learned in one telehealth 
environment to others. One of the greatest challenges for telehealth is to convert successful 
pilot trials into routine health care services. 



I hope you find this year's conference programme both stimulating and educational, and I look 
forward to your contribution. 

Professor Alan Isles 
District Manager 
Royal Children's Hospital 
Herston 4029 
Australia 
(Fax: +6 1 7 3636 72 15; Email: IslesA@health.qld.gov.au) 
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Summary 
Prison telemedicine systems are quite modest and operate under circumstances where the 
provision of medical care is very expensive. In 1999 the Greek Ministry of Justice decided to 
utilise telemedicine to improve health services in the largest prison in Greece (Korydallos 
Prison). The Nikea Hospital in Piraeus undertook to support the effort in order to (1) enable 
prison paramedics and guards to call for remote evaluation of health related incidents when 
the prison's doctors were off-duty; (2) provide second opinions; and (3) allow screening and 
primary care coverage for inmates through teleconsultations with Nikea Hospital specialists. 
For 12 months following installation, intensive "hands-on" training on the use of the system 
was offered to the staff of both the Korydallos Prison and the Nikea Hospital. In all, 400 
physicians, nurses and paramedics were trained while comments made by the trainees on the 
system procedures were evaluated and, when appropriate, adopted. Despite all this effort, 
there were serious operational problems related either to prison bureaucracy or to the 
inflexibility the Greek National Health Service which annulled the effectiveness of the prison 
telemedicine system. The experience suggests that prison telemedicine is a viable option if 
freed from bureaucratic and labour related obstacles, and can improve the quality of care 
available to prisoners. 

Introduction 
The history of prison telemedicine spans only a few years[l]. It is considered successful 
mainly because most prison telemedicine systems are quite modest in nature while they meet 
medical needs under circumstances where the provision of medical care is very expensive. In 
1999 the Greek Ministry of Justice decided to use telemedicine in order to assist the general 
practitioners, the psychiatrists and the few specialists who support the system of health care 
delivery in the Korydallos Prison. The telemedical support would: 



enable prison paramedics and guards to call for telemedical evaluation of health 
related incidents that occurred outside the working hours of the prison's medical 
staff 
provide physicians on duty with expert advice in cases where an incident required 
different specialists or was outside the attending physician's own specialty or 
expertise 
allow full primary care coverage for inmates through telemedical presentation of 
their medical complaint to a major hospital and telemedically supervised 
treatment. 

Methods 
Between January and May 1999, a proprietary telemedicine network was designed and 
installed in the Korydallos Prison complex in Athens. It contained 16 suites, designed to 
provide different specialist services, each based on local general practitioner or paramedical 
help (Figs 1-4). The suites were pre-existing points of health care delivery within the prison. 
The suites were networked for telemedicine purposes with hospitals or academic medical 
facilities across Greece. The Nikea Hospital in Piraeus, Greece served as the main hub in the 
network. It linked either hospital specialists or specialists from other cooperating medical 
facilities, with doctors and paramedics attending to the needs of the prisoners in the 
Korydallos Prison complex. In this way, the approximately 2000 prisoner's needs in internal 
medicine, surgery, gynaecology, radiology, microbiology, ophthalmology, ear-nose-throat 
medicine, psychiatry and dentistry could be attended through teleconsultation, irrespective of 
the specialty of the physician on duty in the prison at the time of the consultation. The 
facilities included a two-bed intensive care unit (Fig 5 ) ,  a pharmacy (Fig 6) and a small 
infirmary. In all over 30 different physicians, most of them specialists in internal medicine, 
general surgery and psychiatry, work at the Korydallos Prison complex. However, only five 
of them work on a full-time basis, the rest working on a part-time basis, usually 4 hours per 
week. 

Following installation of the telemedicine network and for the next 12 months, intensive 
training took place on the use of the system at both the Korydallos Prison and the Nikea 
Hospital. In all, 400 hospital and prison staff (physicians, nurses and paramedics) were 
trained. Their training included the use of forms, handling of computerized medical records, 
interfacing with the hospital manual record keeping system, videoconferencing and remote 
handling of medical devices. Between January and October 2000, comments, made by the 
trainees on the telemedical protocols used were evaluated and tested, and in some cases (e.g. 
for the case of immunology) special protocols were introduced to facilitate the delivery of 
remotely-assisted primary care in the prison. 

Results 
Operation of the system began in October 2000. However, there were some serious problems 
connected with its operation, which included: 

resistance by the hospital personnel to providing support for telemedicine without 
additional pay, despite the fact that they would have to treat the same prisoner- 
patients with no extra pay, if the prisoner was brought into the hospital under 
guard 

0 resistance on the part of the Ministry of Health to provide services to prisons, 
because the prison medical facilities were legally outside their jurisdiction 
inability of the national health system to interface with the computerized record 
keeping system[2] that the Korydallos Prison telemedicine system represented 



resistance by the prison staff to the implementation of the system. They 
considered it a serious threat to their authority, since they could no longer decide 
by themselves whether a prisoner's medical complaint merited the transfer of the 
prisoner to a hospital under guard 
inadequate support by the leadership of the Ministry of Justice which permitted 
lower ranking officials to erect numerous bureaucratic obstacles to the 
implementation of the project. 

Discussion 
As a result of these problems, the functionality of the Korydallos Prison telemedicine system 
was annulled. Although the system was fully functional, it was never able to deliver what 
was promised. Neither the prison staff nor the hospital staff ever put the system into use, each 
for their own reasons. The experience suggests that telemedicine can only be implemented 
successfully if there are no bureaucratic or labour related obstacles associated with its 
introduction. It is worth noting that everybody involved with the Korydallos Prison 
telemedicine system showed great interest in it and most of its intended operators had 
mastered its operation. 

The use of telemedicine can avert transfers to out-of-prison medical facilities. However, this 
proved to be a severe drawback when it came to the implementation of the system. There is 
abundant evidence (from interviews with prison staff, medical staff and individual prisoners) 
that in order for a telemedicine system to work in a major Greek prison, measures must first 
be implemented to overcome staff bureaucratic attitudes and, in some cases, to combat 
corruption among prison personnel. 

In a properly designed telemedicine system, the savings generated by one year's usage could 
equal the purchase cost of the telemedicine equipment. Indeed, the cost of the Korydallos 
Prison telemedicine system, including the extensive training that was required for its 
implementation, did not exceed 400,000 Euro. For comparison, the average cost of a transfer 
of a prisoner to the hospital was more than 400 Euro. 

Telemedicine can greatly improve the quality of care available to prisoners. It is for this 
reason that the Greek Ministry of Justice intends to disassemble the Korydallos Prison 
telemedicine system and transfer it to other, smaller, prisons where it should be easier to 
operate under conditions of full transparency. 

References 
1 McDonald DC, Hassol A, Carlson K, McCullough J, Fournier E, Yap J. Telemedicine can 

reduce correctional health care costs: An evaluation of a prison telemedicine 
network. Research Report prepared for the National Institute of Justice, Office of 
Justice Programs, U.S. Department of Justice, 1999 

2 Anogianakis G, Goulis D, Vakalis D. Computer-aided prescription - a prototype system. 
Studies in Health Technology and Informatics 1997; 43 Pt A: 272-6 



Figures 
Fig 1. Psychiatric suite in the Korydallos Prison 

Fig 2. Ophthalmology suite in the Korydallos Prison 



Fig 3. Dental suite in the Korydallos Prison 



Fig 5. The two-bed intensive care facility of the Korydallos Prison 
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Summary 
During its transition to a free economy, Bulgaria benefited from foreign aid provided by 
Greece. One of the projects was the clinical and educational telemedicine link between the 
Medical University of Varna in Bulgaria and the Faculty of Medicine of Aristotle University 
of Thessaloniki in Greece. This began in 1997. In terms of the educational activities, the 
Bulgarian side of the network supports (a) electronic design and publishing activities, (b) web 
hosting and mail server activities and (c) satellite communications. In addition it supports an 
electronic classroom equipped with personal workstations, multimedia projectors and 
videoconference facilities. Communications are via the ISDN network. In terms of its 
telemedicine activities, the network provides remote medical assistance to "language 
handicapped travellers and to migrant workers in both countries. The main clinical 
experience is remote consultations in immunology. This admittedly limited experience 
demonstrates that telemedicine can be used to provide assistance to remote colleagues. In 
cases where the patient cannot communicate with the attending physician, the use of 
telemedicine can greatly improve the quality of care available to travellers and migrant 
workers. 

Introduction 
Until recently, while it was completing its transition to a free economy, Bulgaria benefited 
from foreign aid provided by Greece. One of the major projects supported, was the clinical 
and educational telemedicine link between the Medical University of Varna in Bulgaria and 
the Faculty of Medicine of Aristotle University of Thessaloniki in Greece which has been 
operating since 1997. The infrastructure began with basic PC processing tasks, and the 
Bulgarian side of the network grew with support from indigenous investment and foreign aid. 
The network is used to promote joint educational efforts in the Balkans and to provide 
telemedical services in a variety of multilingual and multicultural situations [1,2]. 



Tele-education 
In terms of educational activities, the Bulgarian side of the network contains equipment and 
workstations for electronic design and publishing activities, for web hosting and mail server 
activities, and for satellite communications. These activities are housed at the Information 
Centre at Varna University of Medicine (Fig 1) whose main purpose is the preparation of 
university-generated material prior to publication, and to provide videoconferencing facilities 
between the Vama University of Medicine and other universities. Telecommunication within 
the city of Varna (e.g. with "St. Marina" University Hospital) and within Bulgaria, as well as 
between Bulgaria and Greece, is accomplished through the ISDN network. 

The electronic design and publishing activities are supported by three workstations used for 
digital slide preparation (Fig 2) and for computer processing of publication materials. There 
is a heavy duty printer which was chosen because of its ability to function as the main, high 
quality, network printer for the whole university. Its copy quality permits the preparation of 
lithography slides, so that the university directly controls the printing quality of its 
publications. The printer's colour characteristics and its A3 format permit the preparation of 
posters, advertisements and other material for teaching and research. 

Various university publications are prepared using the equipment at the Information Centre, 
including Scripta Medica ScientiJica, the guide for university applicants and the students' 
newspaper Directions. Apart fiom the periodicals and the scientific editions the Centre also 
publishes textbooks and manuals, such as the manual for practicals in physiology and tests in 
biochemistry. In addition, it publishes all the brochures used for the specialty of health care 
management and it assists the faculty and graduate students in the preparation of their 
monographs, dissertation theses, slides, posters and presentations (including multimedia) for 
national and international scientific conferences. 

Web hosting and mail server activities are supported by a primary web and mail server which 
also supports the university's web pages. There is also a back-up web and mail server with a 
connection to a satellite receiver for downloading large files from the Intemet. The Varna- 
Thessaloniki connection has a server for the distributed educational events that involve 
students and faculty of both universities through videoconferencing links. This last server is 
connected to a multimedia projector for better visualization and videoconferencing 
interaction. 

Finally the arrangement supports an electronic classroom (Fig 3) equipped with personal 
workstations, multimedia projectors and videoconferencing facilities. This is housed in the 
library of Varna University of Medicine and it operates during library hours 7 days a week. 
One of its uses is that of a medical statistics and medical informatics teaching laboratory for 
the students of medicine and health care management. Among the equipment of the 
electronic classroom there are also l0 workstations that provide students with Internet access 
and allow them to navigate through the rest of the university's computer network. The same 
platform also provides access to the library's database which includes over 230 medical 
journals. 

Telemedicine 
The operation of the telemedicine link between the Medical University of Varna and the 
Faculty of Medicine of Aristotle University of Thessaloniki is based on the connections that 
exist at both ends of the link with local academic hospitals. Its usefulness stems from the fact 
that travellers and migrant workers in both countries are usually "language handicapped, i.e. 
despite the proximity of the two countries, very few Greeks or Bulgarians speak each other's 
language. This means that in case of medical need, travellers and migrant workers have to 
use a third language (usually English, or sometimes German or French) to communicate with 



the medical staff. Experience shows that migrant workers are extremely deficient in their 
command of foreign languages. 

In these cases, i.e. when the patient cannot communicate with the attending physician or other 
medical staff, videoconferencing is definitely more effective than the use of local interpreters. 
A remote doctor or paramedic that speaks the patient's native language can assist the local 
physician much more effectively than the patient himself in recording the patient's history. 
This is true even when both healthcare providers must communicate in a third language. 

The experience in telemedicine between Bulgaria and Greece is confined to remote 
consultations related to immunology. There have been 40 consultations per year, two-thirds 
of which occurred between January and June. However, this admittedly limited experience 
demonstrates that telemedicine can be used for providing assistance to remote colleagues. 
The use of telemedicine has greatly improved the quality of care available to travellers and 
migrant workers. 

Discussion 
The telemedicine link has been in continuous operation for six years. During this time it has 
contributed substantially, both in qualitative and quantitative terms, to the teaching of the 
Medical University of Varna. At the same time it has provided a substantial increase in 
international collaboration, especially between scientific teams in Varna and Thessaloniki. 
This collaboration has opened up new fields of common endeavour for both schools [3]. 
Most notable among them is the attempt by the Medical University of Varna to establish a 
regional transplantation centre with the assistance of the Faculty of Medicine of the Aristotle 
University of Thessaloniki, which has the longest experience of transplantations in the 
Balkans. 

Another notable common endeavour is in helping nursing personnel in south-eastern 
European hospitals to adapt to the introduction of information technology. In this respect an 
effort is undenvay to provide an Internet based, 200 hour training course in medical 
informatics, to 2500 nurses and 1000 hospital management personnel. In addition there are 
attempts to establish a life long "computer skills updating" program and to create an advisory 
service for those healthcare establishments who want to introduce IT and medical informatics 
into their corporate culture. 
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Fig 1. Information Centre at Vama Universitv of Medicine 
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Summary 
MCNs are networks, which are usually built on established groups of health professionals 
fiom both acute and primary care sectors. In the west of Scotland the first MCN for oncology 
was the gynaecology MCN. We have used videoconferencing to support the gynaecological 
oncology MCN. Videoconferencing was implemented simultaneously at five sites in 2001 
and DICOM image capture software added in 2003. The videoconferencing and live PC links 
allowed the multidisciplinary teams to discuss individual cancer diagnoses without extensive 
travelling as was previously the case. Our experience of the implementation suggests that 
local ownership is crucial. In the present project each of the stakeholders had an important 
role in the delivery of a successful system. High quality project management is required 
during implementation and for some time thereafter to achieve sustainability 

Introduction 
In July 2001 the Scottish Executive published the strategy document Cancer in Scotland, 
Action for Change [l]. This provided the framework for planning and redesigning cancer 
services. There was emphasis on the formation and expansion of Managed Clinical Networks 
(MCNs). MCNs are networks, which are usually built on established groups of health 
professionals from both acute and primary care sectors. MCNs are concerned with the 
diagnosis, treatment, management and research in particular disease groups. In the west of 
Scotland the first MCN for oncology was the gynaecology MCN. 



Although videoconferencing has been used for the last 40 years [2-41 the literature in health 
care is still dominated by studies of its feasibility and acceptability. While these are necessary 
steps in the introduction of new technologies it is now generally accepted that use of 
videoconferencing should move beyond feasibility testing. The progress of adoption into 
routine health care necessitates an understanding of the effect of the technology on the 
organisation and an awareness of the effect that key stakeholders have on the progress of 
implementation [5 ] .  We have used videoconferencing to support a previously established 
Gynaecological Oncology MCN. 

Methods 
The project received funding in June 2000, a project manager was appointed and equipment 
installed from December 2001. Site by site equipment installation was felt to be undesirable 
and videoconferencing was implemented simultaneously at five sites. Commercial 
videoconferencing equipment (P600011 600, Sony) was used, connected by ISDN. Image 
capture software (Excelicare) was installed, which interrogates DICOM image stores (CT, 
MR, PACS) and allows electronic transfer of images directly into the cancer database. The 
image capture software was implemented on a site by site basis. 

The videoconferencing equipment was located in seminar rooms, ward areas, laboratory and 
lecture theatre venues. The decision was made not to base the equipment in oncology specific 
venues for two reasons. First, it was felt that locating equipment solely in oncology venues 
would not facilitate multidisciplinary working. It was desirable to broaden the potential user 
base as much as possible and using neutral territory was seen as an indication of this. Second, 
the exploitation of the equipment for other uses such as educational seminars, was easier with 
the equipment set up in locations that accommodate more staff. 

Equipment was installed at five clinical sites: the West of Scotland Cancer Centre at the 
Beatson Unit in Glasgow, Crosshouse Hospital, Ayrshire, Hairmyres and Wishaw Hospitals, 
Lanarkshire, Inverclyde Royal Hospital, Argyll & Clyde and Falkirk & District Royal 
Infirmary in Forth Valley. The videoconferencing and live PC links allowed the 
multidisciplinary teams to discuss individual cancer diagnoses without extensive travelling as 
was previously the case. 

Results 
The implementation phase of the project was completed in March 2003. Although delays 
caused a slippage of about four months, the videoconferencing was operational from 
December 2001. The image capture software was installed in May 2003. The system was 
routinely used for the Gynaecological Oncology Network meetings. Other groups are now 
giving consideration to the use of the system. 

Driving factors in success 
Various factors appear to be important in the success of the system. For example, 
implementation was dealt with in the framework of the modernisation of cancer services. In 
particular it supported the goals of a MCN. Thus the potential users saw it as service 
development, rather than a special project driven by a single enthusiast. Successful 
integration into clinical routines requires the project team to identify the benefits to all users. 
Support for a national initiative also placed the technology at the heart of modernisation. 
Locating technology developments in this way is a route to sustainability. 



Key factors affecting success and sustainability 
An important factor in the success and sustainability of the system was the participatory 
approach. The key roles in implementation were: a dedicated project management board, 
lead clinicians, hospital management, dedicated support from a videoconference technician on 
a part-time basis, hospital IT as well as the IT company concerned. Each stakeholder had a 
different perspective, different expectations and different concerns. 

The infrastructure presented numerous challenges for the project manager and the IT staff at 
the participating sites. It was important, though time-consuming, to ensure that all IT staff 
were involved f?om the outset. This effort was repaid when the inevitable technical hitches 
required prompt attention. Equally important was the relationship with the IT company, 
particularly when there were implementation delays, changes in specification, difficulties with 
hospital IT facilities and training. 

Designing a system that encourages multidisciplinary access but is secure and is not going to 
cause problems for other users required willingness and agreement from all those involved in 
the implementation. Ultimately however, decisions are made based on a compromise 
between available sites and requirements of the system. 

Enthusiasts always underestimate the requirement for training. A multi-professional group 
provided videoconferencing training. The provider company and the IT groups provided 
training for the image capture software. Once established as operationally successful and 
clinically useful the system started to generate new uses. A multi-purpose system allowing 
clinical, educational and management uses integrates more readily into existing routines. This 
integration facilitates the culture change required by the organisation. 

Discussion 
Sustainability is built upon a successfully operating, clinical acceptable system. Stakeholders 
are not only clinical or technical - they represent all those involved. The majority of the 
factors identified above are common to all e-health implementations. However, there is a 
crucial lesson to be learned from the nature of MCNs that applies to e-health implementation. 
Multidisciplinary or participatory working does not simply refer to a situation where a mixed 
group of professionals are placed together and didactically instructed. True multidisciplinary 
working requires that professionals listen, understand and learn from their colleagues. The 
present (embryonic) status of e-health necessitates a greater understanding of the effect of the 
technology on the organisation. There needs to be a corresponding awareness of the effect 
that human networks (i.e. the key stakeholders) have and the support they can provide during 
implementation. In the present project each of the stakeholders had an important role in the 
delivery of a successful system. To manage these challenges, high quality project 
management is required during implementation and for some time thereafter to achieve 
sustainability [4]. 

The popularity of the system is evinced by the increase in numbers of staff of all disciplines 
attending meetings by videoconferencing and the fact that the system is now being considered 
as an integral tool for all oncology MCNs. 
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Summary 
Remote critical care consultations have been employed between the Naval Hospital in Guam 
and the Tripler Army Medical Center in Hawaii, a distance of 5300 km. During a ten-week 
study period there were physician to physician daily consultation rounds for patients in the 
ICU at the Naval Hospital. Physiological data, video images and audio communication were 
transmitted via a 768 kbitls frame relay connection, albeit with a 1-3 S delay. During the 
study there were 87consultation sessions concerning 25 patients. Preliminary results showed 
that a broad range of critical care patients could be managed effectively through daily remote 
critical care consultation. Broader implementation of this strategy may represent a method of 
projecting critical care expertise to front-line military health care facilities and to remote 
civilian facilities with limited critical care expertise. 

Introduction 
Management of critically ill patients at smaller hospitals and health care facilities, and of 
soldiers wounded in a theatre of conflict, is limited. In military medical centres intensive care 
specialists (intensivists) direct the care of patients in Intensive Care Units (ICUs). There are 
approximately 6000 ICUs in the US and intensivists are involved in the care of approximately 
one third[l,2]. 

Remote monitoring and management of critically ill patients has been proposed as a method 
of enhancing patient care since the 1970's[3-51. We introduced remote consultation from the 
Tripler Army Medical Center (TAMC) in Hawaii, to the Naval Hospital in Guam (NHG), a 
distance of 5300 km. The TAMC is a tertiary referral centre and teaching hospital, which 
provides specialist care for US military health care facilities throughout the Asia Pacific 
region. Intensivists are not available at most of the referring facilities, including the NHG. 
The TAMC is a Level 1 ICU and the NHG is a Level 2 ICU[6]. Previously, consultations 
were carried out by telephone. 



Methods 
At the NHG a six-bed ICU is staffed by critical care nurses and respiratory therapists. 
Physician care is provided by non-intensivists. Daily consultation rounds are scheduled at a 
convenient time, OR00 in Guam which corresponds to 12:OO in Honolulu. Remote 
consultation takes place using a telehealth unit (model e-ICU, VISICU Inc, Baltimore). 
Physiological data, video images and audio communication are transmitted via a 768 kbitls 
frame relay connection, albeit with a 1-3 s delay. The system enables data review by the ICU 
provider in Guam, and the intensivist being consulted in Hawaii. Computer to computer 
videoconferencing is an integral component of daily critical care rounds. There is also bi- 
directional audio-conferencing from patient rooms and one-way remote controlled-camera 
surveillance of patient rooms from Hawaii (Fig 1). 

Clinical implementation strategy 
A system manager at the TAMC (a nurse) identified all patients who were scheduled for 
consultation, based on provider requests. Clinical laboratory data were accessed remotely 
fiom the NI-IG hospital information system, and clinical notes reviewed. The system manager 
facilitated the physician consultation. Consultation sessions comprised four components: 

physician to physician structured case review 
consultant review of relevant laboratory, radiographic and physiological data 
consultant review of patient with a bedside visit, and a meeting with patients, hospital 
staff, and family members 
documentation of daily consultant visits in an electronic medical record which is 
printed for the hospital chart. 

Results 
During the first ten weeks of operation, starting in June 2003, daily rounds were conducted, 
excluding most weekends, see Table 1. 

Table l .  Remote access to medical specialists (3 June- 13 August 2003) 

(b) Primary clinical problems 
I Total patients I 

(a) Session details 
Number of sessions 
Number of consultations 
Number of patients 
Average number of patients per session 

47 
87 
25 
1.9 

Primary clinical problem 
Cardiac 
Haemodynamic instability 
Ventilator management 

Average number of consultations per patient 3.5 

Respiratory failure 
Renal failureluraemia 
Shock 
End of life care 
Acute neurological condition 
G1 haemorrhage 

n 
7 
6 
6 

Total problems (%) 
19 3 5 
16 30 
16 30 

6 
4 
2 
2 
2 
2 

16 30 
11 20 
5 10 
5 10 
5 10 
5 10 



Failures 
0 internal medicine and family medicine physicians were the only primary provider 

specialties to request consultations. Surgical providers did not requested consultations 
0 technical problems prevented consultations on one occasion 
0 support from the ICU nursing staff was poor. Database entry remains incomplete. 

(c) Referring provider specialty 

Successes 
0 physician participants were enthusiastic 
0 there was patient, family and non-physician staff acceptance 

there were improved clinical outcomes 
there were cost savings through avoidance of emergency aeromedical evacuations 

0 remote mentoring of ICU procedures was effective 
0 management strategies that fell outside the experience and confidence of the primary 

local practitioner could be employed 
patients in a Level 2 ICU were effectively managed by remote consultation with Level 1 
ICU practitioners. 

Specialty 
Internal medicine 
Family medicine 
Pediatrics 
Other 

Case report 
A 56 year-old woman presented with dyspnoea and wheezing, and developed asystolic 
cardiac arrest. 30 minutes of resuscitation restored her BP and pulse, with mobitz-2 heart 
block. Renal failure, acute respiratory distress syndrome, myocardial infarction and 
rhabdomyolysis developed. The primary care provider was an experienced board-certified 
internist. Cardiology, nephrology, neurology or pulmonary specialists were not available at 
the NHG. On day three the remote ICU team was consulted. The patient was comatose with 
a Glasgow Coma Score of T3. There was no spontaneous eye opening. The arterial pH was 
7.13, PaCO? 58 mmHg and Pa02 66 mrnHg. Her serum bicarbonate was 13 mmoV1, glucose 
3 18 mgldl and creatinine was 4.5 mgldl. 

Total (%) 
45 
45 
5 
5 

The TAMC intensivist consultant recommended: 
sedate and paralyse if necessary. Improve ventilation by changing to assist control 
mode 
employ a strategy of daily discontinuation of sedation to assess for neurological 
recovery. Use short acting agents 
prognosis based on non-traumatic coma reports in the literature is very poor at 72 
hours with no spontaneous eye opening 
obtain a head CT scan 
discontinue ACE inhibitor 
initiate low dose dopamine infusion 

0 insert a pulmonary artery catheter to define the haemodynarnic profile and guide fluid 
management 
adjust dosages of all medications for the observed degree of renal impairment. 



Pulmonary artery catheter placement was difficult. The intensivist guided the primary 
operator to successful placement using waveforms and the audiotvideo connection to the 
patient room. The patient then stabilized and was ultimately discharged to chronic home care, 
with a tracheostomy and severe neurological impairment. 

Discussion 
A fundamental objective of intensive care is to minimize risk and unintended consequences. 
Risk minimization strategies in the care of critically ill patients have been demonstrated to be 
effective. Examples include the evolution of ventilator management strategies in patients 
with acute respiratory distress syndrome. Low volume ventilation minimizes the risk of 
ventilator associated lung injury [7]. Other examples include strategies to minimize the risk 
of complications from central venous line placement [S], and effective focused use of 
prophylaxis for upper gastrointestinal bleeding[9]. Risk minimization in ICUs through 
staffing of intensive care environments with specialty-trained physicians has also been 
demonstrated. 

The present study demonstrates that remote critical care consultation are feasible and that a 
broad range of critical care patients can be managed. Early studies of remote critical care 
consultation [3,4] concluded that the strategy could be implemented, but that full optimization 
of the process would require further study. More recently Celi[lO] wrote that remote critical 
care management success "will hinge on hospitals accepting the underlying value proposition 
and physicians being willing to change established practices". Our initial experience supports 
this notion. 
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Fig 1. Critical care teleconsultation system 
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Summary 
We conducted a national survey of Australian hospitals to assess their use of telehealth. 
Information was sought from the 821 hospitals with 10 or more beds, excluding the small 
number that provided just day surgery. A total of 564 replies were received (69% response 
rate). Nationally, nearly half (49%) reported that they were engaged in some telehealth 
activity. However there was a significant difference across jurisdictions (P < 0.001). 
Hospitals in the public sector were significantly more likely to report the use of telehealth 
than those in the private sector (62% versus 14%, P < 0.001). Hospital remoteness was 
measured according to the Accessibility/Remoteness Index of Australia (ARIA). The highest 
levels of use were reported by hospitals in 'very remote' and 'remote' areas (90% and 88% 
respectively), with moderate levels of use in 'moderately accessible' and 'accessible' areas 
(67% and 52% respectively), and the lowest level of use in 'highly accessible' areas (35%). 
The trend was significant (P < 0.001). 

Introduction 
There are over 1000 hospitals in Australia, spread throughout all states and territories. 
Approximately 61% of them are government-owned public or military hospitals, and the 
remaining 39% are privately owned[l]. The large size of the country and the small and 
widely dispersed population, with a low average population density, demands a relatively 
large number of hospital establishments per capita. It is estimated that there were 1224 
hospitals with a total of about 80,000 beds at the end of 2000, although the definition of what 
constitutes a hospital establishment varies[l]. The present study was designed to determine 
the extent of engagement in telehealth by Australian hospitals. 



Methods 
Using the Australian Hospitals Directory 2002[1], we compiled a list of all establishments 
with 10 or more beds (i.e. hospital beds not nursing home or hostel beds). We then deleted 
the small number of hospitals that provided only day surgery, most of which were privately 
owned and administered. Those remaining included public, private and military hospitals 
providing medical, surgical and psychiatric services, rehabilitation services, disability 
services, women's and maternity services, children's services, aged care and palliative care. 

Our final list comprised 82 1 hospitals: 559 government-owned public hospitals, 248 
privately-owned hospitals, 7 combined public and private hospitals (classified as private 
hospitals for the purposes of analysis), and 7 military hospitals. The majority were located in 
New South Wales (276, 34%); followed by Victoria (1 78,22%), Queensland (149, 1 S%), 
South Australia (96, 12%), Western Australia (9 1, 1 1 %), Tasmania ( l 8, 2%), the Australian 
Capital Territory (7, 1%) and the Northern Territory (6, 1%). 

We sent a letter personally addressed to the Chief Executive, Medical Director or Director of 
Nursing at 8 14 of the 82 1 hospitals, or the Health Service Manager, requesting their 
assistance with the project. (For the remaining seven hospitals we were unable to obtain the 
name of the key person, so letters were not sent.) Enclosed with the letter was a fax-back 
form with a one simple question: 'Is your hospital involved in any telehealth activity?' 
Respondents were asked to indicate yes or no and, if yes, to supply the name and contact 
details for a person from whom we could obtain further information. 

In order to assist respondents we provided the following definition of telehealth, which is 
widely accepted in Australia[2]. 

'Telehealth ' describes the use of communication technologies to provide health- 
related activities at a distance. Telehealth includes videoconferencing for clinical, 
educational and administrative purposes, as well as the electronic transfer of medical 
images between facilities, e.g. teleradiology. Examples of telehealth activities could 
include: the use of email, the Internet or videoconferencing for consultation, 
diagnosis or counselling in such areas as psychiatry, dermatology, paediatrics or 
neurology. 

Three weeks after the initial letter we sent a second, identical letter to individuals fiom whom 
we had not received a response. 

Using a spreadsheet (Microsoft Excel) we recorded the following information taken from the 
Directory: state or territory, postcode, type of hospital (public, private or military) and total 
number of beds. We then added involvement in telehealth (yes or no), as well as a measure of 
the hospital's remoteness. Using the postcode we were able to rate each facility on the 
Accessibility/Remoteness Index of Australia (AFUA)[3]. Each was assigned an ARIA score 
(0 - 12) and then classified into one of the five ARIA categories ('highly accessible', 
'accessible', 'moderately accessible', 'remote' or 'very remote'). The data were analysed 
using SPSS for Windows Version 10. 

Results 
A total of 564 fax-back forms were returned, an overall response rate of 69%. Table 1 shows 
the number of requests for information mailed out and the number and percentage of 
responses received from the eight states and territories. The highest response rates were fiom 
Tasmania (89%) and New South Wales (83%). Only three of the six hospitals contacted in 
the ACT replied. 



None of the military hospitals replied. Public hospitals were more likely to respond than 
private hospitals (X* = 13.6, df = 1, P < 0.001), with response rates of 74% and 61% 
respectively. The mean number of beds among responding hospitals was 109 (range 10-863); 
while the mean for all hospitals surveyed was 103. 

