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ABSTRACT

On October 1, 1996 the National Laboratory for the Study of Rural Telemedicine began work
supported by the National Library of Medicine (Contract NO1-LM-6-3548) that continued until
March 31, 2000. The purpose of the project was to evaluate the effectiveness of five separate
telemedicine applications in a rural setting. This work was done in a rural test-bed network in
eastern lowa and was supported administratively by a Telemedicine Resource Center at the
University of lowa. The projects are described in detail in a Final Report and an Executive
Summary. They are summarized below in brief:

Pediatric Echocardiographic Network: Pediatric Cardiology is a service that depends heavily on
echocardiographic support. In a rural state, few sites exist to have this study performed. This
project established telemedicine sites for this service. Over the course of the project 633
echocardiograms were transmitted from these sites. Diagnostic quality was excellent and the
speed of diagnosis was enhanced.

Emergency Department Support for Vascular Ischemia: Myocardial infarction and stroke are
major causes of death and disability in the rural setting. While new therapies are available and
effective (thrombolytic drugs), they are difficult to administer in a timely fashion due to delays in
diagnosis. This project developed a protocol-driven, computer- based wide area network for
transfer of neurologic examinations, radiologic images, and other clinical data. Despite
successful technical development and broad community participation, the application saw no
significant use due to a number of factors, including Emergency Department (ED) staff issues
(fragmented staffing patterns and significant staff turnover); perceived inadequate incentives to
learn a new system; and entrenched reliance on more familiar (although less informative) means
of communication.

Telepsychiatry Consultation: Mental health services are not readily available in the rural setting,
and visiting consultants must travel long distances to provide care in a community setting. This
project compared face-to-face consultation in a satellite clinic to consultation provided by
telemedicine using a crossover design between two rural communities. There were no
significant differences between face to face and telemedicine visits using a number of clinical,
patient satisfaction and provider satisfaction measures.

Home Delivery of Diabetes Education: Control of blood glucose is a key factor in controlling
diabetes complications. Education of newly diagnosed diabetic patients is key to long-term
control. We developed an Internet-based education program and tested this approach in a
randomized study using educational and physiologic end-points. The crossover has just occurred
and will be completed in two months.
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Consultation for Children with Disabilities: Caring for children who have severe developmental
and emotional disabilities requires a comprehensive team approach. Travel to a tertiary site of
care is difficult for children and their families. This project studied using videoconferencing for
consultation in a case-controlled trial. There were no significant differences found between face
to face and telemedicine services using a number of clinical and satisfaction variables. The
overall appraisal favored telemedicine with a significant financial savings for the family in travel
expenses, lost wages, food and lodging.

EXECUTIVE SUMMARY
By Michael G. Kienzle, M.D.

Introduction

Technology cannot be developed in a vacuum. In the case of telemedicine, its effectiveness is a
reflection of the need addressed, the quality of the technology developed, the skill used in its
deployment, and the attention paid to social and organizational factors involved in the work of
health care. The larger health care environment also plays an important facilitating or inhibitory
role through reimbursement policy, health system consolidation and integration, and changes
brought about through marketplace reform. Given the complexity of the health care
environment, it is not surprising that rigorous evaluation of technologies like telemedicine are
difficult, and data supporting the effectiveness of telemedicine technologies have been limited.

In 1994, the National Laboratory for the Study of Rural Telemedicine was established at the
University of lowa with support from the National Library of Medicine (Contract NO1-LM-4-
3511). The purpose of the Laboratory was to determine health care delivery needs in the rural
setting, develop technical approaches toward their solution, and test these applications in
community settings. In the process, a unique test-bed network was established and available for
the work of the current NLM contract (NO1-LM-6-3548). A complete report of the initial work
establishing the Laboratory and its programs can be reviewed at http:/telemed.medicine.uiowa.edu.

The emphasis of the NLM project has been the evaluation of telemedicine as a means of
providing health care services, with the emphasis on evaluation. The purpose of this report is to
make available the results of our work during the contract period ending March 31, 2000.
PROJECT ADMINISTRATION — TELEMEDICINE RESOURCE CENTER

Problem Addressed

In many settings, particularly rural ones, multi-component, multi-site projects involving
telemedicine or other technologies are not feasible without appropriate administrative
coordination and support. Successful research and development projects consist of a large
number of discrete and diverse activities, many of which do not fall directly into easily
assignable categories. We have utilized an administrative structure initially patterned after the
very successful SCOR, or NIH Specialized Center of Research, programs funded at the
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University of lowa. The TRC, like the SCOR administrative units, imposes a structure upon
large and complex projects in several areas, including financial control, reporting, study design
and analysis, regulatory compliance, information exchange and external relations. We believe
the Telemedicine Resource Center has played a significant role in the success of both the
individual projects and our overall program at lowa.

Project Scope

The following summarizes the major responsibilities of the Telemedicine Resource Center at The
University of lowa:

» Administer, coordinate, and facilitate communication among telemedicine projects,
telecommunications services, remote sites, and evaluation activities;

» Serve as the liaison to remote hospitals in our telemedicine network — provide end-user
advocacy, training, and technical support to networked hospitals;

» Collect and manage utilization data for a variety of UI telemedicine programs and generate
reports as requested;

» Provide teaching, training, internships, and practica opportunities for University of lowa
graduate students, medical students, and residents interested in learning about telemedicine;

» Host/train visitors to our telemedicine program from around the U.S. and from foreign
countries

> Serve as an institutional resource on telemedicine to Ul and outside entities;

» Administer all equipment requests, subcontracts, budgets, and consultant agreements for
project directors;

» Use the telemedicine infrastructure and lessons learned to build out telemedicine services at

The University of lowa;

Monitor state and national telehealth policy and contribute to legislation on telemedicine;

Utilize NLM R & D projects to perform cost and viability studies for telemedicine;

Disseminate information on UI’s telemedicine program and NLM telemedicine activities via

publications, presentations, the World Wide Web, newsletters, brochures, and other

information dissemination mechanisms;

» Provide collection development services for telemedicine materials and make them available
to users of Hardin Library for the Health Sciences;

» Contribute to the creation of a self-sustaining telemedicine program within the University of
Iowa by evaluating cost recovery, reimbursement, and fee-for-service options.

YV V V

Selected Accomplishments

The TRC staff used a variety of educational materials and sessions to help project directors and
their staffs rapidly and efficiently plan and implement their work. This included helping with
project budgets, procurement, travel, project planning and meeting management at UI and in
involved communities. The TRC used a variety of communication strategies within the Ul
development group and with community hospital sites including secure email, a project intranet,
a comprehensive WWW site, administrative videoconferencing, brochures and teaching
materials, as well as site visits and on-campus meetings.
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Managing a telecommunications project involving multiple facilities and covering a large region
is daunting. Network performance was monitored and enhanced through a variety of strategies,
including a mobile technical team, use of “black box” technologies for remote diagnosis and
intervention, a telephone support line (800/606-4517) and end-user training.

The TRC staff played a major role in data management, particularly for those projects that did
not have dedicated research personnel written into their projects. Specialized databases were
developed (Telepsychiatry is an example) that could be modeled for use by other UI programs
such as the department of corrections telemedicine project. The TRC played a major role in
assisting project personnel with Institutional Review Board procedures and reporting.

The TRC also provided coordination and oversight for a number of educational programs and
initiatives relating to telemedicine, including preceptorship experiences for Masters and PhD
candidates, foreign faculty, NLM Associates, and a variety of other visitors to our institution. A
particularly important activity was developing and teaching a course on telemedicine that has
been incorporated into the curriculum of the UI Physician Assistant program. (A manuscript on
this topic was submitted to Academic Medicine in March, 2000.)

The expertise of the TRC in budget oversight and cost assessment has been key to the smooth
operation of a project of this size. This expertise has been applied to a number of settings,
including an assessment of the factors impacting cost in a start-up telemedicine network for
Iowa’s prison population.

The activities and results of work done by the Laboratory have been very effectively
disseminated through the efforts of the TRC staff. These include a quarterly newsletter, Health
Connections, a comprehensive website (http:/telemed.medicine.uiowa.edu), a variety of video
productions illustrating the applications under development, presentation of results at numerous
local, regional, national and international meetings and conferences, television and radio features
and through written communications in magazines, journals and local and national newspapers.

Lessons Learned

Telemedicine development must start with an assessment of the problem that technology may or
may not solve. It is unlikely that needs and problems will prove to be uniform across all rural
hospitals and facilities. It should be remembered that technology implementation is inherently
difficult in a remote and largely unsupported environment, so significant study and advance
planning should occur as early as possible, well before significant resources have been allocated.

The health care and technology environments are both in a state of dynamic flux, and change
must be anticipated and expected. The value of contingency planning cannot be overstated. To
the extent possible, rapid prototyping and pilot testing should be employed and expectations of
community-based collaborators should be informed by ongoing communication and education to
minimize frustration and impatience that may occur when problems inevitably arise.
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Human factors remain the most important determinant of success or failure of a specific
application. Prominent among these factors include the “politics’ of patient referrals, fear of
technology, impact on productivity of private and academic physicians, fragmentation of
services at the local level, lack of local technical support, lack of reimbursement for most
services, and differing opinions about health care priorities. These factors can be mitigated
through advanced planning at the community level, a commitment to communication and
training, and cultivation of key local liaisons and advocates.

Telemedicine has little chance for success as an independent activity. It must be integrated into
an appropriate institutional environment and perceived as a useful tool to enhance existing
relationships and delivery systems, not replace them. If an application cannot be incorporated
into the mainstream of health care delivery within an institution or system it will never be
sustainable, either due to lack of use or lack of support, or both. The appropriate question to ask
is, “How will telemedicine improve the services we can already deliver, or improve a
relationship we already enjoy?” While it is popular to think of these technologies as
revolutionary, in fact they are (and should be) evolutionary.

Plans for Continuation

The TRC will continue as a service unit of University of lowa Health Care, the clinical delivery
enterprise of the University of lowa Hospitals and Clinics and the UI College of Medicine. The
TRC will join the Health Information Resources Group, concentrating on refining and further
developing video services, including video development, videoconferencing and distance
education. The TRC will continue to support R&D projects that have a telehealth emphasis.

PEDIATRIC ECHO NETWORK

Problem Addressed

Pediatric Cardiology is a medical specialty that provides care for infants and children born with
congenital heart disease. Of all neonates born, eight to nine per thousand are afflicted with
congenital heart disease and many present during early infancy as medical emergencies requiring
surgical therapy. Other cases are not as emergent but require special skills of pediatric
cardiologists to define the nature of the disorders so that therapy can be recommended to prevent
life long debility or premature death.

In the past two decades, the technique of two-dimensional echocardiography has been developed.
This technique allows the accurate diagnosis of most congenital cardiac defects when applied by
pediatric cardiologists or technicians under the direction of pediatric cardiologists. In many
centers throughout the State of lowa, echocardiographic instruments have been purchased
because of the need for echocardiography in adult patients, but in most centers no pediatric
cardiologist is available to direct or interpret studies of children with suspected congenital heart
disease.
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Project Scope

Given these considerations, the objectives of this project, were:

» Establish on-line transmission of pediatric echocardiograms from several remote sites in
Iowa.

» Train personnel at the remote site in echocardiographic techniques required to diagnose
congenital heart disease in infants and children and indications for obtaining pediatric
echocardiograms.

» Receive and interpret echocardiographic data from these sites.

» Evaluate the impact transmission and interpretation of echocardiographic images has on the
care of infants and children in small and medium sized towns in lowa.

Selected Accomplishments

The project has been able to establish echo transmission sites from a number of communities,
including those identified in the proposal and several others. Moreover, several transmission
modes have been evaluated, including very high-bandwidth (DS3), high-bandwidth (ISDN-PRI)
and conventional courier services. Over the contract period, 633 echocardiographic studies have
been received from these sites.

A successful program for the education of adult sonographers has been developed to support
high quality pediatric echocardiography in remote sites. This program includes written and other
didactic materials, hands-on training, and ongoing training in the context of transmission of
studies.

