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Project Phoenix:
Scrutinizing a Telemedicine Testbed:
Description of Study Plan and Protocols

Principle Investigator: Walid G. Tohme Ph.D

1. PROJECT MANAGEMENT

As Project Phoenix enters its second phase, we have put in place a managerial and
organizational infrastructure to optimize the conduct of the study. The timeline to be
followed is detailed in Appendix 1.a and shows how the different instruments and
protocols developed in Phase I will be implemented in Phase II. It also shows the
deadlines and deliverables for this second Phase. Project management will be on-going
in Phase II to ensure coordination of the different activities and focus on the goals of the
project. The following areas will also play a major role:

1.1 Training

Training will be an important component of the second Phase of Project Phoenix. There
will be a six week training period at the beginning of Phase II. This training period will

~ allow the smooth transition and integration of telemedicine into the operations of the

dialysis unit. Specific training will be provided on:

¢ implementation of the clinical operations protocol: this is intended for the nurse and
the nephrologist involved in Project Phoenix.

e technical operational'manual for implementing the clinical operations protocol

e use of the telemedicine system software: this training provided by MMS will
familiarize the user with the telemedicine system software

e clinical economic data collection methodologies: this training is intended only for the
nurse responsible for gathering data for the clinical economics study section (Section
4)

¢ policies and procedures to protect data security and patient confidentiality: this
training is intended for all dialysis staff and personnel at the sites and is described in
Section 5.1 Re-Training of staff will be provided every six months if necessary for
new staff members.

1.2 Non-Disclosure Agreements

In order to ensure that the required data is available to us, we have drafted a non-
disclosure agreement with Total Renal Care. We are also in the process of implementing
a non-disclosure agreement with Multimedia Medical Systems (MMS) in order to become
the beta site for their next version of the telemedicine platform. As indicated later, this
allows even more flexibility and integration of data.
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1.3 Project Phoenix Internet Homepage

We have created a homepage for Project Phoenix at
http://www.imac.georgetown.edu/telemedicine/renal/nlm-RDPM.html

This provides a description of Project Phoenix. In Phase II, we plan to expand its
capabilities to include: public versions of submitted reports, project illustrations,
discussion groups about the Project, newspaper and media related articles as well as
abstracts from journal papers and presentations at conferences.

2. CLINICAL INFRASTRUCTURE

2.1 Dialysis Site Preparation for Phase IT

During Phase I, the clinical infrastructure was established for the dialysis telemedicine
site at TRC Union Plaza. In Phase II, the new site will open for GUMC in collaboration
with TRC as well and will be located on Wisconsin Ave. The patients currently
remaining at GUMC will then move to that location. The plan for Project Phoenix is to
designate that site as the control site ie: that does not have access to telemedicine.
However, until this happens in the third quarter of 97, the control site will remain at
Georgetown University Dialysis Unit.

2.2 Staffing

The interview process for designating a nurse assigned to Project Phoenix has been
ongoing. A candidate as been identified and the process should be completed and the
nurse trained and ready to begin work by the end of April 97.

2.3 Patient Population

The current Georgetown University Medical Center site that will serve temporarily as a
control site has around 50 patients. The TRC site opened in December 1996 at Union
Plaza has now a total of 20 patients (14 of whom are Dr. Winchester’s patients). Patient
population is discussed in more detail in the Clinical Economics Study (Section 4).

2.4 Clinical Operations Protocol

The Phase II Clinical Operations Protocol indicates how telemedicine will be used at the
TRC Union Plaza site. It details the protocol for the two types of uses of telemedicine in
the study:

e when the nephrologist is not at the site and performs routine or crisis interventions from
his office or home

e when the nephrologist is at the site performing rounds on the telemedicine group of
patients




This protocol is to be followed by the nurse and the nephrologist. Training will be
provided for this protocol and several practice sessions will be conducted in order to
make the process as seamless as possible.

2.5 Components of the Patient Data Folder on the Telemedicine System

This is the data that will be used by the nephrologist during routine and non-routine
telemedicine consultations. It is the data that makes up the patient folder on the
telemedicine system. It includes per patient folder: diagnostic audio portions from the
cardiac, pulmonary and fistula evaluations, fistula still images and downloaded values of
the dialysis parameters captured as a snapshot. The remainder of the patient chart
including lab values, EKGs and Xray reports are also captured via document camera and
scanning. The protocol for capture of this information is discussed in the Clinical
Operations Protocol .

2.6 Clinical Outcome Database

During Phase 1, we investigated the possibility of developing a clinical outcome database
that would incorporate all outcomes and costs of interest for our study. However, TRC
has developed a database for their own units around the United States that links them
back to a central database. This outcome database was deemed appropriate for use in our
Project Phoenix and TRC has allowed us access to that information. In Phase II this
database will be used by the clinical economics study group to gather data for clinical
outcomes as described in the Clinical Economics Section.

3. TECHNICAL INFRASTRUCTURE

3.1 Sites Connectivity

The site at Union Plaza is now equipped with T-1 lines providing point-to-point
connectivity with the nephrologist’s home and office. In Phase II, this infrastructure will
be replaced by Primary Rate Integrated Services Data Networks (PRI ISDN) providing
the same bandwidth of 1.54 Mbps but using switched networks instead. This will allow
better dial-up capability and a more flexible infrastructure. This is expected to be
investigated and integrated in the second quarter of 97.

3.2 Technical Efficacy of the Serial Interface

A serial interface to link the dialysis machines central computer to the telemedicine
system has been developed. A detailed technical description of that interface is provided
in Appendix 3.a. The interface has also been tested for reliability and validity and the
results indicate that it can be used in our clinical setting . In Phase II, we plan to continue
to improve on the interface and use the protocol developed in Phase I to test it. Currently,
it can capture data from three different dialysis machines simultaneously. However, we
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would like to improve on this and have the interface capture data for all machines
available (up to 16) and tested during the third quarter of 97.

3.3 Technical Efficacy of the Remote Stethoscope

During Phase II, a remote stethoscope will be used in accordance with the Clinical
Operations Protocol . We have undertaken a preliminary technical efficacy study that
indicated a positive response towards that mode of data capture. During Phase II, we plan
to use the remote stethoscope for cardiac, pulmonary and fistula evaluations. The
positive response in the preliminary study indicates that we can undertake a larger scale
study to include all the patients in the telemedicine group. We plan to undertake and
finalize this study in Phase II according to the protocol developed in Phase I. The results
will compare different types of remote stethoscopes and evaluate their appropnateness for
evaluation of patients undergoing hemodialysis.

3.4 Technical Operations Manual

In Phase I, a technical operations manual was developed. This manual is intended for
medical staff and personnel. The manual details the different technical steps involved in
successfully establishing a dialysis telemedicine consult according to the Clinical
Operations Protocol. Extensive training will be provided on the different steps during the
training period. In addition, representatives from MMS will provide specific training
sessions on the use of their telemedicine system for all Project Phoenix and other medical
staff and personnel at the dialysis site.

3.5 Storage Media

Storage for data collected will be divided into short, medium and long-term strategies.
The clinical operational protocol details the protocol that has to be followed for each
timeframe. The media include computer hard drives for the short-term (1 week), zip and
jazz drives for the intermediate term (up to 3 months), and the magnetic tape library -
system capable of storing up to 800 Gigabytes of data for the long-term.

3.6 Operating Platform

The operating platform for the telemedicine system in Phase I was Windows 3.11 for
Workgroups. MMS is planning to upgrade their application to run on a Windows NT4.0
platform thereby allowing much more flexibility in terms of our telemedicine application.
We are currently in negotiations with MMS to make Georgetown their beta site for the
new software version before the third quarter of 1997. If this does not happen, the
Windows NT version should be available by the fourth quarter of 1997 and then
integrated into our operations. This will allow a much better interface operation as well
as the possibility of integration with the Clinical Outcome database developed by TRC
and discussed above. Budgetary constraints may not allow us, however, to integrate the
TRC database and the telemedicine software in a single application.
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4. CLINICAL ECONOMICS PHASE II STUDY PROTOCOL

4.1  Specific Aims

The goals of this study are to assess the impact of using a new technology,
Telemedicine, as applied to patients with End Stage Renal Disease (ESRD).
Traditionally, patients on hemodialysis come to the dialysis center three times a week for
four hours of hemodialysis at each session and see their physician once a week during
their visit to the center. The telemedicine intervention considered in this protocol will
improve patient access to their clinician by making physician consultation available at
each dialysis session. Further, the intervention is constructed so that the clinician can
~ help patients improve compliance with their prescribed dose of dialysis.

The design of the study is an open comparison of two distinct populations of patients.
One group will receive the usual physician consultation during dialysis (usual care). A
second group in a different location will have access to a "telemedicine" communication

link in addition to the usual physician consultation (telemedicine). Project Phoenix will
test this intervention in a Renal Care Patient Management (RCPM) service that links a
dialysis outpatient facility, a nephrologist's home, and the Georgetown medical center
using NI technologies.

Evaluation of this intervention includes assessment of four specific domains: clinical,
quality of life, patient satisfaction, and cost of care. This assessment is consistent with
recent recommendations of the Institute of Medicine (IOM guide to assessing
Telecommunications in Health Care, 1996) and other suggestions in the literature
(Dechant et al. 1996). The Phase I report (See Appendix A), provides an extensive
background section dealing assessment of this new technology as well as assessments of
the four domains of interest in this study.

The specific hypotheses to be tested in Phase II are:

Primary Hypothesis: »

e By providing patients with improved access to their physicians and by improving
physician access to patients medical information, the RCPM will improve outcomes
as measured by percent of the time the patient achieves the prescribed Kt/V.

Secondary hypotheses:

e By providing telemedicine capability in an outpatient dialysis facility, the RCPM will
reduce the frequency of medical events such as hospitalization and emergency room
visits over time, and reduce the costs of care for dialysis patients.

e By providing telemedicine capability in an outpatient facility, the RCPM will improve
the general health status, decrease the pain and discomfort, and decrease the anxiety
level related to emotional or physical functioning for dialysis patients.

e By reducing the variance in the Kt/V within across TRC dialysis units, the use of

RCPM will enhance compliance of the dialysis staff with the quality assurance
requirements established by HCFA. These guidelines requires a URR reduction ratio
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of at least 65% and Kt/V' values that are at least 1.2. (With respect to the last
hypothesis it is important to note that for Georgetown patients, the results of the pilot
test indicated that only three of thirty six of d1a1y51s sessions had Kt/V values below
1.2.)