Table 2 shows involvement in telehealth reported by hospitals in the different states and 
territories. Nationally, nearly half (49%) reported that they were engaged in some telehealth 
activity. There was a significant difference across jurisdictions (X' = 30.4, df = 7, P < 0.001). 
The greatest reported uptake or involvement in telehealth was in South Australia (70% of 
hospitals involved), followed by Western Australia (62%), Queensland (5 1%) and Tasmania 
(50%). None of the three hospitals in the Australian Capital Territory that responded used 
telehealth. 

Hospitals in the public sector were significantly more likely to report use of telehealth than 
those in the private sector (62% versus 14%, X' = 100.8, df = 1, P < 0.00 1). 

Table 3 shows involvement in telehealth reported by hospitals with different levels of 
geographical remoteness. There was a significant difference in the use of telehealth across 
the five ARIA categories (X' = 68.6, df = 4, P < 0.001). The highest levels of use were 
reported by hospitals in 'very remote' and 'remote' areas (90% and 88% respectively), with 
moderate levels of use in 'moderately accessible' and 'accessible' areas (67% and 52% 
respectively), and the lowest level of use in 'highly accessible' areas (35%). 

Discussion 
As far as we are aware, no previous studies of this kind have been conducted in Australia. 
Previous national surveys of telehealth, conducted by the Australian New Zealand Telehealth 
Committee (ANZTC) between 1997 and 2000, focussed on telehealth activity within the 
public sector and, also, on videoconferencing-based applications and teleradiology[4]. 
Moreover, that series of surveys was concerned with the number and nature of telehealth 
projects, programmes and services, rather than the number of health facilities or 
establishments engaged in telehealth activity[4]. The United States surveys of telemedicine 
have also been focussed at the programme leve1[5,6]. 

An overall response rate of 69% can be considered satisfactory for this type of survey. We 
have no doubt that personalising the letters, and enclosing a pre-identified, fax-back form 
with a simple yeslno question and space to write the name and contact details of a person 
from whom we could obtain further information helped with this[7]. Good response rates 
were received from both public and private hospitals. 

This study did not collect information about the types of communications technology used in 
telehealth activities or the nature, purpose or frequency of those activities. The ANZTC 
survey, although becoming outdated, provides a broad overview[4], while details of the 
development and implementation of telehealth in the state of Queensland have been provided 
elsewhere[8-101. However, our results do provide a picture of where telehealth is being 
currently used in Australia, at least in the hospital context. 

Examination of hospital telehealth activity by accessibilitylremoteness revealed a clear linear 
trend: increasing remoteness was associated with increased involvement in telehealth 
activity, Fig 1. In other words, as one moves from the capital cities and other urban centres, 
where there is relatively unrestricted accessibility to a wide range of goods and services and 
opportunities for social interaction, through regional and rural centres to remote and very 
remote communities, one is more likely to fmd people making use of telehealth. 



Such a frnding is consistent with the results of a series of audits of videoconferencing usage 
conducted by the Queensland Telemedicine Network during 1998 and 1999. The greatest 
usage, based on total number of hours of activity, occurred in the northern and central regions 
of the state, where access to specialist health services and continuing professional education 
and networking opportunities for health workers is most difficult[9]. Qualitative data 
obtained from patients, families and health service providers during the evaluation of clinical 
telehealth applications also suggested that the degree of benefit experienced was proportional 
to the distance from a major referral centre[9]. 

It is not surprising then that the two states with the highest rates of hospital involvement in 
telehealth were South Australia and Western Australia. Outside the state capital and a small 
number of regional centres, both states have relatively small and dispersed populations and 
limited specialist services. Western Australia, the largest state, also extends into the tropics. 
During the wet season, roads in the north may be impassable for several months. Around the 
world, telehealth has developed more rapidly and extensively where distance and geography 
present obstacles to health services and health information, and where governments 
committed to reducing inequalities of access have acknowledged and supported the 
implementation of telehealth as part of broader health system development in the information 
age[l l]. 
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Table 1. Response rates of the hospital surveyed 

No. letters 

No. 
responses 

ACT 
6 

QLD 
149 

3 (50%) 

Table 2. Telehealth activity in hospitals of different states and territories 

NSW 
273 

SA 
94 

No telehealth 
Some 
telehealth 
Total 

Table 3. Telehealth activity according to the accessibility/remoteness of the hospitals 

NT 
6 

193 (71%) 

No telehealth 
Some telehealth 
Total 

TAS 
18 

5 (83%) 

X' = 30.42, df = 7, P < 0.001 

ACT 
3 (1 00%) 
0 (0%) 

3 (1 00%) 

X' = 68.63, df = 4, P < 0.001 

Highly accessible 

191 (65%) 
103 (35%) 
294 (1 00%) 

WC 
177 

NSW 
1 16 (60%) 
77 (40%) 

193 (1 00%) 

Accessible 

70 (48%) 
76 (52%) 
146 (100%) 

WA 
9 1 

NT 
3 (60%) 
2 (40%) 

5 (100%) 

Total 
814 

Moderately 
accessible 
22 (3 1 %) 
48 (69%) 
70 (1 00%) 

QLD 
48 (49%) 
50 (5 1%) 

98(100%) 

Remote 

3 (12%) 
21 (88%) 
24 (1 0%) 

SA 
21 (29%) 
51 (71%) 

72(100%) 

Very remote 

3 (10%) 
27 (90%) 
30 (100%) 

TAS 
8 (50%) 
8 (50%) 

16(100%) 

Total 

289 (51%) 
275 (49%) 
564 (100%) 

WC 
65 (59%) 
46 (41%) 

1 1 1 (1 00%) 

WA 
25 (38%) 
41 (62%) 

66 (1 00%) 

Total 
289 (5 1%) 
275 (49%) 

564 ( l  00%) 



Figure 

Fig 1. Proportion of hospitals reporting use of telehealth according to their 
remoteness/accessibility 

Australian hospitals (n=564) 
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Summary 
Until recently fetoscopic laser surgery to seal the placental anastomoses that cause severe twin- 
to-twin transfusion syndrome has been available in only a few centres worldwide. Previous 
reports have suggested a long learning curve. We have used a dedicated international Internet 
Protocol (IP) connection for tele-education to assist the introduction of fetoscopic laser surgery 
to Australia. During the implementation of the telemedicine link there were multiple clinical 
and technical problems, which were eventually overcome. The image and video qualities were 
comparable to those of an ISDN connection. Live surgery performed by the expert in Florida, 
USA was transmitted and viewed by the novice team in Brisbane, Australia. The Australian 
team has performed 19 fetoscopic laser operations to date. Preliminary results are comparable 
to those from centres that have performed over 100 procedures. 

Introduction 
Operative fetoscopy is a new surgical approach for the correction of birth defects in utero, using 
combined ultrasound and endoscopic imaging.[l] One of the most frequently performed 
fetoscopic operations is laser coagulation of placental anastomoses for twin to twin transfusion 
syndrome (TTTS). TTTS is a severe disorder affecting 10- 15% of monochorionic (identical) 
twins. Unbalanced shifting of blood from one twin to the other via shared placental cotyledons 
typically results in severe growth restriction, oliguria and anhydramnios of the donor; and 
polyhydramnios and heart failure of the recipient by mid-pregnancy. If untreated, the perinatal 
mortality rate approaches 90%. Conventional treatment with serial amnio-reduction improves 
survival rates to 60%, but with long-term neurological complication rates of 20-25%.[2,3] 
Endoscopic laser coagulation of the placental anastomoses stops the process. In experienced 
hands, survival rates are up to SO%, with much reduced neurological complications.[4,5] Until 
recently, this has only been available in a few centres worldwide. 



The ideal surgical apprentice learning would require the continuous presence of experts. Since 
the incidence of surgically correctable fetal diseases is low, expertise and training opportunities 
are limited. Telemedicine has been used successfully for fetal ultrasound diagnosis and 
counselling.[6-91 It has also been used for telesurgery and tele-education.[l 0- l71 Most 
applications have used ISDN connections. We have used a dedicated international Internet 
Protocol (IP) connection for tele-education to assist in the introduction of fetoscopic laser 
surgery to Australia. 

Methods 
The two clinical teams in Brisbane, Australia and Florida, USA discussed and agreed on a 
clinical protocol. Legal and technical advice was sought. Sponsors were secured and 
equipment was installed at both sites, including a dedicated IP connection between the two sites. 
This was a frame relay connection, with an E l  interface at the Brisbane Hospital providing 2 
Mbitls access. The service at Florida terminated with T1 access providing a 1.5 Mbitls 
connection. A Permanent Virtual Circuit (PVC) with a Committed Information Rate (CIR) of 
5 12 kbit/s connected the two sites. The E l  and T1 connections at both ends were provided via a 
router (Cisco 2610) which provided an Ethernet port to connect to the corresponding ethernet 
port on the videoconferencing equipment (Sony PCS 1600 P). 

Image quality was assessed by a randomised comparison with transmission via an ISDN link 
using a standardised videotape viewed by experienced observers blinded to the bandwidth of 
transmission.[l8] Comparisons were performed at bandwidths up to 384 kbit/s. 

Live surgery performed at Florida was transmitted and viewed at Brisbane. 

Results 
There were multiple clinical and technical problems. The major clinical problem was the 
possible medicolegal risks involved in tele-mentoring. While the risk of observing surgery 
performed by an expert via telemedicine is small, the medicolegal risk in the reverse case was 
considered prohibitive for full insurance cover. After much negotiation, it was decided that the 
video-link would only operate live when the expert was performing surgery. The novice would 
operate independently, with the procedure being video-recorded. ready for discussion with the 
expert after the operation had taken place. 

The major technical problem was co-ordinating the parties involved to work together, especially 
since there is fifteen hour time difference between Brisbane and Florida. There have been few 
previous reports of an IP link being used for surgical teaching across such distances, and 
previous experience is limited. In the present work, many teams were involved, including staff 
from the clinical areas and the information systems departments of both hospitals, from the 
videoconferencing company involved (Sony-Ericsson), and from the telecommunication carrier 
on both sides of the Pacific. 

The major technical issue encountered which required the coordination of all parties to resolve 
was the requirement for the whole link to be configured as a simultaneous two-way path (full 
duplex). It was found that if this was not achieved, then one way video transmission and poor 
quality sound resulted. 

Other issues, which had been expected to cause difficulties, did not. For instance, the round trip 
IP packet delay between Brisbane and Florida of 250-300 ms presented no problems to users or 
the equipment. Small levels of IP packet loss proved tolerable, with the equipment providing 
compensation. Sound quality proved to be excellent. 



The videoconferencing equipment was capable of requesting priority quality of service on the 
network. Tests showed that the use of this feature had no effect on the transmitted video or 
sound quality over the link. It should be noted that the provision of a dedicated link meant that 
no other competing network traffic was present, which could reduce the bandwidth available for 
videoconferencing. 

The image quality tests showed that the quality of transmission by IP link was comparable to 
that of ISDN at the same bandwidths. 

The Brisbane team has performed 19 fetoscopic laser surgeries to date, of which 14 mothers 
have delivered. The overall survival is 2 1/28 (75%). In l l pregnancies (79%), at least one baby 
survived. In 10 pregnancies (71%) both babies survived. The median gestation at delivery was 
3 1.5 weeks. The median duration from surgery to subsequent delivery was 8.5 weeks. These 
results are comparable to those fiom experienced centres that have performed over 100 laser 
surgeries[4,5]. 

Discussion 
As medical care becomes more and more specialised, it becomes increasingly difficult to 
disseminate the knowledge and skills from the super-specialists. Traditional surgical apprentice 
learning requires the continuous presence of experts. Since the incidence of surgically 
correctable fetal diseases is low, expertise and training opportunities are limited. Fetoscopic 
laser surgery for severe TTTS has only been available in a few centres around the world. The 
learning curve is long. In a large report of 200 consecutive fetoscopic laser surgeries over a four 
and half year period,[4] the performance of the first 73 surgeries was compared with the 
subsequent 127. The overall survival improved from 61% to 68%, and the proportion of 
pregnancies where both babies survived improved from 42% to 54%. The number of fetoscopic 
surgeries performed by the novice Brisbane team in the present study is still small (19 
pregnancies). However, our preliminary results (75% overall survival, and 71% of pregnancies 
have survival of both babies) suggest that our learning has been rapid. This may not be wholly 
due to the telesurgery link. Both surgical operators of the Brisbane team visited Florida and 
observed live surgeries. The Florida team also visited Brisbane, and professional relationships 
between the two teams were established. Nevertheless, both surgeons in the novice team felt 
that having the chance to observe more operations performed by the expert through the video- 
link improved their confidence. 

In an ideal world, there would be the possibility of expert telepresence whenever a novice was 
operating. This was not possible for the current project because of the lack of insurance cover 
for two different medical systems. This is probably one of the major impediments to the 
development of international telemedicine. Although technological advances permit boundaries 
to be crossed, medicolegal concerns remain a problem for insurance companies. 

Other barriers to successful telemedicine applications include the cost, technical difficulties, co- 
ordination problems, language barrier and time differences. Most telemedicine and 
videoconferencing applications have been performed using ISDN transmission, which has 
proved to be reliable. However, for clinical purposes, multiple ISDN lines, from 384 kbitls to 2 
Mbitls have been shown to be necessary.[6,7] The cost of such an intercontinental ISDN link 
would be prohibitive for most clinical applications. The evolution of technology has brought 
wide availability of Internet technology and the cost of IP networks is falling. Furthermore, 
most new videoconferencing equipment can operate via either ISDN or IP connections. Our 
group has previously shown that the image quality of IP transmission is comparable to ISDN 
transmission[l8] and this was confirmed in the current work. The results represent a benchmark 
for future connections across shared IP networks (such as the Internet and university networks), 
where the quality of service is more difficult to guarantee. 



For any telemedicine applications to be successful, keen co-operation between all parties is 
essential. Initial technical difficulties can be daunting. Nevertheless telemedicine is a powerful 
tool to allow the delivery of highly specialised medical care without the need for medical 
transfers, which often cause major social disruptions. The current project shows that 
telemedicine can also be a useful educational tool which can shorten the learning curve for the 
novice surgeon. The excellent education and support received from the expert team no doubt 
contributed to the success of the overall project. Nonetheless, telemedicine cannot replace local 
expertise, which must be competent enough to deal with any local emergencies or 
complications. 
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Summary 
Between 1996 and 2003 a network of 85 telehealth videoconference sites (ISDN linked) was 
implemented in Western Australia (WA), together with 19 teleradiology facilities connected by 
frame relay. Telehealth services have been growing steadily, and in 2002 there were over 
30,000 teleradiology transmissions and 1250 clinical occasions of service via videoconference. 
The funding bodies, and in particular the WA Department of Health, need to know whether the 
aims of the project have been achieved. They must also decide whether investment should 
continue. A process of progressive evaluation has been implemented to identify progress to 
date, the benefits achieved and the potential for further development. However, it is difficult to 
evaluate a broad range of programmes in rural and remote locations for such an embryonic 
service. These difficulties are compounded by the lack of a strategy at national level to ensure 
not only consistent and compatible infrastructure, equipment and standards but also data capture 
and evaluation methodologies for telehealth. This would allow comparisons across regions and 
states which in turn would provide opportunities to learn from others and thus improve health 
care on a national front. 

Introduction 
Telehealth has been described as a thriving discipline[l]. Telehealth technologies such as 
videoconferencing, telemonitoring and Intemet resources are increasingly being advocated as a 
means of providing effective responses to ever increasing demands on healthcare provision. 
However, it is essential that such services demonstrate their efficacy and that they are 
implemented with a clear assessment of cost and benefit. As Nelson [ l ]  put it "more work must 
be done to demonstrate the accuracy, reliability, economics and clinical utility of telehealth". 

Western Australia (WA) is more than three times the size of Texas. The distance from Perth in 
the south west of the State to Wyndham in the far north is 2260 km - about the same distance as 
Melbourne to Cairns, or Los Angeles to Winnepeg. Outside Perth and the regional centres the 
population in WA is very sparse. Both characteristics favour the use of telehealth, but can 
present cost difficulties due to low activity levels. 



There have been some significant successes and a few failures in the implementation of 
telehealth in WA, and the evaluation of telehealth services is not yet complete. Evaluation is a 
costly and time consuming exercise and it is questionable whether any single jurisdiction can 
perform this adequately and produce results that will persuade clinicians to adopt telehealth 
even on a local basis, let alone at national or international level. 

Telehealth in West Australia 
Telehealth in WA is focussed largely on realtime videoconferencing, store and forward 
techniques (e.g. for radiology or transmission of other patient images), access to information 
databases and patient support through call centre services such as Health Direct. This paper 
focuses largely on the first three applications. These telehealth activities began in 1996 with 
telepsychiatry. In 1999, the Commonwealth and State Government commenced a jointly funded 
$16 million telehealth project that was designed to improve access to health care, health 
education and improved health administration in regional, rural and remote WA. 

Between 1996 and 2003 a network of 85 telehealth videoconference sites (ISDN linked) was 
implemented, together with 19 teleradiology facilities connected by frame relay. In addition the 
project has partially funded Statewide Internet access to a suite of internationally respected 
health information resources. The trial is scheduled for completion in June 2004. 

Between 1999 and 2001 the focus was on selecting suitable sites and implementing the 
telehealth infrastructure. More recently the focus has been on delivering services. The earliest 
successes were in the area of staff education and support, and administrative use of the system, 
e.g. for meetings. Clinical use of the system proved more difficult to both initiate and maintain, 
and this has become the Department's priority area for development. System usage for 
videoconferencing in 2002 is summarised in Table 1. 

Table 1. Telehealth use in Western Australia in 2002 
I Type of use I Number of I Usage (% of I Staff serviced I Patient OOS* I 

I bookings I bookings) 

"Occasions of service 

Education 
Clinical 
Administrative 

Total 

In 2002 there were over 30,000 teleradiology transmissions and the 1250 clinical occasions of 
service relate to videoconference services across the spectrum of clinical activity. In addition to 
this, there were over 150 store and forward services (e.g. sending of digital photographs of 
wounds, skin lesions and other conditions). 

What has gone well 
The number of sessions recorded annually increased between 2000 and 2002, Fig l ,  with growth 
in clinical, educational and managerial use. Education is the clearest success story with the 
most pronounced growth. This is consistent with the experience of telehealth in other States 
such as Queensland [2]. 
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Telepsychiatry which began in 1996, was well established in WA prior to the instigation of the 
more generic telehealth initiative in 1999. The other main clinical telehealth success areas in 
WA since 2001 have been in the areas of radiology, speech pathology, wound care, dietetics, 
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neurology, aged care and a range of outpatient services. By success we refer to services that are 
effective, provided in such quantity that they are worthwhile and capable of easy replication, 
where both patient and staff feedback has been positive. The early success of both radiology 
and psychiatry is consistent with experience internationally [3]. 

Whilst the trend for all activities is positive, the volume of clinical activity is modest if judged 
on the number of patients serviced by telemedicine compared to traditional means. Also 
significant is the fact that maintaining clinical service provision requires significant and 
continuing effort. 

What is being evaluated and how? 
The Memorandum of Understanding between the WA and Commonwealth Governments set out 
key performance indicators (KPIs) for evaluating the telehealth project which included: 

the overall effect of telehealth services, in terms of community and health system benefit 
and value for money 

M the number and location of telehealth services established and the services provided by 
telehealth, including the total number of service occasions by category of service and 
location 
the effect of telehealth on access to services, waiting times, cost of travel and service 
provision, quality of care, patient and clinician satisfaction 

M the level of attendance by health professionals at education and training sessions provided 
via telehealth, the cost, benefits, drawbacks and level of satisfaction 

M the extent to which the department has offered access to telehealth equipment for general 
community use and the extent to which use has occurred. 

In order to determine the KPIs, data were collected from a number of sources and in a number 
of different formats. This included comprehensive cost information relating to equipment, 
ISDN line installation and rental, project team salaries, external consultants, call costs and 
training. Health services were also requested to collect detailed cost information related to their 
"example" services that would allow comparison of telehealth provision and traditional service 
delivery. 

Service activity was monitored using log sheets maintained by each installation. Every "send" 
and "receive" session was recorded and reported every week to a central location where the data 
were entered by staff of the Telehealth Development Unit (TDU) into a database which records 
and reports on session dates, time, duration, type of session and participants in addition to any 
other relevant and comments about the session. Qualitative aspects were documented using 
formal and informal techniques. Casual questions to participants and unsolicited comments 
(positive or negative) were recorded and used for learning and for testimonials in periodical 
newsletters. Formal surveys, questionnaires and interviews were also used to record data on a 
wider basis. 

Monitoring usage on a monthly basis was critical in allowing the TDU to continually assess the 
utilisation of the system and to justify re-allocation of equipment to areas that would be able to 
make better use of the resource. Most of the evaluation activity focussed on education services. 
This was largely conducted by a team from Curtin University who examined the education 
courses that had been delivered in 2001102, Table 2. 



Table 2. Education courses provided and evaluated in 2001102 
Course I Sessions I Sites I Attendees I Cost per person 

The education evaluation was completed using questionnaires with some follow-up telephone 
interviews. The average rate of return was 53%. Staff feedback was overwhelmingly positive. 
The cost per head of these sessions was low compared to the cost of providing education by 
traditional methods and tele-education facilitated staff support that would not have otherwise 
occurred. In this way, tele-education may contribute to attracting and retaining staff in the rural 
sector where turnover is a continuing problem. The positive experience of tele-education in 
WA is reflected by many others across a broad spectrum of activity [4-61. Whilst the 2002 
education programme was entirely sponsored by the telehealth project, users had to pay for the 
2003 programme. The uptake has provided reassuring evidence that the education component is 
becoming self sustaining with over 5000 education occasions of service in the fust half of 2003. 

Some limited evaluation of administrative and clinical use has occurred with encouraging 
results. In preparation for future work a template has been issued to each region detailing the 
region's overhead costs, demonstrating how increasing the volume of activity can reduce the 
overhead cost of each event and outlining examples of services that may be evaluated. 

Evaluation issues 
There are essentially two components to the evaluation as follows: 

evaluation of infrastructure and service efficacy and efficiency. This includes 
assessment of whether the equipment works satisfactorily, whether it is easy to use and 
reliable, whether the services are meeting needs appropriately and whether they are 
safe, effective and efficient? 
evaluation of the business case in qualitative and cost effectiveness terms. 

Both components are relatively straightforward for infrastructure, education and administrative 
components. Clinical services present more of a challenge because they vary in nature and 
complexity, and the risk associated with some clinical services warrants a more comprehensive 
approach. In addition, the low volume of some clinical services can affect the reliability of an 
evaluation. With the exception of teleradiology, none of the current clinical telehealth services 
in WA involve primary diagnosis but instead they involve patient management, second opinion 
services or follow-up. Treating clinicians have reviewed patients by both face to face and 
telehealth modalities. In addition, the following has been implemented: 

0 written clinical guidelines and protocols have been issued and all clinical services must 
comply with these 

0 all clinical projects are subject to the authorisation of a committee that includes senior 
clinical representatives 

r, clinicians are instructed not to rely on telehealth where there is doubt about the quality 
of an image. 

Any evaluation of telehealth needs to address the issue of image quality and patient safety. 
Whilst the Department's arrangements for this have been generally adequate, there is scope for 



enhancement of standards. For example, the taking of photographs and transmission of these 
for second opinion might be improved. In this regard the Department is working with the 
Centre for Online Health at the University of Queensland to develop guidelines to improve and 
standardise image quality. Another area of development is the gradual standardisation of 
clinical service protocols. This too is aimed at ensuring consistent standards of care. For 
example, the Department is working on whole of State protocols for speech pathology and 
dietetics services so that we can be assured that the same standards are being prescribed at all 
sites and that variations to these are approved only where there is good cause to do so. 

The development of protocols and standards is an area where much greater collaboration among 
telehealth jurisdictions could assist in ensuring that services are safe and operate according to 
best practice. This in turn would reduce waste and duplication of effort and assist in making 
telehealth sustainable in the future. However, it is unlikely to occur unless it is coordinated at 
least nationally (if not internationally). This is not a new suggestion [3,7] and its execution 
faces many barriers. However, it is an important suggestion that deserves further consideration 
and, more important, some action. 

Ensuring that processes are effective, reliable and safe is vital but achieving this does not 
necessarily result in viable service provision. Nor does high levels of patient satisfaction 
because many studies indicate that patient satisfaction with telehealth is generally good [g-101. 
There is widespread evidence that the difficulty in sustaining telehealth lies not so much with 
the technology but with change management, building the confidence of clinicians and other 
users [l01 and persuading clinicians and others to change their practices and embrace it [l l]. 

A major study of telehealth in the USA in 1999 illustrated that the volume of clinical activity at 
that time (compared with other use) was relatively low [l21 and this is supported by evidence 
from Australia [l31 and Canada [14]. The experience in WA is similar and increasing the 
volume of clinical activity has become a very high priority. It can be expected that as system 
use grows, so too will any savings, benefits and overall sustainability [3]. 

Evaluation activity to date has shown (not surprisingly) that where there is strong senior 
management support with interest in increasing the usage and developing a range of telehealth 
services, the prospect of success is greater and this has been noted elsewhere [ l  51, although as 
Bashshur has noted, such support is not always available [16]. In WA, where project funding 
has ceased for individual projects, regional managers have continued the funding of services and 
support staff. This demonstrates support of the system and is encouraging for future 
sustainability. The next challenge in WA will be to secure support for recurrent funding of 
telehealth development after project funding expires in 2004. 

The need for good quality cost-benefit analysis has been widely identified but it is generally 
agreed that it is an area of weakness in many telehealth systems 117-191. The approach taken in 
WA to examine cost-benefits has some obvious weaknesses. If the selected examples are not 
representative then there will be bias in the results. In addition there may be significant 
differences between regions that makes it difficult to generalise conclusions. Nonetheless, the 
methodology of using representative examples does make the task manageable, which is 
important. In addition, the weaknesses (e.g. potential for bias, need for clarity of questions, 
limited ability to qualify answers) inherent in surveys of staff and patients are acknowledged, 
particularly when dealing with satisfaction surveys. 

Evaluation in WA has been mainly focussed on satisfying the requirements of the MOU and to 
form a basis for informing future investment decisions. Some of the objectives of telehealth are 
not always mutually compatible, e.g. establishing better access to care is not always compatible 
with reducing short-term costs. As Cradduck [20] has indicated, it is important to be clear about 
the objectives of telehealth fiom the outset and to ensure that the evaluation reflects them. 



Telehealth measurement systems need to quantify costs and benefits wherever possible but must 
also be cognisant of intangible benefits that cannot be expressed in monetary terms. A balanced 
scorecard approach [21] may provide a comprehensive measurement approach across multiple 
telehealth dimensions, such as safety, effectiveness, quality, appropriateness and efficiency. 
While the pursuit of cost savings is attractive, telehealth, at least in the short term, is more likely 
to slow the pace of cost escalation rather than deliver realisable savings. 

Finally, it is noteworthy that the telehealth industry itself is not stable and is undergoing 
continuous development, which adds to the challenge of developing meaningful measurement 
systems. As KPMG [22] put it " the speed at which technology is superseded means it is 
sometimes problematic to link the assessment of a telehealth concept to a specific technological 
implementation". In addition technology costs are declining whilst the range of technology 
options is increasing. Evaluation methodologies and systems thus need to be reviewed 
continually to make sure that they are appropriate for the technology and the types of services 
being provided. 

Conclusion 
Telehealth in WA has made a very positive start. There is now a substantial infrastructure for 
delivering it and a broad range of services under trial. Educational and administrative uses 
appear to be viable and seem likely to grow. Clinical services are developing at a modest but 
encouraging rate. There remains a high dependence on individual clinical champions and a 
constant need to maintain service levels. This is an area of significant risk. The volume of 
activity is critical to the future success of telehealth and the ability to monitor this activity, set 
targets and increase activity is important. 

A continuing criticism of telehealth is that there is not enough evidence of sufficient substance 
to back assertions that it is safe and cost effective. Whilst WA has made an effort to evaluate its 
telehealth initiatives this work (and probably most of that performed in other States) has 
limitations and individually may not add significantly to the national and international case for 
telehealth. If so, a question worth asking is what would make a difference? 

A proactive strategy is needed at national level to ensure not only consistent and compatible 
infrastructure, equipment and standards but also data capture and evaluation methodologies that 
will allow comparisons across regions and states which in turn will provide opportunities to 
learn from others and thus improve health care on a national front. A valuable starting point 
would be for more collaboration and coordination of system usage reporting, policies, standards, 
protocols and evaluation strategies to occur with gaps identified and jurisdictions recruited to 
address these gaps over time. This information would help to build the body of knowledge 
necessary to promote telehealth as a safe and cost effective mechanism for delivering and 
improving rural and remote health care. At the very least it would reduce the likelihood of this 
being an unresolved barrier into the future. 

Perhaps one of the major challenges is to determine a way in which telehealth advocates can 
collaborate to draw together their experience and translate this into an effective and persuasive 
body of evidence. With the demise of the National Telehealth Committee in 200 1 some of these 
coordination functions were passed by the Australian Health Ministers' Advisory Council to the 
National Health Connect Board. Unfortunately, due to a substantial workload the Board has 
been unable to progress these matters adequately. There remains a need for this to occur. 
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Summary 
The shortage of ENT specialists, and the high incidence of ear disease in remote areas, are 
major problems for Australian otolaryngology. We have developed a multimedia course for 
primary care providers, incorporating material about ear anatomy and physiology, ear disease, 
video-otoscopy and telemedicine software. The computer-based course was followed by a 
practical one or two day course. A multi-choice test was used before and at the end of the 
course to evaluate the level of knowledge of the course participants, and a questionnaire was 
used to gauge feedback. The course was conducted with 30 Aboriginal health care workers. 
The participants showed that they were able to obtain reasonable to good quality images aRer a 
short period of training. There was an average improvement of about 24% in the test scores, 
and the feedback regarding the course was extremely positive. The CD-ROM and the web site 
provide a valuable resource to assist the primary care providers in their care for patients with ear 
disorders. 

Introduction 
Chronic otitis media is a major health problem of young children in rural and remote areas in 
Australia. This particularly afflicts indigenous children (up to 70% in some cases), and has a 
serious effect on their educational development, which has multiple social implications for the 
individual and the community[l]. Clinical visits by ear specialists to many isolated places are 
infrequent and irregular. Tele-otology has the potential to improve this and a comprehensive 
tele-otology system has been developed and validated[2-41. A central server collates the data 
and informs an ear specialist that a patient is available for assessment. The ear specialist 
accesses the images and data via a secure Internet web-page, and provides clinical advice. This 
advice is returned to the primary care provider using email. 

The training of the primary care provider is essential in the successful implementation of tele- 
otology. The utilisation of the local health care workers has been identified as crucial in the 



fight against the high incidence of ear diseases confronting many communities.[l] These people 
have a constant presence in the community, and are in the ideal position to provide the ongoing 
attention that is required for patients with middle ear disease. To undertake their role in a tele- 
otology programme, they are required to have good video-otoscopy skills, have a good 
understanding of ears, hearing and middle ear disease, and be able to use the computer software. 
We have therefore developed a training programme to provide background information in ear 
anatomy, physiology, hearing, otoscopy, and telemedicine. It can also be used to teach skills in 
video-otoscopy, the use of tele-otology software and the collection of important clinical data. 

Training programme 
The training programme was delivered in two parts. Part one contained background material. 
For the successful and safe operation of a video-otoscope, it is necessary to have a basic 
understanding of the anatomy and physiology of the ear, hearing and deafhess, and some 
knowledge of middle ear disease. This part was designed to be delivered to the trainee by CD- 
ROM or the Internet. This allows didactic material to be delivered to the participants in a 
manner that they can proceed through it in their own time and at their own pace. 