The utilization and usefulness of echocardiographic transmission have been studied in a number
of ways during the project. We have found significant differences in diagnostic yield that are
dependent upon the specialty of the physician ordering the test and the age of the child.
Additional studies have identified key variables in turn-around time and referring physician
satisfaction with tele-echocardiography services.

This work has been reported at national meetings and in peer-reviewed journals. The program
will be continued as a major supporting service of statewide pediatric cardiology outreach

clinics.

Lessons Learned

The feasibility and utilization of pediatric tele-echocardiography services is highly dependent
upon the mix of providers available in the community. Once expertise is available in the
community, the demand for services will decline to levels that make sustaining such a program
unlikely. Training and support of key technical personnel in the community will be essential to
the successful delivery of high quality and clinically useful studies.
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Cost-effectiveness is a relative term. When the costs of community-based echocardiographic
services are considered, comparisons must be based upon the cost of providing comparable
services at the community site using traditional methods, rather than the costs of providing the
service at a different site (like the tertiary hospital clinic). In the case of pediatric cardiology
diagnostic services, the community based outreach clinic costs are the most appropriate
comparison. These tend to be infrequent, but costly services for the outreach cardiologists to
provide. The cost of making a diagnosis by tele-echocardiographic transmission or through an
outreach clinic is comparable, if not lower.

Plans for Continuation

The Pediatric Echocardiographic network will continue operations with existing rural sites, and
anticipates adding new sites in the next year. Additional funding has been secured from the
Children's Miracle Network ($100,000) to continue these interactions and to implement others.
A telemedicine classroom in pediatric cardiology is under development that will allow other
pediatric cardiologists around the state to interact with UI Pediatric Cardiology.

EMERGENCY DEPARTMENT (ED) SUPPORT FOR VASCULAR ISCHEMIA

Problem Addressed

Emergency services are key to successful treatment of a number of clinical problems,
particularly in a rural setting. Acute ischemic stroke and myocardial infarction are clinical
problems with a very strong time sensitivity given the compelling benefits associated with
definitive treatment in the first 3-4 hours after symptom onset. Many rural emergency rooms are
not equipped to make diagnostic and therapeutic decisions within this narrow window of
opportunity because of lack of provider expertise and familiarity with the necessary protocols
that must be followed to provide care that is more routinely available to patients in a non-rural
setting. Telemedicine has the potential to provide such guidance and speed the decision making
process so therapy can be started in advance of transfer or other disposition.

Project Scope

The aims of the project were to 1) develop the database and software for rapid diagnosis and
consultation of acute myocardial infarction (AMI) and acute brain infarction (ABI) patients; 2)
integrate the software with other data sources and teleconferencing software; 3) train physician
users in use of the software and teleconferencing; 4) implement the system in 9 hospitals of
varying sizes representing different capabilities and patient populations; 5) evaluate use of the
system; 6) evaluate physician satisfaction at the local rural hospital and the tertiary hospital; and
7) evaluate patient outcome in terms of time to treatment, need for transfer, survival, functional
outcome and cost of care.

Accomplishments

The project resulted in development of:
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» A protocol using current clinical guidelines and practices,

» A means of dissemination of the guidelines and protocol through a conference, websites,
local hospital presentations, and a comprehensive integrated database elements and
algorithms,

» An integrated computer system for data transfer of neurologic exam, radiologic images, and
clinical vital data,

» A system that utilizes scanners for paper documents and EKGs, still video cameras for
imaging of radiologic films, and hand-held digital cameras for the neurological evaluation,

» An integrated pathway for consultation using a consultation network,

» A system of data transfer that provides information via the web which can make the
consultation available through internet connections, and

» An assessment of videoconferencing and digital full motion imaging which still requires
high-speed communication lines and computers with enough RAM dedicated to these
process

Lessons Learned

It is possible to develop telemedicine approaches that arise from substantial need in a rural
environment, are developed with full support and participation by community-based
practitioners, demonstrate satisfactory diagnostic performance and facilitate guidelines-based
practice, and still find the approaches underutilized in daily practice.

Complicating factors include fragmented systems of care for emergency services in the rural
setting, a shifting level of clinical knowledge in the community, lack of perceived incentives for
learning a new health delivery system, and entrenched reliance on more familiar (but less
informative) means of communication.

Plans for Continuation

The University of lowa has provided additional funding to extend telecommunications
connections for an additional 3 months to allow more clinical experience, particularly in
collaboration with a large Emergency Department (ED) group practicing at one of the test-bed
sites. The application may also be modified to support specialty consultation within the Ul
Health Care environment itself.

TELEPSYCHIATRY CONSULTATION

Problem Addressed

In most rural settings the availability of mental health services is far outstripped by the demand
for such services. This is particularly true for rural elderly patients, a population in which
depression and other disorders are prevalent. While services can be provided in visiting
consultant (satellite) clinics, serious limitations exist with this model for both patient and
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provider. Telemedicine has the potential to improve access to services if acceptable to patients
and providers, if quality can be maintained and costs are comparable, or at least acceptable.

Project Scope

Prior to initiation of this study, the study investigator (Dr. Rohland) had been providing services
to each of the two proposed study sites though the University of lowa Clinical Outreach
Program. In the first year of the study, careful planning was directed at developing procedures
such as triage, on-site assistance, and outcome measurement at each of the two proposed
telemedicine study sites. In years two and three, Telepsychiatry services were delivered to one
new rural site per study year. In each of years two and three, the other rural site served as a no-
telemedicine treatment control group and patients at those sites received traditional face-to-face
services through the pre-existing clinical outreach program. After one year as a Telepsychiatry
demonstration site, the experimental site was converted to no-telemedicine treatment control, and
the no-telemedicine treatment control was converted to a Telepsychiatry demonstration site in a
crossover design.

Accomplishments

A cross-over design was successfully used with the two study clinics. Total clinical experience
was relatively low, but the quality of data collection was excellent.

Face-to-face and Telepsychiatry care was rated equivalent by patients judged on an array of
dimensions, and Telepsychiatry was judged preferable by patients by in several others.

Clinical status and outcomes at the end of the cross-over period were judged to be comparable
between the two methods of delivery.

Lessons Learned

No significant, pervasive, or consistent technical problems were experienced during the course of
the study. Having the assurance of consistent, reliable, and immediate access to technical
expertise and support (provided through the Telemedicine Resource Center) was essential to the
success of this project. Such support will be important in order to recruit and retain both
physicians and patients to the use of this technology.

Financial barriers present the greatest obstacle to the widespread implementation of
Telepsychiatry in rural areas. It is doubtful that local sites would have supported the costs of
equipment and transmission had it not been provided through grant support. Furthermore, third
party reimbursement would not have covered nurse or physician services that were provided
under the auspices of this project. Because our telemedicine nurse traveled to both the face to
face and the telemedicine sites, costs of transportation were incurred at both sites. For an
ongoing program, contracting with a local provider for on-site clinical coordination and support
would have eliminated the cost of transportation to the telemedicine site.
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Most rural delivery systems are fragile. Telemedicine should be considered as an ancillary rather
than a primary service; it should seek to supplement or support local resources rather than to
replace, substitute or compete with them. If the introduction of Telepsychiatry by an outside
provider erodes the financial base of local providers, local resources will be difficult to maintain
and the community will become dependent on a distant service provider who may not be
committed to the overall well being of the local community. Local providers (and patients) may
be reluctant to embrace Telepsychiatry (or other telemedicine services) if they are uncertain of
the commitment and endurance of the providing agency. Furthermore, telemedicine is unlikely to
be supported by local care providers (including referring entities) if they perceive it as being
competitive to existing local resources, particularly services that they themselves provide. In the
preliminary planning stages, local providers at potential telemedicine sites expressed willingness
to refer only patients that represented a financial loss to the local provider (no third party
coverage, or to groups of patients that were covered under a capitated contract that was deemed
inadequate by local providers such as prison consultation and forensic court ordered
evaluations).

An on site clinician (e.g., a nurse) is essential to the quality of Telepsychiatry. Although it raises
concerns regarding confidentiality, it is essential for a clinical staff person to be present with the
patient during the telecommunication. They must be able to trouble shoot technical problems
(such as turning up the sound or refocusing the camera) as well as being prepared to address
psychiatric emergencies such as threats of suicide or violence. At one of our sites, a patient
expressed the intent to blow up a local electric company vehicle during the course of the
evaluation. Appropriate (and immediate) follow-up would have been difficult had an on-site
nurse not been present during this communication. The cost of an on-site provider, in addition to
the telemedicine provider, is not likely to be reimbursed. Hence, telemedicine should not be
promoted as cost saving. If done with an acceptable standard of clinical quality, it may be more
expensive than traditional services. The primary advantage of telemedicine is that it provides a
means to increase access to necessary or desirable services by patients who would otherwise not
receive services or be underserved. Telepsychiatry should be viewed as an ancillary as opposed
to a primary mechanism of service delivery in the provision of psychiatric services to persons
who live in rural areas.

Administrative costs of scheduling and record documentation appear to be comparable to face-
to-face assessment. However, it is important for measures to assure confidentially in the transfer
and receipt of medical information via video transmission to be in place.

Telemedicine is an acceptable alternative to traditional face to face services by physicians,
patients, and family members when it offers an advantage of convenience and/or cost over
available alternatives. When patients have an established relationship with a treating
psychiatrist, they appear to be willing to receive continuing services via telemedicine and appear
to be able to do so without adverse consequences.

Plans for Continuation
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Dr. Rohland has secured additional funding to continue telemedicine research in Texas. Dr.
Flaum is working with state agencies such as the Department of Corrections and lowa Medicaid
to study use of telemedicine in these specific patient populations.

DIABETES EDUCATION

Problem Addressed

A number of studies and experiences have shown that education plays a major role in the
outcome of patients with chronic illness. Recently reported data from diabetes intervention trials
have demonstrated improved functional status with fewer complications when patients can more
tightly regulate their blood glucose levels over time. At the same time, access to education about
chronic illness is highly variable, particularly in remote settings, where specialized practitioners
are unlikely to practice. Additionally, fewer health care resources are available for
individualized patient education because of the declining financial performance of many
hospitals and health systems. Alternative approaches are needed for patients with chronic
illness, perhaps through the application of new and emerging technologies.

Project Scope

The objectives outlined in the proposal focused on computer-assisted instruction
(CAJ) and its potential as a cost effective way to help diabetes patients in rural lowa better
understand and subsequently manage their disease.

Two approaches have been pursued. The first involved developing systems to support in-home
education through devices connected to the Internet, particularly the WWW. The second
involved using targeted on-demand video to supplement instruction that occurs in the hospital
and clinic setting.

Accomplishments

A WWW-based diabetes community application has been developed and refined. This
application includes a specialized database of information, a community forum, and a messaging
system. The system is under study using a control group with cross-over design.

A detailed study of user preferences was performed by directly comparing two different WWW
access platforms, the WebTV and the Apple iMac. While both appear to provide reasonable
basic support for some functions, many characteristics important to the educational experience
strongly favor the all-in-one iMac computer platform.

A working prototype of an enterprise-wide video file-server has been developed and populated
with a variety of diabetes related materials in support of the project. This application, dubbed the
UI Health Care/NLM Cineplex is in the early phase of patient testing. In its current
configuration it will determine basic demographic information about the user, present a
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catalogue of relevant materials, display TV quality video and permit post-viewing queries to the
user. The system will allow up to 100 simultaneous user to access the system.

Lessons Learned

The types and amount of information available to patients and health care consumers has
exploded since the beginning of this contract. A patient with diabetes in lowa using the Internet
is able to access information from all over the world. However, in order for this access to care to
be optimally used and appropriately incorporated into local care, the information system should
be part of a larger information "community" in which communication with care providers and
other patients is an intrinsic part of the system.

The current technology environment is a difficult one for those who seek to improve access to
information for patient communities. Changes in platform, software systems,
telecommunications options and even basic programming language all impact on the route that
development of systems may take. This occurs even when "off-the-shelf" solutions are favored
and utilized. The net effect is one of frequent re-direction of effort, re-engineering of approach,
and exhaustion of human resources and project momentum.

