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The following are our responses to specific issues raised in NLM communication dated August 17, 1999;





Technical Issues





Much of the application does not require NGI since a significant focus is on "Internet" components and can be accomplished with today's Internet. Explain.  





The advantages of the NGI in a health care setting include not only increased bandwidth but also improved quality and reliability of service, ubiquitous computing, improved resource allocation and infrastructure technology for collaboration.  The StrokeNet project addresses the need for all of these.





Current Internet services are not readily scalable and cannot meet the demands placed on them, much less a new generation of more complex applications – this is recognized as requiring a qualitatively different architecture. It is now commonplace to send e-mail and even large multimedia files, but there is no certainty regarding whether they reached the proper destination, were received, or were processed.  Synchronous communications are highly unreliable, and limit direct collaborative applications.  Incorporation of video, especially 2-way or multi-way, can only be done with high resolution and quality in specialized settings. Four key aspects of the StrokeNet project depend on NGI technology:





High bandwidth for:





Teleconsultation with videoconferencing and teleradiology, e.g., in the acute stroke setting, taking consults from home, and participating in case presentation rounds.





Adaptation to patient accessibility limitations, through the use of voice, graphics, and video as alternatives to text and mouse, as discussed in the answer to Question #2





Multimedia educational experiences for both patients and providers as discussed in the answer to questions #3 and #4.





Service quality, in terms of dependability of use and performance





Reliable integration of diverse resources through a scalable informatics infrastructure, to support collaborative decision making, as discussed in the answer to Question #3





 Security, discussed further in the answer to Question #5





Our proposal is written in the spirit of transition from current generation technology to next generation technology.  The provision of patient care, especially acute care, on the current-generation Internet is limited because of deficiencies in bandwidth, security, and service quality.  The promise of NGI infrastructure is to remedy these deficiencies.  In that our proposal involves the triage and management of an acute, life-threatening condition such as stroke, it will not be feasible to implement the program, except on a very limited scale, without guaranteed bandwidth security, and quality of service.  





Further, we envision creating an environment in the home where care can be rendered in a time-independent and place-independent manner.  A significant part of this environment involves multimedia education and patient-provider interaction, and collaborative access to multiple distributed resources.  In addition, we wish to adapt the system to support patients with differing needs or limitations, by offering alternative modes of interacting with the system, involving voice, graphics, and video, as well as text and mouse.





Other interactions envisioned involve emergency room/primary provider consultation with distant specialists, also involving multimedia and interactive services and collaboration.  


 


Some aspects of StrokeNet are less bandwidth-intensive, but the requirements for security and quality of service are ever present in an application that involves the transmission of health-related data over the Internet.  One of the major dependencies for project success is the ability to reliably present information to providers and patients at the time of need.  End users who are ill, or those providing services to patients who are ill, will not give an unresponsive or cumbersome system a second chance.


 


StrokeNet is an effort to construct a complete health care delivery model, centered on the Internet, in one specialty area.  Some components of the architecture are indeed able to run with current Internet technology.  We believe that the strength of this project is that it focuses on the whole process of care delivery within this microcosm, and thus can provide valuable insights into issues about service requirements and scalability for an NGI environment, that could not be done in evaluating individual components in isolation.  


 


To summarize, StrokeNet has applications that are bandwidth-intensive and will thus run more effectively on the NGI.  Further, it can be argued that any real patient care, especially addressing acute disease, needs to have NGI capabilities to become part of mainstream care delivery, because of security and quality-of -service issues, and the need for support of reliable distributed collaborative interaction and access to resources.  Certain components of the system can be successfully implemented on current generation Internet technology.  We believe that the value of the system and its ability to scale can only be assessed if implemented and evaluated as a complete system. 








Content development is not a good use of resources since much of the content proposed is already available on the Internet.  Discuss.





We are sensitive to this issue, but it is not a straightforward one, despite the plethora of information resources on the Internet.