The components of this part of the course were (i) a 32-question multiple-choice test covering 
the structure of the ear and ear disease to establish the baseline knowledge of the students, (ii) 
an illustration of the outer, middle and inner ear on which the student was required to identify 
the major structures, (iii) an introduction to audiometry and tympanometry covering equipment 
and familiarisation of the data, (iv) a video on the physiology of hearing, (v) a 30 minute video 
on middle ear disease, and (vi) an multimedia guide to the middle ear disease, telemedicine, 
otoscopy, and video-otoscopy. A reference section presented some images of ear disease, and 
showed the typical audiometry and tympanometry results that are associated with the condition 
(Fig 1). 

Part two of the course was designed as a one-day group session, focused on practical training on 
the use of the video-otoscope. A demonstration of the safe use of the video-otoscope highlights 
the positioning of the patient and examiner, holding the video-otoscope, focus, image 
orientation, and identifying wax and landmarks of the ear canal and eardrum. Included in the 
practice with the video-otoscope is the use of the tele-otology software. This software collects 
the patients' demographics, clinical history, audiometric data and images. 

A number of presentations from clinicians reinforced the material of the first part of the course. 
This includes (i) an ENT surgeon's view of middle ear disease, covering issues such the 
incidence of otitis media in children, ear toileting, and surgical and medical management, (ii) a 
demonstration of an audiometer and tympanometer, and (iii) a comprehensive background of 
telemedicine and its role in rural and remote medicine. The session concluded with the re- 
administration of the multiple-choice test and the completion of a confidential 
feedbacklevaluation form. 

Methods 
The course was undertaken with 30 Aboriginal Health Care Worker students from the Marr 
Mooditj Foundation, a primary Aboriginal training centre in Western Australia. The group was 
split into two, with one group of 18 students who were completing the first year of their course, 
and the other with 12 students, many of whom were already practising as health workers or 
were completing their second year of study. The first group was split into two for the practical 
part of the course. 

When it became apparent that the initial target group did not have adequate access to computers, 
it was decided to use an ear nurse specialist as an instructor using traditional classroom teaching 



methods, with the Internet material, assistance of some videos, as well as a short practical 
session on the use of otoscopes, and demonstrations of audiometry and tympanometry. 

General feedback and evaluation was obtained using an additional 27 questions covering 11 
different aspects of the course. Simple positive and negative answers were required. 

Results 
The results of the multi-choice test are shown in Table 1. There was an average improvement of 
about 24% in the test scores between the start and completion of the course. There was no 
significant difference between the two groups. 

I Overall 1 I 54 1 I 79 I 

Table 1. Results for the multiple-choice test before and after the course 

The course participants quickly became comfortable with the use of the video-otoscope. They 
were immediately able to take good quality images. The difficulties encountered were with 
negotiating earwax, and determining the correct angle of insertion of the video-otoscope into the 
ear canal. The ENT specialists were very satisfied with the quality of image obtained. 

The responses to the evaluation and feedback questions were over 90% positive, and did not 
differ significantly between the two groups. The most positive responses were about the 
usefulness of the CD-ROM as a reference resource, the information received from the guest 
speakers, the video on middle ear disease, the reviews of the material, and the organisation of 
the course, venue and facilities. Less positive responses were related to time for questions and 
practice of standard otoscopy and video-otoscopy. Of the 28 students, 15 made extra comments 
most of whom indicated their appreciation for the course, and their keenness to use tele-otology 
in their communities. 

Post-course 
n I Mean score ( O h )  

Group 

Discussion 
The trial of the course with 30 students provided valuable feedback for enhancements and 
changes that are required to be made to the course materials and implementation. Some of the 
material was probably beyond the level of some of students. It is obviously important that the 
material is presented in a way that takes into account the existing level of knowledge of the 
participants and also their English language skills. The course material must be designed with 
various levels of detail and difficulty, allowing students to select an appropriate level and then 
progress to more detail if they are interested. This is something that CD-ROMs or web sites are 
capable of providing, as well as allowing the information to be readily changed and updated. 

Pre-course 
n I Mean score (%) 

The course participants showed a significant improvement in their general knowledge of ear 
anatomy, ear health and hearing, and also showed a good aptitude to using the video-otoscope. 
Although there were suggestions about having more time to practice video-otoscopy during the 
course, proficiency will be obtained only with regular practice, with continuous support and 
guidance during the first one or two years of use. 
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Figure 
Fig 1. Sample page fiom the web-based course, showing the reference example for otitis media 

with effusion with a typical image, audiogram and tympanogram 

OME (Otitis Media with Effusion) 

Here, there is a mild degree o f  otitis media with 
effusion. The eardrum shows only minimal 
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confident of the d~agnosis, and mpedance 
audiometry is required for confirmation. 
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Summary 
Papers presented at the Successes and Failures in Telehealth (SFT) conferences have made a 
helphl contribution to what is known about the practicalities of implementing and using 
telehealth. Ten of the 89 papers covered general concepts, 40 described primary studies and 26 
discussed telehealth programmes or networks. Common themes that emerged on determinants 
of success and failure included the reliability of equipment, reliability of vendors, political and 
budgetary issues, the perceived need for telehealth, involvement of stakeholders, health 
professionals' opinions, stability of management structures, turnover of personnel and 
cooperation between organisations. Limitations in some papers included an absence of data, 
weak study designs, short-term perspectives and lack of information on health outcomes. 
Despite these limitations, the papers have made a valuable contribution to our knowledge of 
what has worked and what has failed in the field of telehealth. 

Introduction 
The three Successes and Failures in Telehealth (SFT) conferences have provided a forum to 
explore the status of telemedicine in several countries. Presentations at the conferences have 
covered many different health systems and telehealth applications. What do the papers 
presented at these meetings tell us about the successes and failures in telehealth? What aspects 
appear to be established? What are the gaps in our knowledge? 

To answer these questions, a review was carried out of the papers from the first two SFT 
conferences, as published in supplements to the Journal of Telemedicine and Telecare [1,2], and 
the majority of the papers submitted for the third conference. These papers represent the 
publicly-accessible material from the conferences. 

There are some limitations in the material available for review. Only short papers have been 
published, because of budgetary constraints, so that the description and analysis of the 
applications covered is necessarily brief. Also, the papers reflect individual decisions to submit 
material so that they do not provide systematic coverage of successes and failures in telehealth. 



Conference organisers cannot compel people to present their work, and have only limited 
control over the quality of what is actually presented at a meeting. Nevertheless, these 
publications give a useful snapshot of the experience of many workers in the field. 

Methods 
Review of publications from the first two meetings was made on the basis of the final versions 
of the papers published in supplements to the Journal of Telemedicine and Telecare. For the 
third meeting, the review included submitted manuscripts that were available during July 2003, 
with the exception of this paper. Papers that were concerned with descriptions of technical 
issues were not considered for the purposes of the analysis. Also, material from the posters 
presented at SFT-2 was not reviewed as the corresponding abstracts contained only limited 
detail. 

Attention was given to the type of study or reviews given in the papers, the nature and quality of 
the evidence presented, the type of telehealth programme or application described, and the 
determinants of success and failure that were given. 

Results 
There were 89 papers from the three meetings. Thirteen of these dealt with technical issues or 
were introductory in nature. The remaining 76 papers covered conceptual or evaluation issues, 
primary studies and descriptions of programmes or networks (Table 1). The 10 "concept" 
papers were essentially setting the scene for consideration of successes and failures. They 
included detailed presentations on what constitutes success in telehealth and on organizational 
aspects, and a useful overview of global policy issues. The remainder of the papers in this 
group tended to be opinion pieces or brief narrative reviews, raising points for discussion but 
providing relatively little detail. 

"Submitted papers available in July 2003, excluding the present paper 

Thirty two of the 40 primary study papers dealt with feasibility or pilot investigations. Thirty 
described successes, five covered failures, four considered both aspects and one seemed unclear 
on the status of the application. Twenty one papers gave utilisation data. The most commonly- 
evaluated attribute was satisfaction with or acceptance of the telehealth application, which was 
addressed in 20 studies. Five papers provided accuracy data, five included estimates of cost and 
nine gave some indication of influence on patient management decisions. Six of the studies 
appeared to have had some influence on subsequent policy or administrative decisions about the 
telehealth application. Sixteen papers included some information on determinants of success 
and failure. 

Most of these papers reported observational studies and in only 11 was there some comparison 
with a non-telehealth alternative. In 20 papers, reported data were sparse or non-existent. Two 
other papers that included limited data cited other publications that had addressed the same 
studies. 



Longer term use of telehealth was addressed in 26 papers that gave descriptions of programmes 
or networks. Eighteen of these papers gave relatively few data, though five made reference to 
more detailed accounts of the programmes that had been published elsewhere. Twelve papers 
described successes, two discussed failures, nine presented a mixture of successful aspects and 
limitations, and conclusions on status were unclear in three. Twenty of these papers gave some 
detail on determinants of success or failure in telehealth. Although much of this material was 
anecdotal, it included valuable details of the programmes concerned and provided insights into 
the realities of telehealth programmes that are often missing in the literature. 

As might be expected, some common themes emerged about determinants of success and failure 
of telehealth applications and programmes. Areas regarded as significant in descriptions of both 
successes and failures are summarised in Table 2. There is not much new here - such issues 
have been raised many times before. However, a number of the papers provide further details 
and represent a valuable addition to the published information. The additional material on 
failures and limitations is particularly welcome. 

Table 2. Determinants of success and f 
Determinant 
Reliability of equipment, software, 
communications 
Adequacy of technical support and 

iilure in telehealth 
Comments 
The reliability of telehealth components will influence 
the degree of confidence in the technology and the 
ability to integrate telehealth with local practice 

reliability of vendors patterns 
National or regional political, A relatively stable, supportive environment is needed if 
economic and budgetary issues I telehealth is to thrive 
Perceived need for the telehealth 
service 

Has an adequate business plan been prepared? Is there 
adequate publicity? Is the alternative approach 
sufficientlv effective? 

Involvement of stakeholders - in 
planning, ongoing liaison 
Health professionals' attitudes to 
training, changes in responsibilities, 
autonomv 
Stability of management structures 
Turnover of personnel 
Cooperation and competition between 
organisations involved in networks 

Need to encourage a sense of ownership and 
participation, acceptance of benefits, make appropriate 
modifications to telehealth programme 

Continuity and consistency in personnel and other 
management is important 

Discussion 
Authors of papers for the SFT meetings have often taken the opportunity to present an unusually 
open and revealing view of the practicalities associated with telehealth programmes. This has 
been a real step forward in the critical appraisal of telehealth. However, there seem to be some 
limitations, even when the brevity of the papers is taken into account. How compelling is the 
information presented? What do we really know about successes and failures in telehealth? 

Failures in telehealth were perhaps under-represented at the conferences. Relatively few papers 
described complete failures, though many outlined qualifications to the successes that they 
reported. If there is a bias here, it is one that we have to live with. People are more inclined to 
submit success stories than accounts of disasters, even at a forum like this. The information on 
failures that has been presented is very valuable and provides indications of traps to avoid for 
planners and workers in telehealth. 



While the anecdotal information presented was often very useful, too many of the papers did no 
more than relay opinion, presenting or citing little data to support their assertions of success. In 
some, the data presented were misleading or hard to follow. Even in short papers it should be 
possible to present clearly the data to support the points being made. Although there have been 
some admirable examples of such approaches in the SFT meetings, they represent a minority. 
Those papers that reported primary data generally referred to studies that were methodologically 
weak. Only a few of the papers would have met the inclusion criteria of a recent systematic 
review of comparative studies that reported clinical or economic outcomes.[3] 

A further limitation lies in the sort of information that was presented in some papers as 
representing success. Success in telehealth can be taken to reflect the extent to which it makes a 
sustained, worthwhile contribution to the operation of health services and the maintenance or 
improvement of health status[4]. Few of the presented papers described success in such terms. 
Most of the primary studies were exercises in establishing feasibility. The data presented 
usually referred to utilisation and measures of satisfaction. There was little information on 
long-term outcomes of telehealth programmes. Only two papers provided data on health 
outcomes related to use of telehealth; nine others gave some data on the effect of telehealth on 
management decisions. Economic outcomes were limited to results fiom basic cost studies. 

Despite these limitations, the papers from the SFT meetings make a valuable contribution to our 
knowledge of what has worked and what has failed in telehealth. It must be considered a 
healthy sign that workers in the field have been prepared to present material about their failures. 
Future appraisals of successes and failures of telehealth should include stronger assessment 
methodology, clear presentation of data, appraisal of programmes beyond the pilot project phase 
and integration of telehealth initiatives into a broader health policy context. 
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Summary 
We have developed a web-based application for managing e-consultations. This solves some of 
the problems inherent in peer-to-peer email communication. Referrals were from three 
hospitals in Vietnam. Each hospital was provided with Internet access for up to 4 hours a day 
for an initial 12-month period. In the first six months, doctors from the Vietnamese hospitals 
sent a total of 30 cases. Specialists in Sydney provided their expertise on a voluntary basis. 
Preliminary data suggest that the Vietnamese doctors found the system to benefit their 
diagnostic and management decision-making. Challenges have included equipment failures, 
language barriers and the difficulty of obtaining feedback for evaluation. Successes have 
included the relationship-building between doctors in the two countries. Preliminary results 
were encouraging and most of the Vietnamese doctors (5 out of 6) reported that they were 
slowly incorporating use of the system into their daily practice. 

Introduction 
Store and forward telemedicine applications have often relied on email for communicating 
consultation requests [l-41. We have devised a web-based application that facilitates the 
transmission and management of cases. MedTech is a non-government organisation which 
assists developing nations through the application of emerging technologies. Our aim was to 
provide a low cost, reliable method of telemedicine. 

The application we have developed, Medgnosis, incorporates a standard interface for capturing 
case information including diagnostic images. The programme includes all the image and case 
analysis tools required for electronic consultations. In addition, it acts as a repository of cases 
that can be used for future reference or for educational purposes. The application provides a 
single point of contact for communications. 

Each doctor sending referrals is assigned to a group. The group comprises all the specialists 
who have agreed to receive cases fi-om that doctor. When the referring doctor sends a new case, 
all of the specialists in that group are automatically notified that a new case has been entered, 
and only these users can respond to the case. 



Advantages of this approach include: 

1 a standard user interface for capturing case information 
2 secure access - only registered users can access the system 
3 multiple access levels - for example read-only access for students or other users who 

may be granted access to view but not create or respond to cases 
4 all message routing is handled by the centrally managed application. This has benefits 

such as: 
groups are managed at the application level. New case notifications are sent to 
all of the users within a referring doctors group. This saves time and allows 
single or multiple relationships, the latter of which reduces the load on 
individual specialists 
the ability to track responses. 

5 message routing is automated and email is used for all notifications 
6 in circumstances where a response has not been received in a specified period of time, 

an automatic notification is sent to the specialist responsible for responding to the case 
7 no special software is required by the users. The system is accessed using a web 

browser making it easy to use from any location with an Internet connection 
8 the data, which may comprise sensitive information, are securely transmitted 
9 all case data including responses are stored centrally, allowing the development of a 

resource which can then be used for hrther knowledge sharing, teaching cases, 
reference cases, sharing responses with colleagues and as a research tool 

10 the application is based on standard software and is scalable to support a large number 
of users 

11 the framework is flexible which should allow new technologies, such as PDAs, to be 
used with the system. 

Methods 
Referrals were from three hospitals in Vietnam: Viet Duc and Bac Mai hospitals in Hanoi, and 
the central hospital in Hue. Internet connections were established in the three hospitals in 
Vietnam. Each hospital was provided with Internet access for up to 4 hours a day for the initial 
12 month period. Digital cameras (CoolPix 4500, Nikon) and scanners (UMAX 2400, with 
UTA transparency adaptor) were supplied to each of the sites. The doctors were trained to use 
the cameras and to prepare the images for transmission. 

Specialists in Sydney provided their expertise on a voluntary basis. The application runs on a 
server at the University of Sydney Medical Faculty. 

Results 
In the period from December 2002 to June 2003,30 cases were sent from the three hospitals in 
Vietnam. The cases were those where the local doctors' opinions about diagnosis and treatment 
were divided. There were 12 cases in hand surgery, 7 in pathology, 4 in renal medicine, 3 in 
orthopaedics, 2 in endocrinology and 2 in cardiothoracic surgery. In 6 cases information was 
requested about diagnosis only, 19 regarding treatment only and 5 regarding diagnosis and 
treatment. The pathology consultations were diagnostic, hand surgery consultations were 
mainly management and nephrology cases largely concerned both diagnostic and treatment 
opinions. 

Preliminary results were very encouraging and most doctors (5 out of 6) reported that they were 
slowly incorporating the use of the system into their daily practice. 



iuccesses 
relationship building 
h e  limiting factor for the Australian specialists is to frnd time for e-consultations in their 
lready busy schedules. We approached this problem by identifying existing relationships 
~etween doctors. All of the specialists participating in the pilot project had either spent time in 
rietnam with one or more of the Vietnamese doctors, or had helped to train the Vietnamese 
octors in Australia. 

'he motivation for the specialists is that they have a vested interest in furthering the 
evelopment of their colleagues and in establishing stronger relationships. The Australian 
octors also had an understanding of their Vietnamese counterpart's clinical competency and 
perating environment, ensuring that the advice given was appropriate for the specialist in the 
eveloping country. We have found this to be very successful and hope to identify more 
xisting relationships that could benefit through the use of this type of application. 

Mine resources 
4edTech, through its relationship with the University of Sydney, enabled Vietnamese doctors 

access Intemet resources such as email and Medline. These have been very valuable as 
ducation tools and information resources. 

7entral repository 
he central repository is the core of the Medgnosis application. It is used for evaluation 
wposes. However, by storing the cases in a database, they are available as reference cases, for 
:aching purposes or as a research tool (for students or other doctors). Cases are searchable 
~ithin the system via a full text search. On one occasion a doctor in Vietnam referenced a case 
e sent through the system in a presentation at a national pathology conference in Vietnam. 

fedicolegal issues 
'he liability of doctors in Australia in connection with the use of the system was a concern, 
articularly where the services are provided on a not-for-profit or charitable basis. This was 
ddressed by the Vietnamese doctors providing indemnities under New South Wales law to 
'ledTech in relation to each case they submit. 

:hallenges 
quipment 
h e  of the scanners installed failed after a power surge. Scanners with the ability to digitise 
,ansparencies, such as X-rays and CT images, are difficult to transport and replace, and power 
xges are not uncommon in developing countries. Our experience suggests that modem digital 
ameras provide a cheap, easy and reliable method of capturing images with sufficient 
:solution for diagnostic purposes. 

fedical language 
he user interface was designed to make it as user friendly as possible. History and 

examination sections of the interface were broken down into smaller sections so that the 
Vietnamese doctors could enter data in point form rather than have to compose long 
descriptions. Most of them spoke good English. 



Evaluation 
Evaluation of the system was a major priority and a survey tool was built into the application. 
While this was generally successful, time constraints meant that feedback was sometimes 
missing or incomplete. 

Socio-cultural issues 
As with the introduction of any new technology there are groups who show resistance. In such 
situations we have adopted a local champion for support. 

Discussion 
The preliminary experience indicates that Vietnamese doctors use the system regularly to 
consult with their Australian colleagues. Verbal and written feedback has been very positive, 
with all doctors indicating that the application is easy to use and helpful in their medical 
practice. Furthermore, the provision of Internet access has been received well with all 
Vietnamese doctors using the web for education purposes. 

Overall, the challenges we have encountered are very similar to those reported by other groups 
implementing e-health in developing nations[3,5]. Incompatible equipment and language 
barriers are global problems in IT implementation, which we have approached by learning fkom 
the experiences of others. The socio-cultural barriers are more difficult to overcome; something 
that all organisations in this field should to approach with sensitivity. 

The challenge of effective evaluation has also been difficult and we have worked to make the 
process easier for the doctors involved. Doctors are automatically prompted to add a 'final 
comment' indicating their final diagnosislmanagement, once the case has been responded to. 
The doctors have generally found that adding feedback with each case is not too time 
consuming, although it is not always done. Since the system automatically detects whether the 
'final comment' has been entered, we can prompt the clinician to follow up if necessary. 

The pilot study has been very successful and doctors from several other countries have 
expressed interest in being involved. 
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Summary 
The use of telemedicine brings about change in health care organizations and opens up new 
possibilities for health care delivery. The organizational environment is often crucial in 
determining whether or not telemedicine applications will be successful. To examine the 
concept of "organizational readiness for telemedicine" as a factor that explains why 
telemedicine initiatives succeed or fail, key informant interview results from two studies were 
used. These were the Alliance for Building Capacity (ABC) Project and the National Initiative 
for Telehealth (NIFTE) Guidelines. The data indicate that organizational readiness for 
telemedicine is a multi-faceted concept related to planning and the workplace environment. A 
greater understanding of the factors within organizational readiness could help avoid costly 
implementation errors. "Readiness" needs to be systematically assessed and is important for 
long-term success. 

Introduction 
Telemedicine has the potential to address a number of problems facing the Canadian healthcare 
system, such as quality of care and access (particularly for rural and remote areas). Adoption of 
telemedicine opens up new possibilities in health-care, but it also brings about significant 
changes in health-care organizations that can disrupt the provision of existing services [l-41. 
Organizational, human and financial factors are widely reported as factors that have contributed 
to the failure of telemedicine programmes in the past [5-91. 

"Success" is defined as "the achievement of something desired, planned or attempted"[lO]. A 
number of factors are associated with success in telemedicine, the most frequently discussed 
being clinical effectiveness, cost-effectiveness and sustainability [ l  l]. A further factor is 
readiness for telemedicine, in particular "organizational readiness5'[12]. When readiness exists, 
an organization is prepared to accept change; if an organization is not ready, the innovation may 
be rejected and result in failure [13]. A plan for change management (such as the reorientation 
and adaptation of work practices) during the transition period is therefore required. 



Few studies have looked at the effects of implementing telemedicine services and how an 
organization's readiness can be systematically assessed. 

Methods 
The concept of "organizational readiness for telemedicine" was explored using interviews from 
two studies - the Alliance for Building (ABC) Project [l41 and the National Initiative for 
Telehealth (NIFTE) Guidelines [l 51. The aim was to understand why telemedicine initiatives 
succeed or fail. The ABC project aimed to explore the core factors of telemedicine readiness in 
rural and remote areas in Canada. Four domains of readiness were examined: patients, 
practitioners, organizations and the public [14]. The NIFTE Guidelines Project was aimed at 
developing a national framework of guidelines for clinical telemedicine services. One content 
area examined was "organizational readiness for telemedicine" [ l  51. 

Key informants were defrned as individuals who frequently used telemedicine to deliver or 
receive health services and who held management or administrative positions within their 
organizations. A total of 16 semi-structured interviews (4 ABC and 12 NIFTE), were 
conducted. The interviews were audio taped and transcribed. Data were coded and analyzed 
using an iterative qualitative approach [l 61. Data were examined for emergent themes that 
identified factors of readiness at the organizational level, and for examples of success and 
failure in telemedicine implementation. 

Factors contributing to success 
The literature review and the key informant responses revealed themes, indicating that 
organizational readiness is important for long-term success of telemedicine programmes and 
services, and that readiness needs to be systematically assessed. Organizational readiness for 
telemedicine is a multi-faceted concept related to planning and the workplace environment. 

Planning readiness. One of the first steps in the successful implementation of telemedicine 
services is planning. The key informants identified four major themes related to planning 
readiness: ( l )  telemedicine strategic plan; (2) needs assessment and analysis; (3) business plan; 
and (4) leadership readiness. 

Telemedicine strategic plan. The development of a telemedicine strategic plan is indicative of 
planning readiness. This plan should include a needs assessment and analysis and should have 
several sub-plans: business, marketing, communication, implementation, and evaluation. 
Organizational telemedicine policies and procedures are developed from the strategic plan and 
should support the overall corporate direction. A phased-in approach for implementing the 
strategic plan, with specific milestones and evaluation, was also identified as an important 
element of planning readiness. 

Needs assessment and analysis. A needs analysis is a critical component of organizational 
readiness. It assists organizations in defining their clientele population, the health-care 
problems, how these health-care needs can be met, and why telemedicine is the best way of 
meeting these needs. Assessment of both community and provider readiness for telemedicine 
are essential components of a needs analysis. Community readiness entails looking at factors 
including: the community's needs; epidemiological data; the community's resources; the health- 
care providers in the community; what is realistic access to health services and what is feasible. 
Community involvement in the needs analysis at varying levels was identified as being 
important to community "buy-in", which also entails some ownership and conviction about the 
topic. The community needs assessment involves an informed analysis, including the creation 
of community awareness and open communication with individuals at grass roots levels. 



Provider readiness should include assessments of health-care provider readiness and take into 
account their needs as end-users. 

Business plan. A business plan is another important component of the strategic plan. It needs 
to remain open to regular revision. Elements needing to be determined were: the complexity, 
levels of detail and comprehensiveness of the telemedicine programme; cost-benefit andlor cost 
effectiveness; and financial sustainability. Funding was identified as important when building 
structural readiness. It is necessary to support initial costs and to sustain the service beyond 
implementation. Funding can be used to: (1) ensure sufficient number of staff; (2) support a 
telemedicine coordinator; (3) provide technical support; (4) establish telecommunications 
connections; and (5) establish management funds. 

Leadership readiness. Leadership readiness was defined as the need to have programme 
champions and collaborative partnerships informed and in place. Two types of champions were 
identified as critical for success within the organization - clinical or provider champions and 
senior-level administrative champions. Also, a champion at the community level was identified 
as playing an important role in promoting the telemedicine benefits. Senior-level administrative 
support was felt to be critical for the success and sustainability of telemedicine services in 
health-care organizations. 

Key concepts for collaborative partnerships included the need for organizations to: demonstrate 
ability to partner; have a variety of partnerships; have partnerships in place prior to starting the 
planning process; revise partnerships over time; and develop partnerships dependent on the 
scope and application of telemedicine services. 

Workplace environment readiness. The workplace environment must be able to implement the 
planned telemedicine services and cope with the changes that result. Major components of 
workplace environment readiness include human resources and structural readiness. 

Human resources readiness. Human resource readiness refers to having adequate human 
resources to implement the telemedicine strategic plan. The clarification of roles and 
responsibilities for telemedicine was identified as an application-specific subcomponent of 
human resources readiness. Human resources readiness also includes elements of: preparing 
staff; presence of a telemedicine coordinator; and change management readiness. 

Preparing s ta8 Organizations ready to use telemedicine have training and continuing 
professional development plans in place for those individuals providing care via telemedicine. 
It is important that telemedicine services become integrated into routine healthcare. Orientation 
sessions, written instructions, procedural manuals, and continuing professional development 
within organizations are essential to prepare staff to be as ready as possible to adopt 
telemedicine applications. 

Telemedicine coordinator. A second aspect of staff preparation is the presence of a 
telemedicine coordinator, who understands the equipment and can transfer knowledge to users. 
A high level of interaction and communication between the experienced and inexperienced 
contributes to a more effective learning environment. Often the physical presence of someone 
who is familiar with the telemedicine application creates a positive environment for learning. 

Change management readiness. Introducing telemedicine is often disruptive and intrusive to 
the work environment. Resistance to change can occur at the individual level, as well as at the 
organizational level. A shared vision of what is to be accomplished through implementation of 
a telemedicine application is necessary. The entire organizational culture needs to be receptive 
to change, not only the leaders or management. Readiness means the organization's leadership 
understands this, and has change management plans in place. 



Structural readiness. Structural readiness is related to perceptions of the soundness and 
preparedness of the telemedicine structure. People's perceptions of the structure are connected 
to their willingness to adopt it. That is, the workplace environment has to be ready for the 
telemedicine technology and equipment. The equipment has to be located where it is 
convenient for providers so that it can facilitate the use of technology as a tool to deliver patient 
care. In addition, administrative policies and procedures are required for clinical decision- 
making, functioning, and processes of using telemedicine. These include standardized, well- 
defined, easy-to-use mechanisms for referral and transfer of patients, record keeping, and 
privileges to use telemedicine at both receiving and referring sites. Structural readiness includes 
themes related to: technical readiness; policy; access; and communication and participation. 

Technical readiness. Technical readiness is another factor associated with success. The 
equipment must be appropriate for the job, located in convenient places, and safe to use. Use of 
equipment raised two additional points for successful telemedicine implementation and 
utilization: (1) the importance of using appropriate technology when providing telemedicine 
services; and (2) allowing creative use of the equipment. If equipment is too sophisticated for 
its users, the services will be badly used, or not used at all. Allowing and encouraging users to 
be creative when using new services, results in using equipment to solve problems in 
unexpected ways. 

It is important that organizations ensure the smooth running of equipment and provide technical 
support. In remote areas, it is important to develop plans for maintaining equipment and solving 
technical problems. When technical support is easy to access, organizations are better able to 
cope with technical failure. 

Policy. Key informants emphasized that a number of organizational policies need to be in 
place, including: reimbursement of practitioners, liability, jurisdiction and privacy. Where 
organizational policies, standards, and guidelines exist, they should be reviewed and revised to 
ensure that telemedicine is adequately addressed. In areas where policies are absent, 
telemedicine-specific standards and guidelines need to be developed. 

There was a range of views about who should take responsibility for establishing and 
maintaining policies - from various levels of government to individual organizations. 
Informants stressed the importance of having policies (related to the required infrastructures, 
hnding, remuneration) in place at the provinciaVterritoria1 and national levels, as well as 
support for innovation and the diffusion process. Other policies are needed to provide: 
administrative standards for management of telemedicine services; strong leadership; 
comprehensive telemedicine strategy; and common understanding of federal and 
provincial/territorial initiatives. 

Access. Access to adequate facilities and appropriate equipment is necessary for success. For 
example, remote communities may initially want teleradiology equipment, but the costs and 
benefits may exclude this. Focusing on who will access the telemedicine applications, and 
where, assists in determining appropriate services. 

Communication andparticipation. There is a need for open communication and for all 
stakeholders to be informed during the planning and implementation phases. This is critical in 
achieving support for telemedicine programmes, as well as in facilitating change processes and 
building teams. Since telemedicine involves communication among multiple organizations, a 
good working relationship between receiving and sending sites is required. 

Factors contributing to failure 
There were three factors that contribute to failure: inadequate needs assessment and lack of buy- 
in; lack of staff preparation; and resistance to change. 



Inadequate needs assessment and lack of buy-in. The impetus for telemedicine applications 
needs to come from clearly articulated needs, rather than from outside pressures. By 
undertaking a careful needs assessment, telemedicine applications can be made appropriate for 
local situations. When telemedicine applications do not match the needs of users, the equipment 
is inevitably used badly or abandoned. 

Lack of staflpreparation. Part of achieving buy-in from the users is adequate preparation and 
training in use of telemedicine equipment. When staff members are not prepared, fear and 
insecurity can be barriers to successful implementation. 

Resistance to change. Resistance to change can be managed through learning, communication, 
training and human-resource support. Staff, both administrative and users of the equipment, 
need to know that there is a predictable routine in place throughout the implementation process. 
Health-care organizations need to pay attention to the readiness of all people involved with the 
service, particularly health-care providers. All stakeholders must be considered when assessing 
levels of buy-in before implementation proceeds. Without widespread acceptance of 
telemedicine applications, implementation will not succeed. 

Discussion 
As organizations continue to make investments in telemedicine, it is important to pay specific 
attention to an organization's state of readiness. Gaining a greater understanding of the 
components of readiness within organizations is an important step in successful telehealth 
implementation and may lead to avoiding the unnecessary costs of investment errors. Key 
factors that can contribute to success include four related to planning readiness and eight related 
to workplace environment readiness. In addition, three factors were identified as being linked to 
failure. 