Once systems are developed and ready for deployment, a great deal of effort is needed to assure
that proper training and ongoing support have been allocated, designed and made available to
patients and their families. This is particularly true for those who by virtue of age, experience or
financial status are unfamiliar with advanced technology. The incremental effort needed to
connect the unconnected among us in the future will be considerable. Hopefully, with the
passage of time the expectation of access to information resources will replace technophobia and
re-establish a new baseline of user requirements.

Plans for Continuation

The University of lowa has provided funding for additional telecommunications services to
complete the cross-over study. Once validated, the Living with Diabetes format will be used to
develop Internet communities for a number of chronic disease patient populations, such as
cancer, asthma and others. The Cineplex application is being rolled out in the next month for
patients and UI Health Care staff.

HOSPITAL SCHOOL

Problem Addressed

Among the estimated 50,000 to 70,000 children in the state of lowa who have disabilities, there
is a host of primary diagnoses including neuromuscular disorders, myelomeningocele, Down
syndrome, mental retardation and other types of chronic health concerns. For those with more
severe disabilities, these primary diagnoses are frequently compounded by secondary disorders,
including chronic health problems resulting from the etiologies of the primary disorder and/or
associated problems such as self-injury. Despite the high quality primary care and services to
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children with disabilities in Iowa, a significant number of these children exhibit complex
anatomical, physiological, and/or behavior problems that require expert interdisciplinary
evaluations and care planning that frequently are unavailable in their local communities.

The project was developed to test the potential of the lowa Communications Network (ICN), a
statewide fiber optic system, to assist the UHS to provide these selected tertiary level services in
a manner that is optimally efficient for parents of the patients, community care and service
providers, and UHS staff. An ICN studio was constructed at UHS and became operational in
March, 1996. The studio is designed to provide optimum flexibility for live, fully interactive
clinical service delivery.

Project Scope

This project was designed to evaluate selected clinical services that are now provided on site in
UHS that can be provided by this telemedicine approach. The primary questions of this project
focus on:

What types of selected clinical services or components that are now provided on site at UHS can
be offered over the ICN effectively?

What is the satisfaction and reported effectiveness of providing telemedicine consultations to
children/families and providers in a rural state in the view of families and their providers?

Accomplishments

During the performance of this project, the investigators have:

» Designed and tested the necessary procedures, protocols and processes to effectively deliver
consultation through telemedicine to defined populations of children with disabilities.

> Evaluated the effectiveness of telemedicine consultation using a rigorous case-control design.

» Demonstrated that telemedicine consultation was at least as effective as face-to-face
consultation from the perspective of patients, parents and providers.

» Demonstrated a substantial economic benefit to families and the agencies that support them
by reducing costs related to travel expense and lost productivity.

Lessons Learned

The following factors are key lessons learned and the major issues in enhancing the success of
telemedicine in this project for children and families in rural lowa:

» Collaborative and mutual development of clinical evaluation protocols is essential to success.
» Local coordinator of scheduling familiar with local professionals and agencies is necessary.
» Specific agenda for the telemedicine consultation prepared in advance insures quality.
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» Discussion of recommendations for treatments during the telemedicine consultation fosters
‘best practices’.

» Demonstration of evaluation/treatment procedures by professionals at both sites promotes
learning.

» Timely scheduling of requested consultations and evaluations is a key to successful local
acceptance.

» Quality and reliability of technical infrastructure of video connections is needed.

» Adequacy and timeliness of written clinical reports following telemedicine consultations
insures acceptance.

» Prior training of local community-based professionals with telemedicine procedures is
imperative.

» Confidentiality of studio locations is central and must be maintained.

» Pre-determined agenda for telemedicine sessions with designated manager at respective sites
promotes a smooth clinical experience for all.

» Preliminary introductions of all telemedicine participants — social etiquette is important.

Plans for Continuation

The following will occur as a result of the contract work:

Incorporation of telemedicine consultation and evaluation model as part of the regular clinical
service venue.

Hosting a meeting (October 1999) with all 15 directors of Special Educational Services (service
system for special education for the entire state of lowa providing services for all of lowa’s
school-age children and youth with disabilities — all types) and development of a statewide
partnering of telemedicine services.

Consultation with the Child Health Specialty Clinics (CHSC), the state Title V program for
children with special health care needs. We anticipate the collaborative development of new
telemedicine consultations in concert with this state/federal agency. Plans are currently in
process for new telemedicine sites and services: Feeding Disorders in Children with Special
Needs, Down Syndrome Clinic, Children with Specialized Nutritional Needs, Postural/Support
Service (special mobility, seating consultation), Specialized Consultation for Severe Behavioral
Disorder (Des Moines Public School System in central lowa) and Children with Pain (Juvenile
Rheumatoid Arthritis).

Continue to offer consultation services with the four care teams.
PATIENT CONFIDENTIALITY, SECURITY AND INFORMED CONSENT

The projects were carried out using a variety of computing and telecommunications approaches,
including video (Disabled children consultation, Psychiatry consultation, echocardiographic
transmission), WAN (Emergency Department support), and Internet (ED support, Diabetes
education).
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For video related projects, two approaches were taken. First, point-to-point ISDN has the same
circuit security as a telephone call, with the added security of being a digitally encoded signal,
requiring a decoder for use. For switched DS3 service on the lowa Communications Network,
transmissions were “blacked out” electronically and not viewable by telecommunications
personnel.

For WAN applications used in the Emergency Department Support project, security and
confidentiality was maintained using Windows NT challenge/response logon validation, digital
certificates, and secure socket layer Internet protocols.

For the Diabetes Education project, in which security and confidentiality were of lesser concern
(given the nature of the project), the experimental website was an unpublished URL and only
patients participating as study subjects were registered to use its functions. If the system did not
recognize the user’s profile and IP address, access to the site would be denied. The site was
moderated and monitored by study personnel.

Patient confidentiality was assured using existing policies and procedures in force within each
hospital as related to privacy, medical record security and access to records. Each actively
participating patient provided informed consent and each project was reviewed by the IRB at the
University of lowa.

CONCLUSIONS

Based on our collective experience gained during the current NLM contract, we offer the
following brief and general conclusions:

Considerable economic benefit is provided to patients and their families by the improved access
to specialty services and avoidance of costs associated with travel. When considered in the
context of the clinical effectiveness of telehealth services, the case for telemedicine is even more
compelling from the patient perspective.

For providers of specialty health care services, the value of the proposition is less clear, and may
vary considerably from one clinical application to the next. Given the lack of routine
reimbursement for telehealth services and the fact that the most significantly demonstrable
economic value goes to patients and families, benefits for telemedicine service providers in the
current environment are less obvious and must be viewed from a broader health system
perspective. This perspective must take into account the favorable impact telemedicine
programs may have on referral and other relationships. The extent to which telemedicine is
viewed as one of several tools for clinical relationship-building and patient care will determine
whether decision-makers continue to support telemedicine programs when external funds
terminate or are otherwise unavailable. Given the results of our current and past projects (and
others), we believe that telemedicine is "safe and effective" and should be made available to
patients and reimbursed on the same basis as traditional health care services. While the federal
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government has taken a few halting steps in endorsing this position, much more leadership is
needed to put telemedicine on an appropriate footing in the health care system.

The implementation of telemedicine may prove to be difficult. The least of these difficulties is
technology. Education, support, motivation, and training of providers are critical. The need to
recognize and mitigate political and social factors that stand in the way of success are often
ignored, at considerable peril. The incentives needed for full participation and evaluation of
telemedicine are not yet present, particularly in the area of payment for service. We find
ourselves in a "no job without experience and no experience without a job" situation. The
somewhat slow and cumbersome efforts toward the documentation of telemedicine outcomes
has created the (we believe) false impression that telemedicine doesn't work. Under the
leadership of the NLM, and with assistance from entities such as the Institute of Medicine, a
more accurate picture of telemedicine is emerging.
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FINAL REPORTS FOR NATIONAL LIBRARY OF MEDICINE
CONTRACT NO01-LLM-6-3548

TELEMEDICINE RESOURCE CENTER, SUSAN ZOLLO, M.A., DIRECTOR.
Introduction

Telemedicine is a diverse, multi-disciplinary activity that benefits from the input of primary care
providers, consultants, patients and families, researchers, policy makers, telecommunications
specialists, and many other individuals and groups. Small, rural, and underserved hospitals,
although enthusiastic about the potential of telemedicine, are often overwhelmed by the number
of people, processes, and technological installations required to build a high speed
telecommunications network for the exchange of complex data and video applications.
Academic health centers, often the hub of such networks, have become more and more
specialized, departmentalized, and fragmented causing additional challenges to the
implementation of fully integrated, collaborative, and need-driven networks. Finally, the larger
telehealth environment has introduced overarching challenges such as limited reimbursement,
complex telecommunications legislation, interstate licensure restrictions, liability and patient
confidentiality issues, and competitive hospital alliance building to this already volatile mix. A
coordinating entity, such as the Telemedicine Resource Center developed at The University of
Iowa, can work with both the academic hub hospital and rural telemedicine partners to ensure
smooth communication, need-based services, technical support, end-user training and advocacy,
evaluation of provider and patient satisfaction, and monitoring of the national telemedicine
environment for both providers and patients involved in telemedicine. This report will outline
the organization, development, goals and services of The University of lowa’s Telemedicine
Resource Center.

Staffing and organization

The Principal Investigator of the Rural Telemedicine Lab is Michael G. Kienzle, M.D., Associate
Dean for Clinical Affairs and Biomedical Communications, and Professor of Internal Medicine
at The University of lowa. Staffing of the Telemedicine Resource Center began in June of 1994
with the appointment of the Resource Center’s Director. Staff positions were filled according to
the level of effort requirements stipulated in our contract and in support of telemedicine
development at The University of lowa. Staff members include the Director, Project
Assistant/Accountant, Evaluation/Outcomes Coordinator, Technical and Systems Manager, and
Secretary.

The team approach to staffing the Telemedicine Resource Center has facilitated implementation
of this large, multidisciplinary program at The University of lowa. In addition to the specific
deliverables outlined in our contract, the Resource Center team has been an information resource
for many facets of telemedicine program development at this institution, including the lowa
Department of Corrections and home health telemedicine programs; health professionals training
programs for new data and video technologies; establishment of the Resource Center as an
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information and referral center for telemedicine; integration of telemedicine into the health
sciences curriculum; and participation in lowa’s telemedicine Medicaid reimbursement program.

Administration, Coordination, Communication

The following list summarizes the major responsibilities of the Telemedicine Resource Center at
The University of lowa:

» Administer, coordinate, and facilitate communication among telemedicine projects,
telecommunications services, remote sites, and evaluation activities;

» Serve as the liaison to remote hospitals in our telemedicine network — provide end-user
advocacy, training, and technical support to networked hospitals;

» Collect and manage utilization data for a variety of Ul telemedicine programs and generate
reports as requested;

» Provide teaching, training, internships, and practica opportunities for University of lowa
graduate students, medical students, and residents interested in learning about telemedicine;

» Host/train visitors to our telemedicine program from around the U.S. and from foreign
countries;

> Serve as an institutional resource on telemedicine to Ul and outside entities;

» Administer all equipment requests, subcontracts, budgets, and consultant agreements for
project directors;

» Use the telemedicine infrastructure and lessons learned to build out telemedicine services at
The University of lowa;

» Utilize NLM R & D projects to perform cost and viability studies for telemedicine;

» Disseminate information on UI’s telemedicine program and NLM telemedicine activities via
publications, presentations, the Web, newsletters, brochures, and other information
dissemination mechanisms;

» Monitor state & national telehealth policy and contribute to legislation on telemedicine;

» Provide collection development services for telemedicine materials and make them available
to users of Hardin Library;

» Contribute to the creation of a self-sustaining telemedicine program within the University of
Iowa by evaluating cost recovery, reimbursement, and fee-for-service options. (Attachment

1)

In order to facilitate communication among project directors, consultants, researchers, and
clinicians, standing meetings instituted for the first telemedicine contract were continued for
project investigators in our current contract. A monthly Executive Committee meeting was
scheduled as were bi-monthly telecommunications meetings. Individual ad-hoc meetings
between staff of the Resource Center and project directors were scheduled on an as-needed basis
to ensure optimum communication regarding budgets, equipment purchases, outcomes planning,
personnel, travel to remote hospitals, training, and computer support. A monthly calendar of
NLM events, meetings and travel was distributed to all project participants and made available
on our Intranet site. Documentation made available through the Resource Center includes contact
information for rural hospital liaisons; location information and IP addresses of all remotely
deployed computers, hubs, and routers; correspondence between hub and telemedicine hospitals;
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records of phone contacts; travel summaries; and other information relevant to project
participants.