The Phase I protocol was designed based on the cumulative knowledge acquired
through the development of the grant and the results of Phase I study. During phase I we
conducted an extensive literature review concerning quality of life, preferences and
patient satisfaction. A selected number of instruments have been pre-tested and piloted at
each of the two dialysis centers, and a subset of these instruments will be used for the
Phase II telemedicine evaluation. In preparation for Phase II, we have identified the
information sources required to address our study hypotheses, and pilot tested the data
collection mechanism.

4.2 Phase I Results

The phase I results are contained in Appendix 4. These results have informed the
development of this protocol.

4.3 Phase II Study Design

The Phase II study design is summarized in Table 1. We selected this design based
on the knowledge and expenence gained in Phase I of this study: (1) It is an efficient way
of collecting the data while minimizing burden both on clinical staff and patients; (2)
telemedicine evaluations will be based on two patients cohorts with actual information
from medical records and administrative data bases.

4.3.1 Study Timetable

The duration of Phase I is 24 months. During the first three months of Phase II we
will submit the Phase II protocol to the Georgetown Internal Review Board (IRB) for
final approval. During this time, we will complete staffing for the Phase II project and
train the staff as to all components of the study protocol. Based on this timeline, accrual
to the project will occur over a 12 month period (months 3-15), with data collection and
follow-up continuing for a 15 month period (months 3-18; late enrolling patients will be
- followed for a period of at least 3 months). Data analysis and manuscript preparation will
occur during the final 6 months of the study (months 18-24).

4.3.2 Experimental Design

This a prospective, open comparison designed to evaluate the effect of telemedicine
on hemodialysis patients. Patients are generally dialyzed three times a week, with each
session lasting about four hours. Two dialysis centers (Georgetown University and Union
Plaza) will be used by patients. The Union Plaza center will be designated as the
telemedicine site (treatment)-and the Georgetown University center will serve as the
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traditional care site (control). In order to avoid disrupting the process of patient care and
to avoid introducing any biases due to study site reassignment, patients will not be asked
to change dialysis centers for entry into the study protocol. Thus, patients will not be
randomized to the two study arms. The study will be open to all patients at both centers
that receive dialysis services under the care of a Georgetown University nephrologist.
The only exclusion from the study will be based on a patient diagnosis of dementia or
severe cognitive problems.

Table 1. Phase II Summary of Experimental Design and Research Methods

Rationale Assess the impact of telemedicine for hemodialysis patients.

Setting Two dialysis centers at Georgetown University Medical Center.
Population  Patients coming for hemodialysis at each of the two centers.

Exclusions  Excluded are patients who do not have a Georgetown University physician
and patients with either dementia or severe cognitive disorders

Variable Measures  Specific domains to be covered by the data collection process are:
Clinical indicators of compliance including Kt/V, quality of life, preference, satisfaction,
utilization and costs of health care services. :

Training Session  The training session will cover the following:

1. Operation of telemedicine equipment.

2. Confidentiality and Security.

3. Procedures for contacting the physician using Telemedicine.

4. Interviewing techniques and data collection procedures

5. Abstraction of medical records

6. Collecting information on health care utilization and costs

Recruitment and Data Collection

Recruitment. Georgetown nephrologists will identify all eligible patients meeting the
inclusion criteria at each of the two participating centers. Each new patient coming to the
center will be asked to participate in the study. If the patient agrees to participate, he/she
will be asked to sign a consent form.

Baseline. Abstraction of clinical indicators and compliance measures from the medical
records. Administer instruments on quality of life, preferences and satisfaction. Baseline
socioeconomic and resource utilization measures also collected.

Follow-up. Compliance, clinical indicators and comorbidities, health care utilization and
patients' perspective of treatment outcomes will be collected. (see table 2 for data
collection).

1. For each patient's dialysis session. Show/no show indicators and compliance
measures- prescribed versus actual Kt/V will be abstracted.

2. Weekly updates of changes in the list of clinical indicators, and utilization of health
care services will be collected by a nurse researcher.

3. Every three months . Quality of life, preferences and satisfaction will be collected at
three months' intervals from the conclusion of the baseline interview until the end of the
study, or patient long term hospitalization or patient death.
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Analysis Comparing' patients using Telemedicine to those receiving traditional care
with primary endpoint as described in the analysis section.

A nephrologist will visit each of the sites once a week, as required by District of
Columbia law. Patients and health allied professionals at the telemedicine site will have
access to the nephrologist with scheduled nephrologist telemedicine visits and with
emergency access as needed. At the telemedicine site, nephrologist consultations will
involve use of the computerized medical chart which is part of telemedicine intervention
together a face-to face interactions. Patients in the control group will
receive usual physician care during their dialysis, meaning that they will see the physician
only once a week and that the nurse will have access to the nephrologist for emergency
consultation by phone. :

4.3.3 Study Sites

Two sites associated with Georgetown Medical Center will participate in this study.
These sites are now managed by Total Renal Care (TRC), a for-profit dialysis provider, in
collaboration with Georgetown University. The dialysis unit at Union Plaza will serve as
the telemedicine site and the dialysis unit at Georgetown University Medical Center will
serve as the control site (There is currently a plan to move the Georgetown unit to a new
site on Wisconsin Avenue. This move will not affect procedures for this protocol, but will
enhance patient recruitment to the site). The new locations are conveniently located,
modern and equipped with new amenities to attract hemodialysis patients. There is
currently an ambitious patient recruitment plan being developed by TRC in collaboration
with the Georgetown University Department of Medicine for these two sites.

Currently there are 25 patients receiving dialysis at the Georgetown university site.
The number of patients receiving care at this site has been increasing in the first three
months of the phase I study at a rate of one to two patients a month. Enrollment is
expected to increase further once the facility moves to Wisconsin Avenue.

The Union Plaza site is the telemedicine site. Currently there are 17 patients
receiving care at this site. Since the site just opened in December, accrual of patients to
this center is expected to increase significantly during this calendar year.

4.3.4 Patient Eligibility Ascertainment

Patients to be included in the study are patients at both sites treated by Georgetown
University Medical Center Physicians. The only exclusion from this study is that patients
suffering from dementia or severe cognitive problems will be excluded (they cannot sign
the patient consent for enrollment in the study, and they would not be able to comply with
the patienit study procedures). Screening of the list of eligible patients will be done by the
clinical investigator, Dr. Winchester. A roster of patients eligible to participate in the
study will be provided to the research nurse for patient recruitment. New patients will be
added to the list as they come to the sites for hemodialysis.




4.3.5 Patient Recruitment, Informed Consent

Patient participation in the study is voluntary. Eligible patients will be approached by
a nephrologist (Dr. Winchester) on a weekly basis to ascertain their interest in the study.
The nephrologist will explain the purpose of the study to the patient and ask for his/her
participation. A letter explaining the evaluation study will be given to the patient at this
time. The patient will be asked to sign a consent form which will allow the research team
to collect data by interviewing the patient, and will allow them to extract the patients'
clinical information from their medical records and their cost information from
Georgetown University administrative data bases. If the patient refuses to participate, the
nurse will complete a refusal form 1ncludmg demographic information and reason for
refusal. s

4.3.6 Data Collection Procedures

Once consent is obtained, baseline protocol information will be collected. A patient
tracking system will also be set in motion. The tracking system will generate a weekly
date for ascertaining information on patient dialysis compliance and on use of health
services, and establish dates for the quarterly follow-up of quality of life and patient
satisfaction (one week before the quarterly follow-up visits, the nurse will notify the
patient of the follow-up date and time as a reminder).

Each week, the research nurse will record the clinical parameters related to the
patients' dialysis treatment. They will also administer the resource utilization interview.

At the quarterly visits, the research nurse will administer the quality of life and
satisfaction instruments according to the study procedure manual after the patient has
been set on his/her dialysis machine.

For patient who are miss their dialysis sessions, the research nurse will document
whether the patient was on vacation, was hospitalized, whether the patient moved to
another facility, or whether the patient died. We will attempt to elicit reasons for refusal
to participate in a scheduled interview whenever possible.

Data collection from the administrative data records at Georgetown University
Medical Center will occur on a quarterly basis. A research assistant from the Clinical
Economics Research Unit will be responsible for this data collection exercise.

For this study, a trained research nurse will be responsible for the data collection. At
the beginning of Phase I of this study, the project staff will attend a two day training
course at Georgetown. The training will include an overview of the project, training on
using the telemedicine equipment, review of patients' eligibility criteria, interview
protocols, practice interviewing and confidentiality and security measures to be instituted.

- This training session will encompass specifically the following topics: (1) operations of

the telemedicine equipment, including issues of confidentiality and security; (2)
procedures for contacting the physician using telemedicine; (3) interviewing techniques to
be used to collection of quality of life measures; (4) the protocol for monitoring health
care utilization and costs incurred by the patients (A training manual for data collection
can be found in Appendix 4c.)

Data collection outlines in this protocol is part of the dialysis center operations and is
not funded by the telemedicine grant.
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4.3.7 Data Elements

Table 2 summarizes the variables domains measured and the time of measurement for
the two study groups. A brief narrative description of each of these domains follows
below.

Table 2. Measurement of Patients Variable Domains

Follow-up at 3-Months Intervals

Domains Baseline Daily Weekly 1 2 3 4 5
Sociodemographic X

Change in sociodemographic X X X X X
Co-morbidity X X X X X X
Compliance X X

Clinical Indicators X X

Health Status, Preferences,

Satisfaction X X X X X X
Health Care Utilization/Costs

Inpatient X X

Emergency Room X X

Dialysis treatment X X

Home health visits X X

Medication X X

Telemedicinel X

Non-direct medical X

1. Number and length of time the physician is contacted to assist a patient or staff.

4.3.7.1  Socio-demographic Characteristics

Sociodemographic variables include age, race/ethnicity, marital status and living
arrangement, income, education, insurance coverage beyond Medicare, availability and
cost of transportation to the dialysis unit. In addition, patients will be asked about their
utilization of medical services (hospitalization) for the year prior to enrollment in the
study. These data will be captured at baseline, with updates captured on a quarterly basis.