Telehealth, when successfully implemented, can have far-reaching benefits for local 
communities. However, the successful adoption of telehealth innovations does not take place in 
a vacuum. Careful assessment of organizations' readiness can make the difference between 
success and failure. 
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Summary 
Multipoint videoconferencing has been used by Women's Health Queensland Wide (WHQW) 
for the delivery of health education to the residents of regional, remote and rural Queensland 
communities. The educational programme was a partnership between WHQW and health 
professionals in the participating communities. Telephone interviews with the health 
professionals were used in a follow-up study. Fifty-one interviews were conducted in October 
and November 2002, representing 43 of the 64 participating towns. The results suggested that 
the project contributed to improved social capital in the participating communities. In addition, 
it gave rise to unexpected but valuable outcomes for WHQW and, potentially, for the 
Queensland community. The project demonstrated that success in telehealth can be measured in 
terms of social and community effects, as well as clinical outcomes and cost effectiveness. 

Introduction 
Women's Health Queensland Wide Inc (WHQW) is a non-profit health information service 
hnded by the state health department and the federal government. The service delivers health 
information to Queensland women and to health professionals via face-to-face events, a health 
information telephone line, fact sheets and newsletters, a lending library and a research service. 
WHQW's website is a major online provider of health information for women in Australia, and 
the service has conducted health education using satellite broadcasting and videoconferencing. 

The multipoint videoconferencing project evolved from WHQW's desire to extend the reach of 
its health education programme beyond south east Queensland. The first stage of this project 
was described in 2001 [l]. 



The project 
The project began in 2000 and lasted for 30 months. There were 14 multipoint 
videoconferences, attended by a total of 871 women in 64 regional, rural or remote towns across 
Queensland. Each videoconference addressed a women's reproductive health topic. A 
maximum of 14 sites participated in each videoconference, using ISDN connections at 128 
kbitls. Most events took place during the day. The videoconferences involved speakers 
presenting short talks lasting 30 min. Events were hosted by WHQW staff and lasted for 90 
min, with the majority of time allocated to questions and answers between speakers and those at 
remote sites. 

Details of the service delivery changed during the project but key features remained the same. 
A local health worker facilitated the event in her community. The responsibilities of the local 
health workers were to: 

book local videoconferencing premises 
liaise with videoconferencing technical person 
arrange funding for call costs 
promote the event locally 
recruit an audience 
host the event locally on the day 
assist audience to access support materials 
collect feedback and provide it to WHQW 
develop follow-up activities locally (optional). 

The responsibilities of WHQW were to: 

initiate the event 
book the multipoint bridge 
book the speakers 
recruit remote sites 
promote the event on a regional or state-wide scale 
provide materials for local promotion 
provide support material on the WHQW website 
present the event 
develop feedback tools and collate feedback. 

The study 
Audience feedback was collected via a self-administered questionnaire following each 
videoconference. A total of 571 questionnaires were returned by facilitating health workers 
(66% response rate). Audience feedback was positive, with 95% of attendees stating that the 
content was informative and interesting, 98% that videoconferencing was a suitable medium 
and 95% prepared to attend hture events. Informal feedback from the facilitating health 
workers suggested that the programme was having a wider effect in some communities and 
WHQW undertook a study to explore this further. 

A simple questionnaire was developed in-house and administered by telephone. Questions 
focused on changes in health practice, community activities or technology use arising from 
participation in the videoconference programme. Fifty-one interviews were conducted in 
October and November 2002, representing 43 of the 64 participating towns. 



Results 
Responses conf i ied  that there was evidence of collaboration and interaction in some 
communities as a result of participation in the programme. These activities are commonly 
understood as contributing to social fabric or social capital [2,3]. The three social capital 
relationships considered prerequisite for a healthy community have been defined as: 

o bonding (to "people like you", fiends, family) 
bridging (to wider networks within the community, reference or support groups) 

o linking (to institutions, government, power) [4-61. 

We found evidence of an increase in all three relationships. 

Discussion 
Bridging relationships 
We found three types of improved bridging relationships: 

Bridging between the health services presenting the videoconference locally and 
community members. Twelve interviewees reported an increase in use of their health 
services. Thirty-five per cent of interviewees were able to name specific activities that 
they had initiated in their communities as a result of the videoconference, including 
workshops, meetings, discussion groups, displays and video viewing, with others 
commenting on a general change in approach 

Bridging between community members with common interests, both personal and 
professional. Several replies indicated that local communities had generated 
opportunities for peer support for themselves. Enthusiastic comments by interviewees 
about improvements in their own peer support opportunities suggest that these were 
valued outcomes for some health professionals 

Bridging between services with common interests. Forty-five per cent of respondents 
confirmed that the videoconference had created opportunities or partnerships with other 
services in their areas. Thirteen respondents identified increased inter-agency and inter- 
sectoral communication, either at a general level or including better referral. 

Linking relationships 
There was also an increase in linking relationships, not only for the participating communities, 
but also for WHQW as the project provider. A number of these links appear likely to lead to 
long-term positive outcomes for a much wider group of stakeholders. High ISDN call and 
bridging costs led ultimately to WHQW's appointment to the consumer consultative council of 
the main national telecommunications company. Results have included improved relationships 
with national peak bodies and a higher profile for the community sector in the 
telecommunications debate. 

The technology officers of a number of major NGOs have established a new network, designed 
to identify good technology practice within Queensland's community sector. The network is 
addressing development of web-based case studies, mentoring support, and industry forums and, 
if successhl, will have a beneficial long-term effect on the quality of services across the State. 

In 2003 WHQW extended the service to a number of other community organisations and health 
promotion agencies. This has strengthened the networks between the agencies that provide 
state-wide support on specific health issues, and enhanced the service delivery opportunities for 
individual organisations. The longer-term outcome will be a stronger more effective health and 
community sector. Partnership opportunities have also arisen from the videoconferencing 



project, with WHQW involved in project partnerships with the State Library of Queensland and 
the University of Queensland. 

Conclusions 
There appear to have been few previous attempts to use multipoint videoconferencing to deliver 
health education to community members. There are therefore no evaluation guidelines to 
follow. The usual measures of improved clinical outcomes or cost savings do not apply. 
Neither do the measures that might be appropriate for a face-to-face health education 
programme in a rural community, since the use of technology has required a wider engagement 
within the participating communities than would have been required for a conventional health 
education event. 

In summary, we believe that this project has been a success, but that its successes are not 
measurable by the standards usually applied to telehealth initiatives. No cost savings were 
achieved through this programme. Its innovative nature meant that it enabled the delivery of 
something that was otherwise unachievable, and the project added use (or value) to existing, 
sometimes under-used, infrastructure. The project had a positive effect on social capital in some 
communities. The design of the programme, and particularly the central role assigned to the 
local facilitating health worker, was crucial in the development of these relationships. 

Higher level "linking" relationships have also emerged for WHQW as the project provider. 
These project outcomes may ultimately contribute to improvements in the quality and range of 
services delivered to rural and remote communities in Queensland, particularly by the 
community sector. Nationally, the sector contributes nearly 5% of Australian GDP[7] yet there 
is little co-ordination within the sector. Improving the community sector's effectiveness and 
reflecting its concerns at government level are long-term strategies for improving the health of 
all Queenslanders. 

In 2003, the project has continued in a form designed to assist other organisations in the 
Queensland community sector to explore the use of multipoint videoconferencing for service 
delivery. WHQW has presented conferences every two weeks with 15 other non-government 
organisations, has begun to undertake consumer consultation via videconference and is 
exploring the use of the medium for research focus groups. 
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Summary 
Conventional dermatology teaching favours a didactic teaching of facts rather than a problem 
solving approach. A web based education system, using a problem solving approach, offers 
many advantages. Several international websites now provide continuing education to specialist 
dermatologists. These are all "discretionary" websites, i.e. those which are visited by choice. 
"Obligatory" educational websites are those tied to a university medical faculty or postgraduate 
college, which require tasks to be completed online or which have unique examinable material 
delivered online. An interactive education website has been established unofficially for Fellows 
of the Australasian College of Dermatologists and Registrars in training. However, a successful 
website will require backing from credentialing organisations and continuing medical education 
will need to be compulsory for an educational website to be successful. 

Introduction 
Store and forward teledermatology was an early example of medical diagnosis being carried out 
on the web and it is still one of the most successful. The use of the web for dermatology 
education began in the universities to post lectures online, but few organisations have attempted 
a complete online course in dermatology. A notable exception is the department of dermatology 
of the University of Wales in Cardiff with its online diploma in practical dermatology.[l] 

Dermatology education websites for the public have been set up by most of the leading medical 
colleges, but none in my opinion have surpassed the website of the New Zealand Dermatology 
Society[2], see Fig 1. However this paper discusses only those websites which in my opinion 
provide the major online sources of basic and continuing dermatology education for specialist 
dermatologists. 

Advantages of the web 
What advantages does a dermatology education website have over conventional teaching and 
assessment? Conventional teaching usually involves individual or small group teaching on 
patients and this is certainly the best for neophytes to the profession. However exposure to rare 
diseases is very limited by this method of teaching for the simple reason that by defmition such 



diseases rarely occur. There are over 2000 dermatology diagnoses and there are multiple 
morphological variants of each disease, so a trainee dermatologist needs to see a lot of patients 
to gain sufficient experience. Online atlases are an excellent way of covering this deficiency in 
conventional teaching. 

Conventional dermatology teaching favours a didactic teaching of facts rather than a problem 
solving approach. A web based education system, using a problem solving approach, allows 
easy access to online references and an easy pathway to an evidence based medicine approach. 
However, for a web based dermatology education system to work in practice, the teachers must 
be enthusiastic about the technique and must be computer literate. Official backing from the 
relevant college of dermatologists or university is also required. The latter is of fundamental 
importance. 

The major websites providing continuing education to specialist dermatologists are listed in 
Table 1. 

As well as the above sites the major dermatology journals such as the Journal of the American 
Academy of Dermatology and the Archives of Dermatology are steadily improving their online 
Continuing Medical Education sections. 

The features of all successful websites are easy access, easy navigation, quick downloads, 
especially in relation to images, relevant content and the fact that they are free. The websites 
listed above exhibit all of these characteristics but they also demonstrate the attribute of 
reinforcing their presence. They do this by having some excuse to send email messages 
regularly to remind you of their existence. They all send out email messages either daily or 
weekly, indicating either that new images have been added, in the case of dermatlas, or that 
there is a new scanned newsletter in dermlinx, or that there are new postings relating to 
dermatology topics or to conferences in medscape. eMedicine has test cases and images. 
Mdlive has a streaming meeting at least once a week. A different password is required to enter 
each meeting and the pretext for getting in touch with you is to tell you about the password. 
However, what they are really doing is reminding you about their existence and encouraging 
you to log on. 

eMedicine works because its contributors are the leaders in their fields, their coverage is 
encyclopaedic and the topics can be updated rapidly in comparison to textbooks. Dermatlas 
works because it allows dermatologists to put up their own images, hence they feel they are a 
part of the site. Medscape and dermlinx do not allow any submissions of material other than to 
discussion groups but they have extremely relevant content and provide a valuable time saving 
service. Medlive is probably the least successful of the main dermatology education sites 
simply because it requires people to be at their PC at a certain time in order to listen to a web 
streaming lecture. These lectures are also stored to allow you to access them at a later stage 
although you obviously cannot interact with the lecturer. 

A successful educational website has two other features. The content is always of a high 
standard and the status of the authors is extremely high. These authors are usually the leaders of 



their profession and many of them have also previously written textbooks. They appreciate the 
virtue of a website in allowing them to keep their material up to date. 

All successful educational websites show both integration of and easy access to references. 
This is what distinguishes them fiom their main competitors which are textbooks. Textbooks 
have marvellous content and images but their ability to easily access and integrate references is 
limited and in the new era of evidence based medicine, this is important. It is this searching 
ability and interactivity that separates the online dermatology educational website fiom a 
textbook. 

Another important function of these websites is to provide certified continuing medical 
education (CME). This is very important now that CME is becoming compulsory, both for 
registration of dermatologists in areas where they practise and for continuing membership of 
their relevant specialist colleges. Where CME is compulsory, the ease of accessing it and the 
cost of taking it will be major stimuli to the further development of educational websites. 
However, it is an unfortunate fact, probably a consequence of human nature, that where CME is 
not compulsory very few people will participate. 

Obligatory and discretionary websites 
An obligatory website is a website that you go to because you have to. A classic example is a 
bank web site: if you want to do online banking, you have to go to the bank's website. 
Discretionary websites are those which are visited by choice. You can obtain your information 
elsewhere. For a strictly discretionary educational website to succeed it must provide an 
educational experience that is obviously superior to conventional education. The educational 
websites that I have discussed already are all discretionary. 

Obligatory educational websites are those tied to a university medical faculty or postgraduate 
college, which require tasks to be completed online or which have unique examinable material 
delivered online. 

For example, <http://www.dermconsult.com.au> is an educational website set up on an 
unofficial basis for the Australasian College of Dermatologists and its Registrars in training. It 
has various components, including a virtual clinical meeting site where dermatologists can post 
interesting cases, including clinical images and histology, an interactive multiple choice site, an 
image diagnosis site, as well as sections allowing dermatologists to post and store Powerpoint 
presentations, PDF and Word files, Fig 2. The site is interactive. Each section has multiple 
links to the major dermatology journals such as the Journal of the American Academy of 
Dermatology, the Archives of Dermatology and the Australasian Journal of Dermatology. Its 
education function has been set up mainly for the Registrars in training. The layout of the 
website was meant to simulate the college examination, hence the multiple-choice sections and 
management sections of common clinical situations. The website also sought to emulate the 
practical aspects of the college final examination. These sections have been quite successful for 
the registrars who have participated but as there are about 60 registrars in total, with about 12 
graduating a year, and as they are scattered across many teaching sites in Australia, getting them 
to participate in an online website requires the active participation of their trainers in each State 
and this has proven difficult. The directors of training vary considerably in their age and in their 
computer skills and many have been used to teaching in a didactic fashion for a long time. They 
are not yet convinced that an online medium is an improvement on conventional teaching. If 
the method of teaching changes to a problem solving approach, then this reluctance may also 
change. 

Most of the major educational websites that have been mentioned are directed at a large number 
of potential dermatologists. Dermconsult is a private website requiring a login and password 
and is mainly directed at the Fellows of the College of Dermatologists. There are about 300 



dermatologists in Australia and only 16 of them are based in rural areas. However, most of 
these still practice in cities of 60,000-100,000 people. Hence the overall target audience of 
dermconsult is relatively small. The College of Dermatologists is a relatively conservative 
organisation that has not promoted the use of information technology in education and has not 
actively encouraged its Fellows to be computer literate. Continuing medication education 
within the College is encouraged but is not compulsory. Its teaching philosophy is still very 
much didactic rather than problem solving. 

In these circumstances it is unsurprising that dermconsult has been slow to take off. 
Dermconsult has the general characteristics of a good website, but it does not have official 
backing. It is directed at a very small cohort of dermatologists and registrars and that cohort is 
unsophisticated in its approach to computers and Internet technology. They see no pressing 
need to use the website. It remains very much a discretionary website. Until it has official 
backing from the College or a similar organisation, until teaching methods change from a 
didactic approach to a problem solving approach and until continuing medical education 
becomes compulsory, it seems unlikely that a specialist dermatology education website in 
Australia will be successful. 

Conclusion 
Websites can provide some of the basic and continuing dermatology education of specialist 
dermatologists. Excellent material is freely available on the Web but a successful website will 
require backing fkom credentialing organisations and continuing medical education will need to 
be compulsory for an educational website to be successful. 
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Summary 
Whenever something novel is introduced there are problems of implementation and operation, 
which may be formally expressed as risks. A comprehensive methodology has been developed 
to assess these risks, but it has not yet been extensively applied in the health sector. Until now 
health has appropriately concentrated on the detection and reduction of clinical incidents in 
established services. However, there is strategic value in looking more broadly at the process of 
risk management. This is relevant to risk management in telemedicine. 

I Box 1 

Let no [organisation] think that it can always adopt a safe course; rather 
should it understand that all choices involve risks, for the order of things 
is such that one never escapes danger without incurring another; 
prudence lies in weighing the disadvantages of each choice and taking the 
least bad as good. 

Niccolo Machiavelli [I] 

Introduction 
Risk management is not new, see Box 1. What is new are the efforts to set standards for the 
process. It is not synonymous with the management of adverse clinical events, with which it 
may be confused, but is a generic methodology. Australia and New Zealand have led the way 
with the Risk Management Standard AS/NZ 4360 121, which has become widely adopted. 
Application of risk management in the health sector is relatively new and we are at the start of 
the learning curve. Much of the methodology has arisen in industries such as transport, 
particularly aviation, and in chemical and nuclear engineering. System failures in such 
industries tend to be spectacular and public. Health has traditionally buried its sporadic 
mistakes without much fanfare, but recent research into the prevalence of medical error [3], 
coupled with the cost of medical insurance which is at crisis point in Australia, has brought risk 



management and the causation of medical error into the spotlight. In such an uncertain climate 
people tend to stick to what they know, which is a problem for new methods of service delivery 
such as telemedicine, see Box 2. 

Box 2 

Support is lukewarm ... because men are generally incredulous, never 
really trusting new things unless they have tested them by experience. 
Innovators who ... must use persuasion ... always come to grieJ having 
achieved nothing. 

Niccolo Machiavelli [4] 

Despite Machiavelli's pessimism, we must move forward, and a formal risk assessment of a 
service has become a key part of any strategic initiative. The elements of risk management 
from the Australasian Standard are described below, with examples of its application to 
telemedicine and relevant medical error theory. 

Australasian Standard 
The Standard defines risk as the chance of something happening that will have an impact upon 
objectives. It is measured in terms of consequence and likelihood. Likelihood is a qualitative 
description of probability or frequency. Consequence is the outcome of an event, and can be a 
loss, injury, disadvantage or gain. These definitions are not simple. The process encompasses 
consequences which can be beneficial. In this discussion I will deal with negative consequences 
only. Risk is a compound entity which is hard to conceptualise. Risks are ranked by semi- 
quantitative means which are in essence qualitative. It is helpful to describe a risk in a short 
phrase in which likelihood and consequence are implicit. Standards Australia have produced a 
handbook for the health sector, [5] as has the Queensland health department [6]. 

The framework is illustrated in Fig 1. Establishing the context is critical. It should include 
identification of objectives, legislative and policy requirements and stakeholder expectations. 
Identification can be by many methods, such as brainstorming. A thorough process will involve 
the service deliverers and recipients, both professionals and patients. Analysis is by any 
appropriate ranking tool. Fig 2, developed by QRMC Risk Management [7], is a good example. 
Note that a lot of unnecessary effort can be expended on the detail of the analytic tool, effort 
better expended on managing the higher-ranked risks. Evaluation identifies current methods in 
place to manage the risks and assesses their effectiveness. Analysis and evaluation are iterative 
and together constitute the assessment step. The highest-ranking risks may then be treated. 
Communication and consultation and monitoring and review are self-evident, but are sadly 
often 'more honour'd in the breach than the observance'[8]. 

To give a brief example, consider a generic telemedicine service. A risk might be equipment 
failure leading to a consultation aborted. Consequences could be: delay in diagnosis, expense 
of patient transfer and loss of confidence by local participating healthcare providers. Listing the 
causes of failure, current prevention systems in place, their efficacy and firther treatments 
requires engineering and information technology input. There are a number of engineering 
techniques, such as fault and event trees, HAZOP and FMEA analyses [9], which may be 
adapted to health, but which are beyond the scope of this discussion. 



The clinician may be especially concerned by an unplanned event during the consultation 
leading to misdiagnosis. The consequences could be: 

a bad patient outcome 
litigation 

a adverse publicity for the clinician, or the hospital or the telemedicine programme 
0 loss of support for the programme by local health providers, hospital consultants and 

government 
withdrawal of funding. 

Analysis of existing risk treatments would include many in place for the hospital in general, 
such as indemnity arrangements, credentialing of consultants and media management. 
Consultants are likely to be concerned by the risk of error as they learn to employ new 
technology and an analysis of how mistakes occur may be helpful, as treatments to minimise 
these events can be designed into the system. 

Clinical incidents 
The occurrence of clinical incidents has been extensively examined by Reason (2001) and may 
be classified in three ways [l 01: 

execution failure versus planning failure 
error versus violation 

a active error versus latent error. 

Execution failure occurs when the plan is adequate to achieve its purpose, but the actions do not 
go as planned. These are slips and lapses. They occur during the course of skill-based 
behaviour when you are operating on 'automatic pilot'. Having a health professional at the 
receiving end of the consultation is likely to reduce the likelihood, as is having a facilitator at 
the sending end to book enough time for the consultation and run the technical aspects if the 
consultant is not familiar with the technology. 

Planning failure occurs when the actions follow the plan, but the plan itself is inadequate to 
achieve its goal. These mistakes occur at a higher mental level and involve judgment, 
knowledge and imagination. If the problem is not novel, but the correct rule is not applied 
correctly, a rule-based mistake occurs. It is a failure of expertise, and may be a violation, 
discussed below. Documentation might be inadequate, or an interpretation made beyond the 
limits of the technology as generally understood. Again the presence of a health professional at 
the receiving end will help minimise this. The rule from aviation (cockpit resource 
management) would be usefid: anyone on the flight deck who is concerned about an event is 
obliged to question it. This remains problematic for medical culture. 

If the problem is novel, the error is termed a knowledge-based mistake. This could occur if a 
judgment is made on information the technology cannot adequately deliver, but without that 
ability having been evaluated. This can be very difficult to detect, and argues for caution and a 
research framework for the introduction of new uses for telemedicine. As expertise increases, 
the typical error moves from a knowledge-based mistake through a rule-based mistake to slips 
and lapses. 

The second classification is of error versus violation. Errors are unintended. They arise from 
informational problems and occur in the minds of individuals. Violations are deliberate. They 
arise from motivational problems and occur in a regulated social context. 



The third classification is active versus latent failures. The active failure is the immediate 
apparent one occurring at the sharp end, which generates the incident report. The latent failures 
are the upstream policies or financial decisions made in the past by the upper echelons of an 
organisation which set up the system and individual for failure. The first quotation fkom 
Machiavelli shows that this is a balancing act, but it emphasises the necessity for transparency 
in policy setting, and the futility of blaming individuals. This extends to violations. A common 
cause of procedure violation is that if a procedure is followed to the letter the job does not get 
done. It is salutary to remember that 'work to rule' is a form of strike action. A common reason 
cited for not employing technical staff to facilitate videoconferencing is that 'unless the 
consultants are forced to do it they will never learn'. In fact their grey hairs and status say they 
do not have to learn if they do not want to, and in practice they will often not do it. Doctors 
learn very rapidly, but will not be willingly humiliated by public failure in the learning phase. If 
proper assistance is not given, the system will fail. This seems to be a depressingly common 
scenario. 

Dealing with failure 
Even if there is failure at these various levels, an incident occasioning harm is still generally 
prevented. This is because there are enough fail-safe mechanisms built into most hospital 
procedures to compensate. This shows the importance of reporting and analysing near-miss 
situations, where the system failure is identified even though no harm occurred. These 
situations are actually near-collisions rather than near-misses! Optimising redundant systems is 
a design and financial challenge, and again transparency is essential. 

Once the possible causes of failure within a particular risk have been determined, the adequacy 
of the existing treatments can be scored on a simple five-point scale (Table l), enabling the 
overall likelihood of the risk to be estimated and the level of risk severity determined (Fig 2). 

Table 1. Measurement of effectiveness of existing treatments 

This allows appropriate action to be taken, using the risk assessment to upgrade, design and 
prioritise treatments. The process can be tabulated as shown in Table 2. 

Score 
5 
4 
3 
2 
1 

In my own hospital we are currently analysing incident reports, performing root cause analyses 
to determine what went wrong, and identifLing significant risks for assessment. In complex 
environments such as a hospital, this can be done at many levels, which underscores the 
importance of determining the context of the problem you are trying to solve. 

Effectiveness 
Excellent 
Good 
Fair 
Marginal 
Poor 

Table 2. Risk assessment worksheet 

Implication 
Best practice, no room for improvement 
Well documented and implemented, some room for improvement 
In place, but not well implemented 
Ad hoc, informal 
Poor or non-existent 

Conseq. Existing Effect- Likeli- Level 
level Risk iveness hood Risk 

Treatments severity , 

Ref 
No. 

1 
et 
seq. 

Business 
Objective1 
function 

Risk Causation Consequences 



Conclusion 
It is a truism that prevention is better than cure, and risk management logically is an integral 
part of the strategic plan for the implementation of any new service. It is also true that 
acceptance of a new service that is itself conceptually novel is slow and difficult, and 
doomsayers will generalise normal teething problems into indicators of global failure. 
Telemedicine is susceptible to these risks, and the formal risk management framework is offered 
as a valuable tool for minimising risk in developing a telemedicine service. 
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Fig 2. Risk analysis matrix. The level of risk is established by determining both the likelihood 
and the consequences of each of the risks in relation to any existing controls. The likelihood is 
the probability of the risk occurring, and ranges from almost certain to rare. This can be seen 
down the left hand side of the Table. The consequence is the impact or magnitude of the effect 
if the risk occurs, and ranges fiom insignificant to catastrophic. This can be seen in the top row 
of the Table. The likelihood and consequences are determined for each risklcause pair and from 
this a risk factor is calculated according to the matrix, or by use of the formula below. 

I Consequence I 
Like'ihood Insignificant Minor Moderate Major Catastrophic 

1 1 1 2 1 3 1 4 1 5 1  

The formula for deriving the risk score, R, is: 

R = 4(2L + 3C)where L is likelihood and C is consequence. The risk score determines which 
of four categories are relevant, and therefore what action should be taken. The categories are: 

Risk category Action 
Extreme Immediate action required 
High Senior management attention 
Medium Specify management responsibility 
Low Manage by routine procedures 



Can telepharmacy provide pharmacy services in the 
bush? 

Lisa Nissen and Susan Tett 

School of Pharmacy, University of Queensland, Brisbane, Australia 

Correspondence: 
Dr Lisa Nissen 
School of Pharmacy 
University of Queensland 
St Lucia 
Queensland 4072 
AUSTRALIA 
(Fax: +6 1 7 3 365 1688; Email: lnissen@phannacy.uq.edu.au) 

Summary 
Rural and remote community pharmacies service large areas of rural Queensland, and because 
of the distance often do not meet the patients they provide medication for. Telepharmacy would 
improve the quality of pharmaceutical services provided in rural and remote areas, by allowing 
community pharmacists to have face-to-face contact with dispensing doctors, AHWs and 
patients via the videophone. We used commercial (analogue) videophones to connect 
community pharmacists to dispensing doctors, patients in depot pharmacies (no pharmacist) and 
Aboriginal Health Workers at Aboriginal Medical Services. However, various problems 
occurred and only ten videophone interactions were recorded during the six month project. In 
all of the recorded interactions the videophone was actually used as a conventional telephone 
because a video connection could not be established at the time of the call. (This may have 
been due to telephone network problems in the rural areas). Despite these problems all project 
participants showed great enthusiasm for the potential benefits of such a service and its wider 
application in pharmacy service delivery in the bush. 

Introduction 
The health of people living in rural and remote areas of Australia is worse than that of people 
living in capital cities and other metropolitan areas1. Mortality and morbidity increase as one 
travels away fi-om metropolitan centres to more rural and remote locations'. Rural and remote 
communities have less access to health services than their compatriots in metropolitan areas. 
The lack of practising community pharmacists in these rural and remote areas leaves the burden 
of providing pharmaceutical services on local general practitioners and other health care 
workers. Nowadays many patients have access to Internet information about medicines as well 
as on-line pharmacy purchasing3. This places patients in a situation where pharmaceutical 
misadventure is a risk. Many patients in isolated areas receive little or no counselling from a 
pharmacist on the appropriate use of their medication, or possible adverse reactions and drug 
interactions. 

This situation may be improved by using videophones to undertake telepharmacy. 
Telepharmacy would allow face-to-face communication between community pharmacist with 



dispensing doctors and other practitioners, videoconferencing with patients, as well as patient 
counselling for clients using depot pharmacies (a depot pharmacy does not have a pharmacist 
and is basically a collection and drop off point for prescriptions and other pharmacy related 
medicines, e.g. cough and cold products). Rural and remote community pharmacy practices 
service large areas of rural Queensland, and because of the distance often do not meet the 
patients they provide medication for. 

Methods 
The telepharmacy project was undertaken in three-parts over a six month period using analogue 
videophones (model 5 10 analogue videophone, Videophone.com, Australia) to connect 
practising community pharmacists with dispensing doctors, depot pharmacies and aboriginal 
health workers (AHWs). The objective was to improve the quality of pharmaceutical services 
provided in rural and remote areas, by allowing community pharmacists to have face-to-face 
contact with dispensing doctors, AHWs and patients via the videophone. Approval for the 
project was granted by the appropriate ethics committee. 

Dispensing doctors 
Videophones were located in two general practitioner (GP) offices, one in Richmond and one in 
Theodore. These GPs were linked to a community pharmacist in Biloela, a town 700 km from 
Richmond and 200 km from Theodore. 

Aboriginal medical services 
Videophones were placed in two Aboriginal Medical Services (Yapatjarra and Doomadgee) and 
linked to the community pharmacy and hospital pharmacy respectively, which supplied 
medication to them under the Australian governments Pharmaceutical Benefits Scheme (PBS). 
Dommadgee was 600 km from the pharmacy and Yapatjarra was 50km away. 

Depot pharmacies 
The community pharmacist in Blackall provided prescription services for three outlying towns, 
Isisford (100 km away), Tambo (100 km) and Yaraka (200 km). Because of the distance, the 
medicines were dispensed in Blackall and then transported to the depot areas (one depot was the 
local general store while the other two were based in nurse run health clinics). Videophones 
were placed in the three depots and linked to the community pharmacy in Blackall. 

Data collection and analysis 
A telepharmacy data collection form was used for all videophone interactions and allowed a 
record of each interaction to be kept by the community pharmacists, including the questions 
asked, any medications involved and the type of client (GP, AHW, nurse or patient). A brief 
questionnaire was administered to patients after their participation as a means of assessing their 
satisfaction with the service. Similar satisfaction questionnaires were given to all health 
professionals including the pharmacists, dispensing doctors and aboriginal health workers. A 
database was used to record all relevant information. Quantitative (e.g. number of encounters, 
time taken) and qualitative analyses of the data collection forms and satisfaction surveys was 
undertaken. Medication related interventions made by the community pharmacists were also 
collated and evaluated. 



Results 
Only ten videophone interactions were recorded during the six month telepharmacy project, two 
pharmacist-dispensing doctor interactions and eight pharmacist-AHW interactions. 
Unfortunately due to a number of technical problems no pharmacist-patient interactions 
occurred during the project. In all of the recorded interactions the videophone was actually used 
as a conventional telephone because a video connection could not be established at the time of 
the call. (This may have been due to telephone network problems in the rural areas). 

The dispensing doctors initiated both of the pharmacist-dispensing doctor interactions that were 
recorded. The average length of call was two minutes and the pharmacist reported being able to 
answer the queries from each of the calls on the spot, therefore requiring no further follow-up or 
information provision. The three issues covered by the calls were medication cost, general 
disease information and specific drug treatment information. All of the pharmacist-AHW 
interactions recorded came from the community pharmacist in Mount Isa (servicing the 
Yapatjarra Aboriginal Medical Service). The pharmacist initiated the majority (518) of these 
calls. The average call duration was two minutes and the pharmacist reported being able to 
answer all but one of the queries on the spot. The availability of medications on the PBS 
accounted for five of the interactions, while patient information, drug information and side 
effects of medications represented the three other calls. 

