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Filling a Gap in eHealth Records:
The Development of a Home Care Records System

Anthony P. Glascock, Ph.D.
Department of Culture and Communication
Drexel University, Philadelphia, PA, 19104

glascock@drexel.edu

Abstract—The process of developing an eHealth records system
over the last six years is described. The work took place at
seven care organizations in the United States, the United
Kingdom and the Netherlands and was part of a series of pilot
studies assessing the effectiveness of a behavioral monitoring
system in the delivery of care to at-risk elderly. A research tool
created to systematically collect data on alerts, care actions and
health outcomes evolved into a home care electronic records
system. The system is fully functional on any smart mobile
device and can be used with a wide variety of pervasive health
care applications or as a stand-alone. Five essential design
features that impact the future of such home care electronic
records system are discussed.

Keywords—eHealth medical records; home care; mobile devices;
self-management

l. INTRODUCTION

Over the last decade, there has been a general
acceptance of the need for and use of electronic health care
records, first in the hospital setting and later within
physician practices. Initially in the United States, because of
the cost, in time and money and disruption in the normal
care delivery model, there was little enthusiasm for the use
of electronic records. However, a combination of
“encouragement” from the insurance industry and the
insistence by government, the use of electronic records
inexorably came to be the norm within hospitals, other
institutional settings and physician practices. Even though
the use of electronic records is not 100%, there is little
doubt that the greater reliability of electronic records, the
ease of storage and access and cost savings, will eventually
achieve close to universal usage within institutions and
among physicians [1, 2].

The home, however, is a different matter all together.
Although delivery of care and services in the home has
increased significantly and, if projections are correct, will
accelerate at an ever more rapid pace over the coming
several decades, the development and use of electronic
systems to record the care and services has lagged behind
the institutional sector. The acceleration of the delivery of
care and services in the home is being driven by two main
factors: demography and cost. The demographic trends are
well known: dramatic increase in the number of elderly,
especially the oldest-old; a concomitant increase in chronic
diseases associated with aging, e.g., congestive heart failure
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(CHF), diabetes, dementia; and a decline in the number of
informal carers—family members—who can provide care to
the expanding elderly populations. Cost projections are
similarly daunting: increasing cost for care delivery within
the institutional setting; insufficient number of
institutions—hospitals, nursing homes, rehabilitation
facilities—to provide the care required for the elderly
population and insufficient funds to build the large number
of additional institutions; and prohibitive costs to
government to provide care and services through current
care delivery models.

It is generally agreed upon that the only way to meet
the increasing needs brought about by the demographic
trends, while at the same time not bankrupting national
treasuries, is to provide more care and services in the home
[3]. This is not a new idea, nor particularly radical, but as
more care and services are being delivered in the home,
several issues have emerged that raises serious concerns. In
the first place, the care being delivered had steadily become
more extensive. Whereas ten years ago rehabilitation after a
serious illness or accident would have been undertaken in a
specialized facility, increasingly these services are being
provided in the home on an outpatient basis. But
rehabilitation is just one of an escalating number of care
services being provided in the home: nutritional counseling;
wound care; psychological therapy; and medication
adherence, to name several of the major ones. Additionally,
the range of products and non-care services supplied to
individuals in their own homes has increased significantly
over the last few years: oxygen; specialized beds;
monitoring systems—~behavioral, vital signs, environmental
extremes; meals; housekeeping; shopping; companion
services. As the care and services have multiplied, so have
the number of people providing the services, as well as the
number of companies and agencies overseeing the provision
of this care and services. Some of these companies/agencies
may provide several services and products, but in most
cases there are multiple providers and certainly multiple
people providing the different services and products. These
companies/agencies are, of course, in addition to any
services provided by informal carers—family members,
neighbors, friends.

Thus, the need for a means of recording and tracking
the care and services provided in the home are essentially
the same as for institutions: increased reliability; better
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coordination; appropriate level of care; and cost savings. As
more care and services are delivered by more people
representing different companies and agencies, just keeping
track of who is providing what becomes increasingly
difficult, especially if the individual receiving the care lives
alone in her home and is experiencing cognitive decline or
other impairments. Scheduling of visits and deliveries,
ensuring the correct product or service, avoiding duplication
all become difficult if records are scattered among various
agencies, companies and individuals and are rarely, if ever,
shared. It is also extremely difficult to evaluate if the care
and services are having the desired impact on the individual
if there is no systematic way to track the care and services.
In other words, if records are non-existent or scattered there
is no way to measure outcomes resulting in the inability to
determine if the care and services are appropriate. The lack
of systematic and comprehensive records also makes it
difficult for other care providers, e.g., physicians,
specialists, to make informed care decisions, since the
reliance on the patient to remember specifics about the care
and services in the home has proven to be suspect at best. In
addition, if electronic records of care and services in the
home do not exist, it is obvious that they cannot be linked
with the records that have been created in the hospital and
the physician practice, resulting in an incomplete record of
care. Finally, even though delivering care and services in the
home is more economical than in institutions, it still costs
money and someone has to pay for it. As a result, from the
point of view of the client receiving the care and services, as
well as the insurance company and the government, there is
a discernable need to track the care and services to ensure
that what is paid for is provided and that everyone was paid
appropriately.

This paper reports on the inception, design,
development, implementation, testing and evaluation of an
electronic records system developed for care and services
delivered in the home: the Home Care Informatics System
(HCIS). The first iteration of the HCIS was developed in
2006 and in the last six years three separate iterations have
been used within seven different care delivery organizations
in three countries—the United States, the United Kingdom
and the Netherlands. As of September 1, 2012, the HCIS, in
one of its iterations, has been used for over 400 clients
receiving care and services in their own homes. Although at
present the HCIS has only been used in conjunction with a
behavioral/lifestyle monitoring system, it is designed to be
used independently of any monitoring system.

Il.  THREE STAGES OF DEVELOPMENT

The HCIS developed out of a comparative research
project on the effectiveness of a particular behavioral
monitoring system—QuietCare®— as a passive emergency
response system within different care delivery models. The
sequential research began in 2003 and eventually
encompassed 14 care organizations in three countries [4, 5,
6]. As part of the research, it was essential to track the care
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actions taken in response to an alert generated by
QuietCare® in order to evaluate if the particular alert
brought about an appropriate response by the care provider.
Until 2006, the research had relied primarily on anecdotes
(case studies) to understand how QuietCare® was used to
help provide information to care givers on the needs of their
clients. Although hundreds of such case studies had been
collected and analyzed over the first four years of the
research, there was no systematic means for the collection
of data on the alerts, care actions and the health outcomes
that could be subjected to a more rigorous analysis. A
thorough review of the literature indicated that no such
research tool existed that could automatically accomplish
the goal of collecting such data and thus, a new research
instrument had to be developed.

A. Stage 1—2006-2007

Research at Selfhelp Community Services, Inc. was
undertaken on the use of QuietCare® within a care
management model in a Naturally Occurring Retirement
Community (NORC) in Queens, New York. In this care
model, eleven geriatric social workers provided care
management services to over 200 residents within the three
buildings of the NORC. Twenty-seven of these clients
agreed to have QuietCare® installed for a six month period
and to have the social workers use the resultant data in care
management decisions [7]. The first iteration of the
instrument was labeled the TAO: standing for Trigger, the
QuietCare® alert; Action, the care action taken by the social
worker in response to the alert; and Outcome, the health or
care outcome brought about by the care action. A brief
example illustrates the initial design of the TAO:

QuietCare® sends to the geriatric social worker an alert

indicating an increase in overnight toileting for a

particular client—the Trigger;

The social worker who receives the alert, phones the

client to inquire about the client’s behavior—the

Action;

Finding out that the client was frequently in the

bathroom because of a stomach flu, the social worker

contacts the client’s physician to obtain a prescription
for medication—the health Outcome.

For the first month of the study, even though the social
worker received the alert on her computer, she filled out a
paper form with the relevant information, which was then
entered into a computer data base for analysis. At the initial
meeting of the study team, it was agreed that the paper
version of the TAO was time-consuming to fill out,
redundant with other forms that had to be filled out by hand
and could not be easily shared with co-workers and
supervisors. Thus, a computerized web-based version of the
TAO was created and put in operation in the sixth week of
the study. (See Fig.1)



eTELEMED 2013 : The Fifth International Conference on eHealth, Telemedicine, and Social Medicine

Trigger/Action/Outcome (TAO) Form

#51-50301-150

1. Submitted By
Caregiver's Name ‘r Harriet acksan -
2. ClientID 80301 (1367)
3. Date |s /Jlo /|2oos
4. Triggers (check only one)
Alert Email(s) ® Website Alert © Non-QuietCare Trigger ©
(f non-QuietCare alert trigger, please explain in box below)
Al
E
5. Alerts (Check all that apply)
a Urgent Alerts b.  Non-urgent Alerts
[” Wake-up [+ Overnight
[™ Fall ™ Meals
I™ Temperature ¥ Activity
Figure1. Web-TAO

The Web-TAO form took about five minutes to fill out,
could be easily shared with others and, most importantly,
could be updated as more actions and outcomes occurred. In
the short run, this last feature proved beneficial for the
social workers as they could quickly and almost effortlessly
update the Web-TAO records for individual clients. In the
long run, the need to have an update capability proved
essential in the development of the HCIS. This is because,
although the alert is a discrete event, care actions and health
outcomes are not discrete, but instead roll out over time.
The previous example of the TAO narrative has all three
elements as discrete events—one Trigger, one Action, one
Outcome—and this example corresponds to approximately
40% of the TAOs collected at Selfhelp Community
Services. However, a majority of the TAOs corresponded
more to the following example:

QuietCare® sends to the geriatric social worker an alert

indicating an increase in overnight toileting for a

particular client—the Trigger;

The social worker who receives the alert, phones the

client to inquire about the client’s behavior—the

Action;

Finding out that the client was frequently in the

bathroom because of a stomach flu, the social worker

contacts the client’s physician to obtain a prescription
for medication—the health Outcome;

The social worker phones the client’s daughter to report

that her mother has the flu—Second Action;

Daughter visits her mother the next day finding out that

her mother is no better—Third Action, Second

Outcome;

Daughter phones social worker reporting on mother’s

condition—Fourth Action; social worker visits client,
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determines that she is dehydrated, phones physician—
Fifth Action;

Physician decides to have client admitted to hospital—
Sixth Action, Third Outcome;

Client is discharged after two days in hospital—
Seventh Action, Fourth Outcome.

All of the above actions and outcomes were the result of the
single alert and could now be entered into the Web-TAO as
the events rolled out over time. As a record of care provided
and outcomes generated, the Web-TAO proved extremely
helpful to the geriatric social workers as they could more
systematically track the progression of care and outcomes.
However, the realization of how multiple care actions and
outcomes could be gathered together in a single record
proved invaluable for the future development of the
informatics system that eventually became the HCIS.

The quantitative results, e.g., number and type of alerts
over the six months, number and type of actions and health
outcomes, of the study have been reported elsewhere [5, 7],
and even though these quantitative results are interesting,
they did not drive the development of the informatics
system as much as monthly care review meetings with
geriatric social workers, supervisors, administrators and
researchers at which the entire study was discussed, in
general, and the Web-TAO, in particular.

It was at the first of these meetings that the social
workers strongly suggested that the TAO be put on the
Web. At subsequent meetings suggestions were made to:
add auto-populated fields to the Web-TAO; use check-boxes
whenever possible; allow for easier follow-up entries; allow
access to individual records by other social workers and
supervisors. It was at the second meeting that two issues
that would drive much of the development of the TAO came
to light: 1) how could the information contained in the Web-
TAOs be most effectively used in the delivery of care to
clients; and 2) should the Web-TAOs be used by
supervisors to evaluate the work performed by the social
workers? Since the objective for these meetings was to
review what had happened to each of the clients over the
previous month in order to assess how QuietCare® had
impacted the delivery of care, it was not surprising that the
TAOs were the focus of the discussions—the TAOs did
contain a comprehensive record of each alert, care action
and outcome for each of the clients— but it was surprising
how the social workers utilized the TAOs during the
reviews. They placed the TAOs for each of the clients
together and then worked their way chronologically through
the TAOs. (All of the TAOs had been printed and each
social worker brought the TAOs for their clients to the
meeting.) By their actions, the social workers were
constructing an on-going record for each of the clients by
putting TAOs for the particular client together into a single
“pile”. This is what gave me the idea that the information
contained in the TAO could be put together into an
electronic record. This transition from a research instrument
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to an electronic record did not take place during the Selfhelp
Community Services pilot, but the idea was planted and
germinated quickly in the second stage of the development.

Another issue of concern on the part of the social
workers over the use of the Web-TAO is the evaluation of
their jobs. However, it was apparent after that second
meeting that the information within the records could be
used to evaluate work performance: how quickly did the
social worker respond to the alert; how effective were the
actions she took; did she follow up to determine the
outcome of the action; did she recommend services
provided by Selfhelp Community Services to the client—
increasing revenue for the organization. For the supervisors,
the Web-TAO provided an objective basis on which to
evaluate the work performed by the social workers; for the
social workers, the Web-TAO allowed supervisors to
question their actions and professional conduct using
information that had not been available previously. These
issues were not resolved before the study ended, but as
discussed subsequently, it remained a vexing problem for
the future development of the TAO/HCIS. However,
perhaps the most important thing that we learned from both
sources was that just because “rules” for the use of the TAO
are created at one care organization does not mean that the
rules will transfer to another organization. Every
organization’s culture is different, meaning that the process
of rule creation, as well as the rules themselves, will be
different.

B. Stage 2—2007-2008

As the Selfhelp Community Services study was
concluding, a new study commenced in London. Once
again, the study consisted of the installation of QuietCare®
in the residences of elderly individuals who were at risk for
a variety of health and functional reasons and who were
provided services by a care organization. However, unlike
the Selfhelp Community Services study in which all clients
lived independently and had their care managed by a single
care organization, the London study involved several
residential types and more than one care organization. All
residents lived in Southwark, an area of Central London
south of the Thames, and were provided services from one
of three care organizations—Southwark Falls, Oasis and
Hyde Housing. Although the organizations were
“independent”, they all operated under the broad umbrella
of the Southwark Local Authority. Thus, the work
undertaken by “carers” in these organizations was much
more coordinated than would be found in three independent
organizations in the United States. Each organization did
provide services to a well-defined population: Southwark
Falls, individuals living independently requiring a moderate
level of care and services; Oasis, individuals living
independently requiring a more intensive level of care and
services; and Hyde Housing, individuals living in
congregate housing requiring a very high level of care and
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services provided by residential staff. However, even though
these organizations were “independent” and served distinct
populations, for the discussion of the development of the
TAO/HCIS it makes sense to view them as a single entity
and to aggregate their clients. Therefore, the following
discussion will refer to the Southwark Study and 97 clients
rather than the individual care organizations and their
clients: Southwark Falls—45; Oasis—16; Hyde Housing—
36.

Based on the development work undertaken at Selfhelp
Community Services, the Southwark Study began with a
fully operational Web-TAO that had the ability to easily
update a report as care actions and outcomes rolled out over
time. Some changes had to be made in the Web-TAQ’s
check-boxes and auto-populated fields to conform to the
particular care management models used in Southwark and
to make the Web-TAO more “British”, e.g., English English
rather than American English. Also based on development
decisions made at Selfhelp Community Services, the Web-
TAO implemented at Southwark had slightly enhanced
information sharing ability which allowed easier access to
individual client’s records by authorized personnel.

The quantitative results from the Southwark Study, e.g.,
number and type of alerts over the eight months, number
and type of actions and health outcomes, have been
published elsewhere [4, 8, 9]. Also similarly, even though
the quantitative results from Southwark are interesting, they
did not drive the development of the electronic records
system, but instead, it was findings from other sources,
primarily a series of three meetings in London with carers
from the three organizations and discussions by email and
phone with carers about their usage of the Web-TAO.

Within the first six weeks of the study, it became
apparent from the analysis of the material being entered into
the Web-TAO that the carers were using the system much
differently than the social workers at Selfhelp Community
Services. This was due, in the first place, to the fact that the
carers at Southwark had a working Web-TAO from “day
one” and there were no delays in implementation. Second,
the nature of the culture of care at Southwark was different
from at Selfhelp Community Services. At Southwark, the
culture was extremely collaborative and although particular
carers had primary responsibility for specific clients, all
carers engaged with all clients in some fashion. The Web-
TAO was immediately conceived by these carers as a tool to
allow for easier sharing of information among all carers
rather than just a record of responses—actions and
outcomes— to triggering alerts. Therefore, the ability for all
members of the care team to not only see the information,
but to contribute to the information stream became
paramount. Additionally, by the end of the study, the carers
were, on a regular basis, sharing information from the Web-
TAO with family members of several of the clients.

The cultural imperative to share and contribute to the
information of clients was very quickly reflected in the
Web-TAOs. Instead of discrete, although often lengthy
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records of actions and outcomes, the Southwark Web-TAOs
took on the appearance of “blogs” in which numerous carers
listed their actions and the subsequent outcomes for
particular clients. On the surface, this change appeared to be
trivial, but in actuality it altered my entire thinking about the
structure of the Web-TAO. The Web-TAO had already
mutated from a research tool to a care provision tool that
tracked responses to QuietCare® alerts, and now it had
transformed again from a limited record of what transpired
when an alert occurred, to a more comprehensive electronic
record of all care being delivered to a specific client over
time. Fig. 2 is an example of a typical “blog” for a single
client. This example page not only shows the
comprehensive nature of the information recorded, but also
illustrates how many carers became involved in contributing
care for this client, including specialists from outside the
original set of carers.

-Wake up

-Phoned client

-Wisited client

-Spoke to care professional Care Coordmator, GP

-Contacted other person Spoke to OASIS Support Worker
-Other zction teken: Supportworker spoke to client face to
face, spoke to the surgery conceming the medical health of the
client, GP to call back.

10v23 10:04) Client has been complammg of hip pam for the
last two days but on prompting to attend GP surgery or to
have home visit, she declined. When support worker visited,
she found out that the client appeared unwell and movement
was very slow.. Client had not eaten since last night so
Support Wotker prompted nutriion and medication and asked
the client’s permission to call GP to look at her hip. Client has
agread and 2 call has been made to book for 2 GP to examine
the chient. GP 1z aware of the needs, we have left a telephone
message on the Next of kin's mobile number and Care
Coordinator has besn mformed. GP visited and assessed Mis
B yesterday. She prescribed paracetamol for pain relief as it
was fond out that the arthritis in her hip was causing her so
much pam. Client is still not able to get out of bed earlier but
we hope that the pain will subside. Plan: Monitor the effect
and report to GF as the condition changes. Care Coordmator
to note. (10026 10:47) GP stated that Mrs B appeared confused
when examimed and advised her to mereaseher fluid intake
and contact the Specialist Mental Health Care Coordinator to
assess the simation. (10/30 11:42) Fellowing GP's prescription
for pain relief, QuietCare showed that Mrs B visited the
bathroom at 4.33 am and got out of the bedroom at 9.59 am
which was unusual from recent data. She has been on pam
relief since Friday 26th October and there appears to be a
marked improvement in her health.

Trigger
Actions

Outcomes

Figure 2. Web-TAO blog narrative

It also became apparent that the “Smart Team”—the
newly formed group of carers at Southwark who were now
charged with making full use of the Web-TAO as a care
tool—had other ideas for the use of the Web-TAO. One was
to be able to send the “blog” to a client’s physician prior to
an appointment in order for the physician to have all
relevant care information. This required no modification in
the Web-TAO and was implemented before the mid-point of
the study. Another idea was to allow the “blogs” to be
sorted by alert, particular carer, type of care actions and date
of entry. Although technically not a complex undertaking,
the challenge was to understand the use to be made of such
a sorting feature, before creating it. Unfortunately, the

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-252-3

sorting feature was developed too late for it to be fully
implemented in Southwark, but it became a key feature of
the next iteration in the Netherlands. Unlike at Selfhelp, the
fear that the information stored in the Web-TAO could be
used to evaluate the work performed by the carers was not
raised at Southwark, but this issue resurfaced in the
Netherlands.

C. Stage 3—2008-2012

Work in the Netherlands began in late 2007 as part of a
demonstration project to evaluate the role of behavioral
monitoring in the delivery of care both in the home of at-
risk elderly and within an institutional setting in the
Limburg Province. The initial demonstration project ran for
six months during which time QuietCare® was installed in
the residences of 12 individuals living independently and 13
individuals living within a sheltered housing facility. The
success of the demonstration project led to a much larger
study that began in 2008 and is scheduled to end at the end
of 2012. As of September 1, 2012, QuietCare® units had
been installed in the residences of 192 individuals living
independently throughout the largely rural Limburg region.
The lead care organization for both the demonstration
project and the larger study is Proteion Homecare North
Limburg, a full service care organization that provides both
services and care in the home and within institutional
settings. A second care organization, Zorgroep, which
provides similar services and care as Proteion, is involved in
the larger study, but its role is secondary to Proteion both in
the number of clients served—128 clients for Proteion and
only 64 for Zorgroep—and administrative responsibilities.
Thus, similarly to how the three London organizations were
combined, it makes sense to view these organizations, as
well as the demonstration project and larger study, as a
single entity and to aggregate the clients. Therefore, the
following discussion of the development of the TAO/HCIS
will refer to the Dutch Study with a total of 192 clients,
rather than making reference to individual care
organizations or differentiating between the demonstration
project and the larger study.