In the first month of the project, TRC staff reviewed contract deliverables and formatted them
into timeline grids. The timelines were distributed to the project directors for each clinical
telemedicine service to ensure timely compliance with implementation of this project's overall
goals and objectives. Notebooks were assembled for each project director outlining reporting
requirements, Ul procedures for requesting approval to conduct patient research, diagrams of our
existing telecommunications infrastructure, and information about the National Library of
Medicine.

The TRC prepared a briefing booklet that described our NLM telemedicine award, provided
abstracts of our newly funded clinical telemedicine services, delineated our telecommunications
infrastructure, and summarized our new contract deliverables. This booklet was distributed to our
remote telemedicine sites as well as to local media and individuals and entities contacting our
program for information about our telemedicine services and programs. (Attachment 2.)

A UI Motor Pool car was reserved to facilitate frequent travel to the remote hospitals for year O1.
To avoid disruption to the remote hospitals, project directors were encouraged to combine travel
plans whenever possible.

Finally, an evaluation summary was prepared based on the general guidelines established by the
Institute of Medicine in their Report, Telemedicine: A Guide To Assessing Telecommunications
in Health Care. (Please note: Any data collection activities and surveys that were performed by
this project reflect University of lowa Health Care Quality Assurance guidelines. No NLM
funds were used to support any surveys or data collection activities that would violate the Office
of Management and Budget’s oversight of the Paperwork Reduction Act.)

Telecommunications network, computing, and troubleshooting support

(See also Telecommunications Section of this Report.) Under the terms of our first NLM
contract, there were ten hospitals connected to the Ul telemedicine network. Our second contract
allowed us to build on the infrastructure that was already in place. The network for our current
contract includes: Genesis Health Systems in Davenport, Ottumwa Regional Health Center, Van
Buren County Hospital in Keosauqua, Burlington Medical Center, Grinnell Regional Medical
Center, Henry County Health Center in Mt. Pleasant, Jefferson County Hospital in Fairfield,
Keokuk Area Hospital, Muscatine General Hospital, and Washington County Hospital. Since the
development of the original network, the Telemedicine Resource Center has developed a number
of initiatives which have led to continued network expansion and growth. In addition to the
hospitals listed above, we have now added to our network hospitals in Ft. Madison, Perry, Des
Moines, and Manchester for a total of fifteen hospitals including the UTHC.

Iowa is fortunate to have the nation’s first and only statewide fiberoptic infrastructure available
for educational and health-related applications. With points of presence in all 99 of lowa’s
counties and over 600 endpoints currently connected, the ICN remains a major leader in
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worldwide telecommunications. However, due to the expense of developing and sustaining a
DS3 network connection to local hospitals, (sometimes referred to as the ‘final mile’
connections), the Ul requested and received permission from the NLM to build a point-to-point
T1 network to each of the hospitals from the lowa Communications Network (ICN) hub in Des
Moines. It has been estimated that, although we are not using fiberoptics for the final mile
solution to connect remote hospitals, circuits purchased through the ICN have saved our project
about 1/3 of the connectivity costs when compared to circuits provided by other
telecommunications carriers. The T-1 bandwidth has proven to be more than adequate to
provide high-speed, high-resolution connections from the Ul labs where the projects were
developed to designated sites in the remote hospitals. The network infrastructure developed for
this program has been extremely reliable.

TRC staff identified requirements to provide optimal administrative and technical support
services to their local and remote network colleagues. One of the most important tasks was to
provide access to a secure server for electronic mail; file sharing for such distributable items as
agendas, minutes, schedules, reports, etc.; a World Wide Web (WWW) site for the Resource
Center and affiliates; and listserv capability for announcements and discussion forums. To that
end, the TRC placed into production a Microsoft NT network server with the following hardware
and software: Hewlett-Packard NetServer; LX Pro Dual-processor; Pentium Pro 2XP6/200;
128M RAM; 2X1G EIDE hard drives; 4X4G SCSI 'hot-swappable' hard drives; APC Smart
UPS; and 2200 Microsoft NT Server Software, version 4.0. The Microsoft NT server was
installed and mirrored on two 1-gigabyte EIDE hard disk drives. Three 4-gigabyte hard disk
drives were configured using RAID 5, a format also known as disk striping with parity. This
configuration yields 8-gigabytes of useable storage. One 4-gigabyte hard disk drive is held in
reserve. The server was plugged into an APC UPS in order to provide a stable power source as
well as capability for an orderly shutdown in the event of a power outage.

As an adjunct to the email server, The University of lowa's Telemedicine Intranet site was
created to further facilitate information sharing among the many projects and participants
involved in our NLM contract. The Intranet site was developed as a low cost alternative to
distributing and mailing paper correspondence and project news and updates. It also allowed the
Telemedicine Resource Center to revise contact lists, calendars of events, and other items of
general interest in a timely manner. The site was developed using a recycled Apple Macintosh
Performa 6115CD. This computer was previously used by the Telemedicine Resource Center's
Editorial Associate to develop the Health Connections newsletter and other telemedicine project
printed materials. Additional memory was added to the computer and the shareware software
Quid Pro Quo was downloaded and installed from the Internet. The HTML markup was done
using Claris Home Page version 2.0. Adobe Photoshop was used to develop the graphical
interface. To access the Intranet site type in the following Uniform Resource Locator (URL)
http://128.255.81.29/insite/home.html.

Finally, in order to maintain optimal functionality for the workstations located in our
telemedicine sites, we continued making available our toll-free line in the Telemedicine
Resource Center for end-user technical support. (1/800/606-4517.) Support was available to the
rural hospitals between 8 and 5, Monday through Friday - i.e. normal working hours. Timbuktu,
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which is software used to control distant workstations on a network (i.e. up to 90 miles away in
one case), was installed on all computers in the remote hospitals. In so doing, we were able to
minimize downtime and be very responsive to problems that end-users brought to our attention
over the phone. Numerous software fixes that might otherwise have required a site visit requiring
up to an entire day of travel were executed successfully in a matter of minutes using Timbuktu.
Because of this strategy, end user satisfaction with workstation performance was enhanced.

Data Management

The TRC provided telemedicine data collection and data management services to projects that
did not have a Research Assistant. The Research Coordinator in the Telemedicine Resource
Center created a model for project data collection and management that is also being utilized in
non-NLM projects as telemedicine service expands within the institution.

Telepsychiatry

Development of the Telepsychiatry database began by determining what patient information
would be collected and for what purposes it might be analyzed and reported on in the future. Ul
clinical evaluation instruments for patient consultations were reviewed as were patient records
that included demographic and appointment information. These data elements formed the basis
of the variable field definitions for our telemedicine databases. The patient satisfaction data
collection instruments used in this project were: Process of Care Logs (initial intake and
following visit); CORM satisfaction survey (Clinical Outcomes and Resource Management);
GAF (Global Assessment of Functioning) score; and the Mini Mental Status Exam (MMSE).
These instruments are part of UI’s existing quality control and patient satisfaction evaluation
mechanisms and since no NLM funds were used for their development and distribution, they are
not in violation of the OMB’s Paperwork Reduction Act.

After defining and selecting appropriate fields from existing data capture instruments, tables
were created in Microsoft Access and forms were designed to facilitate report generation. Two
separate forms were created for the data in the Access database. The first form includes patient
demographic data gathered from Informm. These data usually do not change from visit to visit.
(Figure 1)

The second form includes clinical data from the visit. (Figure 2) All instruments used during the
individual patient interaction can be recorded on the same Access form.

The screen capture in figure 3 displays patient data queries. The database administrator can
choose a query, select the data, then copy and paste into an Excel spreadsheet for representation
via graphs or charts. Patients’ names are not included in this database. Hospital numbers were
used so that demographic and consultation information could be obtained from the medical
record. The database administrator was required to fill out a confidentialty statement prior to
adding patient information to the database.
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The Telepsychiatry database has been used in the preparation of several presentations, reports,
abstracts, and articles for Dr. Rohland and other Telemedicine staff at The University of lowa.
The final data set for the project was forwarded to Dr. Rohland, now on the faculty of Texas
Tech University.

Problems encountered in data collection for Telepsychiatry.

One of the administrative problems encountered during implementation of the Telepsychiatry
project involved scheduling miscommunications between the Washington County Hospital
(remote site) and the University of lowa Clinical Outreach Department (hub hospital). Clinic
patients who rescheduled or canceled appointments were contacting the Washington County
Hospital scheduler and these changes were not being passed along to UIHC tele-psychiatry staff.
This resulted in unanticipated no-shows or, conversely, patients showing up in their local
hospital only to find that the UI psychiatrist was unavailable to provide telemedicine service
from UIHC because no one had been notified of the ‘add-on’ appointment. After some
investigation, it was discovered that WCH had experienced significant staff turnover among their
schedulers, and new staff were not being properly trained in telemedicine protocols and
procedures. Although this situation was remedied once the problems were identified, the
crossover design was implemented soon after, and some of the same scheduling problems
occurred in Keosauqua. The key to solving this problem, as is often the case with telemedicine,
was improved communication and proactive problem-solving between the provider and recipient
sites.

Additional challenges had to do with facility preparation for telemedicine at the remote sites.
For example, in Washington a renovation project that included the telemedicine suite was
delayed because of unanticipated structural problems beyond the control and scope of the
telemedicine project. The lesson learned in all cases has been that Telemedicine planners may
have to respond proactively to unanticipated obstacles at the remote sites over which they may
exercise little or no control. Again, communication and documentation are key to handling these
challenges when multiple entities, facilities, and staff members are involved.

Future data collection activities for telemedicine

The development of the Microsoft Access databases for the NLM Telepsychiatry project and the
programmatic lessons learned along the way have allowed the Telemedicine Resource Center to
better support new and expanding telemedicine services under development at University of
Iowa. For example, much of the clinical data being collected by The University of lowa at the
present time is being generated by UI’s telemedicine service to the state’s correctional facilities.
Figure 4 shows the database created by the TRC for capturing this clinical data.

The Microsoft Access database shown in Figure 4 is currently maintained for entry and analysis
of demographic, clinical, and physician satisfaction data from the Prison Telemedicine Program.
Data is entered from three sources: 1) the Informm system; 2) a patient encounter form; and 3)
an annual physician satisfaction questionnaire collected from referring and consulting
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physicians. Demographic information, diagnosis codes, and follow-up actions are available for
evaluation and comparison with both on-site and Outreach visits.

Data from TRC databases have been used to create several types of reports for UI Health Care.
Attachment 3 provides an example.

Pediatric Genetics

Building on our NLM project-based Microsoft Access experience, a database was also developed
for Kim Keppler, M.D. for her pediatric genetics counseling service. Dr. Keppler participated in
an lowa Medicaid Reimbursement project to collect clinical data that could be used to evaluate
whether telemedicine is a viable and efficacious way to provide such service. Participation in the
Medicaid Reimbursement project required consulting and referring physicians as well as patients
and families to fill out several forms. Again, TRC staff were able to replicate the forms in an
MS Access database for easy data capture and report generation for the lowa Department of
Health and Human Services, the entity that administers the Medicaid Pilot Telemedicine
Program. Brief analyses of preliminary data were also used to prepare various presentations and
abstracts for Dr. Keppler.

Institutional Review Board

Another advantage of having a Research Coordinator overseeing telemedicine R & D activities is
that this person can advise physicians on the process of Institutional Review Board (IRB)
procedures and approvals. Because telemedicine is somewhat outside the scope of more
traditional IRB requests, the Research Coordinator has been able to serve as an advisor to faculty
and staff from many departments and projects who are applying for telemedicine IRB approval
within the institution. Rather than having each physician try to figure out a workable approach
on their own, the Telemedicine Research Coordinator was able to provide a model or template
for new investigators.