Satis faction survey 
Despite significant technical and logistical difficulties experienced during the project (e.g. set- 
up issues, difficulty in achieving a videophone connection) the pharmacists, dispensing doctors 
and AHWs all felt that telepharmacy had a potential role in activities such as case conferencing, 
patient counselling, support for new graduate rural relieving doctors/locums, over the counter 
medication recommendations, and distance dispensing. The pharmacists, dispensing doctors 
and AHWs believed that the videophones offered potential benefit over conventional telephones 
as they could provide a face-to-face link, allowing better interaction in areas where distance 
limits personal contact. 

Participation in the project itself was also seen by the dispensing doctors and AHWs as 
benefiting their relationship with the pharmacist. The pharmacists also identified that the 
project had improved their relationship with the other participants (patients, AHWs, doctors). 
One pharmacist stated that, although they had already been communicating with the aboriginal 
medical service, the novelty of the videophone and the possibility of a face-to-face interaction 
stimulated more interest among the aboriginal medical service staff in contacting the pharmacist 
for information. All of the project participants stated that they were disappointed and frustrated 
by the technical problems encountered during the project and stated that these issues needed to 
be resolved to make this a feasible form of communication in the future. 

Discussion 
Despite extensive training with each of the sites, video calls were a failure. The videophones 
would work at some times and not at others. This was similar to the reported difficulties of 
pharmacists with Internet connections e.g. for ordering - they would have to try a number of 
times throughout the day until they obtained a connection. We tested all the videophones 
locally in Brisbane to make sure they were working before installing at the sites. These issues 
were compounded by staffig changes and facility closures. Analogue videophones were 
chosen for the project as digital lines were not available in most areas. The use of standard 
telephone lines should have made the technology widely applicable. However, in the study sites 
the line speed was often much less than that required for the videophones (1 9 kbitls), barely 
sufficient for a standard telephone call. This presents a broader equity of access issue, because 



poor telecommunications not only affected the telepharmacy project, but also affected Internet 
access, email and even ordinary telephone calls. 

h rural areas, telehealth (including telepharmacy) may only be possible using more complex 
and expensive equipment. This is a significant limitation for rural areas where the digital 
connections (e.g. ISDN) are not available. In some areas, such connections may be only 
available in the local hospital or health centre. 

Despite these problems the telephamacy project and the videophones served to increase 
communication and liaison between pharmacists and other heath professionals. Although the 
outcomes of this project were limited due to infrastructure problems the potential for this kind 
of technology to improve health outcomes and patient care in the future is still an exciting 
prospect. 
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Summary 
We introduced a teleneurology service by email for patients referred to a neurologist by general 
practitioners. Seventy-six referrals were received on 75 patients in a 14-month period. To 
determine the sustainability of the service we studied a second cohort of 76 consecutive patients 
referred after our first study. We also followed up the first cohort of patients to get further 
information on longer-term safety. The second cohort was obtained in one month less than the 
first, and had similar characteristics for age, sex and time to reply. It contained fewer patients 
requiring clinic appointments (34% versus 43%). Fewer patients from the second cohort were 
referred for second opinions (4 versus 10) and there were no resulting changes in diagnosis. 
Follow-up of the first cohort from a mean of 6 months to a mean of 23 months led to seven 
more re-referrals and no changes in diagnosis. We conclude that teleneurology by email is 
sustainable for this group of patients, and confm that it is safe, effective, and efficient. 

Introduction 
Patients with neurological symptoms referred from general practitioners (GPs) in the UK and 
Ireland often wait a long time to be seen at a hospital clinic due to a shortage of consultant 
neurologists. This may lead to frustration for the patient, the referring GP, and the neurologist 
as well as the health service purchasers and local politicians. The obvious solution to this is the 
appointment of more consultant neurologists, as envisaged by the Association of British 
Neurologists[l,2]. This offers hope for the medium-term but other solutions are needed for the 
short-term. We wondered whether, if we changed the medium of referral from letter to email, 
we would be able either to give advice or arrange investigations, instead of arranging a clinic 
appointment. Email is a rapid, concise and legible form of communication that is accessible 
from different sites. In particular, it enables GPs to have a specialist opinion within hours. 

We have previously carried out a study to investigate how safe, acceptable, effective, and cost- 
efficient is the use of email triage for patients with neurological symptoms referred by their GP 
to a neurologist. Nine GPs from three practices agreed to refer all their patients with 
neurological symptoms requiring hospital referral this way. A structured form was devised for 
GPs to refer patients. Confidentiality was preserved by using a unique patient identification 
number in the subject line of the email message. A similar method was used in previous 



studies[5]. When the neurologist received the email referral he decided whether advice alone 
was appropriate, whether investigations were needed, or whether a clinic visit was necessary. 
When the investigation results were available either a clinic appointment was made or further 
advice given. 

Patient and GP satisfaction was measured using (different) self-administered postal 
questionnaires based on a 5-point Likert-type scale. Safety was assessed by reviewing the GP 
notes of all patients seen 6 months after the episode, recording referral to other specialists, 
change in diagnosis, hospital admission and death. Seventy-six referrals were received on 75 
patients in a 14-month period. Thirty-four patients (45% of the total) were managed by advice 
alone, nine required advice and investigations, and 33 were given clinic appointments (43%). 
There was a 44% reduction in the use of the neurologist's time. The eight participating GPs 
expressed uniformly high satisfaction with the service. 

Eight patients were referred by their GP to a total of nine other specialists for further opinions 
about their original symptoms resulting in three minor changes to the original diagnosis. One 
patient was admitted to a medical ward by a GP, but this did not result in a change in the 
diagnosis made by the neurologist. No patients died during the follow-up period. This email 
service therefore enabled over half of those referred to be given advice without entering the 
hospital clinic system, and reduced the time of the neurologist by over 40%. We therefore 
wished to fmd out how sustainable this system was in continuing practice, and to confirm its 
longer-term safety. 

Methods 
After the formal study, patients continued to be referred by email so we studied a second cohort 
of 76 consecutive patients recording age, sex, time to reply and the proportions dealt with by 
advice alone, investigations and clinic visit. We recorded referral to other specialists, change in 
diagnosis, hospital admission and death as measures of safety from the GPs' notes after the 
episode. We also obtained this information about the first cohort as a measure of longer-term 
safety. Ethics committee approval was not required. 

Results 
The cohort of 76 patients was recruited in 13 months compared with the 14 months for the 
previous one. The mean age of the patients, the female predominance and the reply time were 
similar, as were the proportions seen by each method (Table 1). 

Table 1. Characteristics of the two cohorts of patients 
Cases 

Mean Proportion replied to 
age of females within 48 Result 
(years) (%) h 

(%) 
Advice Investigations Clinic 
("h) (Yo) W) 

Original cohort 44 63 8 9 45 12 43 
(n=76) 
Second cohort 45 57 8 7 47 18 3 4 
(n=76) 

The saving in the time of the neurologist compared with a conventional system was 49% for the 
second cohort and 44% for the original one. The original cohort had four more re-referrals but 
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no new changes in diagnoses and there were many fewer re-referrals in the second cohort (Table 
2). 

Discussion 
The continued use of email referral by GPs is probably the clearest evidence for the system's 
effectiveness and shows that it is sustainable in practice. One of the objections raised to many 
studies which show apparently good results is that results after the study are never as good as 
those obtained during it, so-called regression to the mean[3]. This is not the case here as fewer 
patients entered the hospital system in the second cohort indicating higher effectiveness. 

Table 2. Safety studies 

Although the lower re-referral rate in the second cohort may be due to chance, it may also 
indicate that the participating GPs realised that the system had good safety. Three changes in 
diagnosis in 152 patients followed for a mean of 15 months is acceptably low, especially as all 
three were minor changes and did not alter management. 

There are surprisingly few other studies on the use of email at the primarylsecondary care 
interface. Harno compared email with conventional management in general medical patients 
and found that email improved clinical effectiveness, lowered direct costs, increased 
productivity and was cost-effective[4] although patients with neurological symptoms were not 
included (Harno, personal communication). We have used email in a group of extremely 
complicated neurological inpatients in a rehabilitation hospital in Bangladesh and found it to be 
effective and of benefit to the referring doctors and their patients[5,6]. Indeed it was the success 
of that project which gave us the impetus to start the present work. 

Original cohort 
Original cohort 
Second cohort 

Teleneurology by email therefore provides GPs and their patients with a timely, effective, safe 
and efficient service, and one that seems sustainable. It remains to be seen how long it will take 
to become widely accepted into clinical neurological practice. 

Change in diagnosis 
3 
3 
0 
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Summary 
We have developed a low bandwidth telerehabilitation system to provide outpatient 
rehabilitation to patients who have undergone total knee arthroplasty surgery. The preliminary 
efficacy of this treatment programme in terms of both physical and functional objective 
outcome measures was assessed on 21 patients. Subjects receiving a six-week rehabilitation 
programme were randomized to the telerehabilitation system or the usual face-to-face method. 
The physical and functional improvements in the telerehabilitation group were similar to those 
in the control group. There was a non-significant trend for higher improvements in the 
telerehabilitation group for most outcome measurements. The telerehabilitation programme was 
well received in terms of patient satisfaction. The results of this study provide evidence for the 
efficacy of low bandwidth Internet based physical rehabilitation consultations. 

Introduction 
Total knee arthroplasty (TKA) surgery is commonly performed in the elderly to improve 
function and alleviate pain in the knee joint. Following joint surgery a rehabilitation 
programme will improve joint stability, range of motion and relieve pain [l]. After discharge 
from hospital, many patients in Australia attend an extended care facility, receive home 
physiotherapy or attend an outpatient rehabilitation programme to continue the rehabilitative 
process[2]. However, for many patients who live in rural and remote areas, these rehabilitation 
options are not feasible. A low bandwidth Intemet based telerehabilitation service may be an 
alternative for these patients. 

There have been relatively few studies investigating the feasibility of low bandwidth therapeutic 
interventions at a distance since the development of telerehabilitation in 1997[3]. Studies 
investigating the reliability of evaluation with low bandwidth telerehabilitation have been 
conducted in musculoskeletal rehabilitation in the areas of: ankle-foot orthotics[4], orthopaedic 
outpatients[5], seating and wheelchair evaluations[6], the Kohlman Evaluation of Living Skills 
and the Canadian Occupational Performance Measure[7], knee range of motion[8,9], upper 



extremity rehabilitation after stroke[lO] and muscle strength and assessment of gait[9]. 
Additionally telerehabilitation interventions have been evaluated in the areas of wheelchair 
prescription, foot care, gait problems, orthotics, prosthetics, arm weaknessljoint degradation and 
communication disorders[ l l]. 

We have used a low bandwidth telerehabilitation system to provide an outpatient rehabilitation 
programme to patients who have undergone TKA surgery. The present study was carried out to 
measure the efficacy of this programme in terms of the physical and functional objective 
outcome measurements. 

Methods 
Equipment 
A telerehabilitation system was designed to enable the rehabilitation of orthopaedic patients via 
PC-based videoconferencing software.[9] The software allowed videoconferencing and the use 
of motion analysis tools to enable the remote assessment of physical measures. The motion 
analysis tools used in this study were an Internet based goniometer, a joint line fmding tool, a 
tool to enable the capture of still images and video sequences from the videoconference and a 
slow motion and frame-by-frame playback tool. The therapist and patient were located in 
separate rooms and were connected via a low-bandwidth 18 kbitls IP connection. Two routers 
connected back-to-back enabled the throttling of bandwidth to the appropriate level and the 
establishment of a 200 ms latency period that approximates connectivity through commercially 
available low cost Internet Service Providers (ISP). A video frame rate of between 2 and 5 
frames per second was achieved at 320 X 240 pixel resolution. This frame rate was similar to 
that reported by others[l2]. Wireless headphones were used to enable the subject to move about 
the room during the rehabilitation session. 

Study sample 
Twenty-one orthopaedic patients who had undergone total knee replacement surgery at the 
Queen Elizabeth I1 Jubilee Hospital in Brisbane were considered for this study. Patients who 
met the inclusion criteria were provided with an information sheet and informed consent was 
obtained prior to study. All subjects who met the inclusion criteria agreed to enter the study. 
The relevant ethics committees approved the research protocol. 

Procedure 
Subjects were randomised to either a face-to-face or telerehabilitation intervention group and 
stratified to one of two physiotherapists participating in the study. Initial base line 
measurements were performed on all subjects (Table l), including a computer literacy 
questionnaire. Subjects received one therapy session per week for six weeks. Both groups 
received a fixed treatment time of 45 min per session. The room used for the telerehabilitation 
group was similar to a home environment and equipment was restricted to that which would be 
commonly found in the home. Spouses were allowed to participate in the rehabilitation session 
in both groups. All outcome measures were re-tested at the completion of the study and 
subjects in the telerehabilitation group completed a satisfaction questionnaire about their 
telerehabilitation experience. A therapist external to the study who was blinded to group and 
therapist assignment examined baseline and final outcome measurements. 



level 
Measure 2: Circumference around the limb at 14cm below 

Table 1. Outcome measures obtained pre- and post-treatment intervention 
Outcome measurement 
Pizysical measurements 
Active knee flexion (AKF) 
Passive knee flexion (PKF) 

Knee extension (EXT) 
Limb Girth (LG1 and LG2) 

Description 

Knee flexion achieved while lying supine 
Knee flexion achieved while lying supine with the assistance 
of a strap around the ankle 
Knee extension achieved in supine 
Measure 1 : Circumference around the knee at the mid patella 

Muscle strength (SLR) 
the mid patella level 
Indicated by extent of quadriceps lag during a straight leg 

Pain intensity (VAS) 
Functional measurements 
The Western Ontario and 
McMaster Universities 
Osteoarthritis Index (WOMAC) 

raise 
As rated on a 10 point scale of pain intensity 

A multi-dimensional condition-specific health status 
instrument designed specifically for patients with 
osteoarthritis of the hip or knee. Contains subscales of pain, 

Gait assessment (GARS) 
stiffhess and function 
Performed according to the GARS scale[l3] over the 

The Patient Specific Functional 

Statistics 
The pre- and post-intervention outcomes were evaluated using a linear mixed model (repeated 
measures analysis) to produce an ANOVA table with the dependent variable modelled using the 
fixed factors of intervention group (face-to-face vs telerehabilitation) and time (pre vs post 
intervention). The subject variable was entered as a random factor to allow for correlations 
between measurements within the same subject. The interaction effect of the group and time 
factor is of primary interest and indicates any difference in outcome related to the treatment 
group. The assumptions of data normality and homogeneity were tested with quantile-quantile 
(q-q) plots[l4] and scatter plots of the residuals versus the predicted values. 

videoconference connection 
A patient specific functional rating scale 

Scale (PSFS) 
Timed up-and-go (TUG) 

Results 
Twenty-one subjects entered the study between November 2002 and April 2003. Their mean 
age was 67 years (SD 7). Fifty-seven percent of subjects were males and 67% of joint 
replacements were on the right limb. Eleven subjects were randomized into the face-to-face 
group and 10 subjects to the telerehabilitation group. One subject (face-to-face group) left the 
study following the initial consultation. The available data for this subject were included in the 
analysis. There was a similar baseline level of computer confidence in the two groups for 
patients who had previously used a computer (Table 2). 

A timed walking test used as an indication of functional 
capacity 



Table 2. Level of confidence and interest in computers for subject who have and have not 
previously used computers for both intervention groups. Items were rated on a 10 cm visual 
analogue scale 
Group I Have previously I Interest in learning I Level of confidence I 

I used a computer? I above their current I with a computer I 
(%) level (SD) (SD) 

Telerehabilitation 

No (50) 3.7 (3.4) 
Yes (50) 5.4 (4.1) 2.6 (4.1) 

Face-to-face (n=l 1) 
No (82) 4.0 (4.8) - 

I Yes (18) 1 9.0 (0.6) 1 2.7 (2.1) I 

Telerehabilitation consultations were successful in 100% of attempts. Assessment time was a 
significant factor for all outcome measurements (all P < 0.05) indicating a significant 
improvement in all outcomes from the pre- to the post-intervention assessment points, Table 3. 
There was no significant effect (P > 0.05) for the factor of intervention group for all outcome 
measurements. There was a significant interaction effect only for the outcome of the timed up- 
and-go test (TUG). 

Table 3. Results of the linear mixed model analysis for all outcome measurements 

Mean pre- to post-intervention differences were calculated as a proportion of the average score 
for each outcome measure for both physical outcome measurements (Fig 1) and functional 
outcome measurements (Fig 2). These differences are presented for both face-to-face and 
telerehabilitation groups, and demonstrate the relative improvements made during the 
intervention period. The patient-perceived benefit and quality aspects of the telerehabilitation 
intervention are summarised in Fig 3. 

Discussion 
A high number of subjects reported little or no confidence in using a computer (Table 2). 
Despite this, the telerehabilitation system was well received with high ratings for perceived 
benefit. The high level of satisfaction may be due to design features such as the easy to use 



graphical interface and the lack of technical difficulties experienced during the consultations. 
The visual aspect of the intervention rated lower (6.6) with subjects reporting difficulty in off- 
axis viewing of the liquid crystal display (LCD). The videoconference image on the patient's 
computer was magnified to fill the screen to enable viewing fiom across the videoconference 
room. This may have reduced the visual rating because the magnification produced a more 
obviously-pixelated image. 

A non-significant group by time interaction effect for all outcome measurements (Table 3) with 
the exception of TUG suggests that improvements made by the telerehabilitation group were at 
least equivalent to those made in the face-to-face group. Although not statistically significant, 
observation of the mean differences displayed in Fig 1 and 2 show a trend towards a greater 
improvement in the telerehabilitation group for most outcome measurements. There are several 
possible explanations for this enhancement in outcome. First, the detailed verbal instructions 
used to teach the telerehabilitation subjects their programme may result in a greater learning 
experience. This may result in greater technical proficiency in the home programme of those 
subjects between treatment interventions. Second, the patients in the telerehabilitation group are 
instructed in the performance of self treatment techniques usually performed by the therapist. 
This provides the opportunity for the subject to continue these techniques outside of the formal 
therapy session. Finally, the sense of empowerment given to the subject as a result of the ability 
to self-treat may result in greater levels of motivation and compliance with the home exercise 
programme. 

When examined closely, the significant group by time interaction effect for the TUG may be 
explained by the variation in the baseline TUG measurements between both groups (face-to-face 
baseline 22.3 vs telerehabilitation baseline 32.1). The higher baseline value in the 
telerehabilitation group allowed a greater opportunity for improvement in this variable 
throughout the intervention period. We anticipate this interaction effect will resolve as more 
subjects enter the study and the baseline TUG data become more homogeneous between groups. 

The low bandwidth telerehabilitation system that we have developed to provide an outpatient 
rehabilitation programme was well received by patients despite a low baseline level of computer 
literacy skills. The physical and functional improvements mediated through a six week 
telerehabilitation intervention were consistent with those produced with usual face-to-face 
treatment. The preliminary results of this study provide evidence for the efficacy of low 
bandwidth Internet based physical rehabilitation consultations. 
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Figures 

Fig 1. Mean pre- to post-intervention difference as a percentage of the average score for each 
physical outcome measure. Abbreviations: Active knee flexion (AKF); Extension 
(EXT); Limb girth measurement 1 (LG1); Limb girth measurement 2 (LG2); Passive 
knee flexion (PKF); Straight leg raise (SLR); Pain (VAS) 

Outcome Measure 



Fig 2. Mean pre- to post-intervention difference as a percentage of the average score for each 
fimctional outcome measure. Abbreviations: Gait Assessment Rating Scale (GARS); 
Patient Specific Functional Scale (PSFS); Timed 'up-and-go' (TUG); WOMAC 
fimction subscale (W-FUNCT); WOMAC pain subscale (W-PAIN); WOMAC 
stifhess subscale (W-STIFF) 
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Fig 3. Patient perceived benefit of the telerehabilitation intervention and the quality of the audio 
and video aspects of the consultation. The items were rated on a 10 cm visual analogue 
scale. The error bars represent the SD ~ 

Fig 3 
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Summary 
We investigated the accuracy and reliability of observational kinematic gait assessments 
performed via a low bandwidth Internet link (18 kbitls) and a higher speed Internet link (128 
kbitls). Twenty-four subjects were randomized to either bandwidth group. Gait was assessed 
with the Gait Assessment Rating Scale in the traditional manner, which is from video recordings 
of gait performance, and with repeated measurements via the online method. The online 
assessment method was found to provide as accurate a measure of gait performance as the 
traditional assessment (limits of agreement < 1 GARS point; ICC = 0.96) regardless of the 
speed of Internet connection. The online assessment also demonstrated high intra-rater (ICC = 

0.96) and inter-rater (ICC=0.92) reliability. Low bandwidth telerehabilitation applications 
appear to be feasible via the Internet. 

Introduction 
Physical measurements are essential in rehabilitation as they provide an objective measurement 
to guide treatment prescription and to evaluate treatment effect. Telerehabilitation will 
therefore require the development of technologies that enable the assessment and monitoring of 
physical outcomes remotely.[l] Clinical assessment of gait is an important physical 
measurement for the management of many patients with musculoskeletal conditions. While 
there are many sophisticated technologies available to perform gait analysis such as 
electrogoniometry, digitization processes and expensive automated motion tracking systems[2], 
the most convenient and frequently used tool is observational kinematic gait analysis[3]. This 
method of analysis relies upon the ability of a therapist to visually identify abnormalities in the 
rapidly changing body segments of a patient while they mobilize. The therapist identifies 
features such as symmetry, range of movement, velocity and muscle recruitment patterns and 
determines whether these depart fi-om a 'normal' gait pattern. 

Three studies have reported the reliability of gait assessments via telemedical systems. Craig et 
a1.[4] conducted 23 neurological consultations face-to-face and via a 384 kbitls video-link. 
They found a crude agreement of 100% for the measurement of gait. A 3 84 kbitls link was also 



used by Tachakra et a1.[5] who compared the accuracy of teleconsultations for minor injuries 
with face-to-face consultations. They reported a 99% accuracy for the outcome of 'weight 
bearing, stability and gait'. Unfortunately, the papers failed to describe the type of gait 
assessment or the gait components that were analysed, which limits the generalizability of the 
findings. Furthermore, the high bandwidth video-links that were used in these studies are often 
unavailable in remote communities for which telemedicine may have the greatest application. 
As part of a study investigating orthotic assessment via the Internet, Lemaire and Jeffreys 
(1998)[6] used a store-and-forward procedure to send 17 gait sequences at low bandwidth (28.8 
kbitls) using a standard telephone line. Gait assessments performed by the on-site and remote 
therapists were similar in 71% of cases for inversiodeversion, lateral trunk flexion, excessive 
knee flexion, and knee hyperextension and in 87% of cases for foot drop, hip hike, vaulting, 
genu valgum or varum, protective pain gait and rhythmic disturbance. However, the video 
digitization process and the store-and-forward procedure used in this study may be technically 
challenging and time consuming for remote therapists. This may make it unfeasible for use in 
home telecare applications without an attending therapist. 

We have developed telerehabilitation s o h a r e  to enable the capture of video sequences directly 
from a videoconferencing link. It permits online evaluation without requiring human interaction 
at the computer at the patient's end, thus making it amenable for home telecare applications. 
We have investigated the accuracy and reliability of performing observational kinematic gait 
assessments via this online method. 

Methods 
Equipment 
An IP videoconference link was established between two PCs located in separate rooms, as 
described previously[7]. The videoconference link was established at 18 kbitls or 128 kbit.s to 
reflect the performance expected on a standard PSTN or ISDN connection respectively. All 
video data were collected with a web camera (Quickcam, Logitech) at a resolution of 320 X 240 
pixels. Using the H.263 video codec, a video frame rate of 2 framesls and 15 framesls was 
achieved for the simulated PSTN and ISDN connection respectively. 

Subjects 
Twenty-four healthy registered physiotherapists (mean age 32.7 years, SD 5.0) were recruited 
from the staff population of the Department of Physiotherapy at The University of Queensland. 
Each subject received an information sheet and gave informed consent before formally entering 
the study. Ethical clearance was gained fi-om the Medical Ethics Committee of the university. 

Assessments 
The observational gait assessment form used in this study was a modified version of the Gait 
Assessment Rating Scale (GARS) developed by Wolfson and colleagues in 1990[8]. The 
traditional GARS assessment is performed on video recordings taken from a standard video 
camera in both the frontal and sagittal planes. It was developed as an assessment that could be 
quickly carried out in the clinic. Although the GARS was designed with the intention of 
providing a description of gait associated with an increase in the risk of falling[9], it is also 
though to be a useful index of overall gait quality[8]. The assessment requires a rater to judge 
16 variables (17 in this modified version) of gait on a four-point scale (0 = normal, 1 = mildly 
impaired, 2 = moderately impaired, 3 = severely impaired). The total GARS score is obtained 
by summing each of the individual items, with a higher score indicating a more impaired gait. 
The GARS has demonstrated intra and inter-rater reliability and is sensitive to alterations in gait 
function[9]. 



Procedure 
Subjects were randomized on intake, according to a randomization table, to either the high or 
low bandwidth assessment group. In a similar manner, subjects were assigned a gait pattern that 
they were to perform during the assessment. Gait patterns ranged in severity and were modelled 
on patterns exhibited by orthopaedic patients. Subjects were given a short practice period to 
ensure the consistency of the pattern. They then mobilized along two walkways: one parallel 
and one perpendicular to the web camera. This enabled the subject to be viewed in both the 
ftontal and sagittal planes. Each walkway was ten m long and the subject was required to walk 
the length of the walkway five times. The gait performance was recorded on the local computer 
at full resolution at a frame rate of 25 fi-amesls. This recording is equivalent to a standard video 
camera recording (PAL format) and hence is consistent with the original GARS assessment 
procedure[8]. This recording was then used to perform our traditional GARS assessment. As 
the gait performance was recorded locally, it was simultaneously transmitted via either the high 
or the low bandwidth videoconference link to the far-end computer. This computer in turn, 
recorded the video sequence at the quality at which it was received via the respective link. 

The sequence of the GARS assessments performed to establish the accuracy, inter and intra- 
rater reliability of the new assessment tool is shown in Fig 1. Each repeated assessment 
performed by the first therapist was conducted two weeks apart to minimize learning effect. No 
time limit was stipulated for either traditional or online assessments. Both physiotherapists 
involved in performing assessments attended a 30-min training session to familiarize them with 
the software and gait assessment form. For all assessments, the examining therapist was blinded 
to the allocated gait pattern. 

Results 
The difference between the traditional and the online GARS scores was calculated for both high 
and low speed Internet connections. These differences were analyzed with a univariate analysis 
of variance (ANOVA) to assess the influence of the speed of the Internet connection on the 
accuracy of the measurements. There was no difference in the accuracy of the GARS 
assessment between the two groups (p=0.57). This indicates that the assessments performed via 
the low bandwidth Internet connections (1 8 kbitls) were equally as accurate as those performed 
via the high bandwidth connection (l28 kbitls). 

Limits of agreement calculations (Fig 2)[10] were performed to assess the magnitude of the 
difference between all the GARS assessments described in Fig l .  For all except one 
assessment, the limits of agreement were found to be less that one point on the GARS scale. 
The exception was the high bandwidth inter-rater reliability measurement (-l. l to 1.1). The 
assumption of normally distributed differences was verified with difference versus average 
plots[l 01. 

Intra-class correlation coefficients (ICC) were calculated to assess: (1) the correlation between 
traditional and online GARS assessments; (2) the consistency of repeated online assessments 
by the same therapist (intra-rater reliability); and (3) the consistency of online assessments 
performed by different therapists on the same subject (inter-rater reliability)(Table 1). The 
ICC's were grouped according to the speed of Internet connection. As suggested by 
VanSwearingen et al. [9] the ICC is an appropriate reliability coefficient to assess the total 
GARS score. In accordance with guidelines published by Portney & Watkins[l l] the 
consistency of assessments between all raters was considered to be high (all ICC L 0.75). 
Pooling of the data across both connection speeds produces ICC's of 0.96 for accuracy, 0.96 for 
intra-rater and 0.92 for inter-rater reliability. 



Table 1. Agreement, and Intraclass Correlation (ICC) with 95% confidence intervals (CI) of 
GARS assessments 
Raters* Agreement (%) ICC 95% C1 of ICC 

(GARS total) 
Bandwidth 18 kbit/s 
Am - Am 92 0.99 0.967 - 0.997 
Am, - B 92 0.97 0.901 - 0.992 
Anl, - Am) 94 0.99 0.952 - 0.996 
Bandwidth 128 kbith 

. A n  - A(II) 90 0.94 0.773 - 0.981 
A m  - B 84 0.87 0.539 - 0.962 
A m  - Am) 93 0.94 0.792 - 0.983 
*&T) = Therapist A - traditional assessment; AG1, = Therapist A - initial Internet assessment: &U) = 
Therapist A - second Internet assessment: B = Therapist B - Internet assessment. 

The agreement between traditional and online assessments for each item of the GARS is shown 
in Table 2. Agreement of 75% or greater was achieved for 13 of the 17 (76%) GARS items, 
with poorer levels of agreement for the items of waddling (63%), foot contact (71%), elbow 
extension (63%) and shoulder extension (67%). 

Table 2. Ameement between traditional and onlir e measurements for all GARS items 
Agreement (%) between traditional and 

Discussion 
The results of the present study indicate that the online GARS assessments performed via a low 
bandwidth Intemet connection provide an accurate measure of gait performance. This is 
primarily indicated by the high level of agreement established by the limits of agreement 
calculations. These calculations suggest that 95% of assessments performed via the online 
method will differ from the traditional assessment by less than 1 point on the GARS scale. As 
the smallest change possible on the GARS scale is one point, this level of agreement is 
clinically acceptable. A high level of concordance between measurements performed online 
with measurements performed in the traditional manner is also indicated in a high ICC (0.96). 



This level of concordance is comparable to that found in a previous study for a therapist 
performing repeated GARS assessments in the traditional manner on a single patient (0.97)[9]. 

Interestingly, the speed of the Internet connection exhibited no influence on the accuracy of the 
GARS measurements. Malagodi et a1.[12] likewise found a lack of influence of connection 
speed on the accuracy of physical assessments. They reported no difference in the correct 
identification of the primary condition and major problems of subjects evaluated for seating and 
wheelchair mobility via ISDN (1 28 kbit/s) communications or low bandwidth (16.8 kbit/s) 
telephone line connections. Perceptually, there is a large difference in the quality of video 
images over low and high speed Internet connections as picture pixelation and video fiame rate 
vary proportionally with bandwidth. A possible reason for the lack of difference found in our 
study may lie in the quantity of video information that was obtained fiom each subject in both 
the fiontal and sagittal planes. The video data may have provided enough visual information, 
even at a low frame rate, for the completion of the categorical GARS assessment form used in 
this study. It is important to note that the distance over which subjects mobilized and the 
duration of the video recording (5 X 10 m track in both planes = 100m) was greater than that 
obtained in a traditional GARS assessment (2 X 1Om in both planes = 40m)[8]. This may 
preclude tele-assessment in patients with substantially reduced exercise tolerance. Another 
possible reason for the lack of influence of the speed of Internet connection on the accuracy of 
the measurements may be because the therapists spent more time in performing the low 
bandwidth assessments which may have improved the concordance of measurements between 
the two groups. 

The limits of agreement calculations reveal that online GARS assessment had a high level of 
intra-rater (within 1 GARS point) and inter-rater (within 1 .25 GARS points) reliability. 
VanSwearingen et al. reported an ICC of 0.97 for both inter and intra-rater reliability of the 
GARS assessment when performed in the traditional manner.[9] We found pooled ICC values 
of 0.96 and 0.92 for intra and inter-rater reliability respectively. A training session for both 
physiotherapists in the use of the software and the GARS assessment form was included in this 
study. T his has been suggested to be an important factor contributing to the reliability of the 
tool[8]. 