Through our experience in the HealthAware project (Decision Systems Group work under NLM NII funding), we have developed consumer health information resources in selected disease domains, by adapting existing content where possible.  Doing this has demonstrated very clearly the issues involved, among which are the following:





Patchy content coverage exists on various sites


It is very difficult to integrate all of these into a cohesive educational framework


Problems due to tight coupling of content with presentation


Different intended educational levels and depths of explanation of content at different sites


Varying content organization and search schemes


Copyright issues.  One cannot simply extract a relevant section from an external site, except by negotiating specific permissions, as a result of which the alternative is to link to that site.


Navigation complexity.  When users link to an external site they are now in a different environment possibly aimed at a different purpose, and tend to become confused and “lost in cyberspace”.


A number of sites simply index other sites (e.g., Yahoo Health); but with no quality filtering or evaluation, suffer from consequent limitations in providing cohesive and comprehensive educational messages.


Linking to content that does exist elsewhere still requires review and approval by the local experts for timeliness, accuracy, and to ensure that it reflects current local practice.


Most content on the Internet has not been designed for universal access.  This is a significant problem for patients in this study who may have physical disabilities that will limit them from using such content.





Thus we have been led to the need to adapt content to specific application requirements, using cited sources, or including external content with permission, complemented with original content developed by local experts.  Links to external sources are appropriately identified, disclaimed, and framed to enable the user to readily return to the home site.  We have in HealthAware been able to keep the new content development to a minimum (in fact well under $10,000 per disease domain), with the main effort involved in organizing, reviewing, improving the language, evaluating with focus groups, and otherwise enhancing accessibility and usefulness of the content.  This is especially true in the stroke population, where we must develop alternative modes of access and use involving voice, graphics, and video, as alternative to text and mouse, for patients with various disabilities.


  


The web content used or developed for StrokeNet will be accessible to all users, especially those with disabilities, independent of the user agent (desktop browser, audio browser, mobile phone, PC). The content will also accommodate people's requests in varied environments (noisy surroundings, over- or under-illuminated rooms, hands-free, etc). Use of the NGI will make it possible to deliver accessible multimedia content with varying interfaces and multimodal input. ��By providing text equivalency, images will be accessible via presentation in various formats: auditory format and visually-displayed text. In order for content to be truly useful and meaningful, the text needs to convey the same function or purpose as the image and other multimedia content (rather than simply excluding such content). 


�Added advantages of making content accessible are (1) improved search time and indexing of the pages because of alternative text that supplements multimedia content, and (2)  overcomes some of the technical constraints (different operating system, browser version, screen size, input device etc) due to the changes in layout necessary for accessible sites.





Under the term “content” we include clinical practice guidelines, risk assessment, referral and order appropriateness criteria rules, and other knowledge resources that drive interactive tools.  These are adapted from published sources, but are incorporated in formats that enable their decision logic to be executed.





We also include graphic support and virtual tours of tests and procedures, as well of institutions or facilities that the patient may need to visit.  These help to enhance recommendations and advice, and appear to positively impact compliance when used appropriately.





       


Technical discussions were insufficient. Discuss





We provide further discussion on the technical aspects of StrokeNet through example scenarios where different users of the system interact with its various components. Some of the scenarios in which StrokeNet will be used are the following





StrokeNet Use During Acute Triage and Management





A patient suspected of having suffered from a stroke episode recently is admitted to an ER in a community hospital. The ER physician needs assistance with the diagnosis and management of this patient. The physician uses the StrokeNet Telemedicine System for an acute triage and management (AT&M) consultation with the stroke expert at Massachusetts General Hospital (MGH). 





Initially the patient will be sent for CT scan.  The CT scanner feeds images to a DICOM server.  Resident software (AMICAS1) allows these images to be served as HTML documents. Videoconferencing will be accomplished with VTel or PictureTel hardware codecs on Pentium II PCs. The connection between the two sites will use TCP/IP. The remote hospital will connect to the Internet at greater than 384 kbps (symmetric) using cable modem or DSL depending on available coverage in the region. Microsoft NetMeeting software will be used for conferencing. The conferencing infrastructure will use ITU’s H.323 and T.120 communications standards. The consultant will participate in the examination of the patient over this videoconferencing link with the aid of a high-resolution 3-chip CCD video camera at the community hospital.  For some consultants, connectivity and triage from the home will be possible.





