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This paper outlines the major recommendations of the Technology Task Force of the American Telemedicine Association concerning the future of telemedicine technologies. Recommendations will relate to the processes and phenomena rather than the latest & ever changing technology solutions.  Current standards are non specific video compression and resolution as well as recommendations for the future technological growth of telemedicine are presented.

The sources of these recommendations and observations were: 

· experiences gained from implementing a wide variety of technologies at the East Carolina University School of Medicine (Greenville, NC)

· the research and writings of Dave Warner at the Northeast Parallel Architecture Center at Syracuse University

· participant input and discussions held at the Telemedicine and Distributed Medical Intelligence Conference in Vail, CO, March 16-18, 1997

· participant input and discussions held at the Telemedicine and Distributed Medical Intelligence Conference at Lake Tahoe, CA, March 8-10, 1998.*

· A website was setup for comments and run for a year.

An effective telemedicine system must rest on a functional syntax of user processes.  Placing the kinds and intensities of interactions between patient and provider, dictated by actual clinical practice, as the framework for building an efficient, low cost and high quality system has been our orientation throughout.  Preliminarily, then, we recommend that focus should always begin with the phenomena and processes of telemedicine before the technologies themselves. This focus will then determine how to weave the technology into the existent need.  Given the empirical needs of the physician, technology must be developed and applied which first meets the perceptual needs of the care provider and secondly those of the patient. Telemedicine is an effort to augment the perception of the care providers over distance. The technology must be designed to do this from the ground up. Telemedicine technologies must support the fusion of traditional medical informatics and emerging telecommunications.

The two elements of phenomena and process we define here:

· Phenomena: this refers to the total perceptual experience of encountering someone over an internet.  Visual, auditory, tactile and other modalities for interacting and gathering information must be as seamlessly continuous with the face to face clinical encounter as possible.  Thus the necessities of clinician experience of the patient must determine which technologies are implemented in an internet consult.  This area will concern things like video teleconferencing technologies, tactile feedback and sound among others over time.  

· Processes: this refers to the directing of information flow.  In real time internet consults the progress of the clinical, or emergency, encounter will be a function of how efficiently and intelligently the information is gathered, transmitted, run through database and patient record filtering systems (e.g., neural nets) and redirected to the appropriate experts and once acted upon sent back to the patient/care portals.  This area will require technology which heavily frames, or dynamically contains all the contents of a consult (e.g., applets for routing, scripts for data filtering, gating sending, etc.)

Optimizing the connections during a session is tantamount to constructing processes for the directing of flow. Factors such as number of experts involved in a particular session, or the kinds and numbers of databases involved, or the treatment strategies whether pharmic or surgical can all be given some standard basis to be modified as needed.  Thus we think in terms of "session modules." These are emergent and ready syntax paramenters relative to a particular protocol which define the directing of flow. So for example, a single patient echocardiogram procedure will be a certain fixed process open to change if needed; or a parkinsons exam or what have you. In each case a module exists which generates all required data fields on both the patient’s and physicican’s side of the system and then controls the directing of flow as a complete process from beginning to end. 

With the above parameters as our orientation to the question of quality medical care at a distance we offer the following recommendations.

I. Scaleability
One of the most important lessons learned in existing Telemedicine programs in the U.S. is the necessity of scaleability. Because of the changing telecommunications landscape, there are a variety of technology and bandwidth solutions which are appropriate for the practice of telemedicine. Telemedicine should not be a one-size-fits-all model. Rather, it needs a scaleable system designed to conform to the clinical needs and the functional and financial constraints of the hub and spoke sites. It is important to not let the expense of high-end technologies prevent the application of some level of telemedicine.  Discipline specific standards are necessary here.  

II. Video Compression Standards/Bandwidth

To be defined by clinicians of that specialty

· Recommend use of International Standards H.320 and H.323

· Identify compression/resolution/framerate and bandwidth with each image transmitted.

· Specify required viewer/resolution/framerate for optimal viewing of images and viewing clips.