In summary, we believe that a centralized facility for telemedicine research can effectively assist
the institution in 1) identifying and overcoming some of the administrative barriers to
telemedicine 2) standardizing data collection and reporting procedures; and 3) utilizing lessons
learned to assist new telemedicine programs to become fully functional.

Integration of Telemedicine into Health Sciences Curriculum

It has been suggested that one of the best ways to ‘mainstream’ telemedicine is to incorporate it
into the health sciences curriculum. In this way, health professionals going out into the field will
be able to teach practicing physicians and other clinicians about the potential benefits of
telemedicine for primary care providers and their patients.

To date, individual classes on telemedicine have been taught to Ul students in Medicine,
Nursing, Biomedical Engineering, Health Informatics, Library and Information Science, and the
Business College. In addition to classes, the Telemedicine Resource Center has been approached
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by several programs seeking practica for their students. Since the telemedicine program’s
inception in 1994, several Ul students have completed practica at the Telemedicine Resource
Center, taking advantage of faculty and staff expertise as well as the wide variety of telemedicine
applications (both clinical and R&D) currently underway at the UL. Modules on
telecommunications, administrative issues, clinical applications, on-line library services, and
tele-education have been incorporated into these practica so far. The TRC has trained students
working toward their Ph.D. in Nursing and students working toward graduate degrees in
Educational Technologies and Library and Information Science. Practica have been customized
so that students are not only earning credit hours, but come away with a practical knowledge of
everything from how managed care and reimbursement impact telemedicine, to how to turn on
the equipment.

UI’s Physician Assistant Program, ranked fourth in the U.S. by News Online, Best Graduate
Schools of 1998, was the first to formally incorporate telemedicine into their curriculum. (Figure
5) The classes (four 2-hour sessions) were taught in the beginning of the Spring semester, 1999
by the Director of the Telemedicine Resource Center and a number of faculty and staff involved
in telemedicine or related activities. In addition to overviews of telemedicine, there were sessions
on UI’s Computer Based Patient Record project, (taught by James Flanagan, M.D.) and a session
on ethical issues in Telemedicine (taught by Preventive Medicine Project Associate, Jeff
VandeBerg, M.A.). The last session included a live telemedicine interaction between Van Buren
County Hospital in Keosauqua, and UI faculty psychiatrist, Barbara Rohland, M.D., who began
Telepsychiatry at UI with her NLM-funded project with Washington and Keosauqua, [A. A
patient simulation exercise included use of a digital stethoscope which allowed the PA students
to hear the heartbeat of a patient who was about 90 miles away.

Hosting Telemedicine Investigators from Other Institutions

“I believe telemedicine is, by definition, a global enterprise. We consider ourselves to be a
national and international program.” -- Michael G. Kienzle, M.D., 1996.

Since October of 1996 we have had seventeen international visitors from countries such as
Japan, Taiwan, Russia, Israel, Wales, Venezuela, India and Germany. Some of our guests were
part of well-established telemedicine programs and were interested in our projects participating
in an informational exchange. Others wanted to begin their own telemedicine programs and
were in an initial, information-gathering phase.

Our challenge was to prepare itineraries ( Attachment 4) for our visitors fashioned around their
expressed interests, giving them maximum amount of information in a minimum amount of time.
Areas of interest ranged from general rural telemedicine to computer-based patient records to
Telepsychiatry. By hosting a number of national and international visitors to our telemedicine
program, we have tried to assist others who are just getting started in this field.

It continues to be our pleasure to host international telemedicine representatives participating in
this truly "global enterprise."
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Budget and Equipment Oversight

The accounts manager for the TRC provides oversight of investigator budgets by coordinating
and overseeing all project budgets and accounting issues related to the contract. This includes
obtaining Contracting Officer Authorizations (COAs) to expend funds not in the original
proposal or request equipment purchases over $1,000; reconciling statements of accounts;
tracking all expenditures and producing detailed monthly expense reports for investigators;
overseeing monthly billings from the ICN and other telecommunication providers serving our
remote hospitals; providing utilization information (cost per minute line charges) for project
directors and staff; managing salary data and verifying level of effort; ensuring correct
processing of requisitions for supplies and equipment orders; and troubleshooting problems for
grant accounting and other UI departments.

Beyond the scope of the NLM projects, the value of having a telemedicine accounts manager is
that this person can provide the institution with such services as: budget projections for
investigators new to the telemedicine field; documentation of telemedicine cost data requested by
UI administrators for annual reports and budget justifications; equipment and staff costs for
developing future telemedicine projects and grant applications; and coordination of institutional
telemedicine purchases to avoid duplication and gaps in infrastructure development.

Telemedicine Information Dissemination.

In addition to our Web site, presentations, press releases, and publications, the TRC uses a
number of information delivery mechanisms to ‘get out the word’ on telemedicine.

Newsletter

“Health Connections” is a quarterly newsletter distributed to healthcare providers and educators
at the University, state, national, and international levels. (Attachment 5) Staff from the TRC
research, write, edit, design, and desktop-publish this newsletter. Articles focus on telemedicine
projects funded by the NLM and other Ul telemedicine projects that have developed, many of
them as a result of the investment that the NLM made at this institution. Another information
dissemination mechanism is our web site which offers electronic access to our newsletters,
progress reports, and other information about our projects and other relevant publications and
links. (http://telemed.medicine.uiowa.edu).

Cost Studies and Other Telemedicine Reports

In order to establish UI’s Telemedicine Resource Center as a statewide resource for telemedicine
activity, the TRC has produced a number of reports on telemedicine-related topics. Examples of
such reports include: two annual reports for UI’s clinical telemedicine services to the state’s
nine correctional facilities (Attachment 3 is the most current); the lowa Telehealth Directory
describing current telehealth activity around the state (Attachment 6); a Business Plan for
Telemedicine (Attachment 1); and various PowerPoint presentations describing national and
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local telemedicine initiatives. (For examples of PowerPoint presentations, please view the home
page on our web site http://telemed.medicine.uiowa.edu)

Telemedicine Information Dissemination

The TRC has produced a number of brochures, videos and informational materials on
telemedicine which are made available to the general public upon request. These items are
compiled into ‘information packets’ and distributed to anyone requesting information about our
program. Information packets include brochures, newsletters, a project video, reprints, and
articles written about our project. (Attachment 7 includes our brochure. Other items are pulled
from Attachments 1-6 in this section.)

Lessons Learned

» Telemedicine should be driven by the need for service, not the love of technology. Perform a
needs assessment before you begin planning a telemedicine program . If a program is not
driven by need, participants will not be motivated to keep it going when external funding is
no longer available. The needs assessment should include surveys of patients and families,
primary care providers, and consultants. In addition, prepare cost estimates, cost projections,
and cost benefit analyses to convince your hospital administrator or CFO that the program is
economically viable and cost-acceptable.

» Address motivational issues for the specialists who participate in telemedicine. Most
academic physicians have many clinical, educational, administrative, and research demands
on their time already. Look for ways to integrate telemedicine into the consulting physician's
existing clinical practice patterns. Keep video and computer equipment located as close to
practitioners as possible; integrate teleconsults into physicians' existing patient schedules;
tape instructions to all workstations and hardware; provide contact information for 24 x 7
technical support.

» Be an advocate for telemedicine in your own organization. Describe the benefits and
experience of other programs that are fully operational and provide benchmarking data to
back up your claims. Keep in mind that clinicians want to hear about clinical viability, while
administrators may be concerned about the ‘bottom line.’

» Don't assume that because you can offer a service, all rural hospitals will want or need that
service. All small, rural, or underserved hospitals are not alike.

» Encourage all hospitals involved in a telemedicine network to select a 'telemedicine contact
person' or liaison who can direct traffic for your program and with whom you can
communicate on a regular basis. It gets very complicated when you have several hospitals in
your network that all receive different services. Good communication with your remote sites
is critical to the development of a strong and successful telemedicine program.
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> Build on existing partnerships and affiliations when you plan a telemedicine network . It's
difficult to maintain a telemedicine relationship when you don't have other mutual interests.
For example, patient referrals, shared economic perspectives, and primary care training
opportunities for academic medical centers might be some of the common goals that unite
hospitals of disparate size and budgets.

» As an adjunct to the preceding recommendation, also keep in mind that the health care
environment is volatile and in flux. Health care partnerships are continuously changing and
evolving. Yesterday’s partners may not be tomorrow’s partners, and if a telemedicine
contract has not been part of the relationship, have a contingency plan in place for building
new alliances.

» Use the least bandwidth possible in developing your network, without compromising the
speed and resolution you need to provide optimal patient care. Telecommunications is still
the major expense for many telemedicine programs. Build a network that is scaleable,
flexible, adaptable. Networks should be adaptable to changes in applications, services and
advances in telecommunications technologies.

» Use your network and video conferencing for as many types applications as possible —
clinical, educational, administrative. Because fixed costs (equipment) tend to be higher than
variable costs (line utilization), the cost per use will go down as you use the system more.
The costs saved to the institution by not having clinicians and administrators travel to remote
clinics, attend distant meetings, and receive CME and CE will be substantial.

» Train end users (primary care providers, patients and , consultants) on the use of new
technologies. Utilization may depend upon how well your target groups have been oriented
and trained.

» Keep your end-users in mind with every decision you make. The technology is so complex
and the number of participants so varied, it's easy to lose sight of what you are trying to
accomplish -- improving access to health care.

» Work at the state and national level on policy issues relating to telemedicine. Reimbursement
continues to be a major obstacle to incenting specialists to participate, especially with
Medicare cuts impacting academic medical centers. Without an eye toward a workable
business environment for telemedicine, improved health care for rural communities may
never become a reality.

» Develop a business plan to ensure that your program is need-driven, economically viable,
cost effective, and responsive to changes in the health care arena. Use the business plan to
create a sustainable program when external startup monies are no longer available.

» Don't view telemedicine as top-down with the academic hub serving as the provider and the
small hospital or clinic as the recipient of service. Primary care practitioners are playing an
increasingly important role in the training of medical students for family medicine in the new
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managed care environment. View the telemedicine relationship as a mutually beneficial
partnership and a collaboration.

» Standardize evaluation tools for telemedicine data collection. The evaluation process is
already hindered by the small number of teleconsultations performed to date. Collaborate
with other telemedicine programs to ensure that data collection techniques and surveys will
yield maximum results. Begin collecting data and documenting processes at the very
beginning of project planning and service implementation.

» Use timelines and provide regular updates when you’re communicating with networked
hospitals. Building a network is very labor-and time-intensive because of the number of
people and issues involved. (E.g. local and long distance carriers, equipment and hardware
vendors, hospital administrators and clinicians, local and national policy, the FCC, and so
forth.) It may not look to others that little progress is being made, because so much of the
effort is going on ‘behind the scenes.’

» Communicate with other telemedicine service providers on a regular basis via phone, email,
correspondence, or on-site visits. The number of issues that even seemingly disparate
telemedicine programs share in common has been truly amazing. Identify telemedicine web
sites, journals, publications, and presentations from which you can learn how others got their
programs up and running. Visit telemedicine programs that appear to be similar in scope to
your own and discuss how they overcame challenges and obstacles to implementation. There
is no better way to learn about this complex environment than to share 'lessons learned.'

TELECOMMUNICATIONS SERVICES. PATRICK DUFFY, PROJECT MANAGER.

Telecommunications Services designed, installed and maintained the NLM Testbed utilized by
contracts NO1-LM-4-3511 (April, 1994 — December 1997) and NO1-LM-6-3548 (October, 1996
— March, 2000). The NLM Testbed is an infrastructure that utilizes Wide Area Networking
(WAN), Local Area Networking (LAN) and Compressed Video technologies in order to further
the mission, goals and objectives of the two contracts. The Testbed, or Network's hub, is located
at the University of lowa Hospitals and Clinics, one of the nation's largest teaching hospitals.
The institutions involved in this Telemedicine Network are connected via WAN and or video
links to the hub.