43.7.2  Clinical Indicators and Comorbidity

Clinical factors will be abstracted by the nurse researcher from the medical chart at
baseline and on a weekly basis. Clinical indicators include Kt/V, URR reduction ratios,
and serum albumin level.

Comorbidity factors will be abstracted by the nurse researcher from the medical chart
at baseline. These factors include a history of diabetes, angina or myocardial infarction,
other cardiovascular problems, hypertension, bone disease, dermatology problems, access
site infarct, respiratory disease, gastrointestinal problems, neurological disorders,




hepatitis, HIV/AIDS, hematology problems, excluding anemia, and spinal abnormalities.
These items are based primarily on the Charleston Comorbidity Index .

In instances where the patient dies before the end of the study, date and cause of death
will be abstracted from the medical chart.

4.3.7.3  Quality of Life, Preference, and Patient Satisfaction

Quality of Life, patient preferences, and patient satisfaction will be captured at
baseline, and then every three months (quarterly) throughout the study period.

Based on the results from the Phase I study, the instruments that will be used for
assessing quality of life, preference and satisfaction will entail an interview length of
approximately 30 minutes. ‘
¢ For general health status and ESRD disease specific items. The KDQOL short

form will be used. The ESRD disease targeted item in this questionnaire focus on

symptoms/problems, effect of kidney disease on daily life, burden of kidney disease,
sexual function, sleep. Among the generic health measure the focus is eight multi-
items measures capturing both physical and mental health, specifically: physical
functioning, role limitations caused by physical health problems, role limitations
caused by emotional health problem, social functioning, emotional well-being, pain,
energy/fatigue, and general health rate. -

e Patients preferences will be measured by the Euroqol (Euroqol Group 1990). The
instrument contains six health related questions and a health related scale. The
thermometer portion of the instrument will be used to provide patient preference
information for cost-utility analysis.

o Patient Satisfaction. The Satisfaction with Life Questionnaire (SWLS) used by
Kimmel et al. The instrument will be administered to patients in both arms of the
study at the quarterly interviews. Two other questionnaires that deal with satisfaction
with telemedicine (developed at Georgetown) will be administered only to patients
using telemedicine. These instruments can be useful in assessing patients' view of the
new technology.

4.3.7.4  Utilization and Costs for Health Services

Utilization and costs for health services will be captured using several different
mechanisms. First, the study nurse will hold a weekly resource utilization interview with
patients. The weekly interview will focus on the use of the following services: hospital
(number of days in the hospital), emergency room, and physician office visits other than
to the dialysis center.

Second, utilization and costs of hospital and emergency room services will be sought
once every three months from the Georgetown University Medical Center Billing Office.
Third, the costs of telemedicine will be estimated by the number of times and the

length of time the physician provides care by using the new technology. A count of the
number of times the telemedicine system is used for consultation by type of consultation.
A consultation is defined as activating the system. For this clinical evaluation, we need to
distinguish among instances where it is used by the patients, the nurse, or the system




maintenance administrators. The length and the reason for the consults will be tracked
for analytical purposes. For the control group, we will attempt to track the number of
times and the length of time the physician provides consultations by phone.

Finally, estimates of the costs for dialysis and for erythropoietin use can be estimated
based on the clinical dialysis indicators. '

The cost information will be kept in a disaggregated format to allow for examination
of total costs as well as the different components of costs (It is possible that total costs
remained the same for the telemedicine group (i.e., differences in cost may not achieve
statistical significance), but the distribution among the health services sought will vary.)

4.3.8 Data Management

Copies of instruments will be stored by patient identification number in locked
cabinet at each of the two sites. A data processor will collect the forms once a week from
each of the sites for data entry and filing in central locked file cabinet in the Clinical
Economics Research Unit. Each patient will have one study folder and the study
instruments will be color coded to reflect the different time of data collection points
during the study period. :

All data will be entered in databases with appropriate measures to protect patient
confidentiality (i.e., removal of patient identifying information and creation of a data file
by patient study ID number only). All data bases will remain on the UNIX network at the
Georgetown University Medical Center. Georgetown staff are required to sign
confidentiality agreements with respect to data and so are members of the project team
who will have access to these data. This agreement conforms with the DCPC System of
Records, published in the Federal Register, vol. 488, no. 227, November 1983.

Data ranges and logical checks will be an integral part of data management. Weekly
checks of the data will be done to assure that there are no missing or incomplete data. If
the rate of missing data is high, the research nurse will be contacted and asked to try to
complete the information needed. '

The data coordinator will be generating monthly reports that will track the data
collection efforts. Specific measures that will be tracked include: The number of eligible
patients, the number of participating patients, the number of patients with complete
weekly and quarterly data, and the number of patients who die, move or choose a
different facility. In the case that a follow-up contact is missed, the data coordinator will
identify the patient, and attempt to complete the information. Three attempts will be
made prior to assuming that the patient is lost to follow-up.

4.4 Data Analysis

Data analysis is designed to address the four specific study hypotheses. Prior to
hypothesis testing, we will use descriptive statistics to characterize the two treatment
groups. Comparisons of the two groups will include t-tests (continuous variables) and
chi-square tests (categorical variables). Study response rates as well as loss to follow-up
rates will be reported.




4.4.1 Prescribed versus Actual Kt/V

The main hypothesis to be tested is that by providing patients with improved access to
their physicians and by improving physician access to patients medical information, the
RCPM will improve outcomes as measured by percent of the time the patient achieves the
prescribed Kt/V.

The first set of analyses will focus on comparing the percent of patients complying
with the prescribed treatment in the telemedicine arm to that in the control group. For
this analysis, we will have monthly dialysis prescriptions for each patient with
approximately 12 dialysis sessions observed. This proportion will then be aggregated
across study months for each dialysis patient. Thus, the compliance measure per month
will be the proportion of dialysis sessions where the patient achieves the prescribed Kt/V.
Tests of statistical significance both univariate and multivariate techniques. T-tests, Mann
Whitney will be used for the univariate analysis and statistical tests will be used to
measure changes over time.

For the second set of analyses, both within and between patients differences will be
assessed since compliance may improve over the study period for dialysis patients. For
this analysis, we will have monthly dialysis prescriptions for each patient with
approximately 12 dialysis sessions observed. Each measurement will be treated as a
unique observation, with a time dummy variable included. Thus, the compliance measure
will be the proportion of dialysis sessions where the patient achieves the prescribed Kt/V
within each study month. Analysis will use a repeated measures analysis with a series of
time dummy variables. Tests of statistical significance will be based on F-tests of the
model.

4.4.2 Reduction in the Frequency of Medical Events and Costs.

The second hypothesis is that by providing telemedicine capability in an outpatient
dialysis facility, the RCPM will reduce the frequency of medical events such as
hospitalization and emergency room visits, and reduce health care costs.

Total resource use will be aggregated by category for patients in each study arm.
Analysis of resource use between the two treatment groups will be based on a regression
analysis controlling for differences in the baseline characteristics between the two
treatment groups. ' ,

Financial information will be collected directly for hospitalizations and emergency
room visits that occur at Georgetown University Medical Center. Charges for
hospitalizations will be derived from hospital bills. Hospitalization costs will be
computed using Medicare hospital-wide cost-to-charge ratios obtained from the Medicare
cost report data set (HCFA, 1993).

In cases where complete hospital bills were not available (patients hospitalized
outside Georgetown University Medical Center), hospital cost data will be imputed using
ordinary least square regression based on patient length of stay, or assigned based on the
Medicare Prospective Payment System.

We will collected physician billing records from the faculty practice plan for
emergency room visits, nephrology visits, and other physician visits. Visits will be




collected as CPT-4 charge codes for each visit (AMA 1996), and were assigned costs
using the 1995 Medicare fee schedule (HCFA 1995).

Where we are missing billing information on the costs of physician visits, these data
will be assigned by multiplying the length of visits (in hours and minutes) by the cost of
doctor visits again using the Medicare fee schedule for physician follow-up visits with
CPT-4 codes assigned for outpatient visits based on length of the visit (12).

Data analysis for the cost data will include both univariate and multivariable
techniques (e.g., ordinary least squares multiple regression and logistic regression).
Multivariable models offer a special advantage in a study with the number of covariables
likely in this design, because they can help discriminate the degree to which different
factors influence the cost of care provided; reduce variability in the outcome and thus
with a fixed sample allow detection of a smaller difference in means between the
outcome variables; and control for potential imbalances in the randomization (e.g.,
different numbers of patients enrolled in the different countries and at the different study -
sites).

Univariate analyses will be performed on the predictors of the economic outcomes
(e.g., patient demographic data, clinical history data, length of stay and other resource
utilization prior to admission in the trial). Statistical tests will include student's T tests,
one-way analyses of variance, and chi square tests of proportions where appropriate.
Ninety five percent confidence intervals (95% CI) also will be calculated. Differences in
rates or means will be considered statistically significant if they reach the 0.05 level of
significance (two-tailed for t tests); differences will be considered to tend towards a
difference if their p value are greater than 0.05 but less than or equal to 0.10.

Multiple regression analyses also will be used to predict the outcomes (e.g., total cost,
hospital length of stay, ancillary services, whether or not the patient experienced more
than one hospitalization, and the number of hospitalizations (among patients with more
than one)). Predictors of these outcomes will include the treatment arm the patient was
assigned to and a number of other covariables that explain resource consumption (see
Schulman 1996 for an example of this approach).