· Set visual acuity standards for eye test for host physician

I'd like to suggest a new working for that one item. I ask that it not be knocked out completely, but changed to reflect that 384k bandwidth is the most studied minimum

standard for telemedicine, and the most clinical literature is available for that standard and that any lesser standards or other standards will require further clinical validation including 323. If you plug in 323 into an over-used LAN, you may have a real sludge system starting there.

· Develop web-based applications for data transfer which will work in today's limited bandwidth problem with that? 

· Move toward complete cross-platform interoperability of all functionality that's highly interoperable 

· establish standards that can guide clinical users in acquiring software, services and equipment

That you should not go more than a year before you revisit the recommendations.

Observations and current practice models T1 most commonly used 384 is the most studied, published, and validated bandwidth for todays TM technology.

· Bridges and gateways between different compression engines

Guidelines and standard templates for video over IP. 

· Same variable frame rate/resolution issues for clinical apps. compliant for future changes and technology development 

· H.320, H.323., H.324 compliance standards

· Frame Relay is protocol independent

· Intel Merced chip desktop compression engines

· ADSL X2 modems/ / low orbit satellites readily available

· NorTel Etherloop//open protocol standards//DSL///

· Internet 2

· Frame Relay MEDWEB

· Free Plug-ins

· cots, common off the shelf hardware

· Remote X windows

· marimba and castinet 

· Push technology

· HL-7 standards, moving medical records over the web digital signature is PGP encryption is really digital signature,

· watermarking

As available bandwidth increases and better hardware compression reduces bandwidth requirements for high quality video transmission, requirements issues related to video resolution and bandwidth requirements have become moving targets. Video

compression requiring 384kbps is the most studied, published, and validated bandwidth being used for the practice of telemedicine today. However, with the introduction of the Intel Merced chip, ADSL, DSL, Nortel’s Etherloop, X2 modems, frame relay Web systems, and other new technologies being rapidly developed, 384kbps is not a standard which should be set in stone for the practice of telemedicine.

Different clinical applications for telemedicine have different technical requirements for resolution, frame rate, and colorimetry. There are at least four technology models emerging which most telemedicine consultations will fit into. These four generic

models are: 

1. high resolution (2K X 2K), no motion

2. medium resolution (320 X 240) medium motion (15 frames/sec)

3. medium resolution, high motion (30 fps)

4. store and forward multimedia email. 

Each of these technology solutions require different hardware and different bandwidths. 

These de-facto standards still need to be tested, confirmed, and sanctioned (like Dicom 3.0 by the American College ofRadiology) by each medical specialty group specific to their applications. However, while the hardware cycles (development of coded compression algorithms and faster computers) are currently 18 months, and the development of new telco bandwidth offerings is even faster, professional associations seem to be moving slow or not addressing these issues at all. . Future efforts of this task force should be focused on developing a framework for validating these models.

This Task Force endorses the International Telecommunications Union (ITU) H.320, H.323, H.324 standards which govern "the basic videotelephony concepts of audio, video and graphical communications by specifying requirements for processing audio and video information, providing common formats for compatible audio/video inputs and outputs, and protocols that allow a multimedia terminal to utilize the communications links and synchronization of audio and video signals."

Efforts should be made to identify the compression technique, resolution, frame rate at which medical images are capture at the remote site and this information be transmitted with each telemedicine consultation. Furthermore, the task force recommends

that there be a move towards specifying the resolution, frame rate, compression, and bandwidth for optimal viewing a diagnostic images and motion clips. This will give clinicians and technicians necessary information for system configuration at

the host site which allows them to evaluate the diagnostic quality of clinical information.

III. Webification of Medicine

Webification of Medicine refers to the development of specific medical process functions with a ubiquitous interface that works across all platforms and TCP/IP networks. This approach leverages off a rapidly developing resource of JAVA, HTML, and collaborative Web tools deployed on an emerging nationwide telecommunications infrastructure (NTI). 