The National Laboratory for the Study of Rural Telemedicine

Contract number NLM-NO01-LM-4-3511, hereafter called NLM I, was awarded to the University
of lowa on April 1, 1994. Michael G. Kienzle, M.D., Associate Dean for Clinical Affairs was
the Principal Investigator for the contract. This three-year telemedicine project initiated the
establishment of the National Laboratory for the Study of Rural Telemedicine at The University
of lowa.

Projects funded by the NLM I Contract included:
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The Virtual Hospital

Physiological Imaging

Enhancing Access to Health Information

Teleradiology

Enhanced Communication for the Acute Care of Trauma in Rural lowa.
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Rural-Academic Integration: lowa's Laboratory for the Study of Rural Telemedicine

Contract number NLM-NO1-LM-6-3548, hereafter called NLM II, was awarded to the
University of Towa on September 30", 1996. Michael G. Kienzle, M.D., Associate Dean for
Clinical Affairs was also the Principal Investigator for this contract. The contract period was
scheduled to expire September 30™, 1999, but was extended to March 1%, 2000, after receiving a
six month no-cost extension.

This contract further utilized the testbed developed by the NLM I contract. Projects funded by
the NLM II contract included:

» The Impact of Telemedicine on the Delivery of Psychiatric Services to Rural Areas

» Patient-Centered Multimedia Education for Individuals with Diabetes Mellitus: A Model for
Chronic Disease Self-Management

» Specialized Interdisciplinary Team Care for Children with Disabilities and Consultations to
their Community Service Providers

» Transmission and Interpretation of Pediatric Echocardiograms from Remote Sites

» Enhanced Communication for Acute Evaluation of Vascular Ischemia

Contract Reporting

NLM I Reporting. Telecommunications reports were submitted to the NLM on a quarterly and
annual basis for the NLM I contract. These reports can be viewed electronically at the
Telemedicine Resource Center’s web site:
http://telemed.medicine.uiowa.edu/TRCDocs/publications.html.

NLM II Reporting. In addition to quarterly reports and a final report, NLM II
Telecommunications accomplishments were summarized in a Phase I report, covering the period
October 1, 1997 — September 30, 1997. A version without attachments is available electronically
at the Telemedicine Resource Center’s web site:
http://telemed.medicine.uiowa.edu/TRCDocs/Pubs/Reports/index.html.

Purpose of NLM I Final Report. The NLM II contract operated successfully on the
infrastructure developed and maintained under the NLM I contract. This report focuses on new
developments or information that has changed or been modified since the NLM I final report.
Much of the NLM I infrastructure has been enhanced, new sub-projects were added, and video
capabilities are now included in our network. Historical and background information obtained
from the NLM I report will be included or summarized when appropriate. Lastly, a section on
"lessons learned" will be expanded to include new observations and anecdotal information.
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Institutional Overview

The University of lowa Hospitals and Clinics, ranked as one of the best hospitals in the United
States, partners with the UI College of Medicine to provide world-class patient care, health care
education, and biomedical research to the people of lowa and beyond.

This collaborative partnership, called University of lowa Health Care, encompasses the expertise
of highly trained specialists and the most sophisticated medical technologies available. Patient
care is provided within 16 medical specialties by more than 1,200 physicians and dentists, 1,300
nurses and 4,300 other professional and support staff.

As one of the largest university-owned teaching hospitals in the nation, the UI Hospitals and
Clinics annually records some 600,000 ambulatory clinic visits and over 40,000 patient
admissions. During the past fiscal year, University of lowa Health Care specialists provided
medical care to 528,732 Iowans from all 99 counties, more than 42,800 patients from Illinois,
8,442 patients from other states, and 180 patients from other nations.

Pediatric services are provided through the Children's Hospital of lowa, a state-of-the-art
pediatric facility within the UI Hospitals and Clinics.

All patients receive personalized health care in a friendly, people-oriented environment that
earns high rankings for the quality of care provided.

The UI Hospitals and Clinics has been named one of "America's Best Hospitals" by U.S. News &
World Report magazine every year since the inception of the survey a decade ago. As well, a
wide range of UI Hospitals and Clinics specialties are highly ranked.

More than 150 University of lowa Health Care physicians — half the physicians listed for the
entire state of lowa — are included in the "The Best Doctors in America" database. This database

identifies the best-trained, most experienced and skilled specialists in the United States.

Telecommunications Services --Departmental Introduction

UIHC Telecommunications Services (UIHC TS), headed by Director, Patrick Duffy, provides all
telecommunications related services and applications at the University of lowa Hospitals and
Clinics and affiliated outreach areas. UIHC TS offers a complete range of telecommunications
services supporting over 7,500 staff, 20,000 patients, visitors, vendors and others per day. UIHC
TS is also responsible for supporting approximately 16,000 voice devices, over 3,900 radio
pagers, and high-speed data services for over 8,500 end-user devices. In addition, they provide
over 50 distinct services in the areas of voice, data, video, paging, telecommunications center,
telecommunications management and consulting. See (Attachment 1) for details on all services.)

UIHC TS has an experienced staff of almost 50 full-time and contract employees, many of
whom have contributed to the success of the NLM project (Attachment 2). The management




Rural-Academic Integration: lowa’s National Laboratory for the Study of Rural Telemedicine. March, 2000
Michael G. Kienzle, M.D., Principal Investigator

staff on average have more than 15 years experience in the healthcare telecommunications
industry. They have focused on providing telecommunications solutions designed to meet the
diverse needs of healthcare providers, educators and researchers. In addition, these projects have
provided them with broad experience and exposure ensuring that they are able to respond
expeditiously to the rapidly changing healthcare environment.

The goals or purpose of the UIHC TS Department are:

» To provide the required telecommunications infrastructure and network necessary in an
increasingly competitive and rapidly changing healthcare industry.

» To provide required services in an environment devoted not only to patient care, but also to
teaching and research.

» To provide sufficient levels of redundancy in facilities and network to prevent loss of service
due to an outage.

» To be a resource and facilitator in the development of new healthcare services and
technologies utilizing telecommunications.

» To provide services and technical resources in a professional and cost-effective manner.

UIHC Telecommunications Environment

UIHC cabling facilities include a fiber and copper cable plant with two main distribution frames
(MDF) that terminate over 60,000 cable pairs, 17 riser systems and 150 telecommunication
closets. Currently, over 8,500 computers are connected to our high-speed data network. At the
time of the NLM I contract, this infrastructure consisted of individual workstations utilizing
Category 5 copper cabling connected to shared-media hubs. These hubs were connected via
multimode fiber optic cable to a dual-homed FDDI ring for maximum redundancy and fault
tolerance.

We have since migrated to a totally switched environment. Workstations are now connected
with Level 6 or Level 7 copper cabling to 10/100 Ethernet switches. These edge or user switches
have redundant OC-3 (155 Mbps) connections to approximately 50 distribution layer ATM
switches. These distribution layer switches have multiple meshed OC-12 (62 Mbps) connections
to a fully redundant backbone.

For the NLM project, the UIHC TS department supports over 10 remote sites throughout eastern
Iowa. Remote locations are supported via multiple T1, Frame Relay, 56 K and Integrated

Services Digital Network (ISDN) circuits.

NLM Project Involvement — General Overview
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UIHC TS first became involved in the development of the National Laboratory for the Study of
Rural Telemedicine in the Spring of 1994. The NLM II contract utilized the testbed
infrastructure developed by the UIHC TS department for NLM I. TS staff were responsible for
managing the infrastructure that enabled the projects to become active. This included network
design, evaluation, testing, ordering, installation, maintenance, and monitoring and problem
resolution. See Attachment 3 for details on services UIHC TS offers to remote sites including
NLM sites. In addition to the services provided by UIHC TS staff, some initial testbed
installation and support was provided by NEC. NEC is a maintenance vendor for UIHC TS and
provides contracted voice, data and video support services.

Specific NLM Responsibilities for Telecommunications Services:

1. Plan, design, install the telemedicine network, including hubs, routers, switches, data service
units (DSUs) and modems encompassing all data and video devices. Provide ongoing
support, maintenance, repair and system administration.

2. Provide SNMP and RMON testbed management and system administration using a

Netview/6000 station.

Provide technical and programming support to sub-projects and testbed users as required.

4. Monitor testbed infrastructure to ensure maximum availability. Troubleshoot hardware and
software problems specifically related to telecommunications devices.

5. Provide on-going telecommunications training and instruction for sub-projects and testbed
users as required.

6. Investigate new technologies and developments to meet contract needs, specifically those
best employed in a rural setting.

7. Develop and maintain operational and maintenance procedures for all testbed
telecommunications devices and related issues.

8. Work with telecommunication hardware and software vendors and carriers as required.

(98]

Other Resources Utilized by the NLM network

Towa Communications Network. The lowa Communications Network was utilized as a backbone
for the connections to the rural hospitals established by the NLM telemedicine contract. The ICN
is a statewide synchronous fiber optic network (SONET) with points of presence (POPs) in each
of the states 99 counties.

The ICN was originally designed as a full motion video network with a focus on providing
educational programming to state educational institutions and K-12 schools. From this initial
charge, the ICN has expanded to offer these services to all state institutions, as well as public and
private health care providers. Along the way, they began to offer long-distance services,
switched video, data and Internet services. Recently, the ICN embarked on a 3-year project,
converting the ICN network to ATM.

The UIHC utilizes the ICN for our full motion (DS3) and compressed (ISDN) video needs. We
have also routed the majority of our long distance voice traffic over the ICN. Lastly, the ICN
provides coordination and connectivity for all of our WAN (Wide Area Network) sites.
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Installation Process

Original plans called for the connection of three sites via DS3 (45Mbps) links to the UIHC. A
successful T1 (1.544Mbps) test at Ottumwa re-directed our focus. Discussions took place
regarding the reduction of bandwidth from a DS3 to a T1 level. After a thorough review of the
requirements and goals of the project, staff decided to seek a revision in the project protocol
from the National Library of Medicine. The revision included changing connectivity from DS3
to T1, as well as adding sites to the network using the funds available due to the lesser costs of
T1 circuits. The National Library of Medicine ultimately concurred with this opinion and granted
the request.

Wide Area Network (WAN) connectivity decisions were made after evaluating all requirements
necessary to support the required applications and projects at each site. Generally, sites doing
video, imaging or large file transfers were candidates for dedicated T1 service, while the
remainder could utilize Frame Relay. Sites requiring on-demand dial-up video conferencing
were candidates for ISDN.

All WAN circuits utilized the Local Exchange Carrier (LEC) to supply the local loop connection
from the remote hospital to the nearest ICN POP. Once at the ICN POP, circuit services were
delivered via the ICN to the ICN POP at the UIHC and connected to the UIHC institutional
network.

Product Evaluation, Selection and Ordering

The revision in the type of circuit to be used also made necessary a revision in plans for internal
networking hardware. Accordingly, renewed vendor evaluations and product testing began
taking place. Once design decisions were finalized, networking equipment was selected.
Options were evaluated that would provide the most flexibility and expandability to support new
or different technologies in a cost-effective manner that also ensured compatibility with existing
institutional and industry standards.

After a thorough evaluation, vendors were selected and competitive bids were obtained for each
piece of equipment. Products were then ordered from the lowest bidder. In some instances, the
University was able to take advantage of existing State contracts with certain vendors. Vendors
selected included: Cisco for routers, Cabletron for hubs, Kentrox for data service units (DSUs)
for WAN connectivity, Ascend for multiplexors and Blackbox for remote monitoring equipment.
These vendors met or exceeded existing UIHC TS connectivity requirements. In addition, at the
time of the NLM I contract, each of these vendors was the current industry leader in their market
segment. Finally, these vendors’ products were already in use at the UIHC greatly reducing the
cost of training, installation and ongoing support. See (Attachment 4) for details on vendors and
products utilized.

Hardware Configurations
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Product and vendor decisions gave us the opportunity to develop some initial standard cost and
configuration profiles for each remote site. At the time of the NLM I contract the anticipated
hardware cost for each site was approximately $18,000, while the monthly line charge were
about $645. Due to vendor cost decreases, these rates have fallen since these first cost studies
were completed. Attachment 5 shows the typical physical hardware configuration diagram for
the remote site.