For ordinary least squares regressions, we will report the coefficients for the variables
of interest, their 95% CI, and their p values. In addition, we will report the R?, adjusted
R?, F statistic, and p value for the models. For the logistic regression models, goodness
of fit will be assessed using a -2 log likelihood tests and the Hosmer and Lemeshow tests.
The latter provided a direct test of the models' calibration. To test the models'
discriminating ability, we will compute the area under the receiver operator characteristic
(ROC) curve resulting from the use of the prediction rule along with its standard error
using a maximum likelihood procedure. As with the univariable results, differences will
considered statistically significant if they reached the 0.05 level of significance (two-
tailed for t tests) and will be considered to tend towards a difference if they have p values
greater than 0.05 but less than or equal to 0.10.

Candidate predictors for the multiple regression models (i.e., potential covariables)
will be those variables with correlation coefficients of 0.2 or above with the outcome
variable. The models will be fit using a backwards stepwise procedure. After the initial
models have been constructed, we will reassess the correlations between variables that
were not candidate predictors and the regression residuals and accept as candidates for
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inclusion in the model those variables with correlations of 0.3 and above. Influence
Statistics will be calculated for the regression (e.g., the principal diagonal of the hat
matrix and standardized residuals) to identify observations that may be having an unduly
large impact on the results of the models. Multi-collinearity diagnostics (e.g., the
condition number of the correlation matrix) also will be calculated to test for biases in the
variances of the coefficients and the resulting statistical tests that rely on them.

4.4.3 Improving Quality of life, Preference and Satisfaction with Treatment

The third hypothesis is that by providing telemedicine capability in an outpatient
facility, the RCPM will improve their general health status, decrease their pain and
discomfort, and decrease their anxiety level related to emotional or physical functioning.
Quality of life and satisfaction of patients on telemedicine will be compared to those
patients receiving traditional care to determine the impact of telemedicine.

Assessment of quality of life, preference, and satisfaction information will include
changes in within patient assessments for each treatment group, as well as comparisons of
the population changes across the two treatment groups. This analysis will include
graphical presentations of measures by treatment group, as well as quantitative analysis.
The measures will be compared at baseline and at each of the quarterly visits. Within
patient changes over time will be captured to assess fluctuation of patients assessments
over time. The nature of these fluctuations (whether they represent noise or actual changes
in quality of life) will be assessed analysis of variance methods, first for each of the
patients, and then aggregated to reflect changes for each arm of the study. Measures will
be estimated with their respective 95% confidence intervals.

Multiple regression will be used to explain the Euroqol valuation (dependent variable)
as a function of compliance measure (Kt/V ), age, gender, race, time being in the trial and
arm of the trial.

4.4.4 Quality Assurance: Kt/V Meeting the required‘.HCFA Standards

The last hypothesis refers to the quality assurance requirements set by HCFA. These
guidelines requires a URR reduction ratio of at least 65% and Kt/V values that are at least
1.2. By reducing the variance in the Kt/V within and across TRC dialysis units, the use of
RCPM will enhance compliance of the dialysis staff with the quality assurance
requirements established by HCFA. For Georgetown patients, the results of the pilot test
indicated that only three of thirty six  dialysis sessions had Kt/V values below 1.2.
Analysis will assess the changes in this measure across the two dialysis units.

4:4.5 Cost Effectiveness Analysis

The cost-effectiveness analysis is a method by which one can compare the costs
effects of telemedicine to clinical outcomes for patients on hemodialysis. The cost-
effectiveness analysis of telemedicine can show one the following four possible findings:
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o A reduction in the costs of services to patients with access to telemedicine
while yielding equal or improved clinical outcomes compared to patients who
receive the usual care.

. An increase in the costs of services provided to patients using telemedicine -
while yielding equal or improved clinical outcome compared to usual care.

. A reduction in costs of services to patients using telemedicine while yielding a
worse clinical outcome compared to usual care.

o An increase in costs of services provided to patients with access to

telemedicine with worse clinical outcomes compared to usual care.

The first outcome will unequivocally suggest increased use of telemedicine, while the
second will require examining the extent by which the clinical outcomes has enhanced the
quality of the patients life to warrant the additional costs. The third option will require
further study to identify the reasons or the treatment elements which are contributing to
the worst clinical outcome. Since this is a new technology and not a new drug being
tested, the probability that cost-effectiveness will result in the fourth outcome is very low.
If the results of the study indicate a statistically significant difference in costs, Kt/V, and
on the Euroqol measure, the final objective of this study is to assess the costs and effects
of telemedicine to assign this application of the technology to one of the four domains
listed above. -

To complete this exercise, we will develop a model of the impact of the intermediate
outcome measure for this study, K/V, into a final outcome measure, survival. Analysis
will be based on the development of an epidemiological model of disease using the
medical literature and analysis of the USRDS data set. This model is based on an
understanding that the benefits of changes in K/V may extend beyond the time horizon of
this study. We will construct a model to calculate the long-term benefit of telemedicine
reported in either years of life (YOL) or quality adjusted years of life (QALY). Based on
this analysis, the cost effectiveness ratios for this therapy could be compared to ratios for
other common, resource intensive, medical therapies.

-The model will include a one-time and continuous benefit projection if the inflection
point of the survival curve of treated patients is not observed in the clinical trial
(Schulman 1991).

4.4.6 Sample Size Calculations

The sample size calculation are based on the primary hypotheses set forth in this protocol.
The statistic of interest is the percent of patients that meet or exceed their prescribed
Kv/V. Using data from the pilot, a significance level of 0.05 and a power Of 0.80, the
sample size required to detect a difference of 44 percent is appoximately 30 patients per
arm of the study. This sample size should be view as a minimal requirement for the
study. It is our objective to recruit at least 100 patients per arm.
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4.5  Human Subjects

The cohort of patients will be identified by the local site staff in cooperation with the
co-investigators. There will be no risks to the patients for participating in the study. The
respondent burden for participating in the study is five minutes on a weekly basis and
20-30 minutes once every three months.

4.6  Confidentiality

Confidentiality will be maintained in all data collection processes. All linking
information will be available only to a small number of individuals analyzing the data. In
addition all project staff will sign standard conﬁdenuahty statements pledging to maintain
patients and physician confidentiality.

4.7 Benefits

The participation of patients in this study will enhance the understanding of the
contribution of both the patients and to society. To the patients if it enhances their quality
of life while on hemodialysis, and to society if it reduces Medicare costs for this type of
service.
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5. SAFEGUARDING THE SECURITY AND CONFIDENTIALITY OF PATIENT
RECORDS

5.1 Risk Management

Hypothesis one of the study on information security and patient confidentiality states that
electronic telemedicine systems, when managed according to established information
security practices, provide increased access to and maintain the security of patient
information, compared to paper-based medical records. To test this hypothesis, two risk
analyses, of the Paper-Based Kidney Dialysis System and of the Electronic Renal Care
Patient Management Network (RCPM), were performed during Phase I of Project
Phoenix. '

Based on the findings of the risk analyses of the Project Phoenix control site at GUMC,
the telemedicine-based hemodialysis unit at Union Plaza, and other sites comprising

the telemedicine testbed, we have developed a plan to manage the risks to data integrity,
availability, and confidentiality of patient records . This risk management plan reviews
the security measures recommended by the risk analyses and provides a detailed timeline
for Phase II. The main tasks to be performed in Phase II are:

presenting our results to the management of TRC for its consideration and action
staff training
- implementing other recommended security measures
repeating the risk analysis of the Paper-Based Hemodialysis System to test the
efficacy of the implemented measures
e repeating the risk analysis of the Electronic Renal Care Patient Management Network
to test the efficacy of the implemented measures
e evaluating and addressing the security implications of moving the
telecommunications service from T-1 to ISDN

5.2 Patient Consent

The patient consent study is based on our second hypothesis which states that, when
_properly informed about the institution's policies, procedures and methods for
maintaining the confidentiality of their medical records, patients will agree to using
telemedicine systems and to storing their information in an electronic medical record.
During Phase I, we have developed a protocol to test this hypothesis, which will present
different amounts of information to patients in the control and test groups and compare
the rates of consent among the two groups.

All patients will receive an overview of the telemedicine procedures, the risks involved in
storing and transmitting confidential patient information electronically, and the steps
taken to protect their data. The clinical staff will answer questions from all patients,
whether they be in the control group or test group, to the patients' satisfaction. However,
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only patients in the test group will always be given more detailed information . We plan
to print the information in a brochure format to make it more compact and easier to read.
We will also convert this information to a World Wide Web based format so that
interested patients, staff, and other researchers may learn about Project Phoenix on the
WWW.

Patients will then be asked to consent to participate in the telemedicine study and to have
their information stored in an electronic record. The consent form, developed in Phase I,
is shown in Appendix 5c.We will record whether each patient consented to be a part of the
telemedicine project and how much information they received as part of the consent
process. Those patients that do not consent will be interviewed later to see what factors
influenced their decisions. This part of the study will continue throughout Phase II as new
patients enter the dialysis unit as is shown in the Project Phoenix timeline. -
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Telemedicine for Urgent Care Triage Support: Project Description

Principle Investigator: Walid G. Tohme, Ph.D.

Abstract

This project links the Urgent Care Clinic in Ballston, VA to the Georgetown University Medical Center
(GUMC) Emergency Room. It is designed to provide support for after hours urgent care at the clinic. It
provides the referring physician and the patxent the ability to consult with the ER physician through
telemedicine. Our desired outcomes are an increase in the effectiveness of patient triage at the front end in
Ballston, a reduction in the number of xray misreads and the number of unnecessary trips to the GUMC
ER. The end result should be an improvement in resource utilization at GUMC and an increase in the
quality of care provided to the patient. This is a joint project between the ISIS Center and the Emergency
Department at GUMC.

BACKGROUND

Current Clinical Operation

The Urgent Care Clinic at Ballston receives patients on a walk-in basis. It is permanently staffed with one
attending family practice physician, nurse practitioners/physician extenders and technicians. After hours of
operation are from 5:00-9:00 PM on weekdays and 12:00-4:00 PM on Saturdays and Sundays. Patients
with urgent care problems are registered in the waiting area on the 4" Floor. They are then seen by a family
practice physician in the clinical area (patient rooms). Patients are then taken downstairs to have Xrays
taken or the appropriate lab work done. They return to patient area to wait for results on 4% floor. Once
results are out, the physician reviews them and makes a decision on whether to discharge w/o treatment,
treat and discharge, or transfer to the GUMC ER or ICU.