The consultant will now use the decision support system to assist with the diagnosis and management of this patient. The decision support system will help in making the diagnosis, deciding whether to transfer the patient to MGH or to treat locally, and generating a treatment plan for the patient. The NIH stroke scale will be computed from the data entered by the consultant following the joint examination over the video conferencing system.





The decision support system (DSS) client will run on standard web browsers. The client consists of patient data collection forms and display screens of recommendations. The server for the DSS is being developed using the GLIF-based guideline execution engine. The architecture of the engine is described fully in Appendix 7 [Boxwala 99] of the technical proposal. In brief, the execution engine generates from GLIF-encoded guidelines, data collection forms and patient care recommendations based on previously collected data. The engine utilizes a component-based architecture in its implementation. Components such as those for generating forms and recommendations and for storing/retrieving patient data are integrated into different applications of the engine and for interfacing to different environments.





In this application, the patient data collected during the encounter will be stored in a patient data repository (also see Section A.3.8 of the Technical Proposal). The repository will contain data for patients from telemedicine encounters and the high-risk patients enrolled for prevention of stroke. Dr. Boxwala and the software developers at the DSG will design the repository schema early in the study. A part of the entity-relationship diagram of the schema (for the AT&M consultation) was designed during phase I of this project. This schema design was submitted to NLM as part of the phase I report. The repository will be implemented in Microsoft SQL Server database management system, and will support ODBC-compliant access.





StrokeNet Use By Patients At Home





A 55-year-old male patient at MGH is diagnosed with atrial fibrillation from an EKG examination. This patient is at high risk for stroke and is enrolled to participate in this study. However, the patient does not have a computer at home. As a participant in the study, he is provided with a set-top box for Internet access. As discussed in the response to question 4, one such commercially available device is Microsoft's WebTV which will be our initial prototype. The patient is also provided with high-speed Internet access using DSL service from a local ISP. The patient is trained to use the device and the StrokeNet site by the study coordinator.





A record for the patient is created in the patient data repository. Data from MGH's electronic medical record are imported into the data repository. Data from other sources including the paper chart are manually entered into the data repository. As explained below, the data are used to automatically match the patient to a clinical management state (CMS). Using the CMS, resources are retrieved from the resource repository.


The patient uses StrokeNet regularly to learn about stroke including topics such as stroke risk factors, measures for prevention, and signs and symptoms of stroke. The patient may also enter lab results and keep track of such values of prothrombin time using this application.  Patients will access a variety of multimedia resources to learn more about stroke and related conditions.





To the degree that the patients require a secure connection to the site (i.e. to see their own stored medical records) they will use the security plan outlined in the response to question 5. 





The patient now views his portal page for StrokeNet. The portal page is automatically generated using the CMS-based resource retrieval system as described in Section A.2.5 and Section A.3.5 of the technical proposal. We are also appending DSG's Technical Report TR-1998-01 by Boxwala et al to provide more details on the CMS-based resource organization and retrieval system. The portal page contains links to multimedia educational resources, interactive tools (risk-assessment instruments, chat rooms, bulletin boards, etc), data entry forms, information on clinical services, and other resources (listed in Section A.2.6).





The display of didactic educational resources and directory-oriented resources is generated from templates for each type of resource. Examples of these types of resources can be viewed at the HealthAware site (http://www.healthaware.org) and the PartnersWeb site (http://www.partners.org). The risk-assessment tool has been developed using the guideline execution engine mentioned above in scenario A. An example of a heart disease risk assessment instrument implemented using the guideline execution engine can be viewed at http://rhumosaurus.bwh.harvard.edu:8000/GL/Risk/. Chat and bulletin board resources will be implemented with off-the-shelf software. A resource of this sort is already available at http://www.patientweb.net and will be integrated.  The patient will also be able to view multimedia educational resources containing streaming video and audio. These resources will be presented in some of the popular multimedia formats. The response to Question 4 provides details. The type of format in which to present the resources will be determined by detecting the type of the client browser, and by the patient profile, which will be maintained by StrokeNet. The browser type will also be used to determine layout features. The patient profile will determine accessibility issues, such as physical limitations, aural, or visual text processing deficiencies.  A logging system keeps track of the resources accessed by the patient.