There were reduced levels of agreement for certain individual GARS assessment items between 
the online and traditional assessments. The reduced clarity and reduced frame rate of the online 
video images due to the high level of video compression used in transmission may have been a 
factor in reducing the identification of fine features of the gait cycle. The use of better lighting 
or anatomical markers such as coloured dots may improve the reliability of these items in future. 

Conclzuion 
Internet-based observational kinematic gait analysis was found to be an accurate and reliable 
method of performing gait assessments remotely. This was found to be true at both high and 
low speed Internet connections. While online assessment was considered effective, further 
studies with a larger sample size and subjects with legitimate gait abnormalities from a variety 
of population groups will be required before the findings can be generalized. 
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Figures 

Fig 1. Analysis procedure for gait assessments. A: Accuracy of online measures established by 
comparing traditional with online measures by first therapist. B: Intra-rater agreement 
established by comparison of repeated online measurements by frst therapist. C: Inter-rater 
agreement established by comparison of online measurements by both therapists. 
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Fig 2. Limits of agreement plot for the accuracy, inter and intra-rater reliability of the online 
gait assessments for both high and low bandwidth Intemet connections 
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Summary 
We have conducted research to obtain a better understanding of remote interactions via 
videophones in the care of the elderly. Family members, nurses and nursing staff members 
were interviewed about their experiences of communicating with elderly people via videophone. 
Seven family members and seven nurses and nursing staff members participated in the studies. 
The interviews were analysed using a method for qualitative content analysis in which both the 
manifest and the latent meaning of the content was searched for. The results showed that that it 
was possible for elderly people with cognitive impairment to connect in remote communication 
when the right conditions were met. There were also indications that the videophone interaction 
at times contributed to increased attention and made the elderly subjects more focused. 

Introduction 
There are relatively few telecare activities to support the care of elderly, either in Sweden [l]  or 
internationally. Studies of the use of videophones in the care of elderly people have been made 
by Savenstedt et a1 [2] who found that family members felt that the use of videophones made 
them more involved in the caring process of their relative. Magnusson et a1 [3] have shown that 
videophones could facilitate support by professional staff to informal care givers who cared for 
their relative in their homes. Several authors have reported good experience with the use of 
videophones to facilitate consultations with elderly people in their homes [4] [5] [6] .  

Cognitive impairment among the elderly can be viewed from the perspective of pathological 
changes in the human brain [7]. Another perspective places cognitive impairments and 
dementia in a cultural and social context where dementia related behaviours are seen as 
compensations for loss of function and a way of communicating with the environment [g]. 
From that perspective dementia can be understood as a problem that affects both the life of the 
impaired person and their family, and the special needs of the demented elderly person depend 
on communication with the social network and professional health personnel [8][9]. According 
to the concept of gerontechnology there is an interest in developing special technology for the 
elderly as an aid to compensate for physical losses as well as communication problems that 
contribute to social losses [10]. 



We have conducted research to obtain a better understanding of remote interactions via 
videophones in the care of the elderly. One important aspect is how the special needs of elderly 
people with cognitive impairment can be met in an interaction via videophones. 

Methods 
The studies were conducted in the context of three telecare projects implemented in northern 
Sweden. In two of the projects family members using the services of a home for temporary 
respite care or ordinary nursing home were offered the use of videophones to facilitate their 
communication when separated. In the third project registered nurses who were based at a 
distance had the possibility of remote consultation via videophones with elderly and nursing 
staff members at a nursing home. All of the elderly people participating in the projects had 
either been diagnosed with a cognitive impairment or had clinical symptoms of dementia. The 
elderly people were in most cases assisted by nursing staff members when communicating via 
the videophone. 

Different videophone equipment was used in the different telecare projects. In the first projects 
mainly analogue videophones with limited picture quality were used (RSM-1600E, 8x8 Inc, 
USA - frame rate 5-10 frarnesls.). In the second and third project broadband IP videophones 
(Via Video, Polycom and Vigo, Vcon - frame rate 30 frarnesls.) were used. 

Participants 
Seven family members and seven nurses and nursing staff members participated in the studies. 
They were selected from a total of 15 family members and 20 nurses and nursing staff members 
experienced in communicating via the videophone. The inclusion criteria for all the participants 
were that they had extensive experience of using the videophones, a willingness to participate in 
the study and that they were to be regarded as information-rich [ l  l]. 

Analysis 
The interviews were analysed using a method for qualitative content analysis in which both the 
manifest and the latent meaning of the content was searched for [12]. The transcribed 
interviews were first read through in order to acquire an overall understanding of the content 
related to the research question. Thereafter meaning units relating to the aim of the study were 
identified, condensed and grouped under interpreted sub-themes and themes [13]. An inductive 
analysis process was applied which was not as linear as that described above. The interview 
material was re-examined and reassessed several times. 

Table 1. Participants in the studies 

All the participants in the study gave their informed consent to participate and the studies were 
approved by the appropriate research ethics committee. 

Age Total Experience of 
70-79 number using the 
years videophone 

(months) 
5 7 3-18 

2 10-18 
5 10-18 

5 I4 

Participants 

Family 
members 
Nurses RN 
Nursing staff 
Total 

Age 
60-69 
years 

1 

I 

Age 
30-39 
years 

1 

2 
3 

Age 
40-49 
years 

1 

1 
2 
4 

Age 
50-59 
years 

1 
I 



Results 
Three themes were identified in the studies related to the interviewees' experiences about how 
the elderly with cognitive impairments could adjust in the remote interaction via videophones. 

Being connected. Being connected was understood as establishing contact, knowing that the 
subject had recognised the presence as the person who was communicating. The ability to 
connect seemed to depend on the elderly persons' communication skills, the familiarity of the 
situation and the videophone equipment, and the ability of the assisting staff member to 
facilitate the communication with them. There was a continuous scale fiom the elderly person 
as a passive onlooker in the communication to a dominant active member able to communicate 
independently. 

Being attentive. When connection was established there was at times a sense of a special 
attention among the participating elderly that could be perceived through non-verbal cues. 
There seemed to be a special attention attributed to the specific situation of the remote 
communication. 

Being focused. When connected, some of the interviewees found that their conversations via the 
videophone could at times be more focused and relaxed and perceived to have different qualities 
than face-to-face conversation. 

Discussion 
The findings of the studies indicated that the videophone encounters could create increased 
attentiveness among the elderly with cognitive impairments and sometimes make them more 
focused in the communication. The attentiveness could be attributed both to the general context 
and the special sensory environment of the videophone encounter. It is possible that the 
increased attentiveness of the elderly and their ability sometimes to be more focused was partly 
a response to the special attention given by the other participants of the communication. 
Normann et a1 [l41 have in a study among formal carers in nursing homes shown that episodes 
of lucidity in people with severe dementia took place when the carers were using a person- 
centred communication and acting close with the patients. Situations that Dewing [ l  51 
characterised as person-centred care and that Zingmark et a1 [l61 described as "being one with 
an important other in a calm atmosphere that creates the feeling of being at home". 

The fmdings also indicate that familiarity was another important aspect of the general context of 
the videophone communication with the elders. Zingmark [9] found in a study of people with 
Alzheimer's disease at a nursing home that familiarity was important and meant sharing 
everyday life in a sense of nearness and encountering a sense of belonging. Another aspect of 
familiarity is the familiarity with the use of technology. Walters [ l  71 described it as a 
phenomenon when a device becomes so familiar that it becomes phenomenologically 
transparent to the user who is not always aware of its existence. 

There were also indications that the special sensory environment in the videophone 
communication, with limitations in sensory impressions, contributed to make the elderly 
subjects more attentive and focused in the conversation. To our knowledge no videophone 
equipment has been specially designed as an aid for communication with elderly people with 
cognitive impairments. More research is required in this area. 
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Summary 
We have trialled an alternative method of delivering health services to regional areas of 
Queensland. By integrating telepaediatrics into an existing outreach programme for children 
with diabetes and endocrine conditions, we were able to reduce travel for RCH staff whilst 
maintaining (if not increasing) the contact patients had with the specialist team. In the first 28 
months, we facilitated l60 patient consultations and 10 education sessions via videoconference 
through the telepaediatric service. By the end of the study, site visits were taking place annually 
and routine videoconference clinics were scheduled quarterly for the review of new patients and 
follow up. Telepaediatric services in endocrinology and diabetes were established at three 
levels: ( l )  the coordination of routine specialist clinics via videoconference; (2) ad hoc patient 
consultations for collaborative management during acute presentations and at times of urgent 
clinical need; and (3) the delivery of education to staff and patients throughout the state. The 
net result is improved access to specialist services from rural and remote areas of Queensland. 

Introduction 
The Royal Children's Hospital (RCH) is an important provider of specialist paediatric services 
in Queensland. Each year, about 35,000 outpatient consultations are conducted at the RCH for 
children and adolescents requiring specialist advice and treatment [l]. For Queensland children 
with diabetes, access to specialist services usually necessitates travel to the closest paediatric 
regional diabetes clinic or review at a tertiary centre in Brisbane. It is considered best practice 
to have input by a paediatric endocrinologist/diabetologist, particularly where there are 
problems with management. Depending on the specific needs of the patient, outpatient 
appointments are scheduled at 3-, 6- or 12-month intervals. Each trip represents considerable 
travel, time away from home and general inconvenience for the patient and the family[2]. 



Specialist health services are also provided by the RCH through a state-wide outreach 
programme. This involves the provision of clinics by expert staff at selected regional and 
remote hospitals. As part of the RCH outreach programme, staff from the department of 
endocrinology and diabetes at the RCH visited various regional centres up to three times per 
year, depending on the number of patients and clinical needs in each area. Essentially, this 
initiative was aimed at reducing the amount of travel required by patients and their families, 
whilst ensuring that they had fair access to specialist health services. 

Telepaediatric services for children in selected areas of Queensland were established as part of a 
research project at the RCH. The role and benefits (including cost-effectiveness) of the 
telepaediatric service have been examined [3,4]. As part of the project, a telepaediatric service 
for children with diabetes and endocrine conditions was arranged between the tertiary facility in 
Brisbane and two regional Queensland hospitals - in Mackay and Hervey Bay. Additional 
services were also provided to other regional and remote Queensland hospitals, on a less 
frequent ad hoc basis. 

Methods 
We conducted a retrospective review of our experience with videoconferencing as a technique 
for delivering specialist endocrine and diabetes advice, post-acute patient care and educational 
opportunities for patients and health professionals. Telepaediatric activity records (including 
videoconference usage data) were used to analyse the type and frequency of activity that took 
place. 

Consultations were conducted via videoconference. Standard commercial videoconferencing 
equipment (models 5 100P and 1500, Sony) was used. A document camera (VID P 1 1 0, Sony) 
was also used for the transmission of documents, such as growth percentile charts and blood 
sugar records. All videoconferences were conducted using ISDN lines at a bandwidth of 384 
kbit/s. 

Results 
A total of 160 patient consultations and ten education sessions were facilitated via 
videoconference during the 28-month period of the study. Three key applications emerged. 

Routine telepaediatric clinics 
A total of 21 routine telepaediatric clinics were conducted via videoconference. Sixteen of 
these clinics (76%) were specifically for children with diabetes. The remaining five clinics 
were for children with endocrine conditions. Each clinic involved members of the specialist 
staff at the RCH and staff at the regional hospital concerned (including the paediatrician, 
diabetes nurse educator, dietician and mental health worker). 

At the beginning of each consultation, information such as a brief history of the underlying 
condition (i.e. diabetes or an endocrine problem) the patient's height, weight, %AI, and current 
insulin doses were handed over by the regional paediatrician (Fig 1). Relevant investigation 
results were either faxed before the clinic or viewed via the document camera at the time of the 
consultation. In the case of diabetes, an examination of injection sites was performed via 
videoconference (Fig 2). Blood sugar readings recorded by the patient and family could also be 
viewed via videoconference using a video document camera (Fig 3). 

Each clinic involved 2- 14 patients (median 6) see Table l .  



Table 1. Telepaediatric sessions 
I Session type l Number l Number of I Median l IQR 

I patients 
Routine clinic (>l natient) 121 1 135 / h  I 6-7 

Educational 1 10 
Total 1 56 1 160 

Routine videoconference clinics ran for a median time of 130 rnin (IQR 60-240) (Table 2). 

Table 2. Videoconference usage (time spent per session) 
Session type Number Total time (min) Median IQR 

time per 
session 
(rnin) 

Routine clinic (>l patient) 21 3210 130 60-240 
Consultation (1 patient) 25 1230 45 30-60 
Educational 10 640 60 60-60 
Total 56 5080 

Non-routine patient consultations 
During the study period, 25 single patient consultations were facilitated. These consultations 
were in addition to the routine consultations conducted as part of the telepaediatric clinic 
programme. The majority (21) of these patients were cases not normally seen during the routine 
clinic programme or known patients who required more regular follow up to monitor and guide 
the management of their condition. Several of these cases required the input of more than one 
RCH medical staff member, e.g. an endocrinologist and a gastroenterologist, plus other 
members of RCH diabetes team. The median duration of single consultations was 45 min (IQR 
30-60). 

Of the 25 single patient referrals, four consultations were for urgent cases related to patients 
newly diagnosed with insulin dependant diabetes mellitus (IDDM). Urgent telepaediatric 
referrals were forwarded to the appropriate specialist, who initially responded by telephone to 
discuss immediate clinical management. In each case a consultation via videoconference was 
also arranged involving the patient, family, local clinicians and the specialist staff at the RCH. 

Staff and patient education 
Ten education sessions were delivered via videoconference for either regional staff or patients. 
Three lectures were presented by the RCH consultant, with each session lasting for one hour. 
Lectures were attended by the local paediatrician, junior medical staff and nurses. As part of a 
Queensland-wide project, three multipoint lectures were delivered to a network of diabetes 
educators throughout Queensland. These lectures provided updates related to the clinical 
management of children with endocrine conditions and diabetes. Each of these sessions lasted 
up to 90 rnin and was delivered to between 4 and 12 sites (Fig 4). 

Four education sessions were also coordinated specifically for children from isolated rural areas 
newly diagnosed with diabetes. In Queensland, the model of care for children and adolescents 
with newly diagnosed type I diabetes is referral to the closest regional or tertiary centre for 
immediate access to a multidisciplinary diabetes team [5]. For social and family reasons, it was 
impossible for the families of these four patients to access this level of care at diagnosis. 



Instead of travelling to the nearest regional or tertiary centre for education related to their 
condition, the diabetes nurse educator and dietician at the RCH presented a series of teaching 
modules to the patient and family, all via videoconference. 

Discussion 
The coordination of clinical consultations via videoconference has emerged as a valuable 
component of outreach service delivery throughout Queensland. Normally specialist teams 
from the RCH (including doctors, nurses and allied health staff) travelled to selected regional 
sites to conduct specialist outreach clinics. Instead of travelling to these areas two or three 
times per year, the telepaediatric service has provided an alternative, by replacing some of the 
travel with clinics conducted via videoconference. The combination of onsite outreach and 
videoconference clinics has meant that the RCH specialists have maintained (and often 
increased) their contact with the regional sites whilst reducing the amount of travel and time 
away from Brisbane. 

Routine clinics conducted via videoconference helped facilitate a more organised approach to 
the delivery of specialist outreach services. In Mackay and Hervey Bay, routine telepaediatric 
clinics and outreach site visits were scheduled twelve months in advance. Early arrangements 
allowed for the coordination of patient referrals, consequently increasing the opportunity for 
most regional patients to be reviewed at least once per year, and for those patients with poor 
diabetes control or new problems to be reviewed more frequently. 

We identified a significant difference in the amount of time spent (per patient) during 
telepaediatric clinics compared to sessions that were organised for single case consultations. 
Generally, telepaediatric clinics represented a more efficient use of time. This may have been 
the result of early preparation that took place prior to scheduled telepaediatric clinics. Before 
each routine clinic, patient summaries (including test results) were completed and forwarded to 
the specialist with a list of key issues/questions specific to each patient. Non-routine (single 
case) consultations generally involved patients with more complex clinical needs often requiring 
input from a range of specialists during the allocated session. 

The use of videoconferencing for the management of patients with diabetes has been reported to 
have a positive effect on the quality of care [6,7]. We found that videoconference clinics 
facilitated local case management, thus ensuring that local clinicians were directly involved in 
discussions with specialist staff and consequently decisions related to the clinical management 
of patients in their region. These sessions were also valuable for the training of less experienced 
medical staff in the regional areas, giving them the opportunity to participate in consultations 
with the specialist, follow up modifications in the clinical management and to learn about the 
rationale of clinical decisions made by the specialist. 

The coordination of a distance education programmes via videoconference has been described 
as an effective method of professional training for medical, nursing and allied health staff in 
regional and remote areas of Queensland[8,9]. We have used a similar model to deliver an 
educational programme to a network of diabetes nurse educators situated throughout the state. 
The videoconference sessions were easily accessible to regional staff, and allowed for 
discussion and interaction between the multi-site audiences. Education in the early period 
following diagnosis is a critical factor which determines both quality of life and clinical 
outcomes in paediatric diabetes [5,10]. The provision of specialist education via video 
conference to isolated families immediately after diagnosis is therefore very important. 

In the present study the use of videoconferencing has complemented the conventional methods 
for delivering specialist paediatric diabetes services to children throughout the state. The 
introduction of a telepaediatric service for clinical consultations and for the delivery of 



professional education for staff has helped improve access to specialist services from rural and 
remote areas of Queensland. 
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Fig 1. Patient history provided by regional paediatrician, patient and family (via 
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Summary 
We compared the costs incurred by families attending outpatient appointments at the Royal 
Children's Hospital in Brisbane, with those incurred by families who had a consultation via 
videoconference in their regional area. 200 families in each category were interviewed. The 
median time spent travelling for videoconferences was 30 min compared to 80 min for FTF 
appointments (P<0.01). Families interviewed in the outpatient department had travelled a 
median distance of 70 km, while those who had a videoconference had travelled only 20 km 
(P<0.01). The costs of attending an appointment at the RCH were much higher with 96% of 
families (193) reporting at least one type of expense: 150 families had expenses related to 
parking (-$10), 156 had fuel expenses (-$17) and 122 reported costs related to meals purchased 
at the RCH (-$20). Fewer families (21) who had their appointment via videoconference 
reported any additional costs. Specialist appointments via videoconference were a more 
convenient and cheaper option for families living in regional areas of Queensland, compared to 
the conventional method of attending outpatient appointments at the specialist hospital in 
Brisbane. 

Introduction 
Since November 2000, a telepaediatric service has been offered to clinicians at a selected 
number of hospitals in Queensland. This service has provided a fully coordinated approach to 
the delivery of paediatric sub-specialist services using a range of online communication 
techniques [l]. The most common technique involved the use of videoconferencing for clinical 
consultations. Gradually the service has expanded to additional sites, resulting in a steady 
growth in telepaediatric activity [2]. 

A considerable number of economic evaluations have attempted to compare costs and potential 
savings related to telehealth applications versus traditional methods of health service delivery. 



Often these studies are limited by sample size and methods used to identify and measure costs 
[3,4]. Few telehealth studies have investigated and compared the direct and indirect family 
costs associated with specialist appointments conducted in person and via videoconference. We 
therefore examined the costs of attending outpatient appointments using two different 
modalities - fiom the perspective of the family. 

Methods 
We designed a short (10 question) survey to assess the time and costs associated with attending 
specialist appointments at the Royal Children's Hospital (RCH) in Brisbane, either via 
videoconference or face to face (FTF). The questionnaire was piloted on 25 patients and minor 
modifications were made. 

Interviews with families were carried out over a 12-month period. Families who attended an 
outpatient appointment via videoconference were contacted at home by telephone, 1-5 days 
following their consultation. We randomly selected times to interview patients in the 
outpatients department during normal business hours (O9:OO- l6:OO, Monday to Friday). All 
families in the waiting area at the selected time were interviewed. We explained the purpose of 
the study and sought verbal consent from all families. Permission to conduct the study was also 
provided by the hospital executive management and ethics committee. 

The survey addressed three topics: 

1. Time. We asked families to estimate the time they had spent travelling to and from the 
hospital (RCH or regional). This included travel from home; time spent waiting to be 
seen (after scheduled appointment time), estimated duration of consultation and time 
taken to return home. 

2.  Travel distance. Families were asked to describe their method of transport to the 
appointment and to estimate the distance travelled in km. 

3. Additional costs. We asked a series of questions to identify the direct and indirect costs 
to the family. Direct costs included costs related to travel (private and public transport); 
additional costs incurred such as child-minding, meals, fuel and parking. Indirect costs 
included time away fiom work with potential loss of income. 

Results 
200 families were interviewed following their specialist appointment via videoconference and 
200 families were interviewed in the outpatient department at the RCH. All participants agreed 
to be involved in the study. 

Time 
Families attending their outpatient appointment via videoconference spent less time travelling to 
and from their appointment than families who attended the appointment in person (Table 1). 
The median time spent travelling for videoconferences was 30 rnin (IQR 20-60) compared to 80 
rnin (IQR 50-152.5) for FTF appointments. This difference was significant (P<0.01). Families 
seen via videoconference spent much less time waiting for their appointment (median = 10 min) 
compared to families in the outpatient department (median =20 min). Note that the reported 
time spent waiting for an outpatient appointment at the RCH represented a lower bound, since 
patients were still waiting for their appointment at the time of interview. The duration of 
consultations conducted in person at the RCH were not measured and therefore comparisons 
could not be made. 



Table 1. Time reported by families when attending outpatient appointments (min) 
Videoconference 
(n=200) 

Combined travel time (travel to and 
from appointment) 
Waiting to be seen (after scheduled 
appointment time) 
In the appointment 

Travel distance 
Families interviewed in the outpatient department had travelled a median distance of 70 km 
(IQR 30-180). In contrast, the median travelling distance reported by families who had a 
videoconference was 20 km (IQR 10-40) (Table 2). This difference was significant (P<0.01). 

Face-to-face 
( ~ 2 0 0 )  

Total 

Table 2. Distance travelled by families attending outpatient appointments (km) 
Videoconference Face-to- 

face 

Median 
30 

10 

15 

Median 20 70 

IQR 10-40 30-180 

*represents the lower bound (see text) 
55 

The majority of families (80%) attending their appointment via videoconference lived within 25 
km of the videoconference site. In contrast, only 41% of families who attended an appointment 
in person at the RCH lived within 25 km of the hospital. 21% (42) of families interviewed in 
the outpatient department there had travelled more than 100 km between their home and the 
RCH. Of those families who had their appointment via videoconference only 5% (9) travelled 
more than 100 km fiom home to the videoconference site. 

IQR 
20- 
60 
5-20 

10- 

Additional costs 
The costs reported by the families were subdivided into direct costs (such as fuel, parking and 
meals) and indirect costs (such as time off work). The costs of attending an appointment at the 
RCH were much higher with 96% of families (193) reporting at least one type of expense, Table 
3. Of these 193 families, 150 had expenses related to parking (-$l O), 1 56 had fuel expenses 
(-$17) and 122 reported costs related to meals purchased at the RCH (-$20). 

20 

Median 
80 

20" 

- 

IOO* 

IQR 
50- 
152.5 
10-45 



Fewer families (21) who had their appointment via videoconference reported any additional 
costs. Of the 2 1 families, 17 reported fuel costs (-$l 8), two reported food expenses (-$12.50) 
and two reported costs associated with childcare arrangements (-$35). Of the 400 families 
interviewed only 8% (30) used public transport in order to attend their appointment. Most 
families (92%) travelled to their appointment using their own private vehicle. 

Time ofwork 
More families who attended an outpatient appointment at the RCH had to take time off work to 
attend their appointment. Of the 200 families interviewed at the RCH, 83 family members 
reported that they had taken time off work or re-arranged their schedule to attend the 
appointment. In comparison, 43 family members who attended an appointment via 
videoconference reported that they had taken some time off work. The average time spent away 
from work for families seen face-to-face was about 7 h compared to 4 h for families seen via 
videoconference (Table 4). 

Table 3. Family costs associated with attending the outpatient appointment 

n 
Public transport 
If you travelled by public transport, 2 
approximately how much money did you 
spend on fares? 
Additional costs 
Did you incur any additional costs to attend 21 
this appointment? How much did you 
spend? 
If yes, what additional costs were incurred? 

Childcare 2 

Meals 2 

Parking 0 
Fuel 17 

Accommodation 1 

($) 
Face 
n 

28 

193 

3 

122 

150 
156 
3 

Table 4. Time off work (family members) directly resulting fiom attendance at outpatient 
appointment (h) 

Videoconference 
Median 

12.00 

15.00 

35.00 

12.50 

Nil 
15.00 
70.00 

If you needed to take time off work to attend this 
appointment, how much time (h)? 
Did you attend this appointment with a second family 
member? 
If another family member attended this appointment, did 
they need to take time off work? If yes, how much time 
(h)? 

, Total , 

IQR 

10-14 

10-30 

32.5- 
37.5 
11.25- 
13.75 
- 
10-20 
70-70 

to face 
Median 

10.20 

21 .OO 

30.00 

10.00 

10.00 
10.00 
80.00 

IQR 

6.5- 
20 

14- 
3 5 

25- 
40 
7-15 

8-11 
5-20 
65- 
115 

Videoconference 
n 
25 

53 

18 

43 , 

Face to face 
n 
63 

66 

20 

83 

Mean 
4.1 

- 

4.4 

S D  
1.6 

- 

3.5 

Mean 
7.0 

- 

8.4 

SD 
4.6 

5.3 



Discussion 
The results of the present study show that outpatient appointments provided via videoconference 
were a less expensive option for families living in regional areas. Families situated up to 2500 
km from the RCH reported less expense and inconvenience than those families living within 
minutes of the specialist hospital in Brisbane. 

We were unable to identify differences in duration for each type of appointment because of the 
method of data collection in the outpatient department. Waiting times reported at the RCH 
outpatients represented the minimum amount of time spent, since patients were still waiting at 
the time of the survey. However, the waiting times for specialist appointments via 
videoconference were at least 50% lower than those encountered by families at the RCH. This 
may be because the novelty of seeing patients via videoconference may have made specialists 
more aware of the clinic schedule and the time available. It is also likely that the preparation of 
pre-consultation patient summaries and input from the regional staff during telepaediatric clinics 
helped streamline the consultation process. 

In terms of income lost due to time off work, the majority of families reported flexible 
employment arrangements. Most were able to plan leave from work and adjust rosters to fit in 
with their child's outpatient appointment. Families attending their appointment in person at the 
RCH were three times more likely to have taken time off work in comparison to families in the 
regional areas. 

Despite being asked the same questions, we found that families interviewed at the RCH were 
more ready to volunteer costs associated with their appointment. Minor expenditure, such as "a 
few dollars for fuel", was often described, even from families living minutes away from the 
hospital. In contrast, families in regional areas who had an appointment via videoconference 
often described how much it would normally have cost them to go to Brisbane, and how grateful 
they were that they did not have to spend a day or two travelling to the RCH and back. 

Families in the regional areas often described other benefits of having their appointment via 
videoconference. As a result of not having to travel to Brisbane, the convenience of an 
appointment conducted locally (via videoconference) meant reduced absence from school, 
family and friends. 

The results show that in Queensland, outpatient appointments conducted via videoconference 
were less costly for families compared to the conventional method of attending outpatient 
appointments at the specialist hospital. When generalising the results to other telehealth 
services, it will be necessary to take into account the distances between the regional facilities 
and specialist hospital. 
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Summary 
To guarantee the quality of teleradiology services in Austria we have developed an easy to 
use and continuously re-evaluated teleradiology workflow model. This is based on the IS0 
9001 :2000 quality management model and guarantees the quality of the process. During the 
period from January 2002 to January 2003 we examined 544 transferred emergency 
teleradiology computer tomography studies at the Department of Radiology 2 in Innsbruck. 
They were from patients from the rural hospital of Reutte. In 450 cases (83%) the sending of 
the written legal fmal report took less than one hour. The numbers of mistakes (mostly minor 
workflow errors) were reduced fiom 23 errors per month in January 2002 to 9 errors per 
month in January 2003. The continuous crosscheck of the workflow and training of the 
employees involved guarantees a better standard of teleradiology in our department. Since 
December 2002 the whole Tyrolean teleradiology process has been IS0  9001:2000 certified. 

Introduction 
After five years of teleradiology experience in the Tyrolean Telemedicine Project we 
examined the use of IS0  9001 :2000 to guarantee the patient a qualified and secure attendance 
at every time from a remote radiology partner in emergency cases beyond one hour after the 
request from every rural district hospital in Tyrol. The aim was to develop a useful 
teleradiology workflow, which has conformity with the legal requirements of the Austrian law 
and also hlfils the demands of medical routine. We decided to re-evaluate our already 
introduced teleradiology workflow' under the viewpoint of the IS0 9002:2000 model in the 
year 2002, Fig 1. The customer (patient and referring physician) determines the required 
quality. 

The teleradiology project group developed its process description in a way that meets the 
expectations of the customers in the majority of all aspects. The defined quality is a result of 
controlled processes. Objectives (goals) and suitable (appropriate) measuring units are 
installed in all processes. 



Methods 
In the special case of emergency teleradiology, the aim was to guarantee the referring 
physician a legal final report on which to base further therapy in a response time of less than 
one hour after the sending of a written request. The patient has to be informed about the 
possibility of teleradiology as an alternative to his personal transfer to the university hospital. 
Thus the patients can choose between the transfer of their radiology images or of themselves. 
The referring physicians sent their written requests and also obtained the written final reports 
over a Virtual Private network (VPN) via email between the different teleradiology partners. 

During the period from January 2002 to January 2003 we examined 544 transferred 
emergency teleradiology computer tomography studies at the Department of Radiology 2 in 
Innsbruck. They were from patients from the rural hospital of Reutte. 422 patients had 
severe neurological problems, 82 patients had problems with the lung and 40 patients had 
other problems. We reorganized the existing teleradiology-workflow according to the IS0 
9001 :2000 requirements. The structured training and education of all staff had to be 
reorganized in many ways. The documentation, management and avoidance of errors are a 
very helpful feature of the IS0 9001:2000. ARer an intense training-period at both 
teleradiology sites, we started the ISO-controlled process in January 2002. We measured the 
interval between the time-stamp of the request email and the written final report and 
documented the results in a spreadsheet. 

Results 
In 450 cases (83%) the sending of the written legal final report took less than one hour. The 
average time between the sending of the written request and the return of the written final 
report was 44 min. In more than 83% of patients, treatment could be started in less than one 
hour during the year 2002. The numbers of mistakes were reduced from 23 errors per month 
in January 2002 to 9 errors per month in January 2003. The mistakes were mainly in the 
correct order of work-steps, for example, when the referring physician forgot to inform the 
radiologist in Innsbruck before sending the radiology examination, or the radiology assistant 
at the rural hospital forgot to send the written request. Very few technical errors occurred, 
such as a problem with the VPN. 

Discussion 
IS0 9001 :2000 is a method of obtaining a secure and high quality teleradiology process. The 
medical workflow gets more efficient and nonconformities are eliminated in order to prevent 
errors. The medical staff know their duties, their competencies and the next people who have 
to be inform. Failures can be identified and training periods can be shortened to the necessary 
individual skills. The continuous crosscheck of the workflow and training of the employees 
involved guarantees a better standard of teleradiology in our department. Since December 
2002 the whole Tyrolean teleradiology process has been IS0  9001 :2000 certified. 
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Figure 
Fig 1. Model of a process-based quality management system 
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Summary 
The Swinfen Charitable Trust has used email for some years as a low-cost telemedicine 
medium to provide consultant support for doctors in developing countries. A scalable, 
automatic message-routing system was constructed which automates many of the tasks 
involved in message-handling. During the first 12 months of its use, a total of 15 10 messages 
was processed automatically. There were 128 referrals from 18 hospitals in 9 countries. 89 
of the 128 queries (70%) were replied to "immediately" (i.e. within 72 h) - the median delay 
was 1.1 day. The 39 unanswered queries were sent to back-up specialists for reply and 36 of 
them (92%) were replied to "immediately". In the last three cases, a further second-line back- 
up specialist was required. The referrals were handled by 54 volunteer specialists from a 
panel of over 70. Two system operators, located ten time zones apart, managed the system. 
The median time from receipt of a new referral to its allocation to a specialist was 0.2 days 
(interquartile range, IQR 0.1-0.8). The median interval between receipt of a new referral and 
first reply was 2.6 days (IQR 0.8-5.9). Automatic message-handling solves many of the 
problems of manual email telemedicine systems and represents a potentially scalable way of 
doing low-cost telemedicine in the developing world. 