Limitations of Current Clinical Operation

e The clinic is staffed with one family practice physician. The physician feels medically isolated and
cannot always consult adequately with ER physicians over the phone. Xrays are sometimes misread
leading to false positives and the patients being sent unnecessarily to GUMC ER and discharged there.

o Triaging the patients at the front end is not effective. Sometimes the patients are sent to the ICU when
not clinically recommended.

Clinical Objectives with Telemedicine

Our clinical objectives are focused on more effective clinical decision making, better quality of care for the

patient and an improvement in resource utilization

e Increase Effectiveness of Medical Decision Making at Ballston

With telemedicine, the family practice physician will be able to consult with the ER physician before
making the decision of whether to send the patient and where to send them. This implies better decision
making and more effective triage at the front end in Ballston.

¢ Increase the quality of care provided to patients

The physician at Ballston can send, if necessary, the xrays and ECGs to the ER physician for consultation,
the physician at the GUMC ER can interact with the patient, examine their condition and extract history
and other relevant information directly from the patient. The GUMC ER physician can then discuss the
case with the Ballston physician and together make an informed determination on the ensuing course of
action.
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e Improve Resource Utilization

By having more efficient triage and reducing the number of unnecessary trips to the Emergency Room at
GUMC, the cost of providing care to patients will be reduced. A more effective triage at the front end will
also lead to a better utilization of resources at GUMC.

Desired Outcomes

The desired measurable outcomes of this telemedicine operation are:

1. Reduction in the number of False positives on xray misreads

2. Reduction in the number of unnecessary trips to Georgetown ICU/ER
3. Increase in Efficiency of Patient Triage at Ballston

Technical Requirements

1. Ability for Xray transmission and interpretation at Georgetown ER

2. ECGs transmission _

3. Audio/Video Interaction between ER Physician and patient/family practice physician at Ballston

In order to achieve this each site is equipped with a PC-based Pentium 166 MHz with 64 MB RAM and 2.1
GB storage. Figure 1 shows the technical configuration set-up. An audio video card is included along with
a microphone, speakers and a 3 Basic Rate Integrated Switched Digital Network (3 BRI ISDN) card.
Communications lines provide switched 384 Kbps service. The software is based on the ViewSend 5.0 by
KLT, Inc. (Chantilly, VA). It allows for multimedia data display, storage, manipulation and transmission
of voice, video, still images and xrays. The sending site at Ballston is also equipped with a Vidar scanner
to digitize the Xrays before transmission. The KLT system is based on a Zydacron Codec, Promptus ISDN
card and Canon video camera.

Clinical Operational Protocols

Telemedicine Consult Set-up

Telemedicine consults will occur after the patient’s results (xrays, ECG etc) have been generated and the
physician at Ballston needs to consult with the GUMC physician. The POC at Ballston will call the GUMC
ER POC when there is a consult to be initiated. If there is an Xray to be digitized, the Ballston POC will
digitize it and send it to the GUMC POC. The patient is then taken from the waiting area on the 4" floor to
the Telemedicine Patient Exam Room where the consult will be initiated. Once the call is set up, the xray
received and the patient sitting in the exam room, physicians at both end will be called to start the consult.
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3 BRIISDN Line

Emergency Room Urgent Care Clinic
at GUMC At Ballston

Figure 1
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EVALUATION OF A TELEMEDICINE NETWORK FOR THE
MANAGEMENT OF RENAL CARE PATIENTS"

Principle Investigator: Walid G. Tohme, PhD

ABSTRACT

Telemedicine applications have  been
implemented in many clinical specialties. Some
like teleradiology are now established
applications with -specific standards; Most
applications still do not have protocols or
standards, including telemedicine  for
hemodialysis. As part of Project Phoenix, a
National Library of Medicine funded project to
look at the access, cost and quality implications
of telemedicine in a renal dialysis setting, we are
establishing such protocols and standards. This
paper discusses the design and implementation of
a multimedia telemedicine application being
undertaken by the Imaging Science and
Information Systems (ISIS) Center of the
Department of Radiology, the Clinical
Economics Research Unit and the Division of
Nephrology of the Department of Medicine at the
Georgetown  University = Medical Center
(GUMC). The Renal Care Patient Monitoring
(RCPM) network links GUMC, a remote
outpatient dialysis clinic, and a "nephrologist's
home. The primary functions of the network are
to provide telemedicine services to renal dialysis
patients, to create, manage, transfer and use
electronic health data, and to provide decision
support and information services for physicians,
nurses and health care workers. This paper shows
that the first step in establishing standards and
operational protocols for various clinical
applications is to start with specific clinical needs
assessment followed by an iterative process of
reassessment and evaluation. This allows for
flexibility and a dynamic process in the optimal
system design.

£y

Key Words: Telemedicine, Telemedicine Evaluation,
Dialysis ‘

1. INTRODUCTION

Telemedicine has been implemented for many clinical
applications; but technical requirements vary widely
with each different application. Although some
projects have looked at the requirements for
nephrology-based applications'? , few have
undertaken a detailed investigation of the impact of

. telemedicine on patient care. Furthermore, these

projects only allowed physicians to interact with
patients through videoconferencing. At the ISIS

‘Center, we are developing the technical requirements

for different types of clinical applications. The Renal
Care Patient Monitoring (RCPM) system allows the
physician to monitor hemodialysis patients through a
multimedia PC based platform allowing
videoconferencing and physiologic monitoring. This
system is part of Project Phoenix, a National Library
of Medicine funded project to look at the access, cost
and quality implications of telemedicine in a renal
dialysis setting. This paper will discuss the technical
infrastructure underlying this project, its design and
implementation.

2. CLINICAL NEEDS ASSESSMENT
2.1 Clinical Rationale

Patients with uremia or End-Stage Renal Disease
(ESRD) undergo hemodialysis, a mechanical process
whereby blood is removed from a patient, cleansed of
unwanted impurities and returned to them through
vascular access, usually a fistula in their forearm.
Hemodialysis is the major form of renal replacement

- Paper is being published in the Journal of Minimaily Invasive Therapies and Allied Technologies




therapy for patients with ESRD and carries in the US
a 22% first year gross unadjusted mortality, a figure
which greatly exceeds that of Europe (14%) or Japan
(12-14%).} Studies have suggested that the higher
annual mortality rate for hemodialysis patients in the
United States compared with those in Europe and
Japan is due in part to decreased dialysis time.* One
of the main surrogate markers of the quality of
clinical services for individual patients undergoing
dialysis is the Kt/V__, ratio-a global standard for the
measurement of the quantity of dialysis delivered.
Kt/V,_, a dimensionless number relating dialysis
urea clearance (K), time on dialysis (t), and the
volume of the urea pool (V - or whole body water), is
significantly related to patient survival’ and
morbidity’. The higher the value of a patient's

KtV ratio, the better the outcome and the lower the
cost of treatment regardless of the primary reason for
ESRD necessitating dialysis. The Kt/V__, ratio
directly affects the cost of medical care of kidney
dialysis patients, including hospitalization.

2.2 Traditional Hemodialysis Service

Patients report for regular hemodialysis treatment
approximately three times a week with each session
lasting three to four hours. At the beginning of a
routine dialysis session, the technical/nursing staff
examines each patient to determine vital signs and to
seek evidence of pulmonary edema (detected by
auscultation of the lung bases), cardiac abnormalities
(heart rate and apical auscultation), and vascular
access dysfunction (inspection and auscultation of
graft or fistula). The routine clinical assessment
includes :

* Cardiac, pulmonary and fistula

auscultations done through a stethoscope.

« Assessment of laboratory values (including

EKGs) mainly from patient charts.

« Evaluation of fistula through visual

assessment as well as vascular ultrasound

evaluation every three months to establish any

shunt stenosis or narrowing.

« Patient/physician interaction.

2.3 Limitations of Current Dialysis Service

Dialysis patients commonly experience a variety of

acute, chronic and emergency conditions requiring
physician attention.

However, the traditional renal dialysis service suffers
from the following limitations:

e Patient access to the physician is limited. The
physician makes rounds on patients at the
dialysis unit once a week as required by District
of Columbia laws. However, this can be once a
month or less for other parts of the world. Often
patients feel the need to speak to their physician.

o Physician access to patient data and the patient is
limited. During rounds, the physician has only
access to data available in the patient’s chart
located at the unit.

e Data necessary to manage the patients are widely
dispersed. The information necessary to manage
patients on hemodialysis (such as imaging, lab
reports, previous dialysis parameters, etc.) is
currently stored in various places throughout the
medical center, not at the dialysis clinic.

e Remote real-time acquisition and transmlsswn of
relevant data is not possible.

e  When physician is not on site, he/she is uhable to
adequately manage patients threatening to
shorten their prescribed dialysis time: Patients
undergoing hemodialysis are usually dialyzed
three times a week with each session lasting
about four hours. At times patients frequently
feel acute boredom and extreme restlessness.
They often skip appointments and end dialysis
sessions early. Recent (as yet unpublished) data
has shown a 14% increased mortality if a patient
misses one of the three dialyses prescribed per
week (occurring in 7% of patients nationwide),
while about 20% patients consistently shorten the
dialysis time by 10 minutes or greater (FK Port,
University of Michigan, Ann Arbor, personal
communication, 1996). Another study clearly
indicates that short-time dialysis is correlated
with mortality.*

o If other emergencies or acute problems occur
when the attending physician is off-site, it is not
always possible to provide real-time access to the
patient or patient information needed to
adequately manage the situation.

Physicians may avoid some types of emergencies with

adequate longitudinal information monitored during

patient rounds by instructing the dialysis personnel to
alter the dialysis parameters (e.g.: prevention of
pulmonary edema in fluid overloaded patients by
increased ultrafiltration).