Staffing Issues

The NLM II contract proposal and funding was approved for two positions. A job description
(Attachment 6) and advertisement (Attachment 7) were developed for a Network Specialist I
(Computer Consultant [I-PC7908). This position would provide Telemedicine and video project
assistance. Three qualified candidates applied for this position and were interviewed. The
position was offered to Mr. Jerrold Gilmere whose position began on May 19, 1997. A copy of
Mr. Gilmere's resume can be seen in (Attachment 8).

An additional job description (Attachment 9) and advertisement (Attachment 10) were developed
for a Network Specialist II (Project Analyst [I-PC2409). This position would provide assistance
for all LAN, WAN and Systems projects. Four qualified candidates applied for this position and
were interviewed. The position was offered to Mr. Tom Bullers who started June 16, 1997. A
copy of Mr. Bullers' resume can be seen at (Attachment 11).

Required Training

In order to successfully develop and deploy the testbed network, UIHC TS had to ensure that all
of their technical staff had the proper training and experience. In this regard, UIHC TS
developed an aggressive and thorough training program. Over the last six years, staff have
participated in over 60 classes and over 1100 hours of training (Attachment 12).

Project Installation — Remote Sites

A projected installation calendar was developed for the entire project. Initial plans were to bring
one site on-line per month. Based on this calendar, WAN circuits with specific due dates were
ordered from the ICN and the LEC. From this information, a detailed installation plan and map
was developed for each site.

Network equipment to be installed at the remote sites was first installed in a test bed environment
at the UIHC for burn-in, programming and staging. The UIHC TS maintenance vendor installed
the wiring at the remote site, or on-site staff was utilized. UIHC TS staff also worked with the
ICN and the local telephone companies to extend, activate and test each WAN circuit.

Installation at the majority of these sites generally followed the same pattern. UIHC TS
technicians installed all required workstation jacks, outlets, workstation wiring and blocks. A
detailed wiring installation diagram (Attachment 15) was prepared and utilized to install network
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electronics at each site. Workstation wiring was attached to the Cabletron SEHI 10BaseT hub.
This in turn was connected to a Cisco 2514 router, which was connected to a Kentrox DSU.

The carrier circuit was then extended from the LEC demarcation point to the Kentrox DSU
WAN equipment. Blackbox remote monitoring equipment was then placed and connected to
each of the above mentioned electronics. Finally, a local business line was ordered for each site
and connected via a secure modem to the Blackbox equipment. (Attachments 16 and 17)
represent a pictorial representation of the equipment installed at each remote site.

At the central site, each of the remote WAN circuits was terminated in a rack mounted Kentrox
DSU and extended to a pre-assigned WAN interface on the Cisco 7000 NLM router. See
(Attachment 18) for pictorial details of the central DSU rack.

The initial network of six remote sites and the central site were now completely functional.
Upon completion of the installation process, each remote site was released to the University

NLM Telemedicine Resource Center so that workstation and project installations could begin.

Central Site Installation

Before remote site installation could begin, all required equipment had to be installed at the
central site. UIHC TS technicians installed and configured all required network electronics at the
UIHC to support the NLM I contract. A Cisco 7000 router was installed and was directly
connected to our institutional FDDI backbone with a second FDDI ring to support certain NLM
computer resources such as the Virtual Hospital Server and the NLM Network Management
System (Attachment 13). Lastly, the Cisco 7000 was designed to support up to 24 WAN
connections. (Attachment 14) is a pictorial view of the front and back of the 7000 router.

UIHC TS technicians also installed two internal LAN segments to meet the needs of projects
such as the Virtual Hospital sub-project. Separate FDDI and Ethernet segments were installed to
meet the requirements of the Virtual Hospital and Teleradiology projects. Once UIHC
networking resources were on-line, remote site installation began.

GSA (General Services Administration) Grant Sites

Based upon our success in getting the first 6 NLM remote sites operational, the Telemedicine
Resource Center was successful in obtaining a General Services Administration (GSA) grant
administered through the lowa Communications Network. GSA provided us with funding to
purchase WAN equipment for four additional sites (Burlington, Fairfield, Keokuk and Mt.
Pleasant). Using the tools we had developed for the 6 NLM sites, we were able to quickly install
the 4 GSA sites. A tentative GSA installation schedule was developed along with an installation
worksheet. A new network diagram (Attachment 19) was then developed which showed all 10
remote sites.

Ongoing Monitoring
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Moving from the implementation mode of this project into the operational or maintenance mode.
UIHC TS established proactive monitoring and preventive maintenance procedures, statistical
reporting structures and troubleshooting procedures. Network performance monitoring and alarm
capabilities are available from the circuit providers (ICN, local telephone companies) as well as
on the equipment installed by UIHC TS. In addition, NLM project servers such as The Virtual
Hospital server provide performance information specific to their application. All of these tools
were used for proactive monitoring and obtaining statistical information, and any combination
could be used for troubleshooting purposes. From dealing with the relatively few cases of trouble
on the network, our procedures have been tested "real-time" with good results. See the “Lessons
Learned” section at the end for specific details on troubleshooting and problem resolution.

Monitoring Philosophy

Finding a cost effective and efficient way to monitor, manage and troubleshoot these sites
became very critical due to the distance involved. For this reason, all equipment installed had
the ability to send and receive SNMP messages. Using a redundant IBM RS/6000 Netview
Management Station at the UIHC, we can remotely monitor the equipment in real time
(Attachment 20). In the event of a problem or failure, an SNMP event or alarm is generated.
Additionally, all WAN circuit failures generated an alarm.

In the event of a WAN circuit failure, we would be unable to communicate with the equipment
over the WAN connection. The Blackbox equipment allows us to remotely and securely dial-in
to each site, assess the status of each piece of equipment and make changes if necessary. The
combination of “in-band” Netview management and “out-of-band” dial-up management resulted
in significantly reduced downtime for the remote sites and reduced support costs.

Documentation

Effective monitoring would not be possible without accurate documentation. Extensive carrier
documentation (Attachment 21) was developed for each site that contained key carrier
information such as circuit ID, framing type and so on. Additionally, a remote site hardware
matrix (Attachment 22) with definitions was prepared for all sites. Lastly, extensive records
were created for each remote site (exhibit 23 through 42) that detailed the installation. Having
this documentation on-line gave us the ability to easily make changes, as well as assisted us in
quickly and effectively solving problems.

Maintenance

All internetworking equipment used at the UIHC is covered under standard maintenance
agreements. Equipment from Cisco Systems and Cabletron Systems composes the majority of
the hardware used on the UIHC network infrastructure and the NLM testbed. University
discounts, spares and on-site trained technicians result in financial benefits to the NLM project.
The total cost to the NLM for the UIHC and for each of the remote sites represents the actual
amount charged by Cisco and Cabletron for these services
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Spare Part Kit

Telecommunication Services keeps on hand a complete spare part kit for all internetworking
hardware used internally or at remote sites. Key components are setup in hot-standby mode and
made available 24 hours a day. In the event of a failure, the hot-standby spare can be quickly put
into service to replace a damaged or failed component.

Financial Management

Telecommunications services has worked to keep costs down in the following ways:

1. Vendor installation fees were significantly reduced due to UIHC relationship with NEC.
This resulted in extremely favorable pricing of $48 per hour versus $100 to $150 typically
charged by telecommunications vendors.

2. UIHC Telecommunication Services provided over $50,000 for staff training in telemedicine
and related technologies.

3. NLM related purchases received University of lowa contract pricing on equipment and
materials resulting in a 30% to 40% discount off of list price.

4. Over the past seven years, the UIHC has made a $15 million dollar commitment to build out
the infrastructure so that telemedicine and related services might be supported.

5. The UIHC also invested $250,000 in a redundant management system that provides
telemedicine services with active SNMP management of all LAN and WAN components.

6. $150,000 was spent by UIHC TS for fiber optic tools and network testing equipment.

7. Long distance charges were significantly reduced due to services being provided by lowa
Communications Network instead of combinations of local and long distance carriers.

8. Two Vans were purchased by a UIHC TS maintenance vendor to install and support NLM
and GSA sites.

Wide Area Network Line Charges

This category represents the line charges billed by LECs such as USWest and GTE, and Long
Distance (LD) carriers such as MCI and the lowa Communications Network (ICN). These
charges are necessary in order to provide WAN services to the 10 remote sites. In our standard
configuration we have a T1 at 1.544 Mbps or a Frame Relay circuit at a Committed Information
Rate (CIR) of 1 Mbps. Some of these sites have separate compressed video requirements
necessitating a secondary T1 or PRI-ISDN circuit. A few sites with full motion video
requirements are using DS3 connections. Finally, we have an analog line for remote dial up and
diagnostics should an equipment failure or a WAN error occur.

Attachments 43-1 through 43-10 are an analysis of all T1 and Frame Relay WAN charges
incurred by the 10 remote sites. Installation charges for the WAN circuits averaged almost
$1,300 with a minimum of $970 and a maximum of $4,300. Average monthly charges were
$1,278 with a minimum of $817 and a maximum of $2,078.
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Installation of ISDN video circuits averaged over $1,500 with a minimum of $1,200 and a
maximum of $1,826. Average monthly fees averaged almost $460 with a minimum of $168 and
a maximum of almost $850.

Telecommunications Support for Video Services within Ul Health Care — General

Historically, the University of lowa Hospitals and Clinics (UIHC) Telecommunication Services
Department has been involved in voice and data networking services. With the awarding of the
first National Library of Medicine Contract for the study of rural telemedicine, the department
expanded its services to include Wide Area Network technologies to support the remote data
sites. With the second National Library of Medicine (NLM II) contract, digital video was
introduced as a new element. Since the initial installation of three sites, the Integrated Services
Digital Network (ISDN) telemedicine network has grown to include 35 medical sites that make
regular use of the University of lowa Hospitals and Clinics for distance learning, medical
consultation, meetings, or staff training (Attachment 51).

Local Infrastructure

The first step was developing an infrastructure to support ISDN services for videoconferencing.
The requirements for extending circuits throughout an institution were mapped out for remote
installations. Van Buren County Hospital became the first test site for implementing this plan
(Attachment 52). A wiring plan for extending the circuits inside UIHC was developed and
implemented, establishing one telemedicine consultation room and one small conference room
for test purposes. NEC Rollabout videoconferencing equipment was purchased and installed into
these three sites (Attachments 53 and 54). Standard settings for the configuration of the codecs
and inverse-multiplexers (I-mux) were developed to assist in troubleshooting (Attachments 55
and 56).

An infrastructure to support ISDN services for videoconferencing was needed at the University
of lowa Hospitals. Working with the lowa Communication Network and building upon the
concurrent work for the State Correctional project, ISDN Primary Rate Interface (PRI) circuits
were ordered. The wiring technicians extended these circuits through the hospitals wiring
infrastructure to bring the individual circuits to the assigned rooms. The circuits were then
terminated at the I-mux attached to the codec.

Initial installation of circuits and videoconferencing rooms followed a one-to-one relationship.
When an additional room was required, the wiring technicians developed a method for
“swinging” a circuit from one point to another through the use of a patch block (Attachment 57).
It wasn’t long before this type of solution demonstrated a need for an improved distribution
method that would allow for greater sharing of circuit resources without an attendant increase in
manual operation.

Discussions with several other hospitals supporting video networks revealed possible avenues to
explore. The requirements were 1) centralization of the circuit terminations; 2) remote
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management of the circuits for troubleshooting and monitoring of use; 3) sharing of the circuit
resources by a larger number of rooms without manual intervention.

Testing and Vendor Selection

The search for a solution began with a close inspection of existing resources. Ascend products
were being used for the videoconferencing inverse-multiplexers. Contact with Ascend
representatives and literature review established that the Ascend MAX 4000, purchased as part
of the initial ISDN installation, had a capacity that would allow for exactly the type of
installation desired (Attachment 58). A testing plan was developed to establish the current
operation and what would be needed to create the future distributed service plan.