Introduction 
Email has been used for some years as a low-cost telemedicine medium to provide support for 
developing countries[l-41, not least by the Swinfen Charitable Trust (SCT).[5] However, all 
operations have been relatively small scale and fairly labour-intensive to administer. 

i 
Automatic message-handling solves many of the problems of manual email telemedicine 
systems and represents a potentially scalable way of doing low-cost telemedicine in the 
developing world. Since early 2002, a scalable, automatic message-routing system has been 
used by the SCT which automates many of the message-handling tasks.[6] 



Methods 
The message-handling system used by the SCT keeps copies of all inbound email messages, 
and copies of all outbound messages. It also maintains statistics about the cases handled.[6] 
The database was reviewed for the period July 2002 to June 2003 inclusive. 

Results 
During the study period, a total of 128 cases were referred to the SCT. The cases were 
referred from 18 hospitals in nine countries (Fig 1). 

The 128 referrals were sent to appropriate specialists for reply. (The SCT maintains a panel 
of volunteer consultants). 89 specialists (70%) replied "immediately", i.e. within 72 h. The 
39 unanswered queries were then sent to other specialists for reply (Fig 2). This process 
generated a total of 170 queries relating to the original 128 patients. 

A given query, once the initial response has been received, may require further dialogue 
between referrer and specialist. The 170 queries resulted in a total of 456 messages. The 
median time between the initial referral message being received and a reply from first or 
backup specialist was 2.6 days (interquartile range, IQR 0.8-5.9), see Table 1. 

Table 1. Length of time (days) between the initial referral message being received and the 
first reply from the specialists for 'immediate' replies 

l ~ e d i a n  l~irst Last 

(a) the first specialist allocated (n=89) 
(b) the backup specialist allocated when no response6.42 
received from first specialist (n=36) 
(C) the second backup specialist allocated when no 

Referrals were answered by consultants from a wide range of specialties, Fig 3. Paediatrics 
was the single largest specialty area. The majority of the specialists (92%) were located in 
Australia and the UK, Fig 4. 

response from the first backup specialist (n=3) 
(d) the first and backup specialists allocated (n=128)2.56 

Discussion 
During the 12-month study period, the automatic message-handling system dealt with a total 
of 15 10 email messages. The majority of these were from the system operators (66%), for 
example requests for status reports, and almost all of the remainder were from either referring 
doctors or specialists. With the exception of the initial decision about which specialist to send 
a new referral to, all the message-handling was automatic. During the study period the 
system ran almost continuously, with no significant service interruptions. The experience 
thus demonstrates that automatic message-handling for telemedicine is both feasible and 
usehl. 

1.05 

6.98 

Two system operators, located ten time zones apart, managed the system. The median time 
from receipt of a new referral to its allocation to a specialist was 0.2 days (IQR 0.1-0.8). The 
median interval between allocation and first reply was 0.9 days (IQR 0.4-2.3). A significant 
proportion of queries needed to be sent to a second specialist for attention when the initial 
person did not reply. The reasons for non-reply were mainly because the specialist was 
unavailable, e.g. because they were absent at a conference. Nonetheless, the method of 

0.83 

quartile 
0.71 
3.54 

5.41 

5.87 

quartile 
3.17 
9.67 

12.69 



operation in which unanswered referrals were identified early and forwarded to a second 
specialist for reply proved very effective. Even though both the system operators and all the 
specialists were unpaid volunteers, the overall system performance was excellent: the median 
time from a doctor sending a new referral to receiving a reply was 2.6 days. During the study 
period, 50% of the referrals were dealt with in less than 3 days, and 90% in less than 12 days, 
Fig 5. 

Automatic message-handling solves many of the problems of manual email telemedicine 
systems and represents a potentially scalable way of doing low-cost telemedicine in the 
developing world. The SCT is particularly pleased that referring doctors and their patients - 
and also the specialists, as well - are able to derive real benefits from the use of simple 
technology in the developing world. 
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Fig 2. Specialists' replies during the study period 
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Fig 3. Specialty areas 
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Fig 5. Length of time fiom a new referral being received until first reply from first or backup 
specialist 
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Summary 
We have conducted a preliminary validation of an Internet-based telehealth application for 
assessing motor speech disorders in adults with acquired neurological impairment. The 
telehealth system consisted of an Lnternet-based videoconferencing module which used 
NetMeeting to provide realtirne videoconferencing through a 128 kbitls Internet link, as well 
as the transfer of store-and-forward video and audio data from the participant to the clinician. 
Ten participants with dysarthria following acquired brain injury were included in the study. 
Each participant was assessed face-to-face, and in the online environment, using clinical 
assessments which rated motor speech function and overall severity of the speech disturbance, 
and measured communication efficiency, word and sentence intelligibility, and rate of speech. 
There was a 90% level of agreement between the two assessment environments for the rating 
of severity of dysarthria. For the 23 Frenchay Dysarthria Assessment variables rated, a 70- 
100% level of agreement for the ratings was achieved for 17 (74%) of them. These findings 
suggest that Internet-based assessment has potential as a reliable method for assessing motor 
speech disorders. 

Introduction 
Dysarthria, a motor speech disorder, accounts for 46% of the communication disorders 
associated with acquired neurological impairment [l]. The speech disorder is characterized 
by varying degrees of slurred and indistinct speech which can markedly affect an individual's 
ability to communicate with others. A concern in the management of dysarthria following 
acquired brain injury (ABI) is the difficulty encountered by individuals in accessing speech 
pathology services beyond acute care, and the initial stages of rehabilitation. Such access 
may be restricted due to distance, caseload priority issues, financial constraints, andlor 
physical disabilities. 



Telehealth applications have the potential to facilitate the access of persons with AB1 to 
speech treatment and thus, enhance the rehabilitation process. Ricker et a1 [2] suggested that 
by extending rehabilitation therapies beyond the clinic and into the home through the use of 
telerehabilitation, it would be possible for therapists to monitor a patient's progress, identify 
areas requiring improvement, decrease long-term disability and long-term costs, and 
ultimately improve patient outcome. Telehealth applications in speech pathology, have been 
investigated to a limited extent. A review paper by Hill and Theodoros [3] identified only 13 
studies which reported on the online assessment andor treatment of neurological 
communication disorders [4,5], stuttering [6], voice [7] and articulation disorders [S] in 
paediatric and adult populations. 

Telehealth has the potential to provide an alternative mode of service delivery for the 
management of dysarthria following ABI. The aim of the present study was to investigate the 
validity of an online protocol for the clinical assessment of dysarthria by comparison with a 
similar face-to-face assessment. 

Methods 
Ten participants, aged 20-70 years and diagnosed with a perceptible dysarthria due to AB1 
were included in the study. Participants were assessed perceptually, both in a clinical face-to- 
face (FTF) situation and in the online environment. These assessments were conducted 
independently by two research speech pathologists. Participants were assessed on two 
separate occasions with at least a one to two-day interval between sessions to account for 
fatigue andor test-retest effects. 

For the FTF assessment, each participant was evaluated under normal clinical conditions. In 
the online assessment, each participant was evaluated at a hospital site approximately 15 km 
away via an Internet connection to the University of Queensland. The participant was seated 
in front of a computer with two web cameras mounted above the computer monitor. A 
headset microphone was positioned on the participant at a distance of 10 cm from the mouth 
to record the participant's speech while not obstructing the view of the face. The online 
assessment was conducted through a videoconferencing link via the Internet from the site 
computer to the host (clinician) computer in the MSRU (UQ) at 128 kbitls. The online 
videoconferencing module consisted of a customised graphical user interface that utilized 
NetMeeting software (Microsoft) to provide realtime videoconferencing as well as the 
transfer of store-and-forward data between the participant and therapist. The transfer of the 
store-and-forward data was achieved through an offline video-recording module which 
enabled the capture of video data accessed from the second web camera. The data were 
compressed (WMV, Version 9, Microsoft) at 250 kbitls, stored locally and then forwarded to 
the therapist's computer. This module also enabled the compression of audio data (WMA, 
Microsoft) at 70 kbitls which was then stored and forwarded. Printed materials required for 
the perceptual assessments were displayed on the computer screen in front of the subject 
through the chat facility of NetMeeting. 

The assessments used, and the variables measured included a conversational speech sample 
(rating of severity of dysarthria), the Frenchay Dysarthria Assessment (FDA) [9] (ratings of 
the lips, tongue, jaw, velopharynx, larynx, respiration and reflex activity), and the Assessment 
of Intelligibility of Dysarthric Speech (ASSIDS) [ l  01 (percentage word and sentence 
intelligibility, words per minute, and communication efficiency). 

The perceptual ratings of severity of dysarthria and the ratings of the FDA variables were 
analysed descriptively with respect to the agreement between the two raters. The criterion for 
level of agreement for the severity of dysarthria rating was set at an equivalent rating on a 
seven-point scale in each environment. For the ratings of the FDA variables, the criterion for 



level of agreement between the raters was set at an equivalent rating, or within one level on 
the rating scale. 

Results 
There was a 90% level of agreement between the two assessment environments for the rating 
of severity of dysarthria. For the 23 FDA variables rated, a 70-100% level of agreement for 
the ratings was achieved for 17 (74%) of the variables with 6 (26%) achieving 40% ( l )  or 
60% ( 5 )  agreement. More than half of the variables (57%) rated reached an 80% to 100% 
level of agreement between the two assessments (see Table 1).  

and the FDA variables 

FDA 
100% Lip - alternate 

Jaw - in speech - 
90% Respiration - in speech 

Jaw - at rest 
I Soft palate - fluids 

Tongue - in speech 
80% Reflex - dribbleldrool 

Tongue - elevation 
( Tongue - lateral 

Tongue - alternate 
70% Reflex - swallow 

Lip - seal 
Lip - in speech 
Tonme - ~rotrusion 

60% I Reflex - cou& I 

The results obtained on the ASSIDS in both the FTF and online environments were compared 
using Wilcoxon matched pairs testing. There was a significant difference between the FTF 
and online assessments for percentage word intelligibility only (P = 0.028) with no significant 
differences for sentence intelligibility (P = 0.386), words per minute ( P  = 0.799) or 
communication efficiency ( P  = 0.646) based on an alpha level of P < 0.05. 

Discussion 
The present study indicates that good agreement between a face-to-face and an Internet-based 
assessment of dysarthria can be achieved in the majority of clinical variables. The high level 



of agreement on the overall rating for severity of the speech disturbance indicated that a 
clinician could readily determine a level of severity online. Similarly, the assessment of 
motor speech function was achieved with a high level of agreement across the majority of the 
variables rated. Furthermore, the results indicated that the results of the assessment of speech 
intelligibility during sentence production, rate of speech, and communication efficiency 
online were comparable to those achieved in a FTF assessment. 

A small number of variables failed to reach adequate levels of agreement in the two 
assessment environments. On the FDA, six variables (cough reflex, respiration at rest, palatal 
function during speech, and laryngeal function as rated for phonation time, volume and in 
speech) attained less than 70% agreement between the FTF and online environments. It is 
possible that the poorer levels of agreement on these variables may be associated with: 
inherent inadequacies of perceptual ratings in relation to inter-rater variability; intra-subject 
variability associated with test-retest performance; and technical aspects relating to web 
camera and participant position, camera focus and background lighting. A limitation of the 
online assessment was that two variables (tongue at rest and soft palate maintenance) were 
unable to be assessed by this method largely due to the lack of a zoom facility on the web 
camera in the case of the former, and the inability to achieve an adequate view of the structure 
in the case of the latter. 

The lack of comparability between the FTF and online assessments with respect to 
measurement of single word intelligibility may reflect the fact that single words out of context 
are often more difficult to perceive correctly when dysarthria is present, and therefore are 
more likely to have been perceived differently by the raters. Alternatively, the difference 
between the two assessment environments may reflect participant test-retest performance 
variability [l 01. 

Based on preliminary data, the Internet-based application for the assessment of dysarthria that 
we have developed appears to have the potential to provide a clinically reliable method of 
assessment of this speech disorder online. 
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Summary 
We have developed a web-based e-learning tool for teaching nursing skills, using educational 
material from a hospital-based nursing skills fair. A manager function tracks skill 
certification and continuing education contact hours. The content can be delivered over the 
Internet and through firewalls using Windows Media Player version 9. The content is 
structured in a manner that would make it adaptable to an e-learning system that utilizes the 
Sharable Content Object Reference Model (SCORM), a set of specifications for delivering 
educational materials through technology-based methods. 

Introduction 
There is a shortage of experienced nurses in the US. In many institutions, turnover of nursing 
personnel is high. The problem is accentuated in Department of Defense and Veterans 
Administration hospitals, which may have difficulty competing with the private sector in 
salaries, benefits and work hours. At the same time, national accreditation organizations 
increasingly require documentation of skills certification. Nursing skills are becoming more 
complex, and new medical devices and equipment are being introduced all the time. Patient 
safety is a growing concern. A survey of 1 148 nurses by the National Patient Safety 
Foundation in 2002 indicated that 67% were very interested in education and training in 
safety practices, and 66% were very interested in patient safety in hospitals [l]. 
Standardization of instruction to improve competence of performing procedures has been 
advocated as a means of reducing medical errors among doctors [2]. 

The National Patient Safety Foundation reported that its charter member institutions ranked 
staff training as their most important patient safety service, and that the preferred method was 
via web-based education [3]. Studies have shown that technology-based instruction may 
reduce the costs and time to achieve educational objectives by 30-60%[4]. 



Methods 
We have developed a web-based e-learning tool, INSTAANT, which delivers instructional 
content by asynchronous streaming. Skill modules (Table 1) are broken down into a 
standardized framework of 12 parts (Table 2) that emphasize patient safety issues such as 
detection and prevention of unintended consequences from a nursing intervention. 

Table 1. Advanced nursing skills in INSTAANT 
Vascular access devices 
External and internal non-invasive pacing 
Cardioversion and defibrillation using the Zoll 1200 
Percutaneous Endoscopic Gastrostomy (PEG) and enterostomal feeding 
Tracheostomy care and suctioning 
Wound VAC therapy 
Administering Total Parenteral Nutrition (TPN) 
Low molecular weight heparin administration 
Infection control - contact and respiratory isolation procedures 
Tube thoracostomy management 
Assessment of diabetes patients on insulin 

1 Ooen and closed catheter suctioning: I 
Manual ventilation 
Oxygen masks and non-rebreather masks 
Use of metered-dose inhalers 
Assessing patients for respiratory failure 
Insertion and removal of nasogastric tubes 
Nasonastric tube feeding: 

Table 2. Module structure 
Introduction. 
Show me the equipment that I'll use 
How do I do it? (steps and sequence) 
What are the "must do's"? 
What can go wrong? (hazards and unintended consequences) 
How do I know that something has gone wrong? (detection) 
How should I respond when something goes wrong? 
How do I troubleshoot? (anticipate and prevent errors) 
Does the hospital have any rules that I should know about? 
Are there any unusual patient situations that I should plan for? 
Are there any age-specific competencies? 
What would a safetv briefmn sound like? 

I Show me some scenarios. I 

Critical thinking skills are assessed using streaming media scenarios and multiple-choice 
questions. Video clips are encoded in Windows Media Video format (.wmv). Students 
complete an End-user Computing Satisfaction Survey, a validated instrument for assessing the 
web-based instruction [5] (Table 3). Evaluators perform a separate hands-on assessment that 
can be tracked separately by the program. A managerial function was designed to track 
student progress, certification status, and contact hours, which are then converted to 
continuing education credits. 



Table 3. End-user computing satisfaction survey 
Is the system successful? 
Are you satisfied with the system?* 
Does the system provide the precise information that you need? 
Does the information content meet your needs?" 
Does the system provide reports that G m  to be just about exactly what you need? 
Does the system provide sufficient information?" 
Is the svstem accurate? 
Are you satisfied with the accuracy of the system?* 
Do you think the output is presented in a useh1 format? 
Is the information clear?* 
Is the system user friendly?* 

1 Is the system easy to use? 1 
Do you get the information you need in time? 
Does the system provide up-to-date information?* 
*used in INSTAANT 

Nurse experts developed the content using existing skills fair instructional material. A video 
editor and content coach met with each of the nurse trainers to adapt the content to the 
INSTAANT format. New material was added to emphasize patient safety issues. Media 
segments were directed by the video editor and recorded in the hospital using staff 
audiovisual personnel. After editing, the materiai was uploaded into the INSTAANT 
software. 

Discussion 
The development of the web-based training program involved several trade-offs. We were 
very concerned that the use of video streaming would mean that performance through a 
firewall would be poor. We also believed that long download and buffering times would be 
unacceptable to the users. Therefore, we planned that the product would be delivered over an 
intranet. However, a recent improvement in the Microsoft Windows Media Player[6] has 
almost eliminated extended buffering periods, and the media player can begin before the 
entire file has been downloaded. The . m v  files are small and produce high video quality, 
but require Windows Media Player version 9, which is not yet widely available. 

Content development was more difficult than we expected. Adaptation of existing skills fair 
material to the new format was challenging for many subject matter experts, particularly when 
developing scenarios that focused on patient safety. 

Initially, our video editor also did the filming. However, our results improved when we used 
professional audiovisual personnel and assigned the video editor the role of director. 

We estimate that the software will be manageable for several hundred users. New content can 
be uploaded fairly easily. However, content management and delivery will become more 
difficult if INSTAANT is used at multiple sites by large numbers of users. Therefore, we 
have explored an alternative software framework that is scalable, centrally managed, and 
quick. 

Because INSTAANT content has been divided into small media segments, it could be adapted 
to an e-learning system that utilizes the Sharable Content Object Reference Model (SCORM), 
a set of specifications for delivering educational materials through technology-based 
methods[7]. SCORM has been described as "the HTML of e-learning." [S] While there is no 
global standard, other standards for web-based content, such as those promoted by 



organizations such as the Alliance of Remote instructional Authoring and Distribution 
Networks for Europe (ARIADNE) and IEEE Learning Technology Standards Committee, 
share many similarities with SCORM. 

SCORM conformant systems aggregate content into "objects" that are identified using 
extensible markup language (XML) tags. The objects can be assembled using a pre-existing 
instructional framework known as a Learning Management System[9]. The concept has been 
likened to snapping together Lego blocks[lO]. Ideally, SCORM objects are reusable and 
interoperable. 

An example of an e-learning ecosystem is the Cisco Global Learning Network (GLN), which 
combines a SCORM conformant Learning Management System with a Content Delivery 
Network. Instructional material, packaged as shareable content objects (SCOs), is aggregated 
by the Learning Management System application. A content distribution manager then 
delivers the SCOs to content engines, which cache and manage the information flow to the 
desktop. Thus, content can be centrally managed and delivered locally with optimal 
performance. As of September 2002, the Cisco Networking Academy, which uses the GLN, 
was delivering over 35,000 online examinations per day to more than 10,000 academies in 
l48 countries[l l]. 

Conclusion 
We adapted a nursing skills education program to a simple web-based application that 
delivers streaming media content to learners and permits nurse managers to track skill 
certification. The content has a structure that makes it amenable to porting to an e-learning 
system that utilizes the Sharable Content Object Reference Model. This might improve 
accessibility, management, and performance for multiple sites, although software licensing 
costs could be prohibitive for smaller organizations. 
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Summary 
International medical education videoconferencing sessions have been successfully conducted 
using Internet2 between two tertiary care medical centres in Honolulu and Bangkok. Video 
quality was lower than for similar sessions using ISDN, and audience satisfaction was less. 
The main reasons for the lower quality were network congestion and bandwidth allocation by 
the videoconferencing equipment. There were also network security problems and the costs 
were high. Quality of Service s o h a r e  solutions exist but are not easy to implement. It 
appears that Internet2 videoconferencing for medical education is best reserved for academic 
settings that have other high-bandwidth network requirements. 

Introduction 
Since 2001, we have conducted regular medical education videoconferences between the 
Tripler Army Medical Center (TAMC) in Honolulu and the Phramongkutklao Medical Center 
(PMK) in Bangkok[l]. The principal audience are internal medicine residents. The format is 
problem-based and case-centred. Presenters alternate between sites[l]. More than 3 1 
conferences have taken place with a total audience of over 1200. In 2002, we changed from 
using ISDN connections at 384 kbitls to Internet2 connectivity. 

Methods 
Commercial videoconferencing equipment (model 970, PictureTel) was used at both sites. 
Audiences in Thailand and Hawaii were queried about the quality of the each conference 
using wireless audience response voting systems. Internet2 connectivity was achieved via a 
45 Mbitls DS3 circuit from the TAMC to the local Hawaii IntraNetwork Consortium (HIC). 
The connection continued over the HIC SONET ring to the University of Hawaii (UH). UH 
connected to the Internet2 network, Abilene, on the mainland of the United States by OC12 



circuit. In Los Angeles, Abilene connected to Thailand's Inter-University Network via an 
undersea fibre optic cable. The final Bangkok link to the PMK operated at 155 Mbitls. 

Packet loss in the network was assessed during one conference that was subjectively graded 
as "better than usual". 

Results 
Video quality at 768 kbit/s over Internet2 was not as good as ISDN at 386 kbit/s, Table 1. 
Significant movement in the audience, as when someone walks across the camera field, was 
associated with the frame freezing and jittery images. 

Table 1. Audience ratings of image and sound quality during videoconferences 

Within the hospital network and through the hospital firewall, video quality was excellent at 
768 kbitls, 30 framesls, with less than 5% packet loss. Analysis of Hawaii data streams was 
simpler than streams toward Thailand. Video stream packet loss was 0.03% between TAMC 
and UH, with one out-of-order packet in several minutes of monitoring. Ideally, these losses 
should be zero. The video packet loss between PMK and TAMC was 2.80%. Audio packet 
losses were much lower. 

Sound qualitya 
Still image qualitya 
Video qualitya 

We assessed various connection rates to determine the best transmission settings. At 1.5 
Mbitls the content images were clearest, but video images were degraded. The best video 
images were achieved at 768 kbitls, but content images were less clear, and took longer to 
fully assemble. The PictureTel9000 could not be adjusted to change the allocation of 
bandwidth. Unfortunately the codec was able to change the entire data stream automatically 
from 768 kbitls to 384 kbitls for unknown reasons. 

Number of sessions 
Total number of participants 

Discussion 
We suspect that network congestion in Thailand was responsible for the image degradation. 

IPv4 (768 kbit/s) 

"scored as: 1 = unacceptable, 9 = excellent 

7.44 
7.96 
7.21 

We noticed a steady loss of quality as conferences progr&sed through the hour starting at 
08:OO in Bangkok. We also received alerts from the Abilene Network Operations Center 
indicating instability, thought to be due to network congestion. 

Hawaii 
7 
112 

ISDN (384 kbit/s) 

We also believe that far end hardware may have caused some quality problems. Both Hawaii 
and Thailand ends of our videoconference system use PictureTel hardware and software. 
While H323 standard compliant, PictureTel also uses some proprietary codecs to enhance 
videoconferencing. They refer to these enhancements as People and Content, and to display 
them the system utilizes two monitors on each end of a videoconference. The People part 
displays the talking heads (videoconference participants) and utilizes H323 standards. The 
Content part is proprietary, and enables participants to view a computer screen such as a 
Powerpoint presentation on the second monitor. Other proprietary software allocates 
available bandwidth between the People, Content, and audio data streams. When utilizing 

Thailand 
7 
227 

Hawaii 
24 
29 1 

7.23 
7.68 
7.49 

Thailand 
24 
612 

6.32 
7.10 
5.5 1 

5.92 
6.25 
5.08 



this system over ISDN lines, the codec worked well. The bandwidth is fued (384 kbit/s) and 
the data stream does not experience congestion or the added overhead of IP packetization. 
When utilizing the system over IP, the codec experienced difficulties. Bandwidth is not fued, 
and can fluctuate according to network congestion. IP packetization adds to the amount of 
data that must flow, and out of order packets must either be reassembled or discarded. When 
packet loss exceeds 5%, the video part of the codec often fails completely for periods of 
seconds or even minutes. We found that audio, which utilizes a small 64 kbit/s part of the 
data stream and has its own standard, was less often interrupted and less sensitive to packet 
loss. 

We also experienced both jittery video and audio freezing when videoconferencing over 
Internet2 with the Michigan Center for Biological Information. We explored the use of 
customized s o h a r e  developed at the University of Michigan that performs "bandwidth 
brokering" for Internet2 applications. The software gives Quality of Service instructions to 
local routers, dramatically improving Intemet2 quality[2]. A significant advantage is that the 
system uses IPv4. We were unable to utilize the software because it required remote 
installation on local routers, and this was not permitted for security reasons. IPv6, which has 
Quality of Service built in to the protocol, is not yet widely implemented. 

The costs of international videoconferencing were substantial. Membership of the HIC for 
the Hui was $16,000 for 2002-03, and $20,000 for 2003-04. The figure varies yearly 
depending on infrastructure upgrades and the number of HIC members. DS3 circuits, leased 
from a commercial vendor, cost $2465 per month. An international ISDN connection is $635 
per hour. Thus, ISDN running costs for international videoconferences approach Internet2 
costs at about 71 hours of connection time. This simple analysis omits personnel costs, which 
are much higher for Internet2. Our international videoconferences have averaged 40-50 hours 
per year, and are currently the sole use of our Internet2 connection. 

There have been numerous security problems. Each IP address for videoconferencing 
requires a firewall waiver at the TAMC. The HIC comprises both academic and defence 
members, and HIC members must now conform to an extensive service agreement with the 
Defense Research and Engineering Network (DREN). We have recently discovered a 
security work-around acceptable to our campus network engineers. Virtual Local Area 
Networking (VLAN) logically separates one kind of network traffic from another. This 
separated traffic can have different security requirements. In our case, Internet2 traffic 
completely bypasses the rest of the campus network and firewall. The campus network is 
inaccessible from the Internet2 VLAN, and security is not compromised. However, the 
Internet2 VLAN is completely unprotected and thus quite vulnerable to hackers. 

Conclusion 
Regular international videoconferencing for medical education over Internet2 is feasible but 
expensive, and requires substantial personnel support for network troubleshooting and 
resolution of security issues. The video quality is lower than ISDN, but can be expected to 
improve in due course. Newer Intemet protocols such as IPv6 promise much higher video 
quality, but are not yet widely implemented. At present, Internet2 videoconferencing is best 
reserved for academic settings where there are other high-bandwidth networking 
requirements. 
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Summary 
Three different, well-established systems for e-referral were examined. They ranged from a 
system in a single country handling a large number of cases (60,000 per year) to a global 
system covering many countries which handled fewer cases (150 per year). Nonetheless, 
there appeared to be a number of common features. Whether the purpose is e-transfer or e- 
consultation, the underlying model of the e-referral process is: the referrer initiates an e- 
request; the organization managing the process receives it; the organization allocates it for 
reply; the responder replies to the initiator. Various things can go wrong and the 
organization managing the e-referral process needs to be able to track requests through the 
system; this requires various performance metrics. E-referral can be conducted using email, 
or as messages between computer systems or using a web-link to a server. The experience of 
the three systems studied shows that significant changes in work practice are needed to launch 
an e-referral service successfully. The use of e-referral between primary and secondary care 
improves access to an adequate level of care and can be shown to be cost-effective. 

Introduction 
One promising area of "e-health" is the electronic referral. Electronic referrals (e-referrals) 
can be used to facilitate the physical transfer of patients from one institution to another, or for 
consultation between health care providers, e.g. between a GP and a hospital specialist. In 
what follows, these aspects of e-referral are referred to as e-transfer and e-consultation 
respectively. An e-referral network bridging primary and secondary care physicians may be 
considered as the first component required for integrated regional delivery of e-health 
services. 

Apart from in radiology, the transmitted data in teleconsultations have been mainly images in 
the form of videoconferencing signals, still images, video scope images or ultrasound scans 
[l]. Less than 10% of the data in teleconsultations or remote consultations has been text. 
One obvious reason for this is that e-referral systems as an adjunct to electronic patient 
records (EPRs) are still uncommon and separate referral system software is somewhat 



cumbersome to use. Nonetheless in most industrialized countries EPRs are expected to 
replace paper records in due course. One of the advantages will be the potential of e-referral 
systems to form strategic networks for all kinds of data between primary and secondary care 
to improve access to care, continuum of care and chronic disease management. 

Although various health care systems are experimenting with e-referrals [2, 31, there is little 
published information about them. We have chosen a convenience sample of three well- 
established e-referral systems and reviewed them to identify their common features. 

Sample 
Three different e-referral systems have been implemented (these are described briefly below). 
The Helsinki and Oulu systems were mainly built for secondary care patient selection (i.e. e- 
transfer to inpatient or outpatient attendance at hospital) and e-consultation is a minor usage, 
except in radiology. In contrast, the main purpose of the Swinfen Charitable Trust system is 
e-consultation. 

Helsinki University Hospitals. A primary care wide-area referral network between 
the metropolis area (1 million inhabitants) and three university hospital. Initially 
launched in 1990 and extended in 2002 to the primary care physicians within the 
capital city. In the university hospitals all specialties are involved. In 2002 there 
were 67,000 referral messages, covering approximately 60,000 patients transferred 
between the Helsinki University Hospitals and primary care. The system depends on 
a range of technology, including VPN use, EDIFACT standard and HL-7 messaging. 

Oulu University Hospital. A primary care referral and consultation network within 
public health care. It started in 1991 as a teleradiology consultation network and was 
extended in 1999 with e-referral services between EPR systems at the university 
hospital and primary care centres at the region. Either a standardized XML message 
between EPRs or a secure weblink over a VLAN or VPN connection is used. In 
Oulu, e-referral services are provided in internal medicine, paediatrics, radiology, 
ophthalmology, neurology, gynaecology, psychiatry and dermatology. Of these, 
only radiology is providing consultation without inpatients, all the others have a 
combination of different services. E-referrals are complemented by real-time 
videoconsultations in psychiatry and surgery. 

Swinfen Charitable Trust. A global consultation network run by a medical charity 
(see http://www.uq.edu.au/swinfen). It provides second opinions for hospital doctors 
in developing countries. The advice is provided by volunteer specialists of consultant 
grade, mainly in industrialised countries. It is based on the use of email, which is 
managed by an automatic message-handling system [4]. There are about 150 
consultations per year from 15 hospitals in five countries [5] 



Table 1. Details of the three e-referral systems studied 
System Approx Purpose No of No of 
operator start date referring specialists 

sites (type) 
Helsinki 1990 Transfer 200 (GPs) 100 
University Consultation 
Hospitals 
(Finland) 
Oulu 199111999 Transfer 10 (Primary 100 
University Consultation Care Centres) 
Hospital 
(Finland) 
Swinfen 1999 Consultation 15 60 
Charitable (Hospitals) 
Trust (UK) 

The e-referral process 
Whether the is e-transfer or e-consultation, the underlying model of the e-referral 
process is: 

1. the referrer initiates an e-request 
2. the organization managing the process receives it 
3. the organization allocates it for reply 
4. the responder replies to the initiator. 