Periodically, during the study, the patient will be invited to take a multiple-choice questionnaire (MCQ)-type quiz. The quiz will be designed using Macromedia's Dreamweaver Attain software. The software can be used to develop MCQ's that can be distributed over the web. The results of the quiz will be logged to the server and will be analyzed later.





This patient will also enter medical information such as his prothrombin time and other relevant measurements. The measurements will be transferred to the server and stored in the patient data repository. The security for the patient data repository will be role-based. Thus patients will only have access to their own records. They will be able to update their records with new data but will not be allowed to delete existing data. 





StrokeNet Use For Provider Education





In this scenario, we consider the patient's primary care practitioner (PCP) using StrokeNet to improve her knowledge of stroke. The PCP from her office logs into StrokeNet using a web-browser. The login information is encrypted and transmitted using the VPN scheme as noted in the answer to question 5 and authenticated by the StrokeNet server.





The PCP is presented with a list of study topics to select from. Topics will include stroke prevention (such as management of atrial fibrillation, hypertension, etc.), stroke signs and symptoms, and management of acute stroke. The list of topics and titles of study material are generated from the content repository. The PCP selects a topic of interest that is then presented through text, streaming, and interactive multimedia formats. Determination of presentation format and layout is dynamic as described above in Scenario B. The learning material will include descriptive text, videos of grand rounds, videos of patient presentations, etc. The educational content will be generated using the StrokeNet form-entry system (Section A.3.5 and Appendix 4 [The PartnerWeb Project: A component-based approach to enterprise-wide information integration and dissemination by Karson et al] of the technical proposal), Dreamweaver Attain, FireWorks, and other multimedia editing tools. The use of resources by the PCP will be logged to the server.


The PCP will also participate in a pre-educational intervention and post-educational intervention quiz. The quiz will be created using DreamWeaver Attain tool. Responses and scores will be logged to the server.





PCPs will be able to access a variety of didactic programs including Neurology Grand Rounds and various stroke conferences hosted at the MGH.  This material will be encoded using all popular file formats and presented to the clinician as part of an integrated multimedia educational experience through the browser.  








Microsoft WebTV is proposed as the software for delivery of educational materials.  Other videostreaming modalities available across multiple platforms, such as, RealPlayer and QuickTime should also be considered. Comment.  





We crafted our proposal under the assumption that a significant proportion of stroke patients and those at risk for stroke will not be comfortable with a typical workstation user interface for the next several years.  During the next three years, it is predicted that we will see considerable movement in the PC industry to embedded systems and appliance-like devices that are inexpensive and provide specific functions.  Current examples of this movement are WebTV and the i-Toaster from Microworkz.  Since this is a volatile industry, our ability to predict the best in-home platform for the over-65 individual is limited.  We believe that the set-top box as CPU is a reasonable platform to examine in this context, because the user interface and interactivity tools (the television monitor and remote control, respectively) are ubiquitous and non-threatening.  The rapid convergence of television and video streaming technologies makes the exact nature of the set-top infrastructure that will be best deployed in three years difficult to predict.  We have chosen Microsoft’s WebTV system for initial prototyping because it is currently the only widely available off-the-shelf device that provides browser capabilities using a standard television monitor.  The current generation of WebTV does not support streaming video, but the next version of this product will include a version of RealNetworks media player.  Also, Microsoft’s Windows Media Player is configured to support numerous common video file formats.  Again, this is a volatile industry and standards are wanting.





Individuals who own a PC will not be required to adopt a set-top box.  The content will be served in as many file formats as practical to assure viewability on all standard browser-based media players.





As the project evolves, we wish to experiment with set-top devices that are expected to be programmable, to allow interfacing of voice input, keypad data entry, and other technology as appropriate.








Windows NT security standards are to be employed throughout the project.  The offeror should also consider other security standards that offer cross- platform capability. Comment.  