Remote Protocol Modules (RPMs) were the first items that needed to be purchased to begin the
testing. The current iteration of codec software was unable to handle the timing errors that the
RPMs introduced into the network. NEC worked with Ascend to develop a revised software
program to accommodate this problem. Once the software was developed and successfully
tested with the RPMs, the green light was given to proceed with the implementation
(Attachments 59 and 60).

Installation and Training

The new service would be located in the central switchroom of the hospital. Two existing PRIs
were extended to this room. Two other PRIs already passed through the switchroom on their
way to the medical consultation rooms. One medical consultation room and its attending PRI
and the small conference room with its PRI were cut over to the new switch and RPMs and
successfully tested for operation. The other consultation room PRI was cut over and RPMs
installed after that. Finally, the US West PRI was attached to the MAX 4000 to complete the
network installation (Attachment 61).

Additional rooms were added with 4-wire paths attached to RPMs at the MAX. As needed, a
rollabout videoconferencing unit could be moved to one of these rooms. The RPM in the
rollabout would be connected to the wall jack carrying the 4-wire path to the MAX and the
services would be available to that room.

A description of the new network was distributed to the technicians responsible for the rooms.
Practice on the switch operation was conducted by the NEC support technicians assigned to the
hospital. The switch configuration and network specifications are stored in the technical
documentation for the department (Attachment 62).

Evaluation and Modifications

Since the original creation of the distributed ISDN network, the MAX has received upgrades in
its software and two additional expansion boards. One expansion board increased its capacity
from 6 rooms to 12 rooms. The other board allows the MAX to distribute ISDN BRI circuits to
users in the hospital. This latter service has not been exploited at the time of this report.
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The distributed service network that has been created has provided exactly the level of service
desired at the outset. It is possible to use any of the available circuits by any of the rooms. The
number of rooms to number of circuits ratio has not been determined, but is premature at this
point. The operation of the network has been transparent to the users. And, finally,
troubleshooting has been made easier through the IP connection and control of the MAX from
any computer located on the hospital LAN.

Hardin Library for the Health Sciences

One of the University of lowa ICN classrooms is at the Hardin Library for the Health Sciences
(HLHS). It is part of the area occupied by the Telemedicine Resource Center (TRC), established
under the first NLM grant. It has been serving the DS3 videoconferencing needs of the medical
college for three years. With the growth of compressed digital video for videoconferencing
among healthcare institutions, it was determined that the ICN classroom should be adapted to
handle communication using either technology. This project was undertaken with assistance
from the College of Medicine for the distribution of instructional programming to medical
residents across the state.

Using the state purchasing contract established for the Department of Corrections prison
installations, NEC made a proposal for installation of a video codec and echo canceller into the
HLHS ICN classroom. The cost and level of service met the needs of the College of Medicine
and the order went out.

Installation and Training

Extended discussions were held with the University of lowa Information Technology Services
(ITS) on the process to have an ICN ISDN PRI extended through campus to the HLHS ICN
classroom. As ITS had not entertained such a request in the past, the work was coordinated with
the UIHC Telecommunication Services Department. By mid-summer, 1999, the circuit was
completed to HLHS ICN classroom.

While the circuit extension was in the works, the NEC codec and Gentner were ordered for the
installation. An Ascend VSX i-mux would come from the spares store of the UIHC TSD, saving
the College of Medicine over $4500.00. Notes from the previous installation in the 8JPP ICN
classroom were consulted and the plan for integrating the new equipment drawn up. ITS
supplied wiring diagrams for the ICN classroom, which helped on the day of installation.

On July 16, 1999, the codec, Gentner and Ascend VSX were installed on a cart and connected to
audio and video feeds out of the ICN equipment rack and to the ISDN wall jack (Attachment 68).
As with the 8JPP ICN classroom, the ISDN codec outputs would not be integrated into the ICN
classroom equipment. Rather, the remote site is seen and heard on a 27" Sony monitor mounted
above the ISDN equipment on the cart (Attachment 69).

Operational Activities
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Within a month of completion of the installation, sessions were being held in the HLHS ICN
classroom over the ISDN circuit. Geriatric Department grand rounds, long held over the ICN
DS3 network, are now offered over both DS3 and ISDN. Establishing parallel conferences in
this manner has eliminated compatibility issues between DS3 and ISDN codecs. The only
drawback is that the ISDN remote sites and DS3 remote sites cannot see each other.

Evaluation and Modifications

For the most part, the installation in HLHS has served well. Maintenance issues with the DS3
classroom equipment have arisen, due to the loss of the technical support person for the room.
This is seen as a temporary issue, though. The major modification that is desired is to achieve a
true link between the two systems, making the ISDN remote sites available to the DS3 remote
sites. The planning for this is under way.

Telecommunications Support for NLM Contract NO1-1LM-6-3548: Specific Sub-Project Support

Telecommunications Support for Diabetes Education

Our experience in Telecommunications positioned us well to assist the Diabetes Patient
Education project with designing a streaming video network and wide area communications.
Staff from Telecommunications services became part of the Diabetes Team, providing assistance
with other aspects of the project including Video Server Implementation, Web Development, and
the varied challenges of a Patient Study.

One of the objectives of the Diabetes Education project was to develop a system that would
provide high quality educational videos to patients, staff, and doctors in many areas of the UIHC
and allow this content to be viewed at Grinnell Regional Medical Center. To accomplish this, a
network was required that that would accommodate many high data rate video streams and
provide assurances of limited data delay.

These requirements and constraints impose challenges to the design of a network. Traditional
Ethernet networks can’t provide multiple video streams without introducing delays, which result
in poor video quality and garbled audio.

Additionally there needed to be a network link that allowed transfer of video content between the
video server at UIHC and the server in Grinnell. Allowing the link to Grinnell to be ATM
enabled, provided the ability to segregate large content transfers from interfering with other data
transfers on the pre-existing T1 link. ATM enabling Grinnell link was considered a network
design criterion for this reason.

At the initiation of the diabetes project, UIHC Telecommunications Services was in the process
of evaluating advanced networking technologies for internal uses. Much of the groundwork in
evaluating advanced network technologies was in process. ATM or Asynchronous Transfer
Mode is a networking technology that is designed for high data rates and can guarantee limited
data delay — it is ideal for video. Switched Ethernet is a technology that dedicates bandwidth for
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every end station — this helps to limit latency in content delivery. These classes of network were
deemed appropriate technologies for evaluation in the Diabetes video application.

The following activities were conducted in the evaluation phase.

Evaluated switching products by Cisco (Catalyst 5000), Cabletron (MMac Plus), 3Com
(Corebuilder 7000)

Consulted with product experts about the need for 100 Mbit vs. 10 Mbit Switched Ethernet
Attended demo of First Virtual and Thomsen ATM products

Consulted with vendors about conditions of purchase, product installation, and support
Requested product bids and quotes.

The 3Com Corebuilder 7000 and the 3Com Accessbuilder 9100 were selected. The product
features were well matched to the needs of the project. The products performed well and we had
a high degree of confidence in their design. Additionally, Communications Engineering
Company (the integrator) was a company that we had worked with on many prior occasions and
we were comfortable with their abilities and level of service. CEC also allowed us to work on a
60 day trial basis with the equipment. We would not be charged if the equipment didn’t work as
anticipated.

The following training activities were conducted to prepare for the network implementation.
UIHC Telecomm staff attended 3Com ATM Basics, CoreBuilder 7000 and ATM Testing and
Troubleshooting training during the weeks of May 4th, May 11th and June 8" of 1998

3Com engineer joined staff due to UIHC’s adoption of 3Com products in major network upgrade
Steve Schallau and Rick Deerberg each attended a week of advanced ATM training

Received installation and configuration assistance from CEC

Pre-installation Planning

Determining locations for deployment of the streaming video clients was difficult because it
wasn’t clear where patients would find these devices most accessible. It was determined that at
least initially, patients would be able to visit 8" floor Patient and Visitor Center in John
Pappajohn Pavilion to view the educational videos. It was expected too, that over time, UTHC
network infrastructure upgrades would progress to the point where Switched ethernet would be
available in at any location in the facility. Greg Easley and Tom Bullers to visited Grinnell to
meet with patient educators and Grinnell IT staff to determine appropriate locations for video
client placement.

All network installation locations were finalized (Attachment 44)

The UIHC SGI Video server would be installed in a rack on 8" floor adjacent to Greg Easley’s

office

> 100 Mbit Ethernet over fiber optic cable would connect the SGI to the Corebuilder in 8"
floor

> The Corebuilder on 8" floor would connect to the UTHC shared Ethernet infrastructure

» The 9100 would be connected to an interface on Cisco N — our wide area network router

» The other side of the 9100 would be connected to the T1 interface to Grinnell
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» In Grinnell the 9100 would be connected to the T1 and directly connected via Ethernet to the
Corebuilder

In ATM training, it was discovered that an ATM module purchased with the UIHC Corebuilder
was a limited performance model and caused backplane bandwidth to be reduced from 5 Gb/s to
2.5 Gb/s. UIHC Telecomm Services replaced this module out of parts stock. This increased the
count of ATM interfaces on the Corebuilder and allowed it to operate at maximal bandwidth.

Additional Preinstallation activities included:

> Test bed was established in 8" floor closet to provide a facility for comparing video quality
of Shared Ethernet vs. Switched 10 Mbit Ethernet, vs. 100 Mbit Switched Ethernet

» End to End testing of Corebuilder 7000s, 9100s using Ethernet and T1 emulation circuit was
conducted by CEC

» Developed plan and check-off list to rollout Grinnell leg of network install. See (Attachment
45)

» Consulted with 3Com on-site engineer and NEC technicians for verification of installation
procedure

» 3com On-site engineer prepped UIHC Corebuilder by programming IP addresses and
installing latest firmware revision

The Grinnell leg of the network installation plan was carefully planned and reviewed. The
completed network was modeled in house before installation in Grinnell. The plan was designed
so that all IP addresses were correctly preprogrammed. At install, the only change was the
substitution of the Grinnell T1 WAN link for the in house simulated T1. The Grinnell router
would be removed and the existing Cabletron hub would remain to provide additional Ethernet
capacity.

Installation

» The network installation activities were conducted in the following order.

> Corebuilder was installed in 8" floor closet and connected to UTHC infrastructure

> Multi-mode fiber optic cable was pulled into 8" floor to provide an ATM capable network
connection for video server

> 5 network ports were installed on 8" floor in Greg’s area to support his development
equipment, video server, and test video client workstations

» Space was allocated on UIHC DSU/CSU rack and Accessbuilder 9100 was mounted and
connected to Grinnell T1 span

» Tom Bullers and an NEC technician took an NEC vehicle to Grinnell to install the
Corebuilder and 9100 (Attachment 46)

» The remote management system had to be reconfigured to operate at 19200 baud to
accommodate baud rates of the Corebuilder and Accessbuilder

» The UPS in Grinnell was upgraded and environmental monitoring was added

Post Installation
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The only problem in the installation was a difficulty with the new UPS. The monitored UPS
system reported errors with its battery. This battery was replaced under warranty during a
scheduled visit to Grinnell. Other than this small issue, the network has worked flawlessly.
Network throughput was tested with six 1.5 Mbit simultaneous video streams. Video quality was
excellent — no indication of dropped packets was detected. Content transfer between UIHC and
Grinnell works well.

Since payment for the equipment was contingent upon successful evaluation, and because the
products worked without flaw, follow up work included providing payment to the system
integrator. It was discovered that a sole justification, as intended for the vendor would not
satisfy accounting needs in this situation. We were able to get additional quotes from competing
vendors and justified payment in this fashion. The purchasing process for networking
components was completed on 8/26/98.

Evaluation of Set-top Boxes and Home Internet Devices

In the original project description the multimedia education experience both in home and
hospital was to be delivered by low cost, low maintenance, multimedia appliances. It was
thought that this device could be the same product for home and hospital. Discussions with
vendors such as Apple, SGI, Sun, IBM, Oracle, Acorn, and nCube all indicated their eagerness
for us to adopt their respective products. We wanted to select the product that would have
broadest industry acceptance.

Evaluation Criteria

Greg Easley’s initial goal was to implement a single device that could be purposed as an
educational platform with a CD-Rom drive and used for dialup connectivity for web access in
the home. This device woul