2.4 Requirements of a Telemedicine System for
Hemodialysis

Based on the clinical needs and the limitations of the
current dialysis service described above, telemedicine




in hemodialysis should be able to perform the

following:
« Direct downloading of dialysis parameters'
via the telemedicine system to a remote site.
« Digitization, storage and transmission to a
remote site of patient charts, EKGs and lab
results through a document camera. Storage
in electronic patient folders for future

consultation.

« Storage and retrieval of x-rays previously
digitized at GUMC.

¢ Capture, storage and transmission of
digitized audio from an electronic
stethoscope.

» Live patient-physician interaction.

3. PROJECT DESCRIPTION AND STUDY
DESIGN

Taking into consideration the above requirements for
a telemedicine system for hemodialysis, Project
Phoenix was designed. Project Phoenix is an effort
funded by the National Library of Medicine to study
the impact of telemedicine on the cost, quality and
access to care of hemodialysis patients while
preserving patient confidentiality and data security.
In order to perform the study, we assigned patients
either to a telemedicine or to a control (or non
telemedicine) group. GUMC is presently moving its
dialysis unit outside the medical center to two new
sites managed by Total Renal Care, Inc. (TRC).
Patients decide on their new site based on their
preferences regardless of telemedicine.

Project Phoenix:
A Renal Dialysis Patlent Monitoring Network
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Figure 1

The telemedicine site connects the TRC Union Plaza
unit to the physician’s office at GUMC and his home.

" Dialysis parameters include automated patient blood
pressure; venous pressure; arterial pressure;
transmembrane pressure; blood flow rates; dialysate
flow rates, conductivity, and temperature;
ultrafiltration rates and sodium delivery.
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It involves live patient-physician interaction from
interconnected remote sites, using video
conferencing, video capture of still images (e.g.
fistula, graft) and diagnostic audio transmission (e.g.
remote stethoscope to assess cardio-pulmonary status,
etc.). Captured images ( e.g. still or motion video)
and sound files ( heart sounds, audio reports, etc.)
are incorporated into the patient’s electronic folder,
which includes current and past history, physical
exam, medications, digitized x-rays, and other images
and laboratory values. In addition hemodialysis
delivery parameters, from current or past
hemodialysis sessions are downloaded from the
hemodialysis machine via an electronic interface and
can be stored in the patient file. This allows
assessment of current and past quality and quantity
(Kt/V ) of care delivered. Our premise is that
analysis and presentation of data (current and past) to
patients enrolled in the study, with comparison to
local and national data, will encourage patient
compliance and result in a higher quality of care
delivered. This should lead to increased access to
care, improved quality of life and patient satisfaction,
lowering of medical events, patient morbidity,
hospitalization, and therefore, reduction in dialysis
costs.

4. OPERATIONAL PROTOCOL AND
PRACTICAL CONSIDERATIONS

Because integrating telemedicine in the routine
practice of care has to be seamless, the transition
must be as smooth as possible in order for the
physicians and the staff to use the system. However
telemedicine cannot replace traditional care entirely
and there are certain aspects where telemedicine can
help and others that are not appropriate. In designing
the operational protocol for telemedicine in
hemodialysis, these concerns were taken into
considerations. One such example is emergency
situations in a hemodialysis unit such as when a
patient is undergoing cardiac arrest. Stabilization of
the patient is then the only concern and telemedicine
is not useful. Instead we looked at common
emergencies or unscheduled telemedicine
consultations. In hemodialysis units, telemedicine
increases the access of patients to their physicians and
access of the physicians to their patients and their
patients’ data. We have established a clinical
operational protocol that details how-the system is to
be used in a routine clinical setting.




4.1 Routine Dialysis

In the telemedicine setting, routine consultations
occur either when the physician is performing his on-
site visit enhanced by the multimedia database of the
system or when he is performing remote patient
rounds via telemedicine system.

4.1.1 For On-Site Patient Rounds Telemedicine
will be used in dialysis during patient rounds when
the physician is on-site. By District of Columbia law,
the physician is still required to perform the on-site
patient rounds. However during these rounds the
physician now compares any abnormalities (irregular
heart beat, fistula) with baseline data collected on the
patients and stored in their respective multimedia
patient folders. The nephrologist can also monitor
the development of a problem or a recovery over a
period of time by consulting images, sounds and other
patient information stored in the longitudinal patient
folder. The on-site rounds are therefore enhanced
with the database capability of the telemedicine
system.

4.1.2 For Remote Patient Rounds: In addition to
the on-site rounds, patients in the study group receive
an additional weekly telemedicine consultation. This
is scheduled patient rounds with the physician at his
office at GUMC and the nurse present alongside the
patient. The nephrologist assesses the patient
situation, listens to the heart, lungs and fistula through
the remote stethoscope and stores values once a week
in the patient’s electronic folder. The physician can
consult the patient’s charts, labs and EKG values and
advise the nurse.

4.2 Telemedicine For Crisis Management

Crisis management, also termed common
emergencies, are unscheduled telemedicine
consultations that occur outside the scheduled rounds
performed by the nephrologist. The nurse has access
to the nephrologist in these cases at home or at the
office depending on his location. They include:

4.2.1 Vascular Access Problems: There are many
instances when patients experience vascular access
problems such as a clotted fistula. In these cases, the
physician can intervene remotely and assess the
situation by listening to the fistula through the remote
stethoscope and evaluating it through the motion
video camera.” The nephrologist can direct the nurse
to other access points or make other
recommendations such as sending the patient directly

to surgery bypassing the emergency room. By
admitting the patient directly to surgery, the
telemedicine system can save emergency room costs.

4.2.2 Shortening Dialysis Sessions: Crisis
situations also occur when patients decide to cut their
dialysis short sometimes by as much as half an hour.
As mentioned previously, short time dialysis has been
directly linked to mortality and morbidity*.
Increasing the time patients spend on dialysis
increases the Kt/V__ ratio and therefore improves the
quality of care they receive. In these situations, the
nurse will establish contact with the physician who
will talk to the patient via the telemedicine system,
discuss his or her case, compare the patient’s health
data with other patients in the unit and nationally and
encourage him or her to stay on. Early indications
show that patients appreciate receiving more attention
from their physician and are very attentive.

4.2.3 Minor Complications: Finally minor
complications in patient management such as a rise in
blood pressure, shortness of breath (dyspnea), or
fever (pyrexia) can also be dealt with via the
telemedicine system.

4.3 Telemaintenance

One illustration of how our project redesign and
feedback assessment has been implemented is the
telemaintenance aspect of the project. Between the
routine telemedicine sessions, when the system was
not being used, the technicians responsible for
maintaining the dialysis machines expressed a need to
access the knowledge of their colleagues at
Georgetown for consultation on different aspects of
cleaning, maintaining and supporting the machines.
By using the telemedicine system, the technicians ask
their head technician at Georgetown questions about
the machines. This unanticipated application, termed
telemaintenance, borne from a real need on the part of
the staff illustrates the importance of flexibility in the
project design. This type of application has also
expanded to include scheduled staff education
sessions and lectures about machine maintenance in
addition to the on-call type telemaintenance calls.

5. TECHNICAL CONSIDERATIONS

As we have discussed in earlier work”® , various
clinical applications can be grouped along: data
source characteristics (motion video, still video,




radiological image, diagnostic audio and monitoring
data), multimedia storage and database requirements.
While there will be overlap in the technical
requirements for many telemedicine applications,
some specialty applications will have their own
unique requirements. We discuss the technical
requirements in terms of motion video requirements,
still video, diagnostic audio, radiological images,
monitoring data, database and storage requirements.

5.1 System Description

Our telemedicine system is based on Housecall™ 2.3
software (MMS, inc., Maitland, FL)). It is a Pentium
133 platform with 32 Mbytes of RAM and 2 Gbytes
of storage. The software runs today on a Windows for
Workgroups 3.11 but the Windows NT4.0 release is
now in beta version and is due soon. The three sites
are separated by 5-7 miles and are connected via
dedicated T1 lines (Figure 1).

5.2 Design Considerations

Telemedicine requirements can differ significantly
based on the clinical application. There are several
design considerations to be taken into account.
Deciding on the level of interactivity of the
application in addition to matching the technical
requirements to the clinical needs become essential.

5.2.1 Synchronous vs. Asynchronous
Applications: In some clinical applications, such as
emergency care, the need to have interactive
communications is high. These applications are
referred to as synchronous applications. Other
applications lend themselves better to store and

- forward type communications where a patient case

can be sent to the physician to be reviewed later.
This type of application is common in international
telemedicine because time difference is a factor. It is
also common in clinical applications such as
dermatology where the need for interactive
communications is not very high.
In general, factors affecting the determination for
synchronous versus asynchronous mode will include:
Bandwidth and communication line costs
Bandwidth availability between the sites
Nature of the clinical application (i.e.: case
review or interactive session)
Simultaneous physician availability at both
ends
In many cases, a combination of synchronous and
asynchronous case review is used.

5.2.2  Matching Technical Requirements to the
Clinical Needs

Bandwidth Requirements for
Synchronous Dialysis Applications

Motion Video

£ ) 768 > 1,544k

Figure 2

Motion Video

Motion video intensive applications refer to
applications where the quality of the picture has to be
of diagnostic quality and includes video input from
clinical applications such as endoscopy and
ultrasound. In these cases, full motion video is
important. Motion Picture Experts Group (MPEG)
video compression algorithms, MPEG2 and MPEG],
can support bandwidth-intensive applications.
However, the use of ITU-T standard H.261
compression is the most common among video
conferencing applications and can provide 352x288x
30 frames per second resolution at Full Common
Intermediate Format (FCIF). Motion video is used
for videoconferencing purposes including patient to
physician interaction at the time of emergency.
However, it.will also be used as a diagnostic tool not
only for the evaluation of the fistula but also for
edema, skin diseases, etc. Figure 2 illustrates the
bandwidth requirements for interactive or
synchronous dialysis applications.

Motion video in hemodialysis dictates bandwidth
requirements of 128 Kbps up to 1.5 Mbps depending
on the application and the number of frames per
second (fps). Face-to-Face communications such as
communication between a patient or nurse and the
physician do not contain a large amount of motion
and can be conducted with a minimum of 128 Kbps.
Motion tasks including patient motion and
telemaintenance as described earlier inherently
include more motion and require around 384 Kbps.
Finally, motion video used for diagnosis such as in
the evaluation of a patient’s fistula or graft require the
highest amount of pixel resolution and a minimum of
1.5 Mbps is necessary.