Since the demonstration project in the Netherlands
began as the London Study was winding down, it was
possible to provide the Dutch with an enhanced Web-TAO
which had the ability to produce “blogs”, which we renamed
the “Client’s Journal”, as well as a means of sorting the
information by type of alert, date, client, care worker and
type of care action. Of course, the content of the Web-TAO,
e.g., check-boxes, auto-populated fields, instructions, had to
be translated into Dutch. The care delivery model at
Proteion and Zorgroep required their care workers to spend
a considerable amount of each day traveling to and from the
residences of clients throughout Limburg Province and they
spent little time at the two organizations’ administrative
headquarters. In addition, few of the care workers had
access to laptop computers and therefore their ability to both
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access the Web-TAO and to enter information became a real
concern. This problem was solved by developing the
capability for the Web-TAO, renamed the Home Care
Informatics System (HCIS), to be accessed on any smart
mobile device. Since each of the care workers had a smart
phone, this solved the problem of access and entry of
information. However, it also raised other challenges. First,
everything had to be reformatted so that it could fit the small
screen of the mobile devices. This led to an even greater
reliance on check boxes and auto-populated features and to
the development of more efficient scrolling features.
Second, there was the challenge of making the HCIS display
properly on the various smart devices used by the care
workers. By the end of the demonstration project in the late
summer of 2008, a fully functional HCIS was being used by
the care workers. (See Fig. 3)

HCIS Assistant

Homn Paga 1 [ Drpets | Mederiands | / Ademis | Lapeat

Cligne: STHL 141
Kles een activitelt

1. Melding Fapporieren
2, Rappertage Bekifien
1. Bekijk de retithe

Figure 3. HCIS on smart mobile device

Similarly to both the Selfhelp Community Services and
London studies, the quantitative results from the Dutch
Study have been published elsewhere [4, 6, 10]. Also
similar to the two previous studies, although the quantitative
results from the Dutch Study are important for developing
the HCIS, they did not prove as valuable as findings from
other sources: direct interaction with care workers and
administrators at Proteion and with the Dutch research team.
This interaction allowed for the direct observation of the
HCIS “in-the-field” which aided in modifying the system to
operate efficiently on smart devices. By February 2009, a
fully functional HCIS was operational for use by care
workers at Proteion and Zorgroep. This iteration included all
the features that had been developed during the Selfhelp
Community Services and London Studies and the Dutch
Demonstration Project: 1) wherever possible the HCIS used
check-boxes and auto-populated fields; 2) the Client’s
Journal feature was fully operational and allowed entries by
any authorized personnel; 3) the Journal could be sorted by
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alert, date, care worker, type of care delivered and outcome;
4) there was a new feature that allowed additions to a
previous entry, but not the elimination of the original entry;
5) it was fully operational on a wide variety of mobile
devices; 6) a series of pop-up prompts helped the user
navigate through functions and avoid common errors; 7)
additional security features had been developed to ensure
that only authorized individuals could access and contribute
to a client’s record; and 8) a read-only feature had been
made operational.

During the next few months several issues were raised
by the care workers and administrators at Proteion and
Zorgroep; some of which were not easily resolved. The first
issue revolved around how care was provided on weekends
and holidays. At both organizations, a team of care workers
provides a range of services to a particular client, e.g.,
nursing care, rehabilitation services, shopping, house
cleaning. One member of the team, usually, but not always a
nurse, is designated the primary care worker. Although all
team members have the ability to access and contribute to
the HCIS, it is the primary care worker who is chiefly
responsible for maintaining the HCIS record. The problem
arises when the primary care worker, or for that matter any
member of the team, is not on duty, i.e., weekends and
holidays, and services are provided in the client’s residence
by a care worker who is not on the team. Since only a small
percentage of care workers at the two organizations are
participating in the Study, these substitute care workers are
often unfamiliar with the HCIS and lack access. Thus, care
is being delivered, but the HCIS record is not being updated.
Although this issue does not directly concern the technical

development of the HCIS, it certainly impacts the
implementation of the HCIS.
A second issue that impacts directly on the

implementation of the HCIS concerns the use of the HCIS
record during care review meetings. These meetings
included both individuals who have knowledge of and
access to the HCIS and others who have neither. Since the
client reviews are more thorough when everyone at the
meeting has access to the information stored in the HCIS
record, the question arose as to who should have access,
how should they obtain access and who was in charge of
making access happen? Once again, not a technical but,
instead, a work rule issue. Ultimately, issues like these will
only be solved when the care organization fully adopts the
HCIS and all care workers, supervisors and administrators
use the system. Until this occurs, ad hoc actions that attempt
to solve the problems in the short run with the least
disruption to normal work flow are the only recourse [4].
Perhaps the most vexing concern with the use of the
HCIS in the Netherlands was over how the information
stored in the records could be used by supervisors and
administrators in the evaluation of work performance. On
the surface, the concern expressed by the care workers in the
Netherlands was similar to those raised by the social
workers at Selfhelp Community Services. It was believed
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that these concerns could be fairly easily resolved by
discussions of interested parties. This did not happen. This
is such a serious issue for the Dutch that there have been
discussions about the need for national legislation that
would prevent the information stored in the records from
being used to evaluate the performance of carers.

I1l. DiscussION

Six years of development of the TAO/HCIS has resulted
in a journey from a technology that was initially envisioned
and implemented as a research tool (TAO), to a web-based
care provision tool (Web-TAO), to an interactive
journal/blog that can be used on a smart device, to a full-
fledged electronic records informatics system (HCIS).

The system that is currently in use in the Netherlands is
significantly different in scope, operation and potential
customers than the one envisioned six years ago. In fact, it
was only a little over two years ago that | fully recognized
that the HCIS is, in actuality, an Electronic Medical Records
System (EMR), similar to those employed in hospitals and
general medical practices. Thus, the HCIS has many
features in common with these institutionally based
systems: it allows for the creation of interactive records of
care that can be accessed by any number of authorized
individuals; the records can be sorted by any number of
domains; the HCIS can be easily integrated with any other
electronic records system; and it can be used as a billing
tool. However, there are features that differentiate the HCIS
from these other systems: 1) it was specifically created to be
used to record the delivery of care and services in the home;
2) it can be used on any smart mobile device; 3) it can be
seamlessly integrated with any residential monitoring
system, e.g., behavioral, vital signs, environmental; and 4) it
can be used either as a stand-alone system or with other
pervasive health care applications.

Although it was not my intention in 2006 to produce an
electronic medical records system, this was the result of six
years of work with the seven different care organizations. In
retrospect, the transition from a web-based research
instrument (TAO) to an electronic records system (HCIS)
appears intentional, but it wasn’t. The transition was driven
by the needs of the individuals within the care organizations
(end-users), who kept asking for new features and used the
existing features in ways that | had not anticipated. Again in
retrospect, it is clear that, not being researchers, these carers
were much less interested in systematically collecting data
on which to assess the effectiveness of behavioral
monitoring than in using the newly available tool—the
TAO/HCIS—to provide more effective care to their clients.
As a result, | relinquished a degree of control over the
development process, which at times was both frustrating
and difficult, but it was the only way that my overall goal—
to produce a system that the caregivers would use, rather
than something we thought the caregivers should use—
could be accomplished.
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IV. CONCLUSION AND FUTURE WORK

Based upon the six years of working on various
iterations of the TAO and HCIS, the main conclusion is that
it is possible to create an eHealth system for home care and
that such a system can be used effectively to coordinate care
and services and contribute to the maintenance of
independent living. However, five key design issues appear
to underlie the successful development and implementation
of such an electronic records system for the home. First, the
records system must be usable on smart mobile devices.
Experiences, in both London and the Netherlands, make
clear that any electronic records system must be able to be
accessed and updated on a wide range of smart mobile
devices, because by definition, providers of care and
services are constantly traveling and rarely have timely
access to computers. If the HCIS had not been “made”
mobile, the Dutch carers would not have used it.

Second, any home care electronic records system must
be able to be seamlessly integrated with other electronic
health care records systems, e.g., hospital and physician
practices. Although the information contained in the HCIS
has been provided to physicians and other health care
specialists in both the United Kingdom and the Netherlands,
the system itself has not been linked to other electronic
records systems. Discussions were held in 2009 with
representatives of the participating care organizations about
developing, if not full integration, linkage between various
electronic records systems—health and fiscal—and the
HCIS. At this time, such linking was premature, but it is
clear that the full potential of any home care electronic
health record system will not be achieved without its
integration with other electronic health records. How and
when this will occur depends largely on the wider
acceptance of systems such as the HCIS. Once home care
systems are widely used their integration with other
electronic systems will take place rather quickly.

Third, any home care electronic records system must be
flexible enough to be used with a variety of pervasive health
care applications. The HCIS has been completely integrated
with QuietCare®, a behavioral monitoring system, in the
Netherlands and, although the project did not materialize, it
was designed to be used with a vital signs monitoring
system. The value of the HCIS as a means of recording the
care actions and health outcomes brought about by alerts
generated by QuietCare® indicate that the full potential of
any monitoring system will not be achieved without some
type of electronic records component. Consequently, the
further development of pervasive health care applications
for use in the home must incorporate some type of
electronic records system or they will remain little more
than passive emergency response systems [6, 11].

However, if home care electronic record systems are to
achieve their full potential their use cannot be restricted to
only pervasive health care applications, but they must be
able to function as stand-alones. Demographics clearly
indicate that the population that can benefit significantly
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from the use of pervasive health care applications is
relatively small and that the vast majority of individuals
receiving care and services in their homes will never have
the need for such systems. And yet, the amount of care the
majority of individuals living in their own homes needs will
continue to increase and thus, the need to have a means of
recording the care and services continues to grow. The need
for any home care electronic records system to be able to
stand alone became apparent during my work in the
Netherlands and the HCIS has been modified so that it can
be used without a monitoring system being installed. As yet,
no test of the stand-alone capability of the HCIS has been
undertaken, but discussions with several potential partners
are on-going.

Finally, the need for any home care electronic records
system to operate as a stand-alone raises the final design
issue—the requirement that any system be able to be used
for self-management, especially the self-management of
chronic diseases. Once again, the demographic trends
indicate that as the populations of all industrial societies
increase, the number of individuals with chronic diseases,
e.g., congestive heart disease, diabetes, will skyrocket. The
need for these individuals, particularly at the early stages of
the disease, to manage their health while living at home, is
essential for the financial stability of every national health
care system. An at-home electronic health care record is
ideally suited for this purpose because, not only can it be
used to track the disease state itself by recording and
analyzing essential conditions, i.e., blood glucose level, it
also can be used to chronicle specifics about care provided
by both informal and formal carers. These issues have been
discussed elsewhere [6], how the use of the HCIS has
brought about a coordination of care among different formal
and informal carers in studies in the United States, the
United Kingdom and the Netherlands. These findings
suggest that one of the more significant contributions of
electronic home care records systems will be their ability to
adapt to the ever changing care needs of individuals.

Although achieving the above design imperatives does
not guarantee the successful creation and use of home care
electronic records systems, ignoring these issues certainly
increases the probability of failure. Unfortunately, there is
no single road map to developing a successful home care
electronic records system, but if one can learn from the
adoption process of institutional and physician practice
systems, the path will be long, expensive and difficult.
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However, as the past has also shown, the gains from
undertaking the effort to create and implement electronic
records systems are well worth the effort.
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Abstract—The recent proliferation of Linked Open Data
that enables the integration of multiple disparate data sources
brings into the spotlight a new generation of knowledge
management applications. Particularly in the domain of phar-
maceutical research and development, many efforts have been
done to create a linked open drug data. In this paper we
present the Pharmer as an approach to facilitate the creation
of semantic prescriptions. Semantic prescriptions are intelligent
e-prescription documents enriched by drug-related meta-data
thereby know about their content and the possible interactions.
In an e-health system, semantic prescriptions provide an in-
teroperable interface which helps patients, physicians, pharma-
cists, researchers and companies to collaboratively improve the
quality of pharmaceutical services by facilitating the process of
shared decision making. Pharmer provides different views for
the different personas involved in the process of e-prescribing.
It employs datasets such as DBpedia, DrugBank, DailyMed and
RxNorm to automatically detect the drugs in the prescription
and to collect multidimensional data on them. Eventually it
warns of the possible drug interactions in the prescription. We
evaluate the feasibility of the Pharmer by conducting a usability
evaluation and report on the quantitative and qualitative results
of our survey.

Keywords-Semantic prescription; e-prescription; semantic
annotation; e-health;

I. INTRODUCTION

As reported in MedicineNet [1], medication errors are
the most common type of medical errors in health care.
Errors such as improper dose of medicine, adverse drug
interactions, food interactions, etc. often stem from invalid
prescriptions and unawareness of the patients. Electronic
prescriptions which are recently gaining attention in the e-
health domain, are one of the solutions proposed to solve
these type of errors. While even nowadays traditional paper
prescriptions are commonly used, e-prescriptions offer sev-
eral advantages. In an e-prescription system, prescriber elec-
tronically sends an accurate, error-free and understandable
prescription directly to a pharmacy from the point-of-care.
Reduction in medication error and decline in adverse drug
events are more highlighted consequences of e-prescribing.

During the recent years, the adoption of e-prescriptions
has been spreading rapidly. To illustrate, the Australian
government started launching of e-prescription from March
2007 [2]. A system called epSOS [3] which performs the use
of e-prescriptions all around Europe, is currently passing the
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extensive practical testing phase. The e-prescribing incentive
program performed in US [4] is another example in this area.
As a reporting program it uses a combination of incentive
payments and payment adjustments to encourage electronic
prescribing by eligible professionals.

One of the main challenges of e-prescription systems is
the heterogeneity of available information sources. There
exist already different sources of information addressing
different aspects of pharmaceutical research. Information
about chemical, pharmacological and pharmaceutical drug
data, clinical trials, approved prescription drugs, drugs ac-
tivity against drug targets such as proteins, gene-disease-
drug associations, adverse effects of marketed drugs, etc. are
some examples of these diverse information. Handling these
dynamic information within current e-prescription systems
without blurring the border of the existing pharmaceutical
information islands is a cumbersome task. On the other hand,
Linked Open Data as an effort to interlink and integrate these
isolated sources of information is obtaining more attention
in the domain of pharmaceutical, medical and life sciences.

Combining the best practices from Linked Open Data
together with e-prescription systems can provide an op-
portunity for patients, researchers as well as practitioners
to collaborate together in a synergic way. A consequence
of introducing linked data in health care sector is that it
significantly changes the daily duties of the employees of
the health care sector. Therefore the most challenging aspect
will not be the technology but rather changing the mind-set
of the employees and the training of the new technology[5].
Furthermore, the information generated via that approach
can be employed as a data source for researchers. Drug
companies are also able then to take the advantage of
considering these informative statistical data.

Semantic prescriptions as introduced in this paper are
a proposed approach to utilize semantic web technologies
in e-prescription systems. As intelligent prescriptions, they
can automatically handle the medical errors occurring in
prescriptions and increase the awareness of the patients
about the prescribed drugs and drug consumption in general.
Semantic prescriptions also enable the creation of more
efficient and effective search approaches for drug discov-
ery and consumption. We created a tool called Pharmer
as a showcase application to facilitate the process of se-
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mantic prescription generation. Pharmer adopts a bottom-
up approach for enriching the normal e-prescriptions with
semantic annotations using a set of predefined datasets from
linked open data.

The remainder of this article is structured as follows:
Section II, Section III and Section IV provide a background
on the basic concepts such as Linked Open Data, Semantic
Content Authoring and E-prescriptions employed in this
paper. In Section V, we describe the Pharmer as a solution to
effectively create semantic prescription. Then we discuss the
possible benefits of Pharmer in Section V-C. To better clarify
the use cases of the Pharmer system, an example scenario
is drawn in Section VI. In Section VII, Pharmer usability
evaluation results are reported and finally Section VIII
concludes with an outlook on future work.

II. LINKED OPEN DATA

In computing, Linked Data describes a method of publish-
ing structured data so that it can be interlinked and become
more useful. It builds upon standard Web technologies such
as HTTP and URIs, but rather than using them to serve
web pages for human readers, it extends them to share
information in a way that can be read automatically by
computers. This enables data from different sources to be
connected and queried [6]. Tim Berners-Lee, the inventor
of the Web and Linked Data initiator, suggested a 5 star
deployment scheme for Linked Open Data: 1) make your
stuff available on the Web (whatever format) under an open
license, 2) make it available as structured data (e.g., Excel
instead of image scan of a table), 3) use non-proprietary
formats (e.g., CSV instead of Excel), 4) use URIs to identify
things, so that people can point at your stuff, 5) link your
data to other data to provide context.

Particularly in the areas of health care and life sciences
with the wealth of available data, large scale integration
projects like Bio2RDF [7], Chem2Bio2RDF [8], and the
W3C HCLS’s (Health Care and Life Sciences) Linked
Open Drug Data (LODD)[9] have not only significantly
contributed to the development of the Linked Open Data
effort, but have also made social and technical contribu-
tions towards data integration, knowledge management, and
knowledge discovery.

There are already many interesting information on phar-
maceutical research available on the Web. The sources of
data range from drugs general information, interactions and
impacts of the drugs on gene expression, through to the
results of clinical trials. LODD[10] has surveyed publicly
available data about drugs, created Linked Data representa-
tions of the data sets, and identified interesting scientific and
business questions that can be answered once the data sets
are connected.

One of the use cases of LODD datasets is authoring of
Semantic Prescriptions which are prescriptions enriched by
linked open data.
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III. SEMANTIC CONTENT AUTHORING

A Semantic Document is an intelligent document (with
explicit semantic structure) which “knows about” its own
content so that it can be automatically processed in un-
foreseen ways. Semantic documents facilitate a number of
important aspects of information management [11]. For
search and retrieval, they provide more efficient and ef-
fective search interfaces, such as faceted search [12] or
question answering [13]. In information presentation, they
support more sophisticated ways of flexibly visualizing
information, such as by means of semantic overlays as
described in [14]. In information integration, they provide
unified views on heterogeneous data stored in different
applications by creating composite applications such as
semantic mashups [15]. For personalization, they provide
customized and context-specific information which better
fits user needs and will result in delivering customized
applications such as personalized semantic portals [16]. For
reusability and interoperability, they facilitate exchanging
content between disparate systems and enabling applications
such as executable papers [17].

The above benefits, however, come at the cost of increased
authoring effort. A Semantic Authoring User Interface is a
human accessible interface with capabilities for writing and
modifying semantic documents which are either.

« fully semantic in the sense that their original data model
uses a semantic knowledge representation formalism
(such as RDF, RDF-Schema or OWL) or

e based on a non-semantic representation form (e.g.
text or hypertext), which is enriched with semantic
representations during the authoring process.

Medical prescriptions are a good candidate to be enriched
by semantic annotations. Semantic prescriptions enable the
traditionally written prescriptions to be utilized in novel
ways as discussed above. In the following sections, we first
describe the e-prescriptions and then discuss how they can
be enriched as semantic documents.

IV. E-PRESCRIPTIONS

E-health has evolved and emerged recently in many
forms. E-prescription is one of those forms and defined
as a computer-generated prescription utilized by health-care
providers. E-prescribing as it is commonly called, is the use
of an automated data entry system to generate a prescription
that is then transmitted through a special network to a
pharmacy in such a way that the data goes directly into
the pharmacy’s computer system. It plays an important role
in improving the quality of patient care. For the prescriber,
e-prescribing happens when a physician uses a computer
or handheld device with a software that allows him or
her to (with the patient’s consent) electronically access
information regarding a patient’s drug benefit coverage and

10
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medication history; electronically transmit the prescription to
the patient’s pharmacy of choice; and, when the patient runs
out of refills, his or her pharmacist can also electronically
send a renewal request to the physician’s office for approval.

In order to see an increase in both quality and efficiency
that can be attributed to e-prescribing, the system must be
capable of performing key functions related to:

o Medication selection/decision support capabilities (e.g.,
diagnosis-based medication menus, evidence based in-
formation, drug interaction checking, safety-alerts, for-
mulary checking, prescription renewal, and dosage cal-
culation).

« Patient-specific information capabilities (e.g., current
patient medication list, access to patient historical data,
patient identification).

o System integration capabilities (e.g., connection with
various databases, connection with pharmacy and phar-
macy benefit manager systems).

o Educational capabilities (e.g.,
provider feedback).

patient education,

One of the main challenges of the current e-prescription
systems is the heterogeneity and evolving nature of available
information sources. There exist already different sources of
information addressing different aspects of pharmaceutical
research. Handling these dynamic information within current
e-prescription systems without blurring the border of the
existing pharmaceutical information islands is a cumbersome
task.

V. PHARMER: SEMANTIC AUTHORING OF MEDICAL
PRESCRIPTIONS

Pharmer is an application created as a proof of concept
for the authoring of semantic prescriptions. The Pharmer
implementation is open-source and available for download
together with an explanatory video and online demo at [18].
Pharmer adopts a bottom-up approach [19] for enriching the
normal e-prescriptions with semantic annotations using a set
of predefined ontologies.

A. Architecture

The Pharmer system architecture is depicted in Figure 1
and consists of three layers:

Document Layer: This layer includes the traditional e-
prescription document plus two components as Drug De-
tection and Drug Information Collector. Drug detection
component performs the natural language processing (NLP)
of the e-prescription document to detect the terms referring
to a drug in the prescription. The component uses DBpedia
spotlight [20] and BioPortal annotator [21] NLP services
to parse and analyze the text looking for known drugs. It
is configurable so that users can easily add other existing
NLP services for drug detection. When user is writing the
prescription, this component asynchronously performs the
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Figure 1. Architecture of the Pharmer system.

drug recognition and adds the related annotations as real-
time semantic tagging.