Security can be described as having three components, a browser or client component, a transmission component and a server component.  Our plan will emphasize open standards wherever possible, especially on the client/browser side.  There will be portions of the StrokeNet resources available to the public – both the patient education materials and some of the provider education materials.  These will not require authentication.  When patient data are involved, either as part of an educational program (e.g., grand rounds or a stroke case presentation conference) or as part of patient care, users will be authenticated through the browser using Basic authentication and public key encryption. Further, authentication will be role-based.  When an individual logs on to the site, (s)he will be required to register as a provider.  If (s)he requests access to an existing patient's records, or certain educational programs, (s)he will be asked a series of questions regarding access to patient data (see attachment A).  Transmission of data will be secured by either 128-bit Secure Sockets Layer or via a virtual private network (VPN).  Solutions for the VPN component currently being reviewed by Partners, are all cross-platform.  The server environment will be Microsoft Windows NT-based since that is the current Partners standard and most providers involved will be Partners physicians.


 


Hardware components are not described sufficiently in terms of platform capabilities and peripherals. There are few details regarding commercial software purchases and how the software will be integrated into the overall system. Clarify.  





The hardware requirements for this project are relatively straightforward.  Attachment B shows how patients and consumers will access the StrokeNet site.  All client applications will be browser-based.  Some patients will use a set-top box (WebTV, or later devices as discussed in the answer to Question #5) to interact with the site.  Others that already have a PC and Internet connection will use their own hardware.  





With respect to the acute triage and management process, the hardware requirements are slightly more complex (see Attachment C).  As radiologic images are acquired at the community hospital sites, they will be downloaded to a DICOM server.  Through the use of Amicas software, the images will be served to clients over the Internet.  This capability is already in place and active at our initial target community hospital, the North Shore Medical Center.  





The emergency room at each community hospital will need a workstation equipped with an H.323 codec and external camera as well, for patient/provider/specialist interaction.  We will evaluate both Vtel and PictureTel equipment.  Likewise, the emergency room at the MGH will have a PC equipped with H.323 codec and camera, as will any provider who can participate from home via high-speed Internet access.  





The hardware used for provider education will be a standard PC with a standard video card.





We anticipate the need for 4 new development workstations, and 2 servers for Web and database access, which are all based on Windows NT platform.  Other workstation PCs needed are already in place. Media digitization hardware is already in place in the laboratory at DSG. 





The overall software infrastructure has been described in Figure 4, Page 20 of the Technical Proposal.  We will use Microsoft’s Internet Information Server as the HTTP server. The web pages will be dynamically generated using Cold Fusion Server from Allaire. Cold Fusion Studio is used to develop the templates for page generation. In addition, Dreamweaver and its Attain Objects extensions and Fireworks will be used for developing multimedia content for the web pages. The CMS-based content organization and retrieval software will be developed in Java. We will use Symantec’s Visual Café Java IDE for developing the Java software. MS SQL Server will be used to manage the content.








The proposal mentions the expertise available at the content level, but fails to discuss who will actually build the system and software. Discuss.  





The implementation of the system will be a shared responsibility between Partners Telemedicine and the Decision Systems Group, coordinated through the management team that we have put in place. Telemedicine will manage the telecommunications and network deployment, oversight, and support, and the videoconferencing and telemedicine/teleradiology components.  The software infrastructure, applications, database, and knowledge base development and management will be the responsibility of the Decision Systems Group. 








There is uncertainty on the expertise available to integrate the package seamlessly because discussion on this aspect is limited.  Clarify





Both Partners Telemedicine and the Decision Systems Group will have responsibility for the implementation and support of the system as described in the response to Question #7 above.  Both groups have experience with large system projects that have been built and delivered successfully.  





Partners Telemedicine is part of the Partners Information Systems organization, and is supported by that organization.  Partners Telemedicine includes among its institutional responsibilities the maintenance and support of Partners’ 60-node videoconferencing network.   We have become the center for domain expertise in these technologies for Partners.  Partners Telemedicine managed the H.323 experimentation for phase I of this project.  We have experienced video engineers on staff who will be dedicated to the execution of this project.  Partners Telemedicine has successfully implemented other projects with direct bearing on this project such as the Remote Stoke Videoconferencing Protocol and other telemedicine research initiatives at Partners.  In addition, our staff is currently responsible for remote education activities for Partners (via videoconferencing) as well as video production services. Finally, Partners has established itself as a world leader in telemedicine deployment, including a robust international and domestic teleconsultation practice that performs over 700 consultations/year and is financially successful.