This is idealized. In practice various things can go wrong: 

the organization may not receive the request (therefore acknowledgement of receipt is 
important) 
the organization may fail to allocate it for reply (therefore internal monitoring is 
important) 
the responder may not reply 
the responder may suggest somebody else for reply, i.e. they may feel unqualified. 
This does not represent a failure, since it is common in medical practice that a 
question is passed to a more knowledgeable person or one in a different speciality. 
However, the problem that this brings is that more time is required to produce the 
defmitive response, and the commitment of the "second generation" responder is 
crucial 
the originator of the e-referral may not know what data the responder needs. In the 
case of radiological consultation, for example, the expert has to decide first if the 
information received is sufficient for an answer. 

A more general model of the e-referral process is shown in Fig 1. 

Technical features and architecture 
E-referral can be conducted using email, or as messages between computer systems or using a 
web-link to a server. 

Email. The simplest way of sending an e-referral is to use ordinary email, with 
additional files attached as required. This is the method used by the Swinfen 
Charitable Trust.[6] The advantages of this method are the nearly universal format of 



the message and the wide availability of software. The disadvantages include poor 
security if encryption is not used, poor integration with medical records and the 
difficulty of making connections to account and billing systems. 

Message transfer (HL-7). A specified message between computer systems is used 
when an e-referral is sent from one EPR system to another. The requirement is a 
standardised message syntax between different EPR systems, nowadays mainly based 
on the XML-language. The advantages of this method are legal markings in the 
sending and receiving system, the possibility of using the underlying hospital 
information system (HIS) as a quality control and progress-tracking system and no 
need to access any third party software. The disadvantages include a longer time 
needed to establish a functioning system, negotiations with various partners, higher 
costs, maintenance activities and the need for a compatible EPR system at all 
participating partners. 

Web link. If e-referrals are provided using a web-link to a server, the advantages 
include an easy way to use the referring partner and no need to use any additional 
software except an ordinary web browser. If the web server is part of the EPR at the 
hospital side, legal markings can be made in the EPR and the process is controlled. If 
the server is hosted by a third party, the connection to the EPR is lost. For the 
referring site, the use of a web-server necessitates copying the patient information 
from the local system to the server. On the other hand, a web server can be used 
without any local EPR-system, just like email. 

Data security 
Patient information is confidential and data with an ID cannot be sent via an open network, 
such as the Internet. In the case of email consultation, the data must be anonymised or 
encrypted. In the case of communication between EPR systems, the network connection 
usually provides a secure connection, either using a VLAN (virtual local area network) or a 
VPN (virtual private network). In such cases, encryption of individual messages is not 
required. In the case of web server, a secure connection can be established either at the 
network level (VLAN or VPN) or at the application level, e.g. a secure connection (SSL) with 
a web browser. The latter is probably the easiest way (for a worldwide secure connection) 
and is widely used in e-commerce. 

Important features of an e-referral system 
The experience of the three cases studied suggests that important features of an e-referral 
system include: 

a single point of contact for referrers, so that the person initiating a request does not 
need to maintain a list of contact addresses (the alternative, multiple points of contact, 
is possible if the referrer knows in advance the precise organization and specialist 
they need to respond. Knowledge management systems will probably be required to 
support this kind of working practice) 
a method of allowing the referrer to indicate a preference for a particular 
specialty/specialist, but one that can be over-ridden as required by the organization 
managing the process 
acknowledgement of receipt by the organization 
provision of status information to the referrer 
progress tracking so that unanswered requests can be monitored by the organization 
and appropriate action taken. 



Once an e-referral service has been implemented, the success of operations cannot be 
evaluated by the number of visits to hospital, but must be judged instead by outcomes. This 
requires long-term, population-based studies. In the short-term, e-referral activities can be 
coded along with hospital visits, to follow the progress of networking. 

Failure recovery 
As all electronic communication is subject to failure, the quality assurance process should 
include guidance and methodology about how to recover from communication failures. This 

In the case of Oulu, the primary care physicians found it important to be able to follow-up the 
process at the hospital. Thus an e-referral would have at least the following end points (the 
first two are the most common): 

1. accepted, either as an inpatient or an outpatient 
2. e-consultation, answer given 
3. request rejected, reason given 
4. more information required before an answer can be given 
5. request diverted to somewhere else (in Oulu, e.g. local city hospital). 

Re-organization for e-referral 
The experience of the three systems studied shows that simcant changes are needed to 
launch an e-referral service successfully. These include: 

clinic schedules need to be revised to leave time for e-consultations 
if the numbers of outpatient department visits decrease, then reimbursement for e- 
consultations needs to considered 
clinic strategies for demand management have to be considered 
fewer nurses and other staff are needed for e-consultations, but the workload of 
individual doctors may increase 
e-referrals should available as part of the EPR. 

When consultations are made between different organisations not physically close to each 
other there are new tasks needed to make the core consultation process itself to run smoothly. 
Computer scientist have examined these tasks, e.g. in teleradiolology [7]. 

Quality assurance 
Quality assurance of the e-referral process requires performance monitoring, as well as 
systems to guarantee reliability. 

Performance monitoring 
The organization managing the e-referral process needs to be able to track requests through 
the system. This may require various metrics of performance, for example: 

number of e-referrals dealt with 
number answered definitively within a specified time limit 
median time to definitive answer 
median number of specialists contacted before a definitive reply is made 
access to care defmed according to estimated urgency 
productivity or cost. 



is not merely a technical matter. A list of procedures is also required that both ends should 
perform in order to guarantee service. 

When are e-referrals applicable? 
E-referrals should be used in the following circumstances: 

in the case of a complicated problem, when there is a need for expert opinion or when 
the answer cannot be found easily. A database of common questions and answers 
(FAQ) may be useful 
for follow-up of chronic diseases 
for communication between professionals, between patients and nurses, between 
doctors and other professions 
for staged referral processes (i.e. the referral proceeds in a multi-step fashion, with 
more than one consultative step) 
for merging of data or for links to data in referrals 
as a substitute for telephone consultations in non-urgent cases, especially if additional 
information such as images or biometric data (ECG) are needed for judgement. 

E-referrals are not appropriate in very urgent cases, except when transferred directly to the 
emergency department. 

Conclusion 
The workflow of paper documents in health care has been refmed over many years and the 
process is familiar to the participants. In e-referrals there are new ways of solving problems 
related to distances and time, but the disadvantage is that many process steps then become 
invisible. Therefore, careful planning is required. 

The use of the e-referral systems between primary and secondary care improves access to an 
adequate level of care. The use of an e-referral network is not limited to speeding up the 
information flow between health centres and hospital outpatient clinics. Planned 
appointments at the outpatient clinic were carried out almost ideally according to hospital- 
determined urgency. The hospital specialist e-consultations made it possible for the GPs to 
examine and treat more than half the patients at their own health centre. The intranet referral 
and consultation improved cooperation between hospital and health centre, the know-how of 
the GPs and possibly also the quality and effectiveness of patient care. 

By prospective follow-up studies it has been possible to prove that the quality of health care 
using remote e-consultations is consistent with outpatient face-to-face visits.[2] In Helsinki, 
the referral system allowed more patients to be treated at lower cost, increasing productivity 
threefold. The annual cost benefit amounted to €450,000 for the one hospital participating in 
the original trial. 

Despite the obvious differences between the three e-referral systems studied, the underlying 
e-referral model was the same. When implemented appropriately, e-referral systems can be 
very successful. 

References 
1 Jaatinen PT, Forsstrom J, Loula P. Teleconsultations: who uses them and how? Journal of 

Telemedicine and Telecare 2002; 8: 3 19-24 
2 Harno K, Paavola T, Carlson C, Viikinkoski P. Improvement of health care process 

between secondary and primary care with telemedicine - assessment of an intranet 



referral system on effectiveness and cost analysis. Journal of Telemedicine and 
Telecare 2000; 6:  320-329 

3 Patterson V, Humphreys J, Chua R. Teleneurology by email. (this conference) 
4 Wootton R. Design and implementation of an automatic message-routing system for low- 

cost telemedicine. Journal of Telemedicine and Telecare 2003; 9 (suppl 1): 44-47 
5 Vassal10 DJ, Swinfen P, Swinfen R, Wootton R. Experience with a low-cost telemedicine 

system in three developing countries. Journal of Telemedicine and Telecare 2001; 7 
(suppl. 1): 56-58 

6 Swinfen R, Swinfen P. Low-cost telemedicine in the developing world. Journal of 
Telemedicine and Telecare 2002; 8 (suppl3): 63-65 

7 Karasti H, Reponen J, Tervonen 0, Kuutti K. The teleradiology system and changes in 
work practices. Computer Methods and Programs in Biomedicine 1998; 57: 69-78 

Figure 

Fig 1. An e-referral model 

1 }after specified period 



Evaluation of two mobile telemedicine systems in the 
emergency room 

Sun K Yoo*, In-Cheol Parkt, Seung-Ho ~ i m + ,  Jin-Ho Jo*, Hye Jung Chun*, Suck-Myung 
Jung* and Dong-Keun Km* 

* ~ e ~ a r t m e n t  of Medical Engineering, Yonsei University, College of Medicine, Seoul, Korea 
'Department of Emergency Medicine, Yonsei University, College of Medicine, Seoul, Korea 

Correspondence: 
Sun.K Yoo 
Department of Medical Engineering 
Yonsei University 
College of Medicine 
134 Shinchon-dong 
Seodaemun-ku 
Seoul 120-752 
KOREA 
(Fax: +82 2 363 9923; Email: sunkyoo@yumc.yonsei.ac.kr) 

Summary 
Two different prototype mobile telemedicine systems were constructed for use in the 
emergency room. They could transmit physiological signals, video pictures and audio. One 
device, the mobile emergency bed (MEB) was battery-powered with a wireless LAN 
connection. The other, the mobile emergency server (MES), used an RF connection to 
connect the patient monitor, camera and microphone to a server. A functional and clinical 
evaluation was performed on both prototypes using 12 emergency doctors in six emergency 
centres. The bandwidth and the video quality of the MEB were better than that of the MES, 
due to the digital transmission of the wireless LAN. The MES was better for directing patient 
treatment and teleconsultation; the MEB was better for static patients in the emergency 
centre. In general the MES was more suitable for practical emergency telemedicine work. 

Introduction 
Mobile telemedicine systems may be useful to support emergency medical personnel in 
urgent situations because wireless communication links allow better manoeuvrability than 
wired ones [l-41. We have designed two prototype mobile emergency telemedicine systems. 
The systems were designed to transmit physiological signals, audio and video pictures, to 
allow teleconsultation from the emergency room. The first system had the telemedicine 
equipment mounted on a bed. The Mobile Emergency Bed (MEB) was battery-powered and 
connected to a wireless LAN. The second system (MES) transmitted the telemedicine data 
from a portable unit to a PC connected to a LAN. Transmission was via a wireless (RF) link. 



Methods 
The MEB and the lMES were based on commonly available hardware and software (Fig 1). A 
Windows 2000 PC for used for data acquisition and transmission. A high quality video 
camera (Cannon VCC-4) was used, which produced pictures of 720x480 pixels. The software 
was based on Visual C* 6.0 and Windows Socket 2.2. In order to transmit video across a low 
bandwidth wireless link, we used the MPEG-4 video format for transmission. All devices 
used a common DC battery power pack. A wireless Access Point was installed in the 
emergency centre to communicate with each system. Battery duration was measured with the 
continuous working of mobile emergency systems. 

Mobile Emergency Server 
The MES used an RF signal for communication between the data acquisition devices (video 
camera, microphone and patient monitor) and the data acquisition server. The units on the 
patient side consisted of a PC (Laptop Computer, Pentium TV 1 GHz) equipped with a 
wireless RF video transmitter (using 2.4 GHz), biosignal transmitter (433 MH.), and voice 
signal transmitter (200 MHz). The PC on the receiver side was equipped with wireless RF 
receivers and connected to a wired LAN. All devices were designed for portable usage to 
allow manoeuvrability in the emergency room. 

Mobile Emergency Bed 
The MEB used a wired connection between the data acquisition devices and the PC server on 
patient side. An IEEE1394 interface was used to connect the video camera, an RS232C 
interface for the patient monitor, and a soundcard to connect the microphone. The MEB used 
a wireless LAN (IEEE 802.1 1b) to connect the patient side PC with receiver side PC. 

Functional evaluation 
Four variables were evaluated. These were the transmission rate (corruption rateldata rate), 
video quality, wireless coverage range and battery duration. The transmission rate and the 
video quality were measured at a simulated worst-case in the emergency room where many 
corners existed due to wall partitioning, and the maximum wireless coverage range was 
measured in open space for the best-case emergency room. We measured transmission rate at 
ranges of 5, 10, 15,20, and 25 m, and evaluated the PSNR value of video pictures for the 
video quality at measured transmission rate. 

Clinical evaluation 
Three variables were evaluated. These were the manoeuvrability in the emergency room, the 
convenience of use with an emergency patient and the clinical usefblness in emergency 
situations. We assumed two emergency scenarios, trauma and dyspnoea, for the evaluation. 
The clinical evaluation was focused on speeding up the treatment of emergency patients. The 
clinical evaluation was scored on a Likert scale with grades ranging fiom the worst (score 1) 
to the best (score 5) using 12 emergency doctors in six emergency centres. 

Results 
Functional evaluation 
Table 1 shows the functional performances of the two units. The proportion of corrupted 
horizontal lines in the total number of horizontal lines received was used as the criterion for 
the MES, while for the MEB the directly measured data rates of the wireless LAN were used. 
The video quality measured the PSNR (Peak Signal to Noise Ratio) at the remote PC through 
a fast Ethernet connection and MPEG-4 decompression. The MES could maintain higher 
video quality than the MEB if the distance between wireless transmitter and the receiver was 



less than 10 m. Otherwise, the bandwidth and the video quality of the MEB were better than 
that of the MES, due to the digital transmission of wireless LAN. The coverage range and 
battery duration of the MEB were also better than the MES. 

Clinical evaluation 
The manoeuvrability and convenience of the MES was better than that of the MEB, see Table 
2. Even though the average scores for usefulness were higher for the MES, each system has 
its own value. The MES was useful for immediate decision making because it gave the 
ability to inspect the wound easily. However, when cardiopulmonary resuscitation was 
needed for cardiac arrest patients, the unfixed components of the MES were sometimes 
awkward to use. 

Discussion 
The results of functional and clinical evaluation in the present study showed that the two 
prototype systems had their own value. On the functional evaluation, the performance of the 
MEB was better than that of the MES for longer distance between the transmitter and the 
receiver, but on the clinical evaluation, the MES was in general more useful than the MEB. 
Based on the opinions of emergency doctors, the MES was better for directing patient 
treatment and teleconsultation; the MEB was better for static patients in the emergency 
centre. In general the MES was more suitable for practical emergency telemedicine work. 
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Table l. Functional performance 

Mobile emergency server Mobile emergency bed 

I Range I Corruption rate I PSNR I Data rate l PSNR I 

I Mobile emergency server I Mobile emergency bed 
Maximum wireless range (m) I 8 5 90 

I Batten duration (h) 1 4 I 4.5 I 

Table2. Clinical performance. Average scores from 12 emergency doctors in six emergency 
centres (worst=l: best=5) 

Mobile emergency server Mobile emergency bed 
Manoeuvrability 4.3 3.2 

I Convenience I 4.1 I 3.4 I 
Usefulness 3.9  3.3 
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We have evaluated two education programs delivered by videoconferencing for the 
Kimberley Health Service, a geographically isolated region in outback Australia. 

The two projects were: a diabetes management training program run by Diabetes Australia 
through the Kimberley Public Health Unit and a management skills program developed and 
run through the Kimberley Health Service. Both projects used multipoint videoconferencing 
in the very remote hospitals in the Kimberley with a maximum of four sites being connected 
at once. In both projects the presenters were often different from session to session. A 
facilitator managed one project and the other was organised by the Workforce Development 
Coordinator at the beginning of the project and then run with little assistance. 

We used a traditional measure of success: participant satisfaction surveys. One project was 
perceived to be a very unsuccessful pilot project and one was perceived to be very successful. 
The results of the study have been used to improve management practices across the 
Kimberley Health Service and improve collaboration and care for people with diabetes in the 
Kimberley Region. 
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A recent paper by Walker and Whetton [l]  discussed the diffusion of innovation and the 
factors influencing the uptake of telehealth. This is relevant to the difhsion of telecare in the 
Australian health care system. Telecare, defmed as the recording and transmission of patient 
data at home to a remote monitoring or treatment institution, has been under development for 
some time[2]. The potential of this technique was discussed in an early review of 
telemedicine applications in Australia [3]. However, the routine application of telecare has 
not occurred over the past ten years despite continuing research in the area. [4,5]. 

The main factors inhibiting the implementation of home telecare are probably: 

the Federallstate arrangements for the fmancing and delivery of health care in 
Australia 
a concentration on the delivery of health services at State and Territory level within 
the hospital setting 
the hospital based training and working practices and preferences of clinicians 
the lack of direct relationship between chronic or elderly patients at home and the 
hospital setting 
the preference of clinicians to deliver health care in a personal rather than a remote 
manner 
the continuous state of development of telecare technology 

m the need for an understanding of the process of clinical care and the role of computer 
technology in assisting the process. 

We conclude that telecare has yet to develop a defmite role for itself within the Australian 
health care system for the management of chronic and elderly patients. Attitudes need to be 
changed so that home telehealth activities are regarded as useful for improving state-wide 
services. The implementation of telecare should focus on service improvement rather than 
cost reduction, and should be driven by clinicians, rather than being imposed from above by 
administrators. 
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A Journal Club is designed to improve the health professional's critical appraisal knowledge 
and skills. The goal is to maintain and improve the individual's clinical performance, and the 
health care outcomes for their patients. Currently there is a growing trend in health for 
professionals to incorporate the best research evidence with clinical expertise, thus producing 
evidence based practice [l]. 

We have employed videoconferencing to bring together multidisciplinary health professionals 
from paediatric specialty fields in a Journal Club. A forum was created to discuss and present 
clinical material and research data and review it in a critical fashion. Videoconferencing was 
used to link specialists in the area of paediatrics. The statewide forum was centred at the 
Royal Children's Hospital in Brisbane. Videoconferencing allowed clinicians from other 
hospitals throughout the state to discuss problems about clinical practice, education and 
research in an evidence based manner. Strong links have been forged between the 
participating hospitals that have led the way for other videoconferenced forums with a 
paediatric clinical basis [2]. 

After 18 months of weekly meetings, using this medium has now become routine and non- 
threatening for health professionals within the field of paediatrics. From 12- 15 participants 
initially, the group has grown to over fifty medical officers. The standard of preparing 
presentations has risen and videoconferencing has become routine. A web site has been 
developed to further communicate the outcomes of the Journal Club. Interest has been shown 
from health professionals to join this forum from New Zealand. Medical students on rotation 
to non-metropolitan sites also join the weekly Journal Club. 

The Journal Club permits health professionals at the Royal Children's Hospital in Brisbane to 
collaborate with their colleagues across the state [3]. This is both clinically significant and 
expands evidence based discussion forums [4]. University of Queensland medical students 
now attend the forum as part of their curriculum. 
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We conducted a controlled study to evaluate an Internet-delivered self-help programme with 
minimal therapist contact for people suffering from mild and moderate depression. The 
results of the study are based on data from 85 (out of 117 applicants) self-recruited 
participants who were randomized to either treatment via the Internet (n=36) or to a waiting- 
list control condition (n=49). The self-help programme was based on cognitive behaviour 
therapy (CBT) and included components such as psycho-education, behavioural activation, 
cognitive restructuring, sleeplphysical health and relapse prevention. The pre- and post- 
treatment forms used to measure depression were the Beck Depression Inventory and the 
Montgomery Asberg Depression Rating Scale. The participants improved significantly, on 
both measures of depression compared to wait list control. 30% of the self help participants 
were no longer classified as mild to moderate depression at post treatment, and the over all 
between-groups effect size was 0.89. A follow-up six months after treatment showed that the 
improvement was maintained. The findings suggest that the Internet-based self-help can have 
positive effects on mild to moderate depression and is more easily administered as well as 
more time- and cost effective than traditional cognitive behaviour therapy. The study 
supports the continued use and development of self-help programmes distributed via the 
Internet for depression. 
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The Community Geriatric Service at Shatin Hospital has provided multidisciplinary services 
to nursing homes via videoconferencing since 1997.[1] However, there has been a service 
gap in community-based rehabilitation for older persons suffering from chronic debilitating 
conditions. In January 2003, a new study was launched, focussing on conditions commonly 
afflicting older people, including diabetes mellitus, dementia, osteoarthrosis, urinary 
incontinence (UI), stroke, chronic obstructive pulmonary disease (COPD) and heart failure. 

All programmes included three core components: exercise training, education and group 
interaction, and lasted for up to 12 weeks. Small groups of patients (6-14) congregated at 
local social centres to undergo rehabilitation via video-link. We studied the feasibility and 
effectiveness of telerehabilitation. Outcome measures included assessments specific to 
individual conditions (e.g. the number of incontinent episodes, voided frequency and volume 
for the U1 group), as well as measurements of well being (e.g.the General Health 
Questionnaire) and satisfaction. The feasibility of multi-site telerehabilitation was 
investigated in the osteoarthrosis group, where two community centres were linked to the 
hospital-based station. Randomised controlled studies were conducted for dementia and 
COPD, to compare the effectiveness of telerehabilitation with face-to-face group therapy. We 
also recruited non-health professionals, including social workers, student and senior 
volunteers to assist in the coordination and delivery of the programmes. 

By March 2003, a total of 45 clients had completed six rehabilitation programmes. There was 
a positive trend for both physical and psychological outcomes. Compliance was also well 
over 90%. The preliminary results are very encouraging. 
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The Florida Initiative in Telehealth and Education (FITE) was established in 2002. 
Videoconference clinics have replaced the quarterly travelling clinic 2.5 hrs from the 
university. Online animated diabetes education was made available to patients and tele- 
mental health services were provided to children with poorly controlled diabetes in a virtual 
diabetes project. The FITE has operated for one year. 

44 subjects have diabetes. In severely affected children there was a reduction in mean HbA1, 
fi-om 9.6% to 8.9% (P = 0.02). The mean wait for an appointment was 99.6 days, vs. 149 
before FITE began. 19 of 23 children received the recommended ophthalmology 
examinations at the recommended intervals. Before the programme began, there were on 
average l3  hospitalizations/year; this decreased during the first year to 6. Emergency room 
visits decreased from 10 to 3. On two occasions ketosis was managed by telephone 
intervention alone. 

Over 90% of subjects were satisfied with the telehealth service and wished to continue using 
the telemedicine system. 95% responded that they felt no or slight self-consciousness. Over 
90% felt that their privacy was respected. Following online education: , there was an 
improvement between pre- and post-test scores. 97% of post test scores were correct. 
Satisfaction levels were unanimously favourable. 

There were savings in Medicaid transport to the Gainesville clinic of $3 1,440 ($262 per 
family). The non-Medicaid savings reduced the family the cost of transport, and saved 7 h 
work time. The reduction in hospital days saved $33,250 and the reduction in emergency 
room visits saved $1,123. Equipment and communication costs were $18,820. The total 
savings amounted to $46,930 over the frst year. 
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The most memorable meetings and effective training sessions share a common element, 
namely, a heightened level of audience participation through non-threatening interaction. The 
power of interactivity and timely feedback is recognized as an important factor in maximizing 
participants' attention and improving recall. Although the use of various systems to facilitate 
audience involvement has increased in recent years, the incorporation of such techniques in 
distance education has been much slower to evolve. 

We conducted initial trials of electronic voting during videoconferences using an 
individually-wired version of an electronic voting system.[l] The participants' handsets were 
hard wired to a receivingltransmitting master station, which was connected to the presenter's 
computer. An identical system was installed at the remote site and all data were transmitted 
by the same ISDN lines used for the videoconference. However, there were two significant 
limitations of this early system. These were the inability to fwnction through a multipoint 
bridge, thus preventing multi-site participation, and the problems associated with setting up 
the wired version of the voting system. 

We have therefore developed a new system which incorporates wireless voting at each of a 
number of participating sites. Furthermore, the transmission of the voting data takes place 
through the Internet and therefore works in conjunction with standard videoconferencing 
systems. There is no technical limit on the number of participating sites and individual 
participants can register their votes by devices other than the voting system being used at the 
presenting site. The new system has performed well in preliminary trials. 
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We have conducted a health promotion project to increase community knowledge about the 
risks, symptoms and diagnosis of cardiovascular disease. We used drama, a novel method for 
delivering health education via videoconferencing to health consumers living in rural and 
remote communities. A Griffith University nursing student wrote the script for the role-play. 
She interviewed cardiac patients and cardiac rehabilitation staff, as well as a doctor working 
in the Wesley Emergency Centre. She also conducted a comprehensive literature review. 
The script was reviewed by the Head of Drama at Stuartholme School, as one of their drama 
students was a key actor in the role play. 

The videoconference was held in May 2003 at Women's Health Queensland wide1 Two 
community sites, in Mackay and Townsville, were connected via a multipoint bridge. There 
were 24 participants, who were members of the general community interested in heart health. 
The format of the videoconference involved a 10 minute role-play of a teenager having a 
consultation with her doctor, during which time she outlines concerns about her father's 
health. 

We received written feedback from 14 participants (58%). 86% found it interesting, and 71% 
found it usehl, easy to understand and practical. 100% said they would participate in fUture 
videoconferences. The thing they liked most about the session was being able to interact with 
the health professionals on the panel. They liked the doctor's explanation of heart health, his 
use of layman's terms, and they found him concise and easy to understand. Several 
participants disliked the role-play, saying that they would have preferred having cardiac 
patients telling their own stories. There were comments about the size of the videoconference 
room, since several participants had to sit on the floor in the Mackay Centre. The majority of 
respondents would have preferred a longer session (60 min was allocated). 

This project trialed a new method (drama) for delivering health information to consumers via 
videoconferencing. It stimulated interest in local communities and has contributed to 
community engagement via shared participation, skill enhancement and knowledge 
development. 
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The delivery of physical rehabilitation services to rural and remote areas of the globe remains 
difficult. We have developed a software application to enable real-time physical 
rehabilitation consultations via the Internet[l]. This application has been finther developed 
with additional tools and different interfaces (Fig 1). 

The program transmits realtime video and audio data between two computers via the Internet 
with the use of low cost web cameras. It consists of two modules: a therapist module and a 
patient module. The patient module was designed to be easy to use, with few commands and 
functions. The therapist module incorporates calibrated tools to assist in the remote delivery 
of physical rehabilitation. These tools include a module to calculate the axis of rotation of 
joints, a goniometer to enable the determination of joint angles and range of motion, a linear 
distance measurement tool and a gait analysis suite to assist in the objective assessment of 
gait. These tools can be used on the live videoconference image or on still frames or video 
recordings made by the software during the consultation. 

The software has been demonstrated to produce valid and accurate measurements of knee 
function in pilot trials at a low bandwidth Internet connection of 17 kbitls. A clinical trial 
investigating treatment efficacy is in progress. Use of the software package may improve 
access to physical rehabilitation services in isolated areas by enabling interactive realtime 
rehabilitation consultations via the Internet. 
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Assessing injuries referred to the plastic surgery trauma service is difficult using the 
telephone. There are many injuries, such as facial cuts, bums, bites, crush injuries and hand 
injuries, where images are required. Since the UK plastic surgery service is provided from 
centres of expertise, many patients have to travel significant distances to receive assessment 
in person. In some cases, treatment could have taken place at the referring centre and a 
journey would have been avoided. 

We have used an encrypted email system to allow visual assessment of injuries. This 
provides good quality images which can be accessed throughout the hospital, at a reasonable 
cost to the NHS. Senior doctors can give an opinion on a trauma referral by reviewing the 
images even when in theatre and still "scrubbed up". 

Over 25 units refer patients to the Queen Victoria Hospital. At present ten units have the 
telemedicine link. Referrals from units with the link were compared to referrals from units 
without the link in a three-month prospective study. The two groups comprised 607 referrals 
in which telemedicine was not available and 389 with telemedicine available. In the latter 
group a total of 246 images were sent. The accuracy of triage prior to the patient's arrival at 
the Queen Victoria Hospital was improved by the use of telemedicine. More appropriate and 
efficient use of available services was therefore possible. The benefits were greatest (and 
were significant) for those with closed fractures and untidy wounds, especially those needing 
multidisciplinary management. 
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Many telemedicine centres focused on teleconsulting have been built in China since 
1997[1,2]. However, with inefficient technology and little return on the investment, many of 
the projects have fallen into disuse. The Shandong Provincial Hospital has also confronted 
many difficulties since Shandong Province launched an ATM (Asynchronous Transfer Mode) 
network project in 1998. It has had a united management team and some energetic members 
who have struggled to make the project work. Having taken advice from physicians and 
patients, a small prototype was constructed. Before each conference or broadcast, much 
testing is required and the project members have had to devote much of their time and energy 
to this. They are good communicators who have made the technology not only well known to 
the doctors in the hospital but also known to the peasants in the small villages. 

As a result of these efforts, 17 cities have been connected to the telemedicine network, and 
840 teleconsultations have been carried out successfully. Educational videoconferences about 
cardiac intervention and endoscopy have been held, and surgery has been broadcast live for 
educational purposes. A daily online clinic has opened, operating in a similar manner to a 
traditional clinic. Thus specialists see the patients from telemedicine centres in small 
hospitals and the rural doctors can ask questions and continue their own learning. 

If health care projects are implemented in the usual way, some ideas cannot be translated into 
reality. As well as appropriate technology, a successful health care project will always 
require enthusiastic and knowledgeable staff, who work together to realize the idea. 
Telemedicine is a good example where the personal factors are very important. 
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At the 2nd International Conference on Successes and Failures in Telehealth, we discussed[l] 
the success or failure of telehealth in the context of diffbsion of innovation theory[2]. 
Drawing on the evaluation of a telehealth project[3], the key points of the discussion were that 
structural characteristics of modern health organisations affect the success of innovations such 
as telehealth, and that planning for the introduction of telehealth therefore needs to include 
strategies compatible with the dominant characteristics of the organisation. 

Subsequent research and analysis[4] has reinforced the argument that the successll diflbsion 
of innovations such as telehealth is the result of a complex interplay between the innovation, 
the organisation and the potential adopters. However, additional analysis indicates that it is 
not sufficient to develop strategies compatible with the dominant characteristics of the 
organisation, since the modem health organisation typically consists of a number of sections 
or departments, each with its own culture and structure which reflect, to varying degrees, the 
dominant characteristics of the organisation. The additional analysis indicates that: 

innovation attributes, organisation characteristics and innovator characteristics 
interact in different combinations in different sections of an organisation, resulting in 
differences in the adoption rate of innovations such as telehealth 
in contrast to previous diffusion research, variables can work in one direction in some 
environments and in the opposite direction in other environments 

a the relative influence of individual variables depends on the way that they combine 
and interact with other variables in the immediate environment and within the wider 
organisational context. 

We argue that, with carefbl analysis of the organisational, innovation and innovator context, 
innovations such as telehealth can be successfully diffused into most environments. 
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The British Columbia telehealth network links 12 communities with tertiary medical centres 
in Vancouver and the continuing medical education division at the medical school. It has 
been led by three clinical programmes: maternal and child medicine, paediatric palliative 
care, and emergency and trauma medicine. The infrastructure which has been established has 
acted as a catalyst for changing clinical, education and administrative services. 

Restructuring of the provincial health care delivery system during the implementation of 
telehealth produced unexpected challenges and opportunities. In order to manage the project 
an innovative approach was required to bring together the different stakeholders and keep 
them engaged. The project structure and processes were adapted to allow the clinical 
programmes and the rural participants the necessary latitude to ensure their continued 
participation. The mechanisms for doing this included a formal consortium agreement, a 
management structure that supported autonomy in clinical programme design, a central 
network design and implementation, and appropriate contracting and project reporting. 

The British Columbia Telehealth Programme is now stimulating the use of telehealth by other 
clinical programmes. It is becoming an essential communication mechanism in the large rural 
and remote health authorities as a result of the network capacity that has been established. 
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