The moving target of increasing bandwidth and shorter hardware cycles will continue to push medical applications onto less bandwidth. The Internet 2 project will continue to

accelerate the growth of bandwidth available for these applications. Clearly, the current state of the Internet does not support the full range of clinical telemedicine applications. However, today there are many applications it will support like store-forward applications, FTP of patient records, and low end video conferencing. Our current recommendation is to begin developing Web based applications for data transfer which will work in today’s limited bandwidth. For applications requiring

30fps real-time video, we support the development of a Web type interface with HTML, using telco circuits of T-1, ATM, frame relay, or dial-up ISDN. This will foster the development of cross-platform tools, standards-based systems which will

migrate easily to the emerging telecommunications infrastructure.

The Webification of Medicine is an approach to address all of these issues. With HTML as a common language, applications will run across all platforms and networks. The fractionalizing of the browser market into slimmer browsers that are application

specific will accelerate the use of the Web in telemedicine consultations. 

IV. Ease of Use

People who are competant in their medical skills should be able to learn how to use telemedicine systems rapidly and effectively. User-friendly interface design must be integrated into every step of the design process.

V. Cross-Platform Interoperability

We recommend that all telemedicine applications move toward complete cross-platform interoperability:  Interoperabilty between systems

· Standards & security -- including full interoperability

· Non-proprietary/integrated systems

· Standards -- open systems, open architecture

· COTS—common off-the-shelf technologies

· Commercialization of conference bridging as opposed to individual institutional bridges increasingly viability of the web as cross platform tool 

VI. Home Applications

Several conference participants responded that the home will be an important part of the future of telemedicine. Today’s phone lines can already support a variety of store-and-forward and medical monitoring applications in the home. Intel’s MMX chip

set and inexpensive video phones will further drive these home-based applications. We recognize and endorse the need for the implementation of telemedicine into the home. 

VII. Clinical Standards

We recommend that standards be established that can guide clinical users in acquiring software, services, and equipment.Telemedicine users and potential users need guidance in the area of standards and interoperability. The clinical user can benefitby having specific knowledge of pertinent standards in the selection of technology and services. One conference participant (C.R. Abbruscato) has identified eight related elements that need established standards:

1.Multimedia 

2.GUI/Presentation 

3.Camera 

4.Imaging 

5.Data Base 

6.Communications and Data Transport 

7.Medical Devices-Real Time Data 

8.Medical Devices- Store and Forward Data

VIII. Modify the Language of Technology

Languaging should be optimized to meet the perceptual needs of the care provider. Here we address an issue that at first glance may not seem to fit under the purview of this task force. The issue is the way we talk about telemedicine. We believe the ways in which we think and talk about technology determine which technologies are used, thus restricting

what we can do. To illustrate, when participants at the Vail conference were asked to define the word "telemedicine", the definitions overwhelmingly related to videoconferencing. This demonstrates that "telemedicine" does not fully capture the

meaning of the wide variety of technologies being implemented today and planned for the future.  We propose adding new concepts such as Distributed Medical Intelligence (see Warner et al, 1996) and Telehealth to the lexicon in order to more fully capture the meaning of the wide variety of technologies that fit under this huge umbrella.

In our everyday lives, we do not say, "I'm an expert in communicating with the telephone." We do not, of course, because the telephone has become a ubiquitous and natural part of the way we live. That should be our goal with these technologies. We

will be successful when the technologies that fit under the current rubric "telemedicine" become routine and accepted ways of practicing medicine. Because we believe that how we think about the future helps shape it, recommend discussing and using new terms to describe the ways technology will shape healthcare in the next 10-20 years.

Conclusion

There are over 80 different clinical societies currently listed with the AMA. They vary in size and focus. Getting these groups to address these issues in a systematic way could prove to be much slower than the evolution of the technology. Managed care may indeed increase these group’s interest in addressing these issues, but it is likely that de-facto standards will continue to develop ahead of specific recommendations from medical specialty professional societies and will likely help shape a more formal version of these

standards

In our experience for these past two years as Directors of the Technology Task Force, we took this project seriously, not just trying to define what the current state of the art is (and what todays best technological solution looks like) we learned both intelligently and the hard way about the real problems and promises of doing medicine over an internet. 
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