The Decision Systems Group has experience in implementing the PartnerWeb enterprise Web environment for Partners HealthCare System, incorporating resources from more than 250 departments and divisions of Partners and its affiliated institutions.  The DSG created a unique distributed authoring/editing infrastructure to facilitate this process (described in the appendix materials submitted with the proposal), and has managed the system for more than three years.  Using a similar distributed approach, the DSG implemented the HealthAware consumer health information resource, supported by NLM’s NII telemedicine funding (also described in Appendix materials submitted with proposal);  this system has been received enthusiastically on a testbed basis, and the Brigham and Women’s Hospital is currently working with the DSG to establish the system on an ongoing basis.  The DSG has also been a leader in developing computer-based representation methods for sharing of clinical practice guidelines and enabling them to more readily be incorporated into applications.  The Decision Systems Group has worked with collaborators at Stanford and Columbia, as well as others at Harvard, to develop the GLIF representation (Guideline Interchange Format), which is now widely cited, and we seeking to establish it as a standard.  Toward that end, a set of guideline authoring, editing, browsing, searching, and execution tools have been developed by the DSG, based on GLIF (see Appendix materials submitted with proposal).  Also, with Army and proposed NLM support, the DSG will be hosting a GLIF Workshop in the Spring, 2000, inviting a variety of participant organizations involved in the development and use of guidelines, and in the development of clinical systems that incorporate them (in reminders, workflow management, decision support, and other applications).  





The StrokeNet project will utilize the enterprise Web infrastructure, consumer information support, and  GLIF guideline representation technology as integral aspects of its design, as detailed in the answer to Question #3 above.





The collaboration between Partners Telemedicine and the DSG is a unique on in that the resources of both groups are complementary.  We have established a close working relationship through the Phase I project and other collaborations, and look forward to working together on StrokeNet.





Discussion on facilities is limited. Explain.  





Partners HealthCare System, Inc., provides a unique test bed for NGI activities.  Partners is the parent company of the Massachusetts General Hospital, the Brigham and Women’s Hospital, Faulkner Hospital, the North Shore Hospital, the Newton-Wellesley Hospital, Partners Community HealthCare, Inc. (or PCHI-our affiliated primary care provider network) and other affiliates.  Partners institutions admit 95,000 inpatients/year, administer 


1,476,00 ambulatory visits, 


416,000 home health care visits, and 


470,000 PCHI primary care visits.  Partners has 5,000 employed or affiliated physicians and is responsible for 200,000 capitated covered lives.





The Brigham and Women’s Hospital is a 700 bed acute care facility with special expertise in obstetrics and gynecology as well as top programs in internal medicine, cardiology, surgery, musculoskeletal diseases, and neurology.  The DSG occupies approximately 6,500 square feet of space in the BWH and associated buildings. 





The MGH, at 900 beds, is the oldest and largest of Harvard’s teaching hospitals.  The Stroke service and emergency room have adequate facilities to house equipment for this project.  





Partners Telemedicine occupies 2,400 square feet of office space adjacent to the MGH.  In addition, the telemedicine department controls another 600 square feet of space at the MGH adjacent to the O’Keeffe auditorium.  This auditorium is equipped to capture video feeds from didactic conferences and has the infrastructure to support video streaming of files to the Internet.   There will be adequate space to house any additional staff employed in the space adjacent to the O’Keeffe Auditorium.





The North Shore Medical Center is the fourth largest medical center in the state of Massachusetts.  The emergency room, radiology and neurology services there are already equipped with videoconferencing and the ability to serve DICOM images as HTML files.  





Spaulding Rehabilitation Hospital is one of the nation’s largest rehabilitation hospitals and is a 300-bed facility including 37 skilled nursing beds.  Spaulding is equipped with videoconferencing equipment and already has a high-speed data connection to the MGH.  The neuro-rehabilitation experts at Spaulding are adequately housed to participate in this project.�











Joseph C. Kvedar
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