5.3 Still Clinical Images

-Still video intensive applications include clinical
applications that require frame grabbing capability to
freeze frame motion video from medical scopes such
as with otoscopes or dermascopes. Images can be

- captured and compressed for transmission using
bitmap. Frame grabbing video signals for
transmission not only allows for greater resolution but
also leaves larger bandwidth available for other video
transmission. Clinical Still Images in dialysis (eg:
fistula image capture, EKGs or labs) can be
transferred as files and therefore do not require a
large amount of bandwidth. Fistula image capture
can be done during an interactive session or as part of
patient case sent to the nephrologist located remotely.

5.4 Diagnostic Audio

Diagnostic audio intensive applications refer to
applications where the diagnosis will be partly based
on the audio component such as a remote electronic
stethoscope (renal dialysis) to monitor patient cardiac
status. This places additional requirements in terms
of communications bandwidth. Diagnostic quality,
compressed audio may require anywhere from 64 to
128 Kbps of bandwidth. In the renal dialysis system,
stethoscope signals bypass the video codec and use
high quality audio encoders and decoders instead.
The communication link between them is allocated
separately on the T1 CSU/DSU. The requirements
for diagnostic audio are relevant to the renal dialysis
application where the nephrologist will routinely
(once per week) assess each patient's cardiac and
pulmonary status. Remote stethoscopy is also used
for fistula evaluation and is performed at the
beginning of each session. Finally audio requirements
will vary up to 128 Kbps for remote stethoscope
applications®. Studies have looked at the _
appropriateness of remote stethoscope in cardiology
applications'®. We realize that lower requirements
are necessary for dialysis and are conducting a study
to investigate the bandwidth requirements and
specifications of remote stethoscope systems for
assessing heart, lung and fistulas in hemodialysis.

5.5 Radiological Image

Radiography and ultrasound are used to detect both
acute and chronic complications of chronic dialysis
treatment. For dialysis centers separate from a

" hospital, there will be a need for intermittent

radiographic and ultrasound examinations to evaluate

acute symptoms. These studies will be done at
GUMC and the images made available on the
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network. We anticipate the need for imaging studies
in patients with acute symptoms awaiting or following
dialysis who are short of breath, febrile, or
hypotensive. Chest radiographs can demonstrate
pulmonary edema, pleural effusions and pneumonia.
Ultrasound can be used to detect pericardial effusions
in patients who are hypotensive. Comparison with
prior chest radiographs is also important in evaluating
the acute or chronic nature of the abnormalities seen.
Images will be transmitted from the dialysis centers to
the nephrologist and from the medical center digital
archive to the nephrologist to allow viewing of both
the current and prior chest radiographs. Interactive
cases involving radiology images (CT or MRI)
require bandwidth of up to 384 Kbps while
ultrasound echocardiography will require greater than
1.5 Mbps'". Some studies suggest even higher
bandwidth requirements'2.

5.6 Serial Interface for Data Monitoring

This type of data refers to alphanumeric patient data
downloaded to the telemedicine system in ascii
format. A serial interface downloads dialysis
parameters from the dialysis machines to the
telemedicine system. The dialysis machines in the
dialysis unit are all linked via an RS$232 connection to
a concentrator, a central PC developed by Fresenius,
Inc., where the dialysis data is downloaded. The
interface between the central PC and the telemedicine
system allows downloading of the dialysis parameters
displayed on the concentrator to the MMS
telemedicine machine. In order to present the data in
a way the telemedicine software could interpret, we
decided to install another PC to act as a buffer
between the concentrator and the telemedicine system
so that the telemedicine system can control the way
the data is presented to it (Figure 3). We are
undertaking several tests to investigate interface data
validity and reliability of the interface.

Serial Interface System Diagram

Ta
WAN

FRS: Fresenius Dialysis Machine
FDS08: Concentrator PC

BPC: Buifer PC

WIS: Telemedicine Workstauon

Figure 3
5.7 Multimedia Database Requirements

By having easy access to the patient’s clinical history
in the form of a multimedia data folder with
diagnostic audio (stored heart, fistula and lung
sounds), still video (fistula), digital diagnostic images



(chest images, ultrasound images and CT images),
motion video (physician/patient interaction), and
present and past clinical chemistries and hematologic
indices, the physician at GUMC or at home is able to
compare past values with current ones. Our
telemedicine platform is based on a relational SQL
database and is presented to the user as contained
within a graphical patient folder. There is a Master
Folder for each patient representing all data about the
patient and a Session Folder representing data from
each session.

5.8 Storage Requirements

Storage is done using short, medium and long term
archiving strategies. For short term archive, the hard
drive of the computer is used for memory (up to 2.1
Gbps, however not all available for short term
storage). We are in the process of determining the
length of time defined by short term archive in the
dialysis application. When the patient is evaluated
through video and remote auscultation, the data is
transmitted and stored at the physician's site. Once a
week when necessary, a portion of the auscultatory
findings for cardiac and pulmonary assessment are
recorded and stored in the patient’s folder. The fistula
still image is captured once a week per patient and is
stored on the patient site. Zip drives storing up to
100 Mbps are used for medium term storage and are
considered a transition medium to the long term
archive. In order to accommodate the storage and
archival requirements of the longitudinal patient
study, long term storage will be provided on the
StorageTek tape archive., The Multimedia Medical
Image Archival and Retrieval Server has been
installed at the ISIS Center to provide medical data

records. The medical data includes text (text report
and patient demographic information), images (screen
films, radiography, CT, US), sound (digital
stethoscope), and video (digital US and telemedicine
consultation). All the medical data is keyword
indexed using a database management system and can
be placed in a staging area temporarily and then
transferred to a 800 gigabyte tape library system for
permanent storage.

6. CONCLUSION

This paper investigates the design and
implementation of a remote monitoring
telemedicine network for the management of
patients undergoing hemodialysis. The technical
design issues and practical implementation issues
are detailed. The technical parameters for such a
network are described in terms of data source
characteristics (motion video, still image,
diagnostic audio, radiological images and
monitoring data) as well as storage and
multimedia database requirements.

In this paper, we show the first step towards
establishing protocols and standards for
telemedicine in a clinical application. Although
this has been done extensively in teleradiology, it
is still in its infancy in other applications. In this
paper, we show that the first step in establishing
standards and operational protocols for specific
clinical applications is to start with specific
clinical needs assessment followed by an
iterative process of reassessment and evaluation.
This allows for flexibility and a dynamic process
in the optimal system design.




AKNOWLEDGEMENTS

Authors on this paper are sponsored in part by the Department of Army, Cooperative Agreement #DAMD17-94-V-
4015 and the National Library of Medicine Contract #N01-LM-6-3544. The content of the information does not
necessarily reflect the position or the policy of the government and no official endorsement should be inferred.

REFERENCES

Preston J Texas Telemedicine Project: a Viability Study, Telemedicine Journal, 1(2):125-132, 1995.

User Adoption Issues in Renal Telemedicine, Journal of Telemedicine and Telecare, 2(2):81-86, 1996

United States Renal Data System, 1995 Annual Report. Am J Kidney Dis, 26, 2.

Held PJ, Levin NW, Bovbjerg RR, et al: (1991) Mortality and Duration of Hemodialysis Treatment. JAMA,

265(7), 871-875.

5. Yang CS, Chen SW, Chiang CH, et al: (1996) Effects of Increasing Dialysis Dose on Serum Albumin and
Mortality in Hemodialysis Patients. Am J Kidney Dis, 27(3), 380-386. _

6. Lowrie EG, Laird NM, Parker TF, et al: (1981) Effect of hemodialysis prescription on patient morbidity:
Report from the National Cooperative Dialysis Study. N Engl J Med, 305, 1176-1181.

7. Tohme WG, Hayes WS, Winchester JF et al, "Requirements for Urology and Renal Dialysis PC-Based
Telemedicine Applications: A Comparative Analysis", Telemedicine Journal, 3(1), 1997.

8. Tohme WG, Hayes WS, Mun SK et al, "Technology Assessment for an Integrated PC Based Platform for Three
Medical Applications”, Proc. Soc. Photo-Opt. Instrum. Eng., PACS Design & Evaluation: Medical Imaging,
2711:335-344, 1996

9. Turner J, Brick J, Brick JE, “MDTV Telemedicine Project: Technical Considerations in Videoconferencing for
Medical Applications”, Telemedicine Journal, 1(1):67-71, 1995.

10. Belmont JM, Mattioli LF, Goertz KX et al, “Evaluation of Remote Stethoscopy for Pediatric Telecardiology”,
Telemedicine Journal, 1(2):133-149, 1995.

11. Dewey CF, Thomas JD, Kunt M et al, “Prospects for Telediagnosis using Ultrasound”, Telemedicine Journal,
2(2):87-100, 1996. ,

12. Chimiak WJ, Kuehl KS, Hayes WS et al, “The effects of Motion-JPEG compression on the diagnostic quality of

pediatric echocardiograms”, Proc. Soc. Photo-Opt. Instrum. Eng., PACS Design & Evaluation: Medical

Imaging, 3035-47, 1997

PO

C-8




Needs Assessment Approach for International Telemedicine Programs
Principle Investigator: Walid G. Tohme, Ph.D.

Abstract

By bridging time and distance through telecommunications technology, telemedicine brings the promise of better
healthcare to patients in underserved areas around the world. With telemedicine, the expertise of specialists in large
medical centers can be made available to remote physicians and patients to provide:

- Direct Patient Care

- Continuing Medical Education (CME)

This telemedicine service can have four functions with respect to the two general needs of Direct Patient Care and
CME:
- Patients in the local community may consult with specialists at GUMC and other medical centers
without having to leave their region ‘
- Physicians in the local community and its vicinity may consult with specialists at large medical
centers
- Patient information such as xrays, pathology and clinical labs may be transmitted for review by
experts '
- Continuing medical education and distance learning education may be provided for physicians
through grand rounds and videoteleconferencing

To evaluate the potential benefit of telemedicine, a needs assessment and a feasibility study have to be conducted.
The Needs Assessment evaluates the demand for specialty assistance in patient care and CME that can potentially be
provided by this telemedicine service. We believe the needs assessment section establishes a compelling argument
for the role of telemedicine in improving the quality of care delivered. Once the role of telemedicine is determined,
the Feasibility Study determines the scope of the services appropriate for this telemedicine service. This document
outlines an approach to assessing the need for telemedicine in an international setting.