Another component in this layer is drug information
collector which grabs all the information regarding a specific
drug from Linked Open Data. To pursue this, it utilizes
datasets such as DrugBank, DailyMed and RxNorm (avail-
able at [9]) by sending federated SPARQL queries.

Semantic Layer: There are two main components in
this layer namely Annotator and Authoring Ul. The an-
notator component handles the automatic annotation and
embeds the general information of the drugs as meta-data
into the e-prescription. Annotator adopts the RDFa format.
RDFa (Resource Description Framework in attributes) is
a W3C Recommendation that adds a set of attribute level
extensions to XHTML for embedding RDF metadata within
web documents. RDFa fulfills the principles of interoperable
metadata such as publisher independence, data reuse, self
containment, schema modularity and evolvability.

The authoring UI component provides users with a set
of input forms to manually embed the meta-data related to
prescription instructions into the prescription document.

Application Layer: This layer provides a set of ap-
plications on top of the generated semantic prescriptions.
Interaction Finder checks the possible interactions between
the prescribed drugs and warn the prescriber about them.
Visualizer is responsible for graphically representing the em-
bedded semantics of a prescription (e.g. as depicted in ??).
The Fact Extractor generates the RDF/Turtle representation
of the semantic prescriptions.

11
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B. Features

The main features of Pharmer can be summarized as:

e Providing Different Semantic Views. Semantic views
allow the generation of different views on the same
metadata schema and aggregations of the knowledge
base based on the roles, personal preferences, and local
policies of the intended users. Pharmer suggests two
types of views: generic and domain specific views.
Generic views provide visual representations of drug
information (e.g. as information view depicted in Fig-
ure 2 or graph view. Domain specific views address
the requirements of a particular domain user (e.g.
a researcher need specific views for visualizing the
atomic structure of chemical compounds).

e Real-time Drug Tagging. Real-time tagging means cre-
ating drug annotations while the user is typing. This
will significantly increase the annotation speed [22].
Users are not distracted since they do not have to
interrupt their current authoring task. Pharmer has a
client-side component which interacts with the server
asynchronously to make real-time tagging possible.

e Drug Suggestion. When searching for a drug, Pharmer
suggests the similar drugs by taking into account the
history of search terms.

o Automatic Drug Annotation. Automatic annotation
means the provision of facilities for automatic mark-up
of prescriptions. The automatic process of annotating
in Pharmer is composed basically of finding drug
terms in prescription using an NLP service, mapping
them against an ontology, and disambiguating common
terms.

C. Pharmer Stakeholders

As depicted in Figure 3, Pharmer approach is very ver-
satile and can be applied in a vast number of use cases
by different stakeholders. The arrows in the figure can be
summarized as the following:

1) The physician diagnoses the disease and writes the
corresponding semantic prescription using the Pharmer.
The patient’s medication history is available to the
physician as well.

2) Pharmer utilizes the Linked Open Data as its integrated
information source.

3) The researcher can analyze the stored semantic pre-
scriptions data.

4) Drug companies utilize the Pharmer data store in order
to balance their production and distribution according
to the market taste and demand.

5) The pharmacist verifies the prescription and hands in
the medication to the patient.

6) The patient inquires drug information and can contact
the related physician and pharmacist.
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Figure 2. Screenshot of the Pharmer application.

The main benefit of using semantic prescriptions is the
persistent connection to up-to-date drug information coming
from multiple dynamic data sources. So, when a change
occurs to a drug (e.g. change in its effects or interactions)
the semantic prescription automatically adopts to this new
change. Once writing a prescription it is very critical to
consider drug interactions. Drug interactions are divided
to three categories namely food-drug, drug-drug and drug-
plant interactions. Coadministration can either be synergistic
or antagonistic which respectively increase or decrease the
drugs effect. The interactions may sometimes lead to change
in the drug effect. By applying semantic prescriptions, all
types of drug interactions are prevented and the probability
of errors in prescriptions are reduced to a great extend.

A semantic prescription is a self-contained document
which is aware of its content and is connected to the linked
open data. In contrast to database-oriented e-prescriptions,
semantic prescriptions can easily be exchanged among other
e-health systems without need to changing their related
infrastructure hence enabling a connection between physi-
cians, pharmacists, patients, pharmaceutical researchers and
drug companies.

Furthermore, semantic prescriptions increase the aware-
ness of patients. They provide patients with all the related
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Figure 3. Pharmer ecosystem.

information of the prescribed drugs thereby mitigating the
possible misuse of drugs. In addition, semantic prescriptions
support shared decision making (SDM) by allowing patients
and service providers to make health care decisions together.
They connect the best scientific evidence available with the
patient’s values and preferences.

VI. EXAMPLE SCENARIO

As a scenario; a 63 year old man with the history of MI
(Myocardial Infarction) and type 2 diabetes visits a heart and
coronary specialist complaining about frequent headaches
and heavy head feeling. The specialist, after general in-
spection and monitoring vital signs, asks for a blood test.
He then considers symptoms including high blood pressure
(sys/dias:158/95 mmHg) and high Fasting Blood Sugar (150
mg/dl). He diagnoses high blood pressure plus severe type 2
diabetes. Thereby, The patient profile is defined in Pharmer
by patient’s information besides diagnosis. “no weight loss”
is mentioned as a preference in the patient’s profile. Re-
gardless of the patient’s preferences, the physician would
prescribe Met formin as a drug of choice. However, since
the major side effect of Metformin is weight loss, the
physician replaces Metformin with Rosiglitazone.
Considering the medication that the patient took before
(Glibenclamide only), The specialist dispenses a new
semantic prescription by entering the following drugs:

« Rosiglitazone 4 mg Oral Tablet once daily
¢ Glibenclamide 5 mg Oral Tablet bid
o Atenolol 50 mg Oral Tablet once daily

He then checks for the possible drug interactions by
clicking the attributed button in the Pharmer software. As the
Pharmer is connected to linked open data it is capable of rec-
ognizing the most recent updated drug interactions. He finds
out that Sulfunyl Urea class drugs (here Glibenclamide)
are not compatible to be coadministrated with beta-blockers
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(here Atenolol). So, he needs to replace it with another
drug. Using the Pharmer and its connection to linked open
data, the physician can find the possible alternatives. Then
he decides to choose Captopril as replacement. The
semantic prescription is then sent to the patient’s pharmacy
of choice. There, pharmacist is able to review the semantic
prescription and comments on that directly in the system
so that the physician is also aware of the corresponding
changes. Pharmacist comments may cause minor or major
modifications in the semantic prescription. For instance, us-
ing the Pharmer she is able to check the appropriate dose of
each medicine or suggest cheaper alternatives (if possible).
In this case, as the Rosiglitazone elevates cardiovas-
cular risks, the pharmacist suggests Rosiglitazone to
be replaced by Pioglitazone. This change happens as a
realization of the shared decision making between physision,
pharmacist and patient. Thereafter, patient who was referred
to the pharmacy takes the prescribed drugs. Before he starts
taking the tablets, he enters in Pharmer system with his ID
as patient. There, he is able to observe drug information
embedded in the error free semantic prescription besides
the preferred time and drug intake instructions. He is also
informed about the possible food interactions. The patient’s
profile completes as he visits physicians or ask for refills.
Furthermore he is followed up by the physician and the
pharmacist via the Pharmer. After 2 months the patient visits
another specialist for his recurrent symptoms of diabetes.
The specialist via the Pharmer accesses to the patient’s
medical profile and increases the anti-diabetic drug dose.

A researcher in an academy research institution investi-
gates Captopril (as an Angiotansion II antagonist) effect
on preventing diabetes recurrence. Having the data from the
aforementioned patient follow up along with other similar
patients allows investigator to lead her goal. In this case, for
example, the Captopril along with anti-diabetic drugs
led to diabetes recurrence. Observing all the corresponding
patient profiles will either confirm or reject the research
assumption.

A drug company manager requires to determine the
compliance rate of Captopril in the market in order to
balance the production based on market demand. Applying
the Pharmer allows him to simply access to these data and
decide how to go on with this product. He is also able to
collect the evidence which may prevent further dispense of
Captopril by physicians or consumption among patients.

VII. EVALUATION

In order to determine whether we succeeded to facilitate
the creation of semantic prescriptions using Pharmer, we
performed a usability user study with 13 subjects. Subjects
were drawn from 3 physicians, 4 pharmacist, 3 pharmaceu-
tical researchers and 3 students. We first showed them a
tutorial video of using different features of Pharmer then
asked each one to create a prescription with Pharmer. After
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Figure 4. Usability evaluation results for Pharmer (0: Strongly disagree,
1: Disagree, 2: Neutral, 3: Agree, 4: Strongly agree).

finishing the task, we asked the participants to fill out a
questionnaire which consisted of two parts: feature usage
questions and usability experience questions.

We used the System Usability Scale (SUS) [23] to grade
the usability of Pharmer. SUS is a standardized, simple, ten-
item Likert scale-based questionnaire giving a global view of
subjective assessments of usability. It yields a single number
in the range of O to 100 which represents a composite
measure of the overall usability of the system. The results
of our survey (cf. Figure 4) showed a mean usability score
of 75 for Pharmer which indicates a good level of usability.
Participants particularly liked the integration of functionality
and the ease of learning and use. The confidence in using
the system was slightly lower, which we attribute to the
short learning phase and diverse functionality. In addition
to quantitative results, we also collected a number of user
suggestions. For instance some users suggested to provide
a print-friendly document with all the patient’s desired
information.

VIII. CONCLUSION

Providing a consistent connection between patients, physi-
cians, pharmacists, pharmaceutical researchers and drug
companies is a crucial step towards enhancing the quality
of knowledge management and thereby e-health services
in the pharmaceutical domain. With Pharmer, we presented
in this article an approach for implementation of Semantic
Prescriptions as intelligent medical prescriptions to improve
the integration and interoperability of e-prescribing systems
with other e-health services. Semantic prescriptions includes
the important meta-data about the content of a prescription
which will increase the awareness of their consumers.

We see the work presented in this article as an initial
step in a larger research agenda aiming at promoting the
authoring and annotation of semantically enriched medical
documents. Regarding future work, we envision to extend
the Pharmer application towards different modalities, such
that the annotation of images and other medical objects
is supported. Furthermore, we aim to integrate the other
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existing linked open datasets (e.g. related to publications,
laboratories or insurance documents) into the Pharmer to
extend its stakeholders.
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Abstract— Mobile ECG recordings are widely used to monitor
abnormality of the cardiovascular system during daily life.
However, ambulatory ECG recordings are often contaminated
by many types of artifacts. In motion artifacts removal,
because ECG and movement are not always independent, ICA
based noise reduction may distort the signals. Thus, this paper
introduces automatic noise detection and removal technique
based on independent component analysis (ICA) preventing
the signal distortion and attenuation. Using several proposed
decision rules, 3-channel ECGs are analyzed their noisiness
and Gaussianity to predict whether motion artifacts and ECGs
can be separated and reconstructed without distortion. This
method is evaluated by ECGs recorded during 0 to 7km/h rest,
walking, and running exercise. Finally, its performance is
compared to the conventional approaches of ICA-based noise
reduction in ECGs. As results, the reconstructed ECGs by the
proposed algorithm show higher correlation with estimated
reference signals and there is no distortion in reconstruction of
the signals.

Keywords-Independent component analysis; Motion artifact;
ECG; Noise removal

l. INTRODUCTION

Electrocardiogram (ECG) monitoring provides useful
information to diagnose, evaluate, and treat cardiovascular
related diseases. Conventionally, patients visited hospital,
where the measurement devices and the physicians are
available, to acquire the ECG for detecting abnormality of
the cardiovascular system. However, this approach involves
temporal and spatial limitation for the measurement, because
it is only possible when patients visit the hospitals. For this
reason, many portable devices measuring the signal everyday
have been researched and commercialized. But, it still has
challenge, the ECG recording is exposed to many types of
environmental noise such as power-line interference and
motion artifacts in long-term acquisition. Furthermore, in
many cases of the ECG analysis, manual classification
between motion artifacts and other events such as arrhythmia
by cardiologists is intensive and time-consuming task [1].
Overcoming the limitation, many noise reduction algorithms
have been introduced and applied to the ECG recording. The
technique of adaptive filter for motion artifacts removal,
which uses acceleration signals as references, has widely
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applied for the ambulatory ECG measurements [2-3].
However, low correlation values between complicated body
movements during activities and acceleration signals restrict
the use of the techniques. Independent component analysis
(ICA) [4] has provided an effective method in the application
of motion artifacts cancellation by assuming ECG and
motion artifact are independent [5]. Practically, multi-
channel ECGs with motion artifacts (mixture signals) are
decomposed to motion artifacts and ECG components
(source signals) which are relatively high correlated among
each channel based on the matrix that maximizes the non-
Gaussianity of mixture signals. Thus, the noise removal in
ambulatory multi-channel ECG recording is possible by
elimination of one source signal that is estimated to motion
artifact. Applications of the ICA for motion reduction in
ECG recordings have been introduced in many researches of
which the algorithms automatically select and remove
motion artifact in decomposed independent components [6-
7]. However, the ICA also has drawbacks. For the actual
measurement, the motion artifacts and ECG are not exactly
independent, i.e. cardiac dynamics such as heart rate and
ECG morphology are affected by body movements for
instance, Head Down Bed Rest maneuver [8]. Moreover, the
ICA is limited on non-Gaussian random variables. Thus, in
the case of mixture signals which follow the Gaussian
property, applying the ICA is not suitable, further it might
cause signal distortion by eliminating meaningful
information.

This paper is motivated by the above challenges: 1)
automated noise detection from the acquired ECGs 2)
automatic motion artifact component selection and removal
from decomposed signals considering interdependency
between ECG components and motion artifacts, 3) prediction
of whether the multi-channel ECGs with motion artifacts can
be decomposed or not before applying the ICA. In this paper,
we present automated motion artifact removal algorithm
based on ICA, which prevents reconstructive distortion and
considers correlation between multi-channel ECGs and
motion artifacts with several decision rules.

Il.  MATERIALS & METHODS

Fig. 1 shows schematic of motion artifact reduction
algorithm. It basically consists of 5 parts: noise detection,
signal status check, ICA, de-noising and reconstruction.
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Noise detection is the first layer that filters unnecessary
signals, such as clean ECGs. To check the signal status
predicts whether the motion artifacts and ECGs will be
separated by the ICA or not. It is based on properties of the
ICA. Through this process, we can avoid signal distortion
which the necessary component is removed in the
reconstruction process. After the ICA, estimated motion
artifacts which show low cross correlation coefficient
among the components are eliminated. Then, finally we can
observe de-noised ECG signals.

3-channel ECG

1ICA

Noise Channel

Selection

Whitening

De-Noising

HFF

bl

Reconstruction

Fig. 1. Shematic of motion artifact removal algorithm.

A. Data Collection

The data was acquired from the portable device that is
attached on the subject’s chest. 3-channel ECGs (Leadl,
Lead2, v2) were recorded simultaneously from 5 healthy

subjects (5 male, 28.2+2.68) during the rest, 2, 4, 5km/h

walking and 6, 7km/h running on a treadmill. Every exercise
trial contains 5 seconds recording in rest state. Each
experimental data was acquired over a minute with 500Hz
sampling rate and transferred to the PC using the Bluetooth.
The measured data were segmented by the corresponding
data in 5 seconds. The proposed algorithm was applied to
each segmented data.

B. Noise Detection

ECG shows different characteristics depending on
patients. Furthermore, motion artifacts are differently
influenced to the ECG recordings. Therefore, the noise
detection should be accessed with individual property. Here,
we compared ambulatory ECGs to the reference ECGs that
were recorded before the exercise.

The Central Limit Theorem explains that the distribution
of a sum of random variables tends toward a Gaussian
distribution [4]. Therefore, ECGs during the exercise which
contains motion artifacts are closer to Gaussian distribution.
Thus, using negentropy (explained in section C.) which is
one measure of non-Gaussianity, rest ECGs and ambulatory
ECGs are compared. Proposed decision rule for detecting
noisy ECG is as follows:

494 x]‘ref(k) = ftest(k) (1)

where,
Jx(k): Approximation of negentropy for k™ channel ECG
ay: postive constants, here 0.8

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-252-3

C. Gaussianity

The fundamental limitation in the ICA is that the
independent components must be non-Gaussian [4]. Eq. (2)
shows joint density of x, y which are Gaussian variables with
zero mean and unit variance.

e
()

p(xy) = plxy) = e )
In this case, the density is symmetric. Therefore it does
not contain any information on the directions of the columns
of the mixing matrix A [4].
The classical measure of non-Gaussianity is kurtosis, the
fourth-order moment defined by

K(x) = E[x*] - 3(E[2])° 3)

Kurtosis is zero for a Gaussian random variable. However, it
can be very sensitive to outlier [4, 9].

Negentropy which is based on informatics is another
estimation of non-Gaussianity defined by Eg. (4).

](X) = H(Xgawses) - H(X) (4)
Hx) =—[f®logfx)fx (%

where, Xqus IS @ Gaussian random variable of same
covariance matrix as X. However, its computational
complexity, some approximations are used. Here, we
adapted the approximation developed in [10]:

J@) ~ L ki(E[Gi(x) — E[G:()])? (6

where,
k;: positive constants, here k; =1
v : a Gaussian variable of zero mean and unit variance

G is selected that have proved very useful:

w2
G (w) = aillogcoshalw, Gy(w) = —e3) (7)

where,1 <a; <2, herea; =1

The main purpose of the Gaussianity check is to give
limitation for the suggested algorithm to eliminate chances
that ECG components would be removed on the de-nosing
process and the signals distorted. If the random variable is
Gaussian, negentropy is zero. Thus, we give threshold
of .00005 for the second rule. If the approximation of
negentropy for each ECG is lower than the threshold, the
signal is regarded as Gaussian, then the algorithm stops
processing and returns the original ECGs.

D. Whitening

Whitening is a useful pre-processing before the ICA
obtaining de-correlated data. In other words, covariance
matrix of the de-correlated data equals the identity matrix.
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One popular method for whitening is to use eigenvalue
decomposition.

In probability distribution aspect, de-correlation means
probability distribution spreads out of mean value. Thus, we
can decide whether mixture signals of ECG and motion
artifact would be decomposed or not, by observing whitening
results. Decision rule is as follow:

Dy,= Py (w) — Py (m) (®)

—a=w=aq-a=m=a

if,Dy, = .01, go to next step
otherwies, stop processing

E. ICA

The ICA provides solution to find independent source
signals s from the mixture signals x. It could be expressed as
a linear equation with vector formation:

X =

AS ()

where, S is source signals, X is observed mixture signals and
A is transformation matrix. The idea of ICA is simple that S
is statistically independent. From the Eq. (9), its inverse
form is acquired:

S=WwTx (10)

where, W is inverse of A matrix. With the assumption of
ICA, W matrix should be set in direction to maximize
independency of X. It means that W matrix is updated to
maximize non-Gaussianity of mixture signals. There are
several approaches in ICA such as Fast-ICA and Joint
Approximate Diagonalization of Eigen-matrices (JADE)
algorithm. Here, we chose JADE algorithm which consists of
orthogonalization and rotation with advantage of avoidance
convergence problem, fast processing and efficiency [11-13].

F. Noise Channel Selecion and Denoising

After the ICA, motion artifacts channel selection is
required from the independent source signals to remove
unnecessary component for the ECG reconstruction. Because
motion artifacts have low correlation with ECG, it can be
selected by Eqg. (10).

E[(Xn7 P"x) (Yn+k7.uy)]

[

rxy(k) = (11)

Basic assumption of motion artifacts removal using ICA is
that motion artifacts and ECG are independent. Therefore
both signals should be completely separated under the
condition. However, because the movements influence
cardiac dynamics, it cannot be said ECG and motion artifacts
are always and fully independent. Fig. 2 shows the in-
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dependent components decomposed by the ICA. In Fig. 2 (a),
estimated motion artifacts and QRSs are not completely
separated. To overcome this problem, we applied the high
pass filter with cutoff frequency 15Hz to selected channel
instead of which motion artifacts component set to zero.

(a) Independent component 1

.
N O N

(b) Independent component 2

A A

5 16
(c) Independent component 3

! ! ! !

5 16
Time(s)

Fig. 2. Independent components decomposed from the 3-channel ECGs

during exercise. (a) shows estimated motion artifacts with the rest of ECG

components.
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G. Analysis

A major problem of ECG signal processing is that it is
almost impossible to measure ECG and motion artifacts
separately during the movement. Thus, even though ECG is
de-noised by the certain motion removal technique,
quantitative analysis is limited without the reference signal.

In ensemble average, N sets of data are averaged together
with fixed time t to reduce random fluctuations in the signal.
From the measured ECGs in each trial, R-peaks are manually
marked and set to central position of the ensemble with the
size of 501 samples for each channel of ECG. R-peak-
centered ensembles are averaged to acquire representative
ECG waveform which regarded as the reference signal.

(a) Lead 1, Subject 2 (7km/h)
10 T T - .

N L e ¢

(b) Lead 2, Subject 5 (6km/h)
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(a) Lead 3, Subject 4 (6km/h)
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Time(s)
Fig. 3. Time series noisy ECG in each channel and its ensemble average
signal. 501 sample ensemble average signals in each trial are set to the
reference signals that are compared to processed signals.
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Fig. 3 shows the results of the ensemble average for
ambulatory ECGs. By the average, motion artifacts which
show random fluctuation property are attenuated and
relatively regular and deterministic ECGs remain. Thus, we
regard the ensemble averaged signal as the reference for the
trial and compute cross correlation coefficient among the
reference signal and the results of signals based on proposed
and conventional methods.

Il.  RESULTS

Fig. 4 and Fig. 5 show examples of ECGs with motion
artifacts (on the left side). For the cases, suggested algorithm
removes both motion artifacts. The results are shown on the
right side of each Fig.

ECGs with Motion Artifacts Reconstructed ECGs

5 5
0 ALY
5 5
16 18 20 16 18 20
S 10 S 10
8 8
[ [}
g0 50
g 2
-10 -10
< 16 18 20 < 16 18 20
5 5
OWW OW
5 5
16 18 20 16 18 20
Time(s) Time(s)

Fig. 4. An example of ECGs (Leadl, Lead 2, and v2 from the top) during
exercise and reconstructed ECGs. Distorted T-waves and fluctuation in the
Lead 1 ECG restored by the algorithm.

ECGs with Motion Artifacts Reconstructed ECGs
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16 18 20 16 18 20
S 10 S 10
S S
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S o S o
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-10 -10
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5 5
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Time(s) Time(s)

Fig 5. An example of ECGs (Leadl, Lead 2, and v2 from the top) during
exercise and reconstructed ECGs. Sudden movement in the Lead 1 ECG
restored by the algorithm.

Table 1 presents the mean value of cross correlation
coefficients among estimated reference signals and the
processed signals that were followed each processing path.
‘Reconstruction” means the ECGs were noisy, non-Gaussian
and, sufficiently whitened, thus, ICA was applied to remove
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motion artifacts. ‘Low Gaussianity’ means that the measured
signals were noisy but, followed the Gaussian distribution.
Therefore, ICA was not applied and the original signals were
returned. Likewise, in the case of ‘Insufficient Whitening’,
the algorithm moves onto the next segment data. The results
arranged for the proposed algorithm (Prop.), conventional
method (Con.), modified conventional method (mCon.)
which is based on conventional method, but estimated noise
vector is filtered by 15Hz BPF, not set to zero, and ‘cProp.’
which is based on the Prop., but estimated noise vector is set
to zero. Thus, the results belonging to the ‘Low Gaussian-
Prop.” and ‘Insufficient Whitening-Prop.” present cross
correlation coefficients between the original signals and
estimated reference signals. On the Table 1, reconstructed
ECGs from our method show high correlation with the
estimated reference signals with low variance. Fig. 6 shows
the reconstructed Lead 1 ECG which underwent
‘Prop.’(Thick line) and ‘mCon.’(Thin line). The ECG from

the ‘Prop.” displays less attenuated QRS and restored T-wave.

A Comparision of the Signals from the Mehods
2 T T T T T T

Amplitude(a.u.)
AN

4 | | | | | |
25 2.7 2.9 3.1

Time(s)
Fig. 6. A comparison of restored Lead 1 ECG from ‘Prop.’(Thick line) and
‘mCon.’(thin line). The signal followed by the proposed algorithm shows
less attenuated QRS and restored T-wave.

De-noising Rejected ECGs

(Lower Gaussianity) Distorted ECGs
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Fig. 7. Processed ECGs that are applied two different methods (‘Prop.” on
the left side and ‘Con’ on the right side) .
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TABLE |. THE RECONSTRUCTION RESULTS OF THE ICA BASED NOISE REMOVAL ALGORITHMS

Reconstruction

Low Gaussianity

Insufficient Whitening

Prop.  Con. mCon. cPorp. Prop.  Con. mCon. cPorp. Prop.  Con. mCon. cPorp.
L1 909 .846  .947 .845 384 781  .383 .644 - - - -
S1 L2 910 .902 .910 .906 .667 .736  .669 .738 - - - -
v2 962 .849  .965 .904 639 .816  .639 .807 - - - -
L1 876 .306 .865 397 798 436 .798 .501 - - - -
S2 L2 932 940 .928 .942 936 933 936 .934 - - - -
v2 957 486  .955 591 969 552 .969 .636 - - - -
L1 .858 .855  .855 .853 671 566  .671 .569 931 789 931 .885
S3 L2 857 .839  .839 .852 753 757 753 743 941 935 941 917
v2 .875 .863  .863 871 764 485 764 521 974 705 974 .863
L1 .860 .766  .857 .796 331 363 331 376 - - - -
S4 L2 926 918 924 922 344 326 344 .397 - - - -
v2  .949 917 947 .930 826 .859  .826 .859 - - - -
L1 - - - - 560 .613  .560 .619 - - - -
S5 L2 - - - - 599 679 599 701 - - - -
v2 - - - - J79 771 779 175 - - - -
Fig. 7 presents processed ECGs that is applied two variables follows a Gaussian distribution, if the

different methods. ECGs on the left side were processed
through the proposed algorithm. Even though the signals are
slightly noisy, because the each ECG follows the Gaussian
distribution, the ICA is not applied for the signals. On the
other hand, ECGs on the right side were applied the ICA
without any decision rules. After the ICA, the component
which has the lowest kurtosis value is estimated to the noise
component and set to zero. Then, necessary component can
be eliminated. Finally, reconstructed signals are distorted as
shown in Fig. 7.

IV. DISCUSSION

In order to evaluate our propose algorithm, ambulatory
ECGs were acquired and applied, and the algorithm is
compared with several methods including normally used
algorithm. Since our goal was to eliminate the motion
artifacts in ECGs without distortion, several decision rules
were applied and evaluated their efficiency.

The ICA is popular blind source separation technique
which has provided reliable solution for noise reduction
problem in the ECG. According to the ICA, observed signals
are separated to the independent sources by decomposing
the mixture signals with direction to maximize non-
Gaussianity. One important characteristics of the ICA is that
the method is restricted to Gaussian random variable.
Traditional assumption in ECG de-noising is that ECG and
motion artifact are statistically independent corresponding to
basic assumption of the ICA. However, movements
influence to cardiac dynamics, thus it is not always satisfied.
Furthermore, ICA based motion removal algorithm may
distort ECG signals by eliminating important components.

Thus, we proposed 4 decision rules to avoid above limitation.

Noisiness and  Gaussianity = were considered by
approximation of negentropy which shows zero for the
Gaussian random variable under condition of the Central
Limit Theorem. Because the distribution of a sum of random
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approximation of negentropy for ECG during exercise is
decreased compared to the signal during rest, the segment of
the signal regarded as noisy signal. Also, if the
approximation of negentropy closes to zero, it is considered
to the Gaussian variable. Under this condition, the algorithm
regards it as out of processing range, and moves onto next
segment of data.

Whitening is useful processing before the ICA. Through
the process, observed random vector is uncorrelated and its
variance equals unity. In the probability distribution aspect,
it means that the distribution moves outside of mean value.
If the distribution of the whitening result shows similarity
with the distribution of the input random vector, it can be
said vector is already uncorrelated. In this case, the
algorithm also decides to stop processing and starts with
next segment of data. After the ICA, motion artifact
component was found using cross correlation coefficient.
The channel which has the lowest correlation with each
other was selected and filtered. To consider motion artifact
and ECG were not perfectly separated, we applied HPF to
selected component, not set to zero.

The algorithm was compared with several approaches to
evaluate implications of the proposed method such as
applying filter and decision rules. One of important
problems in ambulatory ECG analysis is absence of
reference signal. In this research, R-peak centered ensembles
were generated and averaged data regard as the reference
signal of each trial. Ambulatory ECGs in Fig. 3 are highly
contaminated with motion artifacts (on the left side), but
most of noise component are eliminated on the averaged
signals (on the right side).

For the results shown in Table 1, our proposed method
showed higher correlation with the reference signal. In some
results presented better results than our algorithm, such as
result from S1 using modified conventional method
(‘mCon.”). However, stability which is based on variation of
the results for the all results proves the proposed algorithm
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covers large range of movements for various subjects. The
results ‘Low Gaussian-Prop.” means cross correlation
coefficient between observed ECGs and reference signals,
because the algorithm detected the signals are Gaussian
variables and returned original signals. These results can be
regarded standard for ‘Low Gaussian- ’. Thus the results that
are lower than this standard are explained that ECGs were
distorted by the applied method such as ‘Low Gaussian-
Con.” of the subject 3. Also, there are the results that have
high variation among the channels, such as ‘Low Gaussian-
Con.” of the subject 4. It is considered that the necessary

components were eliminated during de-noising shown in Fig.

7, for instance.

It is not sufficient to compare the processing results with
only one parameter. Therefore, it is needed to establish
parameters which measure the degree of distortion.

In summary, we proposed motion artifact removal
algorithm using the ICA that minimizes distortion. It is also
expected to reduce processing rate by jumping over
unnecessary processes. Moreover, the method which is
based on short-term segmented dataset offers potential for
real-time processing this algorithm.

V. CONCLUSION

In summary, proposed method successfully removed the
motion artifacts in ambulatory ECGs without distortion.
Furthermore, reconstructed ECGs processed by this method
showed higher correlation with the estimated reference
ECGs than the signals processed by other methods. Because
the proposed algorithm jumps over unnecessary process, it is
expected to reduce processing rate. In addition, the method
which is based on short-term segmented (5 seconds) dataset
offers possibility for real-time processing of ECG. Finally,
the proposed algorithm has potential to be applied for long-
term ECG monitoring in daily life.
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Abstract—We present a new model for structuring clinical
data in primary care, denoted by the observation space. This
model is intended to be used within Electronic Medical
Record (EMR), and is designed to meet the requirements of
clinical contexts and nuances that characterize primary care
practices. While these contexts are generally captured with
free-text descriptions, structuring them makes the use of
EMR very attractive, since it opens many possibilities such
as clinical data exchange and the design of Clinical Decision
Support Systems. In partnership with practitioners, the
results presented in this paper are being used to build
clinical patterns.

Keywords-Electronic medical record; clinical data modeling;

. INTRODUCTION

Although the Electronic Medical Record (EMR) is
clearly identified as one of the tool that may help manage
the many primary care challenges such as population
aging, its use is far to be generalised [1]. Many authors
noted that the use of EMR is not systematic since there is
no clear consensus on how clinical aspects of EMR
should be processed [2]. While practitioners see that
coding clinical data will limit necessary nuances required
for describing the clinical context and argue to use free-
text data for this purpose, managers see that coding
clinical data is important for information gathering,
searching and comparing as well as the possibility to use
upstream Clinical Decision Support Systems (CDSS) [3].

We have initiated a research project in order to design
an intelligent clinical module to deal with clinical aspects
in primary care. Such a module may be part of any EMR,
and will have the ability to address the needs of
practitioners in their diagnosis process. We have started
with the needs to diagnose and monitor chronic diseases.
The project has four phases as follow: Phasel deals with
the capture of clinical data in primary care. Phase 2 deals
with the design of aggregation and fusion of that clinical
data in order to extract patterns. Phase 3 deals with the
build of the reasoning capability. Finally, phase 4 deals
with medical knowledge management. This paper
presents some results obtained in phase 1 of that project,
and dealing with the structure of the observation space.

In primary care, clinical information, denoted in this
article by Primary Care Clinical Data (PCCD), may be
classified in nine categories, namely symptoms, signs,
review of systems, medications, labs, personal history,
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family history, style of life and demographic data [4]. In
their study of the applicability of medical data standards
in clinical research, Richesson and Krischer [5]
concluded that there is still much work to be done since
many gaps have been identified, especially in the area of
physical exam: “There is a conspicuous lack of medical
standards for the structuring of questions and case report
form, particularly in the areas of physical exam, medical
history, family history, and eligibility criteria”.
Interestingly, the major gaps concern directly structuring
and standardizing PCCDs.

The present work investigates on how to structure
some of the PCCD, especially those describing the
clinical observation. In addition to the first classification
of the PCCD in nine classes, it is possible to consider a
further  categorization  following the  approach
recommended by Scheuermann [6] for treating diseases
and diagnosis within an ontological point of view. The
approach suggests that diseases may be considered as
predispositions rooted in physical disorders in the
organism and realized in pathological process. This
conceptualization of diseases helps to divide PCCD in
two main categories. On one hand, the observation space
groups PCCD that describe the manifestation of the
disease phenomenon, namely symptoms, signs and review
of the systems. On the other hand, the predisposition
space groups the remaining PCCD and describes pre-
clinical and pre-conditions that make the disease follows
a given course. This article will focus on the structuring
of the observation space and propose a global model of it.

This paper is organized as follow. Section 2
introduces the PCCD’s and will focus on the description
of the observation space. Section 3 discusses how it is
possible to structure it in order to capture clinical nuances
and contexts. Section 4 presents results of the application
of the observation space model to a real clinical case.

Il. PRIMARY CARE CLINICAL DATA (PCCD)

PCCDs are categorized following their functional
characteristics, independently of patient’s health and
disease diagnosis. It is possible to further categorize
PCCDs in order to understand the clinical data structure
in primary care. For this purpose, it is important to return
to the pathophysiological basis of diseases [7].
Contemporary classification of human disease derives
from observational correlation between pathological
analysis and clinical syndromes, which makes diseases
primarily described by symptoms and signs they cause.
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However, diseases are dispositions rooted in physical
disorders in the organism and realized in pathological
processes. The disorders are active and the organism as a
complex system will use all required metabolic fluxes to
recover the homeostasis. If a deregulation exceeds a given
threshold or organisms fail to recover the homeostasis, a
pathological process triggers and a disease course, which
may vary widely between patients who have the same
disease, starts [6].

A. Observation Space

The observation space is the clinical picture of a
patient on a given point in time of a disease evolution.

The observation space contains the PCCDs
symptoms, signs, and review of systems. It describes the
condition of the patient's organism due to the effect of the
disease. From this space, a practitioner should answer the
question, what is the clinical condition of the patient
given these observations? Theoretically, to construct the
observation space, physicians are not required to know
the diagnosis or the disease of the patient.

B. Predisposition space

The predisposition space represents all preclinical
conditions of a patient that may variably influence the
evolution of a disease course.

The predisposition space contains the PCCDs labs,
demographic data, past medical history, present medical
condition, family history, present medication, and style of
life. It represents the preclinical conditions of a patient
independently of any actual pathological process. The
predispositions will condition any disease course. From
this space, the practitioner should answer the question:
Given the information gathered from the predisposition
space, what should be the clinical picture of the patient
for a given pathology? Many clinical researches
concentrate on discovering relations between some
predisposition space PCCD and disease severities.

This paper focuses on the structuring of the
observation space.

I1. STRUCTURING OF THE OBSERVATION SPACE

Due to the presence of symptoms, the observation
space is subjective and contextual. It is, however, this
space who introduces the major clinical nuances which
require free-text description. The present work will focus
on describing how data and information that constitute
this space may be structured and modeled in taking into
account appropriate medical knowledge and practices.

A.  Symptom model

Symptoms are the kernel of the observation space. A
symptom is a subjective evidence of a disease perceived
by the patient. Psychological aspects have seldom
evident effects on how patients perceive and report what
they feel. It has been reported that patients that
categorize themselves with a group of people that have a
given illness will perceive concurrent symptoms relevant
to that illness to be more severe [8]. This is a clear
evidence of the subjectivity character of symptoms. They
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are also the main input of CDSS due to the fact that
knowledge on diseases is described in terms of
symptoms. Major CDSS, such as rule-based, model
disease knowledge as causal relevance between
symptoms and diseases, and symptoms are generally
described by only their intensities [9]. Innocent [10],
however, proposed a way to add temporal aspects to
model the causal relevance between symptoms and
diseases, and proposed rules such as: Influenza always
causes symptom fever in day one to day 3.

Providing only few attributes to describe symptoms is
far to be enough for practitioners who want to capture
different clinical nuances and contexts. In a specialized
literature, symptoms are described by many attributes.

Here are two examples of symptoms that need many
attributes to be described:

“Complains of intermittent severe pain in lower
abdomen since the last three weeks”.

“Severe pain in the upper abdomen for five days.
Burning in nature especially occurs at night in bed .

It is possible to categorize the clinical information of

each symptom as illustrated in the following table:

TABLE I. CLINICAL INFORMATION CATEGORIES
Descriptors Descriptionl Description2
Onset -
Duration 3 weeks 5 days
Intensity Severe Severe
Location Lower abdomen Upper abdomen
Quality - Burning
Periodicity Intermittent -
Factors - Night in bed

We propose, in this work, to define symptoms with a
set of attributes as follows:

Standard Symptom Qualifiers (SSQ) is defined to be a
set of attributes that describe a symptom SSQ = {onset,
duration, periodicity, intensity, quality, site, factors}.

The actual symptom model does not take into account
influences other than those of the observed disease, such
as associated symptoms, previous episodes, etc.

B. Sign model

A sign is an objective evidence of a disease perceptible
to the physical examiner. Signs are findings resulting
from the physical examination of the patient. This
definition compared to that of symptoms doesn’t allow to
totally discriminating between these two concepts. The
borders are fuzzy and there is an overlap. However, in
order to understand the observation space, it is important
to examine how signs information is present and what are
their relations with symptoms. In the literature, signs are
not always defined as a medical entity that may be
analyzed independently of diseases. In this work, signs
are classified in two main categories, which we may call
respectively signs and symptom-signs.

A symptom-sign is a sign that is associated with a
symptom and will fuse with it once evaluated.
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The fever symptom is an example. A patient may report a
fever as symptom, and the physician will measure
objectively the value of the fever. We say that the value
of the temperature (fever sign) will fuse with the fever
symptom, since the fever symptom will remain, and the
value of its intensity will be changed by the taken
temperature.

Definition: A sign is not related to a symptom.

Blood pressure is a good example of a sign. Signs by
this definition are different than vital signs. Signs have
generally an explicit and direct link to pathologies. They
constitute for this purpose an objective description of the
observation space.

In this work, we also propose that signs are
characterised by the SSQ model. Thus, they are identified
by their onset, duration, periodicity, intensity, quality,
site and factors. In doing so, fusing signs with symptoms
will be very obvious. The degree of objectivity that a sign
may bring to a symptom will be discussed in another
article.

C. Review of Systems (ROS)

The review of systems is a head-to-toe survey to
screen for additional symptoms not related to the patient's
main complaint. The information obtained from a ROS
has its own weight to the final diagnosis. A typical ROS
is composed of a set of symptoms classified by body
systems or physiological functions and are symptoms that
have no SSQ.

D. Observation space model

Figure 1 shows a general structure of the observation
space model.

Symptom-sign Symptom Sign

bttty I aiaiialutialnlinlate [ il !

1 [SSQ 1 [sso ] i1 [sso ] i

| o A " |

' Cymptom > 1 CSymptom )
Figure 1. Observation space general structure

There are three main structures that form the
observation space; Symptoms that do not possess signs,
symptoms that possess signs (symptom-signs), and signs.
Each structure has its SSQ.

V. RESULTS

This section presents some results on the application of
the observation space model to a real clinical situation. It
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will be used a clinical story of a 38 years old man with
fatigue as chief complaint.

A. A clinical story example
This clinical sample story was extracted from [11].

1) Patient story

“Mr. X, a 38-year-old homeless presented to a primary
care clinic with severe, progressive fatigue of one
month’s duration; progressive weakness and shortness of
breath while engaging in any kind of physical exertion
and dizziness whenever he tried to get out of bed. Mr. X
reported that he had not felt like eating for a month;
whenever he ate something, he experienced severe
abdominal pain. It usually occurred during the evening
hours and was always triggered by eating.

The patient had lost 20 pounds during the previous
month, which he attributed to poor intake due to
abdominal pain, anorexia, nausea, and fever. He
reported having a mild, intermittent fever during the last
month, particularly during the evening, which he
attributed to fatigue”.

2) Physical examination

Looking tired; Signs of pallor and jaundice. Brown
coated tongue with no atrophy or inflammation.
Temperature: 100.4°F; blood pressure: 140/90
Cardiovascular system: bounding pulse, evidence of 3rd
heart sound, no murmur.

Gastrointestinal system: abdomen: lower border is 1
inch down the costal margin; no liver tenderness. The
spleen is 2 inches below the costal margin.

B. Discussion

The following table captures the clinical case described
above using the observation space model. The observed
symptoms and signs are listed in the rows. The SSQ
attributes are listed in the columns. The Type columns in
the table indicates which of the three types (symptom:
Sym; Sign: Sig; Symptom-Sign: SS) the observation
belongs to. The last column denoted symptom-sign gives
the correspondent symptom or sign for a given symptom-
sign observation. Indeed, in this example there are three
symptom-signs, namely (fatigue-tired), (Pain-Abdomen)
and (Fever, Jaundice).

The value of each SSQ attribute for symptoms and
signs in the table are not dealt with in this article. For
symptoms, the values such as described in the patient
story are used. For signs, a +1 value in the intensity
means that there is evidence that the sign is observed.
Moreover, how symptom-sign SSQ values may be merged
is not dealt with in this article.
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TABLE II. CLINICAL DATA CAPTURED USING THE OBSERVATION SPACE MODEL

SSQ Onset | Duration | Period. [Intensity | Quality Site Factors Type | Symptom

-sign
Symptom

Fatigue 1 month Severe progressive Symp Tired

Weakness Severe  |progressive Symp

Shortness of severe \While engaging in | Symp X

breath physical exertion

Dizziness Get out of bed Symp X

Pain When |1 month Evening [severe abdomen Symp Abdomen

eating hours
\Weight lost Previous 20 pounds Symp X
months
Fever Last months mild intermittent During evenings | Symp Jaundice
S

Tired +1 SS Fatigue

Pallor +1 Sign X

Jaundice +1 SS Fever

coated tongue +1 Brown no atrophy or Sign X

inflammation

Temperatu re 100.4°F Sign X

Blood press. 140/90 Sign X

Cardiac Evidence  [3rd No murmur Sign X

auscultation

Hepatomegaly linch |Down Lower SS Pain

V. CONCLUSION AND FUTURE WORK

This paper presented a pathway on how to structure
the observation space of PCCD. Despite the existence of
many standards for medical data, it has been shown
previously that PCCD is poorly represented by them, and
this contribution is primarily intended to fill some of the
associated gaps.

However, the most innovative aspect in this article
concerns signs and their characterizations. Signs are
described only in a very specialized literature and are
complex to structure. The use of the SSQ model will help
represent them and formalize their relations with
symptoms.

Finally, the next steps are to use the same methodology
to structure the predisposition space, as well as to
describe how it is possible to use aggregation and fusion
technics to extract patterns from PCCD. Results will be
presented in another contribution.
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Abstract—Medication usage and administration are key
areas for standardisation and interoperability in specialty-
agnostic, secondary care research systems. Based on the
requirements of four medical research specialty areas in
Central England, we developed a medication record model,
for the purpose of keeping track of medications the patients
are taking, both from a patient-care and future research-
participation perspectives. In this paper, we present the
model that is flexible enough to capture the core
requirements of all research specialty areas, but also
extensible to include more specific, non-generic
requirements. This work supports the electronic health data
standardisation and interoperability efforts within the
secondary care domain.

Keywords-standardisation;  electronic  health  record;
patient medication

L INTRODUCTION

The interoperability and standardisation of medical
information in secondary care is an ongoing challenge,
also reflected in secondary care research, where
information is collected, processed, queried and
exchanged for clinical studies within various specialty
research areas. A recent report [1] highlighted the
disparity between the primary and secondary care sectors,
in terms of the systematic application of information
technology in healthcare. In the eight countries studied,
secondary care adoption of health information technology
and health information exchange was behind that of
primary care. This was particularly the case in England.

Our work aims to find solutions towards the increased
interoperability and standardisation of information in
secondary care research. One specific area focuses on
patient medication recording, that is, the recording of
medications administered to patients by healthcare
professionals, and also other medications self-reported by
the patients. Medication usage information is necessary
for the clinical care of the patient—the knowledge of
treatments for particular conditions; for safety—the
interactions of drugs; and for including or excluding
patients from participation in clinical studies.

In this paper, we present a patient medication model,
developed to capture the requirements of four research
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specialty research areas: asthma, bronchiectasis, chronic
obstructive pulmonary disease (COPD) and early arthritis.
While medication recording is common to all four, the
level of detail captured varies. The proposed model
captures the links between medication, patient and
healthcare professional; and it also fits within the
extensible Comprehensive Unified Research (CURe)
framework for developing secondary care research
systems. Our model builds on existing efforts by the
English National Health Service (NHS), such as the
dictionary of medicine and devices (dm+d) [2],
prescribing model [3] and dose syntax model [4]. Our
medication model addresses a specific context—
monitoring medication usage by patients—and differs
from the contexts addressed by e-prescription, medication
adherence and management, which are the focus of many
of the research work on the subject of medication.
Although the model describes the set of medication data
elements useful for secondary care research registries, we
will illustrate the data items recorded in the CURe
applications for the four specialty areas.

II. RELATED WORK

Our work currently applies to the Central England
region and as such, we have looked into the models used
by the NHS, the main provider of healthcare. We have
also considered relevant work in the literature regarding
the medication datasets and their standardisation.

A. Prescribing and Dose Syntax Models

In July 2012, the NHS adopted the dm+d as the
standard dictionary of medicines licensed in the United
Kingdom [5]. The dm+d is the basis for all medicine and
device codes forming the SNOMED CT UK Drug
Extension, following the need to integrate dm+d with the
Systematized Nomenclature of Medicine Clinical Terms
(SNOMED CT), the NHS strategic clinical terminology
solution, necessary for the interoperability of electronic
health records [6,7]. Dose-based prescribing is normal
practice in secondary care [3]. On paper, this combines
the generic drug name (virtual therapeutic moiety, VIM),
dose, route and frequency, for example: Paracetamol
(drug name), 500 mg (dose) — oral (route) — qds
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(frequency, Latin abbreviation for four times a day). In
electronic prescribing systems, the dm+d implementation
guide suggests using VTM concepts to prescribe
generically, while taking into account some exceptions
and the prescribing rules [3]. The dm+d is structured
around five key components, ranging from a generic drug
(VTM, e.g. Atenolol) to an actual medicinal product pack
(AMPP), which is drug manufactured by a specific
supplier with the drug having form and strength values,
e.g. Atenolol 100 mg tablets (Alpharma) x 28 tablet.

Although the dm+d provides a standard description
and electronic identifier for medicines, there is no
standard structure for representing dosage instructions, for
example, "take two tablets three times a day". Without
standardisation, this information can only be sent and
stored electronically using free text. Work is ongoing to
develop standard dosage syntax so that this information
can be sent in a standard coded format, which will enable
diverse clinical systems to manipulate the data
transferred, for example calculate a dose or quantity. This
will also improve patient safety by standardising the way
that dosage instructions are communicated and reducing
the potential for misinterpretation. The dosage syntax
model was developed by the NHS Information Authority
in conjunction with the international health standards
organisation, HL7 [8, 9], with a cut down version of the
dose syntax model for e-prescribing [10].

B.  Medication Datasets

A number of related projects on electronic health
records have defined datasets for medication, with
different usage to supporting research. MyMedicationList
[11] is a prototype application that helps users to manage
their personal medication record. The medication record
is based on a document model that captures the
medication name, interval, quantity, frequency, patient
instruction, indication, available generic substitute of a
branded drug, prescriber and supplier.

The Continuity of Care Record (CCR) schema is a
core dataset of the most relevant administrative,
demographic, and clinical information facts about a
patient’s healthcare [12]. It is one of suite of standards for
health information systems used in the United States,
developed to organise and make transportable a set of
basic healthcare information that can be accessed by
medical practitioners and patients. The CCR schema
defines a medication object to describe a patient’s current
medications. Similarly, openEHR [13] develops open
specifications for health information systems. For
medication management, openEHR has identified data
groups relating to medication order or administration [14].

The above works have informed our medication
model, developed to capture routine medication usage
information useful for research studies. The following
sections describe how our model captures user
requirements, and its implementation within CURe.
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III.  ScoPE AND CONTEXT OF WORK

A. CURe Framework

The CURe framework has been developed as part of
the design and development of a research system to be
used for clinical research databases and clinical studies
across multiple research specialty areas in secondary care.
The extensible framework adopts a modular approach to
solve some of the problems of localised clinical research
systems, where a system is built for a single clinical unit
to solve immediate localised problems, without
considering the possibility of similar requirements from
other units or research specialty areas, irrespective of
location [15]. User requirements are used to build generic
models of common data elements between specialty areas.
By using an extensible design pattern, the common
elements create scalable object oriented taxonomies
designed around generic and non-generic data objects.
Our work also includes an adaptation and implementation
of technical standards, especially in data recording, which
facilitates interoperability across research systems for
different specialty areas.

B.  User Requirements

The knowledge elicitation process, aided by the
participatory approach with the domain experts, led to the
gathering of the medication recording needs of users in
the four research specialty areas. The common data items
include generic drug name; drug category;, active
ingredient (name, strength); dosage (value, unit); start and
stop dates; frequency. Other data items include brand
name; and route of administration.

IV. MEDICATION MODEL

Based on the user requirements and the medication
standardisation decisions, we present the core medication
model, as well as aspects of the extended model that cater
for some of the additional requirements within CURe.

Medication Dosage

generic_name:
brand_name:
coding_system:

code

dose_form:
route_of_administration:
start_date: Frequency
stop_date: - # rate: int
status: # fype:

reviewed: # period- int
SOure:

# maximum_value: int
#  minimum_value: int
# unit:

[N

HeoH H H

Active_Ingredient

name: varchar
strength_numerator_value: int
strength_numerator_unit: int
strength_denominator_value: int
strength_denominator_unit: int

o

Figure 1. Medication entity model
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The entity model (Figure 1) presents the components of
the medication model, specifically highlighting their
relationships from an architectural design perspective.

A. Medication Data Group

Medication-related data elements are presented in
Table 1. The last three rows are attributes relating to the
links among medication, patient and healthcare
professional, that we model in CURe for validation and
auditing purposes. The second column of Table 1
describes each data element and gives examples of what
data values we have used in CURe. The generic drug
name is a key element in this group. In CURe, we adopted
the NHS dm+d VTM for the standardised generic drug
names as used in the UK. Similarly, to make the drug
information interoperable, we are using SNOMED CT
codes to uniquely identify each generic drug. This has an
advantage over the British National Formulary [16],
which, although widely used by healthcare professionals
for prescribing, it does not have unique codes for drugs.
For users who want to specify the brand name, we are
using the SNOMED CT Trade Family concepts. For data
values, such as units of measure, frequency and route of
administration, we have used dm+d editorial policy
guidance and international standards where applicable.

Table 1. Medication model.
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B.  Medication Record Examples

Based on the above model, we now show how the two
example records are represented. Example 1 (Table 2)
shows a medication where the application user is
interested in recording the dosage, rather than the strength
of the product. Example 2 (Table 3) is a combination
drug, where the two active ingredients are important for
the medication recording.

Table 2. Example 1: An Arthritis patient using Naproxen, a maximum of

1 gram daily.
Attribute Value
Generic drug name Naproxen
Coding System SNOMED CT
Code DescriptionID (20444015)
Dose Form Tablet
Dosage | Maximurp Dose Value | 1
| Dose Unit g
Frequency 1 time in 1 day (daily)
Route of Administration Oral
Start date 15/06/2010
Stop date
Status Ongoing
Medication reviewed Yes
Other CURe specialty area
Source o .
prescription (verified)

Table 3. Example 2: A COPD patient is on Seretide, a combination drug

AT Besoniyionlisage H‘l OILE of Fluticasone + Salmeterol, 500 micrograms/50 micrograms, 1 puff,
. dm+d VTM or VMPs with no twi d
Generic drug name wice a day.
VTM parent - S
Brand name SNOMED CT Trade family ic dn Attribute Fluti n : l;e terol
Coding System SNOMED CT gene(;lc ug name SeLrl el;;zone almetero!
Code SNOMED CT Term ID Tand name
N o2 Amoxicillin Coding System SNOMED CT
ame & : Code DescriptionID (2576281011)
Strength 500 in 500mg (strength is of an .
: Name Fluticasone
Numerator Value available product) ) St b
i Strength in 500 Active Nlrxf:egrtator Value 300
mg in 500m, .
?mv;, . Numerator Unit s & Ingredient [1] Strength
ngredien i
lgM Strength e.g. 5 in “Amoxicillin - 125mg/5ml Numerator Unit ficrogtam
(1.M) Denominator L Salmeterol
Value oral suspension Name almetero.
: Strength
Strength e.g. ml in “Amoxicillin - Actlve' Numerator Value 30
Denominator - Ingredient [2]
. 125mg/5ml oral suspension Strength :
Unit . microgram
Numerator Unit
Dose Form e.g. tablet, capsule - —
— v of medicati be @k Dose Form Nebuliser liquid
Minimum Quantlt‘y 9 medication Fo e taken Maximum :
Dose Value or administered at one time Dosage Dose Value
Dosage Maximum If only one recommended dose, use Dose Unit Dose
Dose Val'ue the maximum dose. Frequency 2 times in 1 day (twice a day)
Dose Unit mg” in 60 ;ng r— Route of Administration Inhalation
Frequency e.g. once a day, hourly Start date 01/01/2005
Route of Administration e.g. oral route
— Stop date
Start date Date the med%cagon ?s started Status Ongoing
Stop date Date the medication is stopped Medication reviewed Yes
Status Medication continued or stopped S Current CURe specialty area
Medication reviewed Medication check at a patient visit ource prescription (verified)
Source of the medication
Source X .
information.
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V. DISCUSSION

A. Interoperability

The medication model presented caters for the major
aspects of interoperability in terms of drug names, coding
system and common dosage instructions. While in this
model, active ingredient strength and dosage use a single
unit, some specialties have indicated the need for multiple
units, or conversion units, e.g. for inhaled steroids.
References to standard conversions can be made available
to users on the user interface, instead of representing them
in the medication model.

B.  Recording of unlicensed drugs

The medication information recorded concern
prescribable licensed drugs. However, some domain
experts have requested the recording of clinical trial drugs
or unlicensed drugs. The medication model presented is
not for an e-prescribing system. As such, it does not limit
the recording of only licensed drugs. However, to
differentiate between licensed and unlicensed drugs, the
model could incorporate a data element to indicate this,
hence preserving the meaning of the information
recorded. Moreover, this requirement will impact on the
standardised terminology for drugs and ensuring that both
licensed and unlicensed drugs are present.

VI.  CONCLUSIONS AND FUTURE WORK

In this paper, we presented a medication model to
record the medication usage of patients in secondary care.
The need for such a model arose from the lack of
integration between healthcare systems, especially those
developed for research. The medication model has been
developed to allow patient medication information to be
recorded and queried across multiple medical research
specialty areas. Existing drug dictionaries and datasets
have been developed mainly to standardise electronic
prescription and medication order and management. We
have adopted some of the relevant elements to develop a
medication model to support secondary care research.

In future work, we will be investigating the
categorisation of drugs by experts to facilitate the
selection of drugs. This is aimed towards providing an
agreed shortlist of medications based on each specialty
area, or other grouping, such as inhalers, to enable users
to select drugs from the shortlist rather from the list of all
drugs. In the CURe application, we are also working on
enabling users in different research specialty areas to view
medications recorded across specialty areas, for the safety
and care of the patients, while respecting the ethical and
authorisation measures in place.
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Abstract — The Bravehealth project is a large scale Integrated
Project (IP) launched in the 7th Framework Programme.
Bravehealth proposes a patient-centric vision to Cardio
Vascular Disease (CVD) management and treatment,
providing people already diagnosed as subjects at risk with a
sound solution for continuous and remote monitoring and real
time prevention of malignant events. Mainly, this paper
describes the BVH Software Architecture. The role and the
rationale behind the various system components is widely
explained. The set of adopted technological solutions is
presented and, finally, it is shown how the architecture
succeeds in achieving a flexible, scalable and efficient system
able to cope with many different medical scenarios.

Keywords-Cardio Vascular Disease; Architecture; DSS; Data
Mining.

l. INTRODUCTION

E-Health is largely recognized (see for instance [4], [5],
[7] and [9]) as one of the most promising and powerful
solutions to address Cardio Vascular Disease (CVD), being
able to ensure an increase of the quality of care delivered and
of the quality of life of patients, while decreasing overall
healthcare costs. Nevertheless, in spite of these widely
agreed and demonstrated benefits, the technical maturity of
the majority of the solutions implemented is poor, the
concrete use of e-Health services for supporting remote
management of CVD is still very limited, there is a lack of a
standardized approach, the market remains highly
fragmented and focused on specific scenarios. Moreover,
even though Decision Support Systems (DSS) can be a key
added-value of the e-health (see for instance [1] and [2]). no
convincing and standardized approaches for such an issue
have been developed yet, especially regarding the use of
Data Mining [3] techniques, applied to data related to
patients affected by CVDs.

The Bravehealth (BVH) project [6] aims at coping with
these problems introducing an efficient, flexible and scalable
patient-centric system including a Software Architecture
suitable for being applied to a plenty of different scenarios.
The BVH focus is on CVD, but the designed Software
Architecture (based on standard protocols and languages)
and the Decision Support System, which is a key element of
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such an architecture, are so flexible that they can be reused
for different diseases and for different typologies of patients.

The main objective of the proposed architecture is to
enable the cooperation among the Patients and the Medical
Supervisors (e.g., physicians, nurses, etc.) following the
Patients, finalized at an early diagnosis and prevention of the
occurrence of malignant events or complications. Another
ancillary aspect is the capability of providing the Medical
Supervisors  with suggestions concerning the most
appropriate provisions to be taken in case the system detects
anomalies in the Patient health status. This will be obtained
thanks to a synergistic approach of a compact wearable
device with the capability of monitoring several clinic
parameters in order to perform a timely diagnosis of patient’s
conditions, with advanced data fusion techniques
implemented on it and with innovative algorithms and
solutions for the Decision Support System. The correct way
of working must be continuously monitored by appropriate
technicians, referred to as Technical Supervisors.

This paper is organized as follows. Section Il introduces
the main components of the proposed architecture, along
with a brief description of each of them. Section Ill details
the main macro-tasks considered in the Bravehealth project
and their relation with the architecture, with particular focus
with the Decision Support System. Finally, conclusions are
drawn in Section IV.

II. BVH MAIN COMPONENTS

The main actors and components of the BVH system are
shown in Figure 1, using UML [8] formalism. The BVH
main components are: (i) the Wearable Unit (WU), (ii) the
Patient Gateway (PG), (iii) the Remote Server (RS), (iv) the
IPTV, (v) the Patient Client (PaC), (vi) the Medical
Supervisor Client and (vii) the Technical Supervisor Client.

The Wearable Unit (WU) is the component the Patient
“wears” and includes the sensors responsible for sensing
Patient’s physiological data, as well as the functionalities for
collecting the relevant measures and for transmitting them
towards the Patient Gateway (PG). Such functionalities can
be properly configured by the Remote Server (RS) (in
cooperation with the PG). Then, the WU also includes the
functionalities for actuating the received configuration
information. Physiological data transmission towards the PG
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takes place either periodically, following the instructions

component, stores data (physiological and context data, both

deduced from the configuration information, or after raw and elaborated) collected from all the PGs (related to all
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Figure 1. Main components of the BVH architecture

properly selected triggering events again deduced from the
configuration information, or on-demand following specific
requests. Finally, the WU interfaces the Patient through an
ad hoc interface which is intended to provide the patient with
very simple status messages such as the WU battery charging
status or possible  malfunctioning/misplacing  (more
elaborated information is sent to the Patient by the HMI
Component embedded in the PG, as detailed later).

The Patient Gateway (PG) proposed Software
Architecture is shown in Figure 2, using UML formalism.
The PG is the Component which represents the mean by
which the information data flow from the WUs to the RS and
vice versa. Moreover, the PG is devoted to perform a
preliminary analysis on raw data (physiological and context)
collected from the WU, to store data into a local memory
cache and to forward them (both raw and elaborated) to the
RS. The above-mentioned preliminary analysis makes use of
Data Processing and Decision Support capabilities running at
the PG finalized at deducing elaborated information from
raw data collected by the WU to be exploited by the RS
Decision Support System and at detecting, in a fast way,
anomalies with respect to the regular Patient behavior. The
PG is configured (in terms of scheduled activities) by the RS.
The PG also receives from the RS the configuration for the
WU: this configuration could be modified by the PG on the
basis of some internal elaboration and then forwarded to the
WU. The PG can request specific data from the WU. Finally,
the PG is able to provide the Patient with information about
the status of his health, as well as specific instructions
determined by the Medical and/or the Technical Supervisors.

The Remote Server (RS) proposed Software Architecture
is shown in Figure 3, using UML formalism. The RS is the
core architectural component of the BVH system and
contains most of its intelligence. The RS performs the
complex algorithms of the Decision Support System (DSS)
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patients) with which it is connected and provides the front
end logic of the interfaces with the BVH actors (Patients,
Medical supervisors and Technical supervisors). The RS is in
charge of computing (automatically or by means of the
intervention of Physicians/Technicians) the most appropriate
configurations for the PGs and the WUs. Such
configurations, among other information, include the
scheduling of the activities to be performed by the WUs and
by the PGs. The RS can request data stored into the PGs
and/or the WUs (raw or elaborated context and physiological
data). The RS provides the front end logic to the users' client
components (Medical Supervisor Client (MSC), Technical
Supervisor Client (TSC), Patient Client (PaC) and IPTV)
through the set of exposed interfaces, illustrated in Figure 1.

The IPTV is a Component which is used by the Patient in
order to interface with the BVH system: thanks to it, the
Patient could visualize the status of his health, as well as a
list of specific instructions and/or high resolution videos.

The Patient Client (PaC) is a Component which is used
by the Patient in order to interface with the BVH system.
Through this interface, the Patient is able to visualize the
status of his health, as well as a list of specific instructions
and/or low resolution videos.

The Medical Supervisor Client is the Component which
is used by the Medical Supervisors in order to interface with
the BVH system. The Medical Supervisors could use this
component (i) to access (including insert, modify or delete)
configuration or sensor data of a particular Patient, (ii) to
manage notifications/suggestions produced by the BVH
DSS, (iii) to access all patient history.

The Technical Supervisor Client is the Component which
is used by the Technical Supervisors in order to interface the
BVH system. A Technical Supervisor could use this
component to monitor and to modify the status of the PGs
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and of the WUs or the patients’ data and to apply diagnostic
operations in order to correct possible malfunctions.

In order to facilitate the understanding of the rationale
behind the proposed Software Architecture, the description
of the BVH Components appearing in Figures 1-3 will be
performed with reference to five specific BVH Macro-tasks.
A BVH Macro-task includes all the procedures which aim at
the same high level objective.

BVH MACRO-TASKS DESCRIPTION

to PG and WU configurations. In particular, the RS Patient
Configuration Manager is in charge of managing the
configurations of the PGs and of the WUs on the basis of
Patient information (e.g., status, case history, medical
protocols, the output of the DSS, etc.) and of physicians’ or
technicians’ decisions. Moreover, the RS Patient
Configuration Manager is the Component of the RS in
charge of performing the whole application logic related to
the management of the Patient Data, which include the
patient personal information, as well as the data relevant to
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Figure 2. Patient Gateway (PG) Software Architecture

A. PG and RS orchestration

This macro-task deals with the orchestration of the PG
and RS Components. The main components involved in this
macro-task are, at the PG side, the PG Controller, whilst, at
the RS side, in consideration of the complexity of the
involved tasks, in order to get a real-time processing speed,
the orchestration task is distributed among the RS Gateway
Controller and the RS Patient Configuration Manager,
involved in the management of the Sensor Data and of the
Configuration Data, respectively. The above-mentioned
components operate according to a flexible logic
guaranteeing a high degree of reconfiguration and, in
particular, assuring the possibility to replace, in a natural
way, the current WUs/PGs with more advanced ones, as well
as to add/remove/replace storage, pre-processing, decision
support system, configuration and interfacing capabilities.

The PG Controller is devoted to orchestrate all the PG
components in order to execute the whole logic of the PG.
The PG Controller is triggered by events coming from the
PG Scheduler: the latter is updated by the former and
includes the scheduling of the events involving the PG.

The RS Gateway Controller is in charge of the whole
logic related to the communication with the PG and the
management of the Sensor Data, which include both the raw
data produced by the WU sensors and transmitted by the WU
to the RSs through the PGs, and the elaborated data which
are the output of the pre-processing of the above-mentioned
raw data performed at the PGs and/or at the RS.

The RS Patient Configuration Manager is in charge of the
management of the Configuration Data, i.e. the data relevant
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the patient status validated by medical diagnoses.

B. Flow and Management of Sensor Data and of

Configuration Data

This macro-task deals with (i) the flow of the Sensor Data
collected by the sensors (the ones embedded in the WUs, as
well as other kind of sensors such as environment sensors) to
the PGs (where they can be subject to formatting and
preprocessing) and eventually to the RS, (ii) the flow of
Configuration Data (for PG/WU configuration) from the RS
to the PGs and, eventually to the WUs. Each WU is
configured by the RS (with the possible cooperation of the
PG) to send, either periodically, or whenever events occur,
patient specific information (e.g., physiological data) to the
PG. In addition, a PG could also request to a WU on-demand
data or other types of information.

The PG Sensor Communication Manager is in charge of
interacting with the WU and/or with other kinds of sensors in
order (i) to receive Sensor Data and (ii) to send either
Configuration Data or data requests to the WU. In particular,
such component has to interwork with the communication
channel (e.g., Bluetooth) which is used for the data exchange
between WUs and PGs.

The PG Format Translator is a Component able to
translate the Sensor Data collected by the sensors, which are
raw data, into a standard format suitable for the PG
Preprocessing Environment (see next section).

The PG Data Cache stores all Patient related data
(measurements, scheduling information, status,
configuration, etc.), i.e., the raw ones, the ones formatted by
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related since PG and WU configurations are tailored to the
associated patient, are stored in the same database
component). The RS Medical/Technical Supervisor FE, the
RS Supervisor Management System and the RS Patient
Configuration Manager could use/update these data through
the Patient Record CRUDS interface. Moreover, the RS User
Management System has the key role of interworking with
the Hospital Information System (HIS), in order to extract

the Format Translator component and the ones elaborated by
the PG Preprocessing Environment.

The PG RS Communication Manager (PG side) and the
RS Gateway Controller (RS side) interwork with the
communication channel (e.g., UMTS) which is used for the
data exchange between PGs and RS. In particular, these
components manage the sending of Sensor Data (which

could include both raw data coming from the WU and/or
data formatted by the PG Format Translator and/or data
elaborated by the PG Preprocessing Environment) from the

information relevant to enrich the Patient Data.
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Figure 3. Remote Server (RS) Software Architecture

PG to the RS, as well as of Configuration Data in the
opposite direction.

Aiming at enhancing RS performances, two main
database components with associated database management
(updating, adding, removal) logic have been foreseen at the
RS, namely the RS Sensor Data Management System and the
RS User Management System storing the Sensor Data and
the Configuration/Patient data, respectively; these two
databases are managed by the RS Gateway Controller and by
the RS Patient Configuration Manager, respectively.

The RS Sensor Data Management System stores all Sensor
Data, both the ones directly arriving at the RS from the PGs
and the ones resulting from elaborations of these data
performed by the RS DSS and/or the RS Preprocessing
Environment. RS components such as DSS, Preprocessing
Environment, Patient Service, Medical Supervisor FE and
Gateway Controller could use these data through the DATA
CRUDS interface.

The RS User Management System stores all Configuration
Data and Patient Data (these two kinds of data, being strictly
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C. Data Processing and Decision Support at the PG

A key feature of the BVH architecture is the fact that
some light processing of Sensor Data already takes place at
the PG, whilst an heavy processing of Sensor Data is
demanded to the RS. This issue adds many degrees of
flexibility to the whole system allowing to perform the most
urgent elaborations close to the patient, with evident
advantages in terms of privacy/security, decoupling from
both possible PG-RS communication link and RS server
problems, saving PG-RS communication channel capacity,
etc. The PG processing in question is performed within the
PG Preprocessing Environment component, in turn,
including its subcomponents: (i) the PG Signal Processing,
(ii) the PG Physical Context and (iii) the PG Lightweight
Decision Support System.

The PG Signal Processing includes algorithms for
filtering and processing the signals coming from the WU,
e.g., in order to remove noise and compute a set of ECG
descriptors (or features), e.g., QRS-T-Angle [10], QT-
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dispersion and so on. These descriptors are used for
measuring the distances among different electrocardiograms
with the aim of detecting anomalies, detecting and
segmenting heart beat and supporting physician’s diagnosis.
The PG Physical Context includes algorithms that, on the

(updating, adding, removal) logic. Such rules are managed
by the Medical Supervisors authorized to manage the DSS,
through the Rule Supervisor FE. In particular, as shown in
Figure 4, the DSS component consists of the following
subcomponents: (i) the Notification Rules Engine, (ii) the

Decision Support System (DSS)

<ccomponent>> @]

Medical Supervisor FE

<<co Nt
Medical Knowledgebase

System

Figure 4. RS Decision Support System (DSS)

basis of the signals coming from the WU and/or from other
possible sensors, extract context information (e.g.,
information about the activity, the location, the environment
related to a certain patient): such information will be made
available by computing a family of physical context factors
(e.g., location of the patient, etc.). These factors will be made
available to other data processing modules (e.g., the
Lightweight Decision Support System described below) for
further information extraction procedures.

The PG Lightweight Decision Support System analyses
the Sensor Data available at the Patient Gateway (raw data
coming from the WU, ECG descriptors and other
physiological parameters/context factors coming from the
PG Preprocessing Environment) with the aim of identifying
specific patient profiles and abnormal behaviors. This
analysis is performed by using unsupervised machine
learning algorithms (e.g., data clustering) with the aim of
identifying patterns that are typical of a given patient. In
turn, these patterns are used to detect anomalies with respect
to the regular behavior of the specific patient.

D. Data Processing and Decision Support at the RS

The RS Preprocessing Environment includes Signal
Processing and Physical Context functionalities, whose
rationale is similar as the corresponding ones at the PG.

The RS Decision Support System (DSS) (see Figure 4),
following the on-line application of appropriate rules to the
Sensor, Configuration and Patient Data, provides the
Medical Supervisors with Notifications and Suggestions. The
rules which are used for deriving notifications and
suggestions are stored in the database component referred to
as Medical Knowledgebase Management System (MKMS),
also providing the associated database management
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Data Mining, and (iii) the Suggestion Rules Engine.

The Notification Rules Engine is the engine that
interprets the logic rules defined on the basis of medical
protocols and standard procedures adopted by physicians.
These rules are directly uploaded by the Medical Supervisors
in the MKMS, where they are labeled as “Active Standard
Rules”. The Notification Rules Engine on-line applies the
Active Standard Rules to both the Sensor Data coming from
the RS Sensor Data Management System and to the
Configuration/Patient Data coming from the RS User
Management System. Following the application of each rule,
the Notification Rules Engine takes a decision in the form of
a “notification” which is sent to the Medical Supervisors, via
the DSS Communication Management System.

The Data Mining is the core Component of the DSS. It
analyses (through an off-line processing, but continuously in
progress during the BVH system operation) the available
historical data (i.e. the Sensors Data stored in the RS Sensor
Data Management System and the Configuration/Patient
Data stored in the User Management System) with the aim of
identifying correlations, regularities and patterns that
represent the information extracted from data. The analysis is
performed through both unsupervised (e.g., data clustering)
and supervised (e.g., data classification and regression,
pattern recognition) machine learning algorithms in order to
identify correlations, regularities and patterns in the data.
This information is used to infer new rules which are stored
in the MKMS being initially labeled as “Suggested Inferred
Rules”. Then, following the approval from a Medical
Supervisor authorized to manage the DSS (performed by
means of the Rule Supervisor Front End (FE)), each rule can
be labeled as “Active Inferred Rule” and can be interpreted
and used by the Suggestion Rules Engine.
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The Suggestion Rules Engine is the rule engine that
interprets the Active Inferred Rules derived by the machine
learning algorithms running in the Data Mining module. The
Suggestion Rules Engine on-line applies the Active Inferred
Rules to both the Sensor Data coming from the RS Sensor
Data Management System and to the Patient/Configuration
Data coming from the RS User Management System.
Following the application of each rule, the Suggestion Rules
Engine takes a decision in the form of a “suggestion” which
is sent to the DSS Communication Management System and,
eventually, to the Medical Supervisors.

E. User Interface

In the BVH system there are three kinds of users, namely
the Patients, the Medical Supervisors and the Technical
Supervisors. For each kind of user a specific interface is
foreseen. The Medical Supervisors access the BVH system
through the Medical Supervisor Client. They could use this
Component to manage (insert, modify or delete), through the
Medical Supervisor FE, specific Configuration, Patient or
Sensor Data, as well as to manage, through the Rule
Supervisor FE, the notifications/suggestions produced by the
DSS. The Patients can access the BVH system both at the
PG, via the PG HMI (Human Machine Interface) and at RS,
via the Patient Client (PaC) and/or the IPTV. The PG HMI is
a simple, usable and friendly interface which can display
physicians-filtered instructions and/or proper information
stored in the PG Data Cache Instead, the RS Patient Service
is delegated to provide a “device-independent” RS HMI
functionality to the Patients which can access the Sensor
Data and the Configuration/Patient Data stored in the RS
databases, via both their television set (via the IPTV and
IPTV FE Components) and/or via their personal
computers/smartphones (via the Patient Client (PaC) and
Patient FE Components). The Technical Supervisors access
the BVH system through the Technical Supervisor Client
and the Technical Supervisor FE. They could use this
Component to monitor and modify the status of the RS, the
PGs and the WUs and to apply remote diagnostic operations.

IV. CONCLUSION AND FUTURE WORK

The proposed BVH architecture includes a set of
consistent  technological solutions which, considered
altogether, contribute for achieving a flexible, scalable and
efficient system able to cope with a plenty of different
scenarios. The most meaningful of such solutions are: (i) the
PG and RS orchestration, thanks to the adoption of general
purpose, event-driven controllers, is not customized for a
specific scenario, but is conceived for allowing, in a natural
way, the adding/removing/upgrading of the various system
components; (ii) the decoupling of the Sensor Data handling
from the Patient and Configuration Data handling allows a
faster and more flexible data management; (iii) the use of a
two-scale Decision Support including a light processing of
Sensor Data taking place at the PG, and a more heavy
processing of Sensor Data demanded to the RS, allows to
perform the most urgent elaborations close to the patient,
with evident already depicted advantages in terms of
privacy/security, decoupling from PG-RS communication
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link problems, decoupling from RS server problems, etc; (iv)
the use within the RS Decision Support Systems (DSS) of
two set of rules deriving from medical protocols and
standard procedures and from machine learning algorithms
running in a Data Mining module allows the DSS to produce
notifications/suggestions for the Medical Supervisor
integrating the medical experience with advanced data
extraction techniques. In addition, in the proposed DSS all
heavy computations are demanded to an off-line (non real-
time) Data Mining component, whilst the on-line (real-time)
Rules Engines have to perform light/standard computations,
with the evident advantages in terms of reaction speed; (v)
the use of several user interfaces tailored to the requirements
of the three BVH system users.

As far as future work is concerned, the next research
step will be the tailoring of appropriate algorithms for the PG
and RS Decision Support components (algorithms already
partially identified by the authors), to perform effective data
extraction from a huge amount of CVD related data.
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Abstract —This paper describes the medical Decision Support
System (DSS) designed in the framework of the Bravehealth
(BVH) project. The DSS is the heart of the data processing
performed in Bravehealth, and it is aimed at enriching the
medical experience to support the doctors in the decision-
making processes. The paper focuses on the flexible and
effective DSS architecture placed at a Remote Server side.
Moreover, a Data Mining prototype algorithm, supported by
the architecture, is proposed, along with encouraging test
results.

Keywords—Medical Decision Support; Data Mining; Machine
Learning.

l. INTRODUCTION

Recently, machine learning methods have been largely
applied to a high number of medical domains. Improved
medical diagnosis and prognosis have been shown to be
achieved through automatic learning from past experiences,
to detect and translate regularities in analytic rules that can
be used to classify new patient records. Machine learning
algorithms have been shown to be very successful in
cardiovascular disease analysis and detection [2,6,10] and
electrocardiogram (ECG) beat classification [3,4,5].

In a recent study [7], the cardiovascular diseases are
indicated as the first mortality cause in women. In Europe,
approximately 55 percent of women’s deaths is caused by
cardiovascular diseases, especially coronary disease and
stroke. The Framingham heart study [8] gave a significant
contribution by revealing the impact of factors as smoking,
hypertension, dyslipidaemia, diabetes mellitus, obesity, male
gender, and age on developing of cardiovascular disease.
That was the basis for defining a classification system for
identifying the cardiovascular risk class (low, medium, and
high) for women on the basis of their characteristics in terms
of relevant impact factors [7,9,16]. In Europe, the
cardiovascular mortality and morbidity in women are some
of the highest. Typically, for confirming the presence of
cardiovascular disease, the patients are submitted to different
tests (biochemical tests, rest ECG, stress test,
echocardiography or angiography). Some of them are
invasive for patients, and expensive and time consuming.

In [6], Data Mining techniques were used to identify the
high risk patients and evaluate the relationships between
cardiovascular risk factors and resulting cardiovascular
diseases, differently by the gender of patients. The purpose
of study proposed in [6] was to compare the capacity of
different data mining methods: the study was conducted on
an 825 people sample and the data were collected from
general practitioners’ files (including, for every patient,
information about blood pressure, hypertension, body mass
index, glycaemia, the presence or absence of cardiovascular

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-252-3

disease on the basis of standard medical definition, etc.). The
complete sample included 825 data records of 145 attributes,
which reduced, after data cleaning up process, to 303 of the
initial set of patients. Two data mining algorithms were used
to analyse the sample and to identify the relationships
between the attributes and the label indicating the presence
or absence of cardiovascular disease. The former one, the
Naive Bayes approach, provided acceptable results regarding
identification of patients with coronary artery disease and
acceptable results in identification of patients without stroke
or without peripheral artery disease (in particular, only 62%
of patients with coronary artery disease (in particular, only
62% of patients with coronary artery disease were
classified). The latter was a decision tree training algorithm
that succeeded to capture 72.6% of relevant information in
patients with coronary artery disease but was also incapable
to capture relevant information for those with strokes or
peripheral artery disease (percentages being also equal to
zero). These results were absolutely satisfactory if compared
with the success rate achieved by data mining methods
applied to different medical test (Liver diseases, Breast
Cancer, etc.) and, in particular, to specific heart disease data
sets (as the Cleveland HEART data set of UCI repository).
Nonetheless, they were totally unsatisfactory for safe clinical
protocols. This was due, in authors’ opinion, to: (i) the
number of patients in the data set and the cleaned data were
insufficient to assess the quality of any method; (ii) the use
of standard methods, taken “off the shelf” from the literature,
without any specific reference to heart disease environment,
was not able to produce effective classifiers.

Consequently, a double effort was necessary. On one side
the Bravehealth project will be able to collect, validate and
clean large amount of patient data. In this respect the idea of
remotely collecting patient data directly from a so-called
Wearable Unit (see [1] for further details) was crucial. The
reported description of the logical architecture of the
Bravehealth Decision Support System (DSS) highlights its
capability to collect and validate large amount of data related
to “real” patients. The second effort was that to devise new
classification methods, able to cope with the large datasets
and to be “tuned in” the specific medical application of
Bravehealth. For this purpose, Bravehealth proposed a
Boosting algorithm based on a “problem specific Kernel”.
The Kernel of a boosting algorithm embodies the similarity
(or dissimilarity) of the different patients. One could use a
simple Linear Kernel (inner product of the data vectors) or a
standard Gaussian Kernel (as in many algorithms proposed
in the general literature). The Bravehealth approach is to
devise, on the contrary, a specific Kernel for the problem and
data faced in Bravehealth and testing its efficiency. This
definition, along with the test, could be done only using the
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massive amount of patient data collected in Bravehealth.
Nevertheless, the authors had already started the design of a
prototype algorithm briefly described in Section 1V, based on
the boosting algorithm, in order to check, on well known and
available test problems, the effectiveness of the boosting
method. The results obtained by the proposed prototype
algorithm on the widely used for new data mining methods
validation Cleveland HEART dataset (available at the UCI
Data Mining repository and comparable, in size, with the
experiment in [6]) are very promising (as reported in Section
IV) compared to the literature. As far as the authors know,
the best results obtained by all the other research groups
oscillate around 80% of accuracy (better than the results
obtained by the “off the shelf” algorithms of [6]).

This paper is structured as follows. Section Il illustrates
the DSS architecture. Section Ill, 1V, V and VI focus on the
description of the sub-components defining the whole DSS
(in particular Section 1V illustrates the proposed algorithm
and the results of the performed test). Finally, brief
conclusions are drawn in Section V.

II.  BVH DECISION SUPPORT SYSTEM (DSS)

The Bravehealth Decision Support System (DSS) has
been conceived as a patient-centric, adaptive and flexible
system capable to meet both patients’ and physicians’ needs,
in order to support medical decisions and to account the
actual expectations of both patients and physicians. Two
main guidelines led to the Bravehealth DSS design and
development: (i) the DSS is expected to be “close” to the
patient, in the sense that the decision making process is fully
affected by the patient’s actual health conditions and, in
some cases, does actively involve the patient; (ii) the main
users of the DSS (hospital physicians and medical
researchers — hereinafter, these kind of users will be referred
to as Medical Supervisors) must be granted the access the
DSS and to insert or to update data about patients in a secure,
immediate, efficient and effective way. Moreover, they
expect that standard clinical models are implemented in the
Bravehealth DSS ensuring that routine clinical consultations
are made more consistent and informative. In addition, the
DSS is supposed to support decision making by possibly
providing additional information about potential new clinical
models, that means useful information extracted from
patients’ data by means of sophisticated data retrieval and
Data Mining techniques. Taking into account these
expectations, the Bravehealth DSS was designed to enhance
the standard basic features of current medical DSSs.

On one side, the Bravehealth DSS is close to the
physicians, in the sense of being a real decision support tool
(not a “Doctor Substitution System”, as explicitly refused by
physicians). Thus, the main components of the Bravehealth
DSS are located at proper Remote Servers (RSs) located at
the Medical Supervisors premises (e.g., in the hospitals).
Hereinafter we will refer to these components as RS DSS.
Using standard medical protocols, the RS DSS is able to
classify patients affected by CVD into one of three
categories: High, Medium or Low Risk. These definitions are
based on rules drawn from clinical practice. Accordingly, the
RS DSS can automatically generate notifications to be sent
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to the physicians on the basis of deterministic rules derived
by clinical practices and medical protocols. Each notification
is part of a specific patient model, derived by standard
Clinical Models, whose description is fully provided by the
medical responsible. In addition, the Bravehealth RS DSS
analyzes medical parameters and context data in order to
extract useful information, in terms of rules and patterns for
patient classification and profiling, by means of the Data
Mining module. This additional feature is the most
innovative part of the RS DSS, since advanced Data Mining
algorithms, tailored to the Bravehealth environment, are
adopted. These algorithms can require rather heavy
processing capabilities; nevertheless, as hereafter explained ,
the RS DSS is organized so that the heavier calculations are
performed off-line. The extracted information is real-time
presented to the Medical Supervisors as suggestions.

On the other side, the Bravehealth DSS is close to the
patient in the sense that a secondary subsystem, namely the
Lightweight Decision Support System (LDSS), is completely
dedicated to the patient care. The LDSS component is de-
centralized with respect to the main RS DSS components and
is located at the Patient Gateway (PG): so, hereinafter we
will refer to this component as PG LDSS. The main aim of
the LDSS is that of filling the gap between patients and
physicians when the patients are at home, especially in
critical situations (emergencies, PG-RS communication link
problems, RS server problems, etc.). Even the PG LDSS is
supported by Data Mining algorithms; nevertheless, these
algorithms have been designed with the requirement of being
particularly light so that they can run even on a low
processing computer implementing the PG located at the
patient's premises. This paper mainly focuses on the
description of the architecture, the features and the
embedded algorithms of the DSS at the RS. Nevertheless, the
concept of a Data Mining intelligent agent “close to the
patient”, represented by the PG LDSS, is an innovative
concept proposed and being developed within the
Bravehealth project and further research papers will be
dedicated to its architectural, algorithmic and test results.

Figure 1 shows, using the UML formalism, the functional
blocks of the DSS at the Remote Server (RS DSS), and
details its components and both its internal and external
interfaces. The architecture components are described in
detail in [1]. The following sub-sections describe in detail the
subcomponents of the Runtime Environment, namely the
core of the RS DSS, which is in charge of extracting from all
the available data the useful information to be presented in
real-time to the Medical Supervisors.

I1l.  NOTIFICATION RULES ENGINE AND SUGGESTED RULE
ENGINE (ON-LINE PROCESSING)

The Sensor Data Management System and the User
Management System store patients’ measured data (ECG,
Breath rate, SpO2, Arterial Blood Pressure, Activity level,
Fluid Index or bioimpedance, Temperature), and
consolidated medical evaluation (e.g., in terms of risk
classes: Low Risk, Medium Risk, High Risk provided and
validated by doctors and physicians), respectively. All these
data are provided to the Runtime Environment via the Data
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CRUDS and the Patient Record CRUD interfaces,
respectively. These data are properly pre-processed by an ad
hoc pre-processing module as explained below.

The above-mentioned data are used, on the one hand, by
the Notification Rules Engine, which is in charge of applying
to these data the logic rules defined on the basis of medical
protocols and standard procedures adopted by the physicians.
These last rules are uploaded by the Rule Supervisors (these
are particular kinds of Medical Supervisors authorized to
manage the DSS rules) by means of the Rule Supervisor FE
in the Medical Knowledgebase Management System
(MKMS), in charge of storing the various rules. Since these
rules are trusted, they are labeled in the MKMS as “Active
Standard Rules”. Thus, the Notification Rules Engine
uploads the Active Standard Rules from the MKMS and on-
line applies each Active Standard Rule to the data acquired

IV. DATA MINING (OFF-LINE PROCESSING)

The RS Data Mining component is in charge of the main
advanced features of the Bravehealth DSS. The Data Mining
component is split in the following four sub-modules:

A. Pre-processing module

Data Mining algorithms cannot be fed with raw data:
pre-processing of data greatly increases the reliability and
the performance of the algorithms. This module is in charge
of selecting, organizing and processing the available data in
the most suitable way for the data analysis, performed by
the Data Mining Engine. The data available in this module
are: (i) medical parameters coming from the Wearable
Units through the PGs and stored at the Sensor Data
Management System; (ii) ECG descriptors and/or other

Decision Support System (DSS)

component> g

<<component>>
Medical Supervisor FE

gl

<<component=>
Medical Knowledgebase

System

Figure 1. RS Decision Support System (DSS)

from the Sensor Data Management System and from the
User Management System; the application of such rules
possibly leads to “notifications”, which are sent to the
Medical Supervisors. On the other hand, such acquired data
are also used by the off-line Data Mining component,
detailed in the next section, to produce new rules, which are
stored in the MKMS being labelled as "Suggested Rules",
since these rules, differently from the ones based on medical
protocols, are inferred on the grounds of Data Mining
techniques and therefore need to be validated by the Rule
Supervisors case by case. For this reason, the Suggested
Rules are not active by default. Nevertheless, as these rules
are validated by the Rule Supervisors, they become “Active
Inferred Rules” and can be used on-line by the Suggested
Rule Engine. Thus, the Suggested Rule Engine uploads the
Active Inferred Rules from the MKMS and on-line applies
each Active Inferred Rule to the data acquired from the
Sensor Data Management System and from the User
Management System; the application of such rules possibly
leads to “suggestions”, which are eventually received by the
Medical Supervisors. All the rules (both the Suggested and
the Active Standard/Inferred ones) are stored in the MKMS.
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physiological parameters coming from the Signal
Processing performed at the PG and/or at the RS and stored
at the Sensor Data Management System; (iii) context factors
elaborated at the PG and stored at the Sensor Data
Management System; (iv) configuration and patient data
coming from Medical Supervisors and stored in the User
Management System.

The first task of the pre-processing module is to render
all the data homogeneous. Then, three main pre-processing
techniques are applied: (i) Sample selection: some data may
be unreliable (e.g., because of typos in data enter, imprecise
medical measurements, etc.); and an expert (doctor or
medical researcher) is needed to decide their relevance for
data analysis. If the sample selection is not provided, the
system extracts the sample data in unsupervised way,
according to the statistical distribution of the available data
set. The well known structured k-fold cross validation
procedure is adopted by Bravehealth system for sample
validation and test. (ii) Feature selection: besides the sample
selection, proper feature selection and extraction algorithms
can be adopted in order to complete the set of significant
features by means of specific indexes defined ad hoc by pre-
processing environment. In the Bravehealth system, these
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algorithms are based on a well known supervised machine
learning model, namely the L;-norm Support Vector
Machines [14]. (iii) Denoising: finally, standard denoising
algorithms are applied to correct statistical errors.

B. Data Mining (DM) Engine

The Bravehealth RS DM engine is the “core” of the RS
Data Mining component. It includes innovative models
based on data analysis and machine learning algorithms able
to infer, in an off-line fashion, new rules which, after being
properly validated by the Rule Supervisors, are applied by
the on-line Suggestion Rules Engine to the pre-processed
data. The DM engine conceived in Bravehealth includes
several machine learning based models, all tailored to the
specific cardiac diseases considered in Bravehealth: all these
models are simultaneously active and automatically
selected. These models have to operate under the control of
specialized Rule Supervisors, not only authorized to access
the DSS (via the Rule Supervisor FE and the Medical
Feedback interface), but also to manage the models in
question and tune specific parameters.

The DM engine analyses all historical pre-processed
data with the aim of identifying correlations, regularities and
patterns in such data and to serve as a prediction on the
patients’ health conditions. Information is extracted in the
form of general patterns, such as logical rules or decision
trees, that are stored in the Medical Knowledgebase
Management System (MKMS) as "suggested rules" and
then are studied by Rule Supervisors both to validate the
suggested rules in question and to further refine the adopted
models. In addition, the DM engine is able to identify
abnormal behaviors or risk situations which are notified to
the Medical Supervisors. The above-mentioned analysis is
performed by both unsupervised (e.g., data clustering) and
supervised (e.g., data classification and regression, pattern
recognition) machine learning algorithms. Some of the
models adopted for performing this analysis are open source
implementation (e.g., WEKA), whereas other ones (e.g.,
exact boosting model) have been developed and
implemented ad hoc for the Bravehealth purposes. Data
Mining based medical models are independent of the
medical protocols and standard procedures; conversely, they
are totally based on proper Data Mining models, such as
Decision Trees, Bayes Networks, Rule Induction
Algorithms and Neural Networks, Boosting and Kernel
models (e.g., Support Vector Machines). In particular,
Boosting techniques have emerged in machine learning as
ones of the most promising and powerful methods for
supervised learning [11]. These techniques are the ones
which have been selected for being designed, developed and
implemented in Bravehealth. In this respect, the innovative
Boosting model which has been defined and is being
developed ad hoc for the Bravehealth environment, is
obtained through a proper combination of a set of given
base classifiers, usually called weak learners, to yield one
classifier that is stronger than each individual base classifier.
In Bravehealth we coped with the problem of combining
Support Vector Machines (SVMs), properly adapting to the
Bravehealth environment the approach presented in [12].
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Following [14], the Boosting problem is formulated as a
Linear Programming problem (LP). The dimension of the
LP problem is related (via the Kernel matrix representing
the similarity measure) to the number of test points (number
of patient records) and hence the LP to be solved will be
larger as the patient data will be collected, cleaned and
stored by the DSS. The algorithm proposed in Bravehealth
tackles the problem of solving LP problems with a huge
number of variables by improving the solution scheme
proposed in [14] and adapting to the boosting environment a
standard technique used in LP theory: Column Generation.
Column generation is a general method for solving large LP
problems by iteratively solving a “reduced problem” on a
subset of variables and fixing the others to zero. The
solution of the “reduced problem” is optimal for the original
problem if suitable values associated with the zeroed
variables (the “reduced costs”) are non-negative. At each
step, the reduced costs of the variables fixed to zero are
evaluated, and only a limited number of “promising”
variables (named entrant columns) with negative reduced
cost are included in the set of variables considered in the
current iteration (the so called “auxiliary problem™). Each
entrant column is chosen by a “look up” procedure that
automatically evaluates the reduced cost of the variables
fixed to zero. The related Support Vector Machine is
inserted in the subset of promising columns. By generating
automatically one additional column at each iteration, the
dimensions of the master problem to be solved increase
slowly, and the solution algorithm is very fast. When the
number of generated columns becomes considerable, the
algorithm selects a subset of columns of the master problem
that can be removed without affecting the current solution.
This paper shows the results obtained through the
implementation of this algorithm when applied to the
problem Cleveland HEART (303 patient data concerning
heart diseases) available at the UCI data mining repository
[15]. These results indicate that the “boosting + column
generation” approach is capable to find very good accuracy
results and ready to solve the mining problems (of
increasing dimension) generated by the routine activity of
Bravehealth DSS (patient data collection via Wearable Unit,
in primis). A brief description of the main features of the
proposed method must start from a quick sketch of the
standard learning protocol. The preliminary action is the
partition of the dataset in two sets: the training and the test
set. The training set simulates the data available in the (off-
line) learning phase. The classifier (its parameters) is (are)
defined on the basis of the information carried by the
training set, ignoring the data included in the test set. The
test set simulates the data that will become available on line
(i.e. the vital parameters measured by the Wearable Unit of
a new patient and acquired by the DSS). The DM Engine
uses the “boosting+column generation” approach to define a
classifier which consists of a linear combination of Support
Vector Machines (SVM). The classifier is defined on the
basis of known and clean data represented by the training
set. The classifier will subsequently be used on-line to
assess the criticality of the vital parameters of unknown
patients (represented by the test set in our experiment).

38



eTELEMED 2013 : The Fifth International Conference on eHealth, Telemedicine, and Social Medicine

The main purpose of the training phase is to define a
classifier which determines whether a patient is in critical
conditions or not, under some pre-defined medical point of
view, only for those patients in the training set that it is
known in advance that they were in critical conditions for
that parameter. Such a knowledge is used to assess the
quality of the algorithm. The most diffuse wrong idea is to
consider the “best” classifier as the one that provides the
correct answer for every patient in the training set, but this
simply means that the classifier is tailored for the training
set and often unable to generalize its diagnosis to a new,
unknown, patient. This is the so called overtraining effect.
Conversely, the correct learning strategy is that of
optimizing a functional which takes into account both the
prediction accuracy over the training set and the capability
of recognizing cases not included in the training set
(generalization). In the proposed algorithm, this multi-
objective problem is solved by maximizing the accuracy on
the training set, while constraining the capabilities of the
classifier (reduced set). By constraining the classifier into
not performing excessively well on the training set, it should
be able to generalize to the test set. In more detail, the
proposed classifiers are linear combinations of Support
Vector Machines (SVM) and each SVM is defined by an
hyperplane whose variables correspond to the components
of the training points (indeed this is true only if the Kernel is
not used but let assume it for simplicity). The proposed
solution to the “overtraining effect” is to reduce the set of
SVM to be included in the linear combination (boosting) by
imposing an upper bound to the norm of the coefficients of
the hyperplane defining the SVM (norm-UB). A very low
value of the upper bound produces classifiers unable to
properly classify the elements of the training set, while a
very high value (infinite) for the upper bound imposes no
limit upon the choice of the optimal classifier and produces
the feared “overtraining effect”. The optimal upper bound
and hence the optimal classifiers in terms of accuracy and
generalization must lay in the middle and correspond to the
optimal value of the norm-UB.

—+—Training Value
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“
/
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Figure 2. Value Function test results

A way to visualize the overall behavior of the learning
process is by plotting the so called value function of the
proposed optimization problem for increasing values of the
norm-UB. The value function is the value of the error
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percentage of the optimal classifier on the training set
obtained by restricting the choice of the SVMs to those
having coefficient smaller than a suitable value of the norm-
UB. The value function of the tests performed by the
authors is plotted (in blue) in Figure 2. The y-axis reports
the percentage error while the x-axis represents 23 different
and increasing values of the norm-UB (the values are not
important since it is important to have an increasing series
of upper bounds). The behavior of a value function for
increasing values of the norm-UB is quite predictable. It
starts from high values of prediction error in correspondence
of the lowest values of the norm-UB and decreases to 0
(equivalently 100% prediction accuracy on the training set).

But what happens to the prediction accuracy on the test
set? Two phases are present: a first phase in which the
quality of the results on the test set follows the quality of the
result in the training set and the prediction error on the test
set decreases; and a second phase in which the improvement
of the accuracy on the training set produces an increasing
percentage of wrong answers on the test set. This second
phase can be defined the overtraining phase and the error
correspond to the fact that the algorithm is performing “too
well” on the training set. The best classifiers should be
searched at the interface of the two phases. This area is here
informally defined as the knee of the curve corresponding to
the accuracy error on the test set. Figure 2 reports the
experimental results, in terms of prediction error in
percentage constrained by the norm-UB on the x-axis, of the
proposed prototype algorithm upon the Cleveland HEART
data. The 303 patients of the data set have been partitioned
in a training set containing 270 of them (a lower number
would have made the test of the boosting+column
generation procedure non significant) and leaving 33
patients unknown to the algorithm (test set). The value
function starts from a 35% error for the lowest value of the
norm-UB. In this case, the UB is so low that it is not
possible to find a classifier which properly classifies the
patients in the training set. By increasing the norm-UB the
error percentages decreases until it reaches the value zero
(the fifth value of the norm-UB). The error percentage
remains to zero even though it is related to different
classifiers for each different value of the norm UB (with
different generalization capabilities).

The red plot shows the classification results on the test
set, obtained by the classifier produced for each value of the
norm-UB. As one can easily see the prediction error on the
test set has an almost descending trend up to the 19" value
of the norm UB (corresponding to a 13.33% error) and then
it increases above 30% for all the subsequent values of the
norm-UB. Hence, a “knee” has been found and an optimal
classifier with 86.66% accuracy corresponding to the knee.
As far as the authors know, this is the best classifier
obtained so far for this particular problem.

V. MODEL SELECTION MODULE

As a request arrives to the Data Mining component, all the
realized algorithms implementing different machine learning
models are executed (Neural Networks, Decision Trees,
Boosting, etc), and their outputs are automatically evaluated
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in terms of accuracy and reliability. This module has the
task of selecting the model (or the combination of models)
which is the most appropriate to the current request on the
basis of specific parameters and criteria provided by the
Medical Supervisors. Driving parameter can be accuracy
and reliability determined according to the examined case;
model selection can be automatically performed basing
those parameters. Moreover, the Bravehealth system
foresees a hybrid automatic-manual model selection in
which Medical Supervisors can express their preference to a
particular model for each examined case.

VI. PATTERN VISUALIZATION MODULE

An important issue in Data Mining applications for
medical diagnosis and risk prediction models is that the
results of computer-based analysis have to be communicated
to people in a clear way, to facilitate the interaction in the
decision making process. The output of the DM Engine is
represented by general patterns (logical rules, decision trees,
etc.) that are provided to Rule Supervisors for inspection
and validation. The output may not be immediately clear to
non-specialized operators; therefore, a Pattern Visualization
module is needed, to represent the patterns found by the DM
Engine in a graphical representation, suitable for doctors
and medical researchers. The Bravehealth Pattern
Visualization module stores and displays data in a
customizable way, offering efficient access to data and data
managing tools for continuous patient monitoring.

VII. CONCLUSION AND FUTURE WORK

A key characteristic of the Bravehealth approach is that all
the data processing procedures, from the data pre-processing
to the output visualization, is performed according to a
patient-centric vision and with tight control of doctors and
medical researchers, also to encourage its use by the medical
audience, usually skeptical about automatic assistance.
Moreover, the Bravehealth approach includes several
innovative features: (i) the use of a two-scale DSS including
a light data processing taking place at the PG, and a more
heavy data processing demanded to the RS; (ii) the adoption
of a flexible architecture of the RS DSS based on an off-line
Data Mining engine including several Data Mining models
which can be adaptively selected (either in an automatic, or
in an hybrid automatic/manual fashion) on the basis of the
examined case for providing on-line (real-time) notifications
and suggestions to the Medical Supervisors; (iii) the adoption
of Data Mining models tailored to the Bravehealth
environment (e.g., Boosting models based on SVMs as the
proposed one); (iv) the adoption in the PG LDSS of powerful
clustering algorithms tailored to the real-time classification
of patient records filled with the data received from the WU.

This paper has presented the basis, along with very
encouraging results of tests applied on well known available
data, of the on-going Data Mining algorithms development,
which, compliantly to the best practice in Data Mining, will
be carefully tailored to the actual data which will be
available either during the Bravehealth or other similar
projects, and/or in eHealth based industrial applications. The
expectation is that, thanks to specific Kernels, the proposed
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boosting algorithm could represent a ”quantum leap” of the
capacity of (i) predicting heart diseases and (ii) providing a
more accurate classification of the patients’ health status.

ACKNOWLEDGMENT

The work described in this paper is partially based on the
results of the ICT FP7 Integrated Project Bravehealth, under
Grant Agreement no. 248694. The European Commission
has no responsibility for the content of this paper. The
information in this document is provided as is and no
guarantee or warranty is given that the information is fit for
any particular purpose. The user thereof uses the information
at its sole risk and liability.

REFERENCES

[1] S. Canale et al., “The Bravehealth Software Architecture for
the Monitoring of Patients Affected by CvD”, 5
eTELEMED, 2013, Nice, France.

[21 R.B.Rao, S. Krishnan, and R. S. Niculescu, “Data mining for
improved cardiac care”, ACM SIGKDD Explorations
Newsletter archive, Vol.8(1), 3-10, June 2006.

[31 M. Engin, “ECG beat classification using neuro-fuzzy
network”, Patt. Rec. Lett. 25, 15, 1715-1722, 2004.

[4] S. Barro, M. Fernandez-Delgado, J.A. Vila-Sobrino, C. V.
Regueiro, and E. Sanchez, “Classifying multichannel ECG
patterns with an adaptive neural network”, IEEE Eng. Med.
Biol. Mag. 17 (1), 45-55. 1998.

[5] A. De Gaetano, S. Panunzi, F. Rinaldi, A. Risi, and M.
Sciandrone, “A patient adaptable ECG beat classifier based
on neural networks”, App. Math. & Comp. 213,1,243-249,
2009.

[6] A.V.Sitar-Taut, D. Zdrenghea, D. Pop, and D. A. Sitar-Taut.
“Using Machine Learning Algorithms in Cardiovascular
Disease Risk Evaluation”, JACSM. 3(5), 29-32, 2009.

[71 M. Stramba-Badiale et al., “Cardiovascular diseases in
women: a statement from the policy conference of the
European Society of Cardiology”, Eur Heart J (27), 2006.

[8] http://www.framinghamheartstudy.org, accessed on
January 2013.

[0 L. Mosca et al, “Evidence-Based Guidelines for
Cardiovascular Disease Prevention in Women: 2007
Update”, http://circ.ahajournals.org/content/115/11/1481.full,
accessed on 31st January 2013.

H. G. Lee, K. Y. Noh, and K. H. Ryu, “A Data Mining
Approach for Coronary Heart Disease Prediction using HRV
Features and Carotid Arterial Wall Thickness”, Int. Conf. on
BioMedical Eng. and Informatics, Vol. 1, 200-206, 2008.

R. Schapire,“A brief introduction to boosting”,16th 1JJCAI-99.

C. Campbell, and Y. Ying, “Learning with Support Vector
Machines”, Morgan and Claypool, 2011.

K. P. Bennett, A. Demiriz, and J. Shawe-Taylor. “A Column
Generation Algorithm For Boosting”. Proc 17th ICML, 2000.

[14] J. Zhu, S. Rosset, T. Hastie, and R. Tibshirani, “1-norm
Support Vector Machines”, NIPS, 2003.

[15] UCI Repository, http://archive.ics.uci.edu/ml/datasets.html,
accessed on 31% January 2013.

[16] A. Pietrabissa, C. Poli, D. G. Ferriero, and M. Grigioni,
"Optimal planning of sensor networks for assets tracking in
hospital environments”, accepted for publication in Decision
Support System (Elsevier), 2013.

31

[10]

[11]
[12]

[13]

40



eTELEMED 2013 : The Fifth International Conference on eHealth, Telemedicine, and Social Medicine

TheWork Practice of Videoconferencing in Acute Stroke Treatment

Line Lundvoll Nilsen

Norwegian Centre for Integrated Care and Telemedicine
University Hospital of North Norway
Tromsg, Norway
line.lundvoll.nilsen@telemed.no

Abstract—In Norway, a local hospital and a specialist
hospital have implemented real-time videoconferencing to
exchange knowledgein order to obtain more complete stroke
diagnoses and increase the thrombolytic treatment
supported by specialists. In this paper, the objective is to
explore the tension between the potential for using
videoconferencing and its realization in practice. In 18
months, there were four videoconferencing consultations.
Videoconferencing is only used when considering a
thrombolytic treatment. As the thrombolytic treatment
depends on several contra-indications written in a guideline,
the guideline shape the work practice. In principle, the
guideline represents a meaning potential for dialogue and
for exploring knowledge in stroke treatment. But, in most
cases, the guideine is followed strictly, and thus
thrombolysisisnot a treatment option in such cases. Thereis
a breakdown in the potential for using videoconferencing,
since they only four times have realized the meaning by
creating sense and a shared repertoire of knowledge. This
includes small turnouts and a lesser strictness to the
guideline might lead to more frequently used
videoconferencing in acute stroke treatment.

Keywords-videoconferencing; telestroke; work practice;
meaning potential; meaning realized

l. INTRODUCTION

In Norway, alocal hospital and a central hospital have
both implemented real-time videoconferencing (VC) so
that the small loca hospital can access speciaist
knowledge from the large hospital to discuss acute casesin
which patients have suffered a stroke [1]. By using VC as
a tool, prectitioners are able to examine patients in a
virtual collaborative process. In acute situations, when
time is critical, this collaborative process can shorten
decision times and improve treatment outcomes.

Approximately 15,000 people in Norway suffer from
strokes each year, constituting the third most frequent
reason for death [2]. The stroke incidence is three per 1000
inhabitants [2], estimated at 69 patients per year (1,32 per
week) in this local hospital. In most cases, strokes are
treated with medicament intravenous thrombolytic
therapy. Thrombolytic therapy is a treatment used to break
up dangerous clots inside the blood vessdls. To perform
this treatment, the physician injects clot-dissolving
medicationsinto a blood vessal. The effect of thrombolytic
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treatment diminishes over time, while the risk for
complications increases [3]. Thrombolytic treatment
should be given as soon as possible, but within 4 ¥ hours
after the symptoms start [2]. As time matters, decisions
about diagnosis must be made as soon as possible.
Shortening the time to pre-hospital stoke treatment might
be possble by remotely assessing patients with stroke
prior to their arrival at the hospital through discussions
over ambulance computers [4] and through bedside
assistance from real-time video smartphones [5]. Once a
patient with a suspected stroke reaches the emergency unit,
the local hospital might use in-hospital VC to shorten the
decision process, and improve the quality of care [6].

Each patient needs to complete a computer
tomography (CT), an image digitizing cerebral scanning of
the brain, before an exact diagnosis is determined. The
professionals have a guideline they follow when patients
arrive at the hospital. The decision to start thrombolytic
treatment within 4 % hours depends on several criteria, or
contra-indications, and every case should be considered
individually. Giving stroke patients thrombolytic treatment
in the acute phase improves their prognosis. The national
goal isto give 20 % of the patients thrombolytic treatment
within 4 % hours after the symptoms’ debut. Today, the
averagein Norway isabout 5% [7].

Many emergency physicians do not use thrombolytic
treatment, because they have a sole responsibility for the
patient [8]. In the locad hospital described here,
thrombolytic treatment should be given under the
supervision of a specialist. To access speciaist
competence for a second opinion for supervising
thrombolytic treatment over distance, and to savetime, VC
has been implemented. Implementing VC increases the
number of thrombolytic treatments and the patients
threatened in the 4 % hours window [9]. Therefore, VC
can further support the decision about thrombolysis and
potentially lead to an increase in the number of
thrombolytic treatments given. In September 2010, the VC
service was ready to be used, so that the visual sight of the
patient could supplement the spoken descriptions,
traditionally communicated by telephone. In this way, the
physicians and nurses at smaller referring hospitals could
communicate with the specidists in the speciaist hospital,
seeing each other and the patient.
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The paper is organized as follows. Next section gives a
background to the paper, by presenting the research
question, illuminated and made current by previousy
research. Section IIl provides the environment where the
VC is situated, and provides a framework for analyzing
socia interaction. Section 1V is methods, describing the
research method and how the data is analyzed. Section V
is the results, discussed in Section VI. Conclusion and
further work are provided in the last section of the paper.

I[l. BACKGROUND

Using VC in stroke treatment has been referred to as
“telestroke”. Since the end of 1990s and early 2000s,
telestroke networks have been developed. The use of
telestroke networks has shown great promise for
improving access to expertise and for giving more precise
diagnosis. Studies, many of which are connected to
funded programs, report outcome, i.e. factors related to
successful telestroke interventions, such as levels of
satisfaction, acceptance, positive experiences and
improved quality of care [10]. Patients treated in hospitals
with telestroke networks receive more complete stroke
diagnosis and earlier rehabilitation therapy than patients
treated in other hospitals [11]. There have been reviews
on the motivations for telestroke programs and the
barriers to program adoption [12]; the barriers are, i.e.,
lack of technology support and lack of funding [12].
Research reporting success and barriers to the
development of telestroke programs focus on the
effectiveness, cost-effectiveness and quality of the
technology [8, 10-12]. Little is known about the use of
telestroke in daily work practice and what affects the
work processes that lead either to success or failure.

Grounded in international findings of satisfaction,
positive experiences and improved quality of care using
telestroke equipment, as well as our own results on how
VC technology per se is not the reason for the low
frequency use[13], the aim of this work is to explore why
VC use is lower than expected. Here, the paper focuses on
the work practice of stroke treatment and how the
organization of stroke treatment affects VC use in acute
care. The objective is to explore the tension between the
potential for using VC for collaborative work to increase
thrombolytic treatment and for the reaization of VC in
practice.

1. MATERIALS AND FRAMEWORK

The local hospital examined in this paper has a stroke
unit, but no neurologist. Traditionally, the physicians in
this local hospital seek a second opinion from the larger
specialist hospital over the telephone. The distance
between them is about 63 miles or 100 kilometers by
airplane over the sea. Using VC instead of a telephone
gives the specialist the opportunity to see the patient and
the local team when giving advice about treatment. In
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September 2010, the service was used for the first time,
and it is till running.

The VC is located in the local hospital’s emergency
room (Figure 1). In the specialist hospital, the VC
equipment is located in a dedicated room used only for
this purpose (Figure 2). When the referring hospital calls
up the specialist hospital by telephone and initiates a VC
meeting, the specialist immediately moves to this room.
During their social interactions, the professionals are able
to draw on resources such as their different knowledge
and the patient him/herself when discussing the medical
problem. The professionals discuss and make sense of the
signs and actions that are a part of the collaborative work;
i.e, results from the CT, dialogue with the patient,
information from the physicians and the nurses.

Social interaction is a difference between meaning
potential and meaning realized [14]. The meaning
potential in work practice is the way stroke treatment is
performed, where the blood test, the CT and the clinical
signs and information represent the potential. Through the
use of dialogue and VC, the professionals create sense
and a shared repertoire of knowledge.

When using VC the professionals meet, medical
discussions arise and problems are handled. It is the
tension and the gap-closing between the knowledge of the
local physicians, their traditional approach to stroke
treatment, and their collaboration with the specialist by
using VC, which might increase the number of
thrombolytic treatments and the patients treated within the
hours window, i.e., the meaning realized.

T i <

Figure 2. The dedicated room in the specialist hospital
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IV. METHODS

A. Research methods

The VC equipment was introduced to the clinics in
September 2010, and it has been studied since. All activity
using VC is automatically logged. As a consequence, one
can know how many times, when, and for how long the
V C equipment has been used. The log data have then been
used as a basis for conducting the interviews. As the
results will show, the VC equipment logs indicated four
total uses.

Thirteen professionals, nurses, physicians and
specialists from both hospitals were interviewed, through
12 semi-structured interviews in the autumn of 2011
There were seven informants from the local hospital and
six informants from the specialist hospital. In one of the
interviews there were two participants. The informants
were selected on the basis of their roles. working with
stroke patients in the acute phase and/or having
participated in VC consultations. Five of them had used
the VC equipment. Twelve interviews were conducted
face-to-face. One interview was conducted by telephone,
since the informant had to postpone the interview
appointment when visiting the hospital.

Each interview lasted from 20 minutes to two hours.
Those informants introducing the topics of equipment and
the workplace while talking affected the length of the
interviews, and made them the longest. All interviews
were audio recorded, then transcribed. All transcriptions
were categorized according to utterances that seemed to be
repeated by the practitioners.

Understanding the overall treatment of stroke patients,
in both the acute and rehabilitation phases, caled for an
understanding of the organization of stroke treatment in
the hospitals. This included conversations with
professionals involved in different stages of the stroke
treatment (the laboratory personnel, the stroke unit and CT
personnel), but as they were not the ones using the VC
equipment in the consultations, they were not included as
informants, but as a resource for understanding the
treatment of stroke patients.

B. Analysis

All the empirical material was analyzed with emphasis
on the collaborative processes and knowledge sharing
through medical discussions. It has been important to
understand the tension between the use and the non-use of
the VC equipment; the patients that could have been
discussed by using VC, those patients who have been
discussed and why some patients are not discussed.

C. Ethical considerations

The study has been registered and evaluated as a non-
report obliged by the North Norwegian Regional Medical
Ethics Committee (REK). The personal data are handled
according to the personal informative rules in Norway.
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V. RESULTS

A. Thework practice

The stroke patients arrives the local hospital in the
emergency room. The physician on duty meets the patient
here and considers the patient condition supported by the
nurses. If the patient has symptoms of a stroke, he/she is
considered for thrombolytic treatment. The physician
evaluates the time limit and other contra-indications for
thrombolytic treatment written in the guideline. The
patient has blood tests and a CT taken. If the physician
and the emergency team want to discuss the patient with a
specidist, or if the physician wants to administer
thrombolytic treatment, the physician cals up the
speciaist at the larger hospital while the patient has the
blood tests and the CT. This is first done by telephone to
let the specialist hospital know that the local hospital want
to have a VC. Second, this is done by VC, so that both
hospitals are able to both see and hear the patient and the
whole team at the local hospital. When the patient has
finished the CT, the specialist and the local team wait by
the VC to discuss the treatment. This organization
prevents lost time by connecting the two hospitals.

Giving thrombolytic treatment depends on several
contra-indications; for instance, the time limit is 4 %
hours, so the onset time must be known, and there are
individual criteria such as previous and present medical
conditions and medications. Therefore, every patient
needs to be considered individualy. If the physician
evaluates the time limit and the contra-indications in such
way that thrombolytic treatment is not an option, the
specialist is not connected and the patient is moved to the
local medical department and later to the stroke unit for
rehabilitation.

B. Sroke patients

During a one-year period, there were reported 12
patients suffering from a stroke in this area [3]. Only two
patients were threatened with thrombolysis. It is important
that patients are aware of the symptoms of a stroke
(informant 4, 5, 10). If the time of onset is not known, the
patient cannot receive the treatment. Following quotes
represent this:

e “...we can improve our interna routines, but
most important is consciousness-raising
among the public, to get in touch” informant

4.

e “...the majority are non-relevant (...); they
arrive too late” informant 5.

e “...the mgority arrive too late (...); they do

not reach usin time” informant 10.
Also, every case must be evauated individualy, first

in terms of the time of onset and the time limit for
thrombolysis, then for other specific circumstances.
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The following utterances illustrate how the physicians
(informant 8 and 12) and the specialist (informant 7)
reflect the guideline:

e “...one thing we often experience is that
patients reach us too late (...) and we might
be too strict with the criteria. We might
exclude too many small turnouts’ informant
8.

e “...we consider it too strict (...) most of the
patients are excluded for different reasons’
informant 12.

e “The question is if we are too strict. Maybe
others have lower Ilimits for giving
thrombolytic treatment. It is a clinical
judgment. But, we interpret the guidelines
very differently from hospital to hospital”
informant 7.

As the utterances illustrate, the individual evaluation
of the contra-indications, or the guideling, are those cases
warranting the potential use of VC.

The contra-indications are not that strict as the time
limit, and are available for clinical discussions. These
cases, reflecting the guidelines are those where the
guideline can be discussed. The guideline are interpreted
differently from hospital to hospital (informant 7), and the
professionals say they might evaluate them too strictly
(informants 8, 12, 7), excluding too many small turnouts
(informant 8). This means, that including the small
turnouts and a lack of strict adherence to the guideline,
could have resulted in some discussions, evaluating and
exploring the standardized knowledge in the guideline.
More discussions of the guideline, further leads to more
frequently used V C consultations.

C. Theuseof VC

Over the course of 18 months, VC has been used four
times to discuss stroke patients. In al four cases, the
specialiss was connected because the local hospital
wanted to offer thrombolytic treatment or to discuss the
treatment because the patient was considered a possible
candidate for thrombolytic treatment.

TABLE 1. THE USE OF VC AND FREQUENCY OF
THROMBOLYSIS

Useof VC
Patient Qutcome Thrombolysis
1 Diagnosis dismissed and changed No
Possible rejection because of previous
2 No
heart transplant
3 Received thrombolytic  treatment Yes
successfully in the past
4 Diagnosis dismissed and changed No

Patient 1-4: September 2010- March 2012. Petient 3-4: March 2011-March 2012.
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As Table 1 illustrates, Patients 1 and 4 had their
diagnoses dismissed and changed, so no thrombolysis was
given. Patient 2 was rejected because of a previous heart
transplant, and Patient 3 had received thrombolytic
treatment successfully earlier, and then had it again. The
following quotesiillustrate the treatment outcome:

e “...we had the image, and were able to talk
directly to the patient. So it was easier to
evaluate the aphasia and the other parameter
as well. Because of other symptoms, we did
not do thrombolysis’ informant 11.

e “l am not sure this will lead to more
thrombolysis, but maybe to thrombolysis to
those having the correct indication”
informant 12.

When VC is used, it is easier to make clinica
judgments because the specialist is able to see the patient
and the overall situation. The specialist also talks to the
patient, which offers more insight into the patient’s
condition. As Informant 11 and 12 expressed, the
treatment is given under more correct indications since
VC makes it easier to evaluate all the symptoms. Even
though the specialist does not think more patients will
have thrombolytic treatment, he says that the treatment
decisions are of a higher quality.

VI. DISCUSSION

As giving thrombolytic treatment depends on several
factors or contra-indications, the treatment guideline
shape the work practice and the use of thrombolytic
treatment. If a patient arrives more than 4 ¥ hours after
symptoms start or the onset time is unknown, he/she is
not considered for thrombolytic treatment. There is aso
guideline for administering thrombolytic treatment, which
are discussable and make the evaluation of every patient
unique. The guideline represents the meaning potential for
exploring knowledge in stroke treatment. But, in most
cases, when following the guidelines dtrictly,
thrombolysis is not a treatment option. When
thrombolysis is excluded, VC is not connected and stroke
treatment is not discussed with specidists using VC.
Hence, the guideline limit dialogue and the need for
decision support. The work practice, with its routines
established in the guideline, makes the use of VC break
down.

Before the VC was implemented in 2010, the number
of patients with stroke symptoms in this local area was
estimated to be 69 patients per year. This local hospital
had 12 reported stroke patients in a one-year period
resulting in a lower number of candidates for
thrombolytic treatment than estimated. By deducting
those patients who are identified within 4 ¥z hours, only a
few patients remain as possible candidates for
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thrombolytic treatment per year. These patients represent
the meaning potential for knowledge sharing, discussing
thrombolytic treatment and hereby the use of VC. In one
year, two patients had thrombolysis. One patient had
thrombolytic treatment with no discussion of the patient
using VC, as the local team made the decision that it was
the correct treatment. The second patient was discussed
with the specialists using VC.

Over a period of 18 months, VC has only been used
four times. Once, the outcome was thrombolytic
treatment. When connecting by VC, the local physicians
has evaluated the patient's condition and found
thrombolytic treatment to be a possible treatment option.
Exchanging knowledge using VC as a tool resulted in
thrombolytic treatment on one occasion. After
consultation, the stroke diagnosis was dismissed and
changed in two cases, and once, thrombolysis was refused
since the patient had a heart transplant. This illustrate that
the guideline serve as a guide, and that collaborative work
with the specialist might change and/ or influence the
decison. When discussion the patient, the meaning
potential was realized, as the professional s created a sense
and a shared repertoire of knowledge, by interacting and
drawing on each other’s resources. After the dialogue, the
exchanged knowledge had made such sense that the local
physician followed the treatment plans being discussed.

One can assume that severa patient cases were the
basis for thrombolysis discussions using VC, creating a
meaning potential for expanding the knowledge exchange
and the use of VC in stroke treatment.

From a retrospect evaluation of the cases, the
professionals determined non-thrombolytic treatment to
be the correct option. One patient could have been given
the treatment, but even though the patient did not receive
it, the patient recovered well. This illustrates that the
situation has the potential for knowledge sharing,
treatment modifications or corrections, and perhaps an
increased number of thrombolytic treatments. Over time,
discussing cases with may change the way the guideline is
used in stroke treatment. The professionals strictly
evaluate the use of the guideline and their use differs from
hospital to hospital. Using VC gives the professionals
access to specialist expertise, and over time realizing the
meaning potential by exchanging knowledge so that the
guideline can be discussed and the thrombolytic treatment
can be used more frequently.

Telestroke research reports on successful telestroke
interventions, i.e., satisfaction, acceptance, positive
experiences and improved quality of care [6]. Studies
reporting barriers explain the obstacle for usg, i.e,, by the
lack of technology supports and the lack of funding. This
paper discusses the processes leading to the outcome; VC
was only used four times in acute stroke treatment over a
period of 18 months. Findings illustrate how work
practice, with guideline for treatment, affects the need for
a second opinion and the use of VC as a tool for
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exchanging knowledge. Accordingly, the basis for acute
stroke consultations cannot be estimated merely by the
number of stroke patients.

Lesson learned, when considering implementing VC,
the amount of patients sufficient for the investment needs
to be accounted for; i.e. the extent on knowledge sharing
and the use of VC consultations is affected by the
organization of work practice. There is a tension between
the potential for collaboration by using VC as a tool for
increasing thrombolytic treatment, and how the traditional
way of performing treatment affects the realization of VC
in practice. VC represents a tool for potential meaning
making. When the patient arrives in the emergency unit,
the professionals make decisions affecting how they
realize the meaning potential in the situation. Many
emergency physicians do not traditionally use
thrombolytic treatment, because the rare event of giving
thrombolysis and because they have the responsibility
solely [4]. By using VC, they can consult specialists and
increase the number of thrombolytic treatments supported
by speciaist competence [5]. Hence, the way the
guideline is handled affects the use and the number of
thrombolysis as treatment for stroke.

VIl. CONCLUSION AND FUTURE WORK

When a stroke patient arrives at the hospital, the blood
test, the CT and the clinica signs and information
represent the potential for sharing knowledge and creating
a shared repertoire of knowledge. Through the use of
dialogue and VC, medical discussions arise and problems
are handled. The workflow affects how often and if the
dialogue using VC and the guideline are used as tools for
decision support. The professionals might create a sense
and a shared repertoire of knowledge when treatment is
discussed and carried out. Hereby, more frequent use of
V C consultations can lead to knowledge exchanges and a
greater number of thrombolytic treatments made by
confident professionals. The specialists are connected on
the VC after the physicians have decided giving
thrombolysis. Therefore, only a small number of stroke
patients are discussed. Including small turnouts and
discussions about the guideline might lead to knowledge
exchange about several cases. Hereby, videoconferencing
consultations will be used more frequently in acute stroke
treatment.

It is the tension and the gap-closing between the
knowledge of the local physicians, their traditional way of
treating stroke, and their collaboration with specialists
through the use of VC, which might increase the number
of thrombolytic treatments and the patients threatened in
the hours window. Changing the work practice, by
practicing the knowledge discussed in the VC
consultations, realize the meaning potential in acute
stroke treatment.
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Even though the VC only has been used four times for
discussing acute patients suffering from stroke, these
cases are important. The knowledge exchange by the use
of VC might have an important influence on the patient’s
condition and rehabilitation. For future work, it will be
interesting exploring the four cases and the processes of
knowledge sharing.
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Abstract— This paper presents local results from a large EU
research study conducted from 2008-2012 (DREAMING). The
aim of the study was to evaluate the effects of an ambient
assisted living protocol, which may extend the independent life
of chronically ill elderly people. Methods: The local findings
are based on 10 semi-structured interviews with the involved
citizens combined with local results of HADS and SF36.
Results: Three main themes have been identified to have a
positive influence on quality of life; feeling of safety,
empowerment, and acceptance. Conclusions: all the citizens
felt a positive influence on at least one of the mentioned themes
and thethe technology was well integrated into their daily life.

Keywords: patient empowerment; health IT; telemedicine;
home monitoring, quality of life

. INTRODUCTION

The current global health care system is under pressure for
multiple reasons including aging populations, increased
prevalence of chronic diseases, shortage of clinical personnel
and increasing expectations from the patients.

To live up to new patient expectations, the health care
system must undergo a perceptual change towards increased
centralization around the individual citizen — not patient.
Hence, there is a need for a different approach in the way we
— as a society — think of health care in order to accommodate
this new role of the citizen. This new notion will require a
change in culture both from staff in the health care sector and
from society in general.

This new culture needs to be established upon a set of
appropriate values, including respect, solidarity, and
involvement towards the individual citizen. Doing so will
allow for high standards as regards both professional and
organizational quality as well as experienced quality by the
individual citizen. We must thereby facilitate a paradigm
change from present paternalistic disease management to a
more holistic and empathic approach [1].

To enable this change, development of technology can be
an important tool, in particular if the technology is created in
close cooperation with the users. Experiences show that user-
involvement in technological development processes is an
effective leverage for organizational and cultural change

[2][3]-
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Part of the challenge associated with the new paradigm
can be ascribed to the current fragmented nature of the health
care system. There has been a tendency for individual health
care providers to focus on isolated optimization of their own
work flow (cf. the split into primary and secondary
providers). The challenge becomes how to create a better
continuity for the citizen in the navigation between the
separate providers without sacrificing efficiency and
experience for the individual provider [4].

Such a vision involves a change of mindset for all
stakeholders in health care, which makes it a rather all-
encompassing subject. In some aspects, however, local and
regional concrete initiatives can make individual
contributions to the greater, global cause relatively
independently from each other. In these cases, the question is
how to incentivize and facilitate such initiatives within an