1. NEEDS ASSESSMENT

A team of experts evaluates the demand for specialty assistance in direct patient care and continuing medical
education that can be addressed. Upon completion of this Needs Assessment, we believe that a compelling argument
is made for the role of telemedicine in direct patient care and continuing medical education.

2.1 Determining the Need for Telemedicine in Direct Patient Care
In regards to direct patient care, the needs assessment seeks to answer the following questions:
1. What kinds of medical problems do physicians in the area demand help with on a regular basis?

To answer this question, we look at several parameters including:

e Level of medical knowledge of general practitioners: This information helps us determine how useful
telemedicine is for general practitioners. This can be determined by factors such as physicians’ background,
level and place of training, years of experience, requirements for CME and fulfillment of those requirements.

e Availability of subspecialty services: Do hospitals provide specialty and subspecialty expertise and if so how
available to patients is it?

* Appropriateness of subspecialty expertise: We also look at the level and appropriateness of the expertise of
available specialists in treating their patients in order to determine how consultations with other specialists can
help. '




Existing workload of hospitals and physicians: By knowing the existing workload of physicians and hospitals,
we are able to determine how helpful it is for them to share workload with other physicians or specialists. For
hospitals, telemedicine could bring in additional capability with workload in particular for diagnostic
applications (eg: sharing xrays).

Disease profile and case mix of hospitals and clinics: This determines the type of case seen by physicians at
hospitals in the area and whether telemedicine can help in therapy or diagnosis for those specific types of
diseases. We rank cases on type, life threatening nature, frequency of occurrence, ease of prevention, cost to
treat, etc.

Organization and storage profile of patient records: Establishing telemedicine provides the opportunity for
storing patient records electronically. This would help the local physician in treating the patient because it
reduces the amount of lost information (eg: charts) or duplication (eg: xray film retakes).

Level and appropriateness of access of patients to care: This will determine how easy it is for patients to access
the appropriate level of care physician.

Quality of general and specialty care offered at hospitals in the local community: This will emphasize the need
for telemedicine in improving the quality of care delivered.

Number of hospitals and hospital beds available in the area: This will help us decide whether telemedicine can
help general practitioners in managing their workload.

2.2 Determining the Need for Telemedicine in CME

With regards to continuing medical education, the needs assessment study will seek answers to the following
question:

What kinds of CME do physicians in the area feel the need for?

In order to answer this question, the needs assessment study will look at several parameters including:

Level of medical knowledge of general practitioners: how much help and education do physicians need to make
their medical knowledge more appropriate?

Education programs in Medical schools: how appropriate is education in medical schools and what type of
subjects are taught?

Education programs in nursing schools: how appropriate is education in nursing schools and what type of
subjects are taught?

Physicians specialty profiles: how experienced and educated are physicians in their own specialties?

Post-graduate training in advanced medical technology: What programs are available in these fields of study?

2.3 Information Sources for Needs Assessment
We will seek the following sources to gather information for the needs assessment study:

Survey of practicing physicians in the underserved community

Survey of a sample of practicing nurses in the underserved community
Review of various health care statistics from various sources

Review of government reports on major health care problems in that area




3. FEASIBILITY STUDY

Once we establish the need for telemedicine, we conduct a study that explores the feasibility and scope of the
intended telemedicine service with special emphasis on direct patient care and continuing medical. The feasibility of
these two applications is studied from the following perspectives:

* technological availability

local infrastructure (physical, technical and personnel)

clinical factors

program management

financial sustainability

3.1 Technological Availability

We review telemedicine technologies that are suitable for our telemedicine efforts. This part explores technologies
that are available for telemedicine applications and the next section details what parameters determine which ones
can be deployed in the area.

We review the following technologies inherent to telemedicine applications:

e Communications technologies (including mainly a review of suitable satellite communications options)

¢ Interactive and store and forward software technologies

» Telemedicine peripherals and ancillary equipment (eg: dermascopes, remote stethoscopes, ophtalmoscopes,
otoscopes, dental cameras)

e Scanner and film image digitizer technologies

Display technologies (eg: high resolution monitors for display of gray scale diagnostic radiology images, SVGA

screens for interactive video applications)

Storage technologies (eg: hard drive, zip drives, jazz drives, optical and magnetic tapes)

Internet and web-based telemedicine technologies

Data security and encryption methodologies

Imaging modalities (e.g. MR, CT, Computed Radiography)

Multimedia databases technologies

Data and video compression algorithms

Additional Specifications

e Compact telemedicine systems

e Ruggedized telemedicine systems

e  Customization of software technology for language

e Air conditioners and power generators to sustain equipment

3.2 Local Infrastructure :
Based on the infrastructure that can be deployed in the area, the technical scope of the project will be determined.
We will look at the infrastructure to support telemedicine with respect to the following:

- Physical Infrastructure

- Technical and Communications Infrastructure ) :

- Personnel Infrastructure Support (engineering and technical staff)

Physical Infrastructure

We look at several parameters to determine the feasibility with respect to the physical plant such as: utilities access
and availability to physical plant, buildings and grounds surveys, availability of power generators, amount of
refurbishing and restoration needed, amount of customization to telemedicine needed, type, availability and
reliability of the power and electrical infrastructure and ease of access to electrical supply. Some of these factors
may be more relevant in international programs.

Technical and Communications Infrastructure
The technical infrastructure that can be deployed will be key in determining the technical scope and feasibility of
our telemedicine applications. Determining factors include:
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Availability of Internet access, its usage, costs and ease of access

Number of intended users of telemedicine services

Access to telecommunications service providers

Access to telecommunications vendors

Access to communications lines

Network access, usage, costs and ease of access

Auvailability and access to telecommunications equipment, cables, routers etc
Ease of deploying communications technology

Personnel Infrastructure
. This component of the feasibility study evaluates the engineering and technical staff available on-site with respect

to:

Availability of technical staff: We determine whether we can find the appropriate type of engineering and
technical staff to support the telemedicine clinic.

Number and level of competency of technical staff: We evaluate the number and quality of the technicians and
technical staff to determine the level of training needed for equipment maintenance and upkeep.

Computer literacy: We also determine the level of computer literacy of the technical support staff to determine
the amount of training required on the telemedicine software.

Language skills : The level of fluency with the English language determines the strategies to undertake for
future training whether on-site, through the telemedicine system or through technical operation manuals.

3.3 Clinical Factors
Based on the needs assessment, we gain a better understanding of the clinical demands of the physicians in the area.
The feasibility study determines the extent to which telemedicine can answer those needs.

Clinical Parameters
This includes parameters such as:

Established referring patterns: Existing referring patterns and social relationships between physicians in the area
have an impact on the role and number of physicians to include in the telemedicine program and the extent to
which this is feasible.

Impact of cultural traditions and local customs on medical practice: Factors such as religion, gender and local
traditions have to be taken into consideration when determining the clinical feasibility of the program. '

Characteristics and profile of target patient population: Factors such as the patient’s familiarity with television
and technology are important in the determination of the clinical and technical feasibility of the program. We
also study the target patient population from a socioeconomic (work status, educational level) and demographic
(gender, age, ethnic background) perspective.

Availability of subspecialty support: We closely look at the disease profile and case mix of the target patient
population in order to determine the matching expertise available at participating medical centers.

Clinical Staff:
One of the key issues related to the development of a sound telemedicine program is the availability of trained
clinical staff. We consider the following parameters in making this determination:

Number and skill level of specialists, general practitioners, nurses and clinical staff: The number and level of
competence of the clinical staff have to be evaluated.

Computer literacy of clinical staff: Level of familiarity of the clinical staff (physicians and nurses) with

technology and computers plays a key role in determining the amount of training required on the telemedicine
system.
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e Language skills of clinical staff: The degree and ability to read, write and communicate in English is a factor in
determining if local customization of the telemedicine system software is needed. It also affects the language in
which training manuals, clinical and operational protocols are written.

3.4 Program Management

Management of this program requires close collaboration of staff in multiple countries. The optimum management
organization is proposed by taking into consideration factors such as:

e  Extent of support for the project from the local authorities and the relationship with the local health authority.

e Relationship with local clinicians and their staff: We examine the possibility of identifying clinical champions
to support our telemedicine project.

* Relationship with participating major medical centers including establishing and managing clinical relationships
with participating organizations.

s  Possibility of establishing remote management of the project via the telecommunications infrastructure: This
depends on time difference between the two countries and staff availability on both ends.

e Possibility of managing differences in physician work hours and time difference between that country and the
US: We examine working hours of local physicians to determine the existing overlap with US physicians.
Factoring in time difference between the two countries has an impact on the opening hours of the clinic and the
type of telemedicine offered (store and forward vs. interactive) '

3.5 Financial Sustainability

Telemedicine requires initial start-up investment but funds must be available for the project to sustain itself.
Financial sustainability is reviewed by looking at the following issues:

Cost and reimbursement structure in the local health care system

Payment scheme for traditional medical service

Possibility of establishing a fee structure for the types of telemedicine services rendered

Establishment of physician reimbursement for telemedicine services

Payment scheme for telemedicine services at participating organizations

Establishing a scheme for international reimbursement .

Creating incentives for physicians and patients to go to the telemedicine clinic

Once these questions have been answered, the business plan and economic viability are determined. The business.
plan also includes a detailed financial analysis and an appraisal of the program’s fit with the organizations’ strategic
plan. This business plan details the cost structure of the telemedicine operation. These costs include:

Start-up Budget: This includes start-up and operating budgets for the project, a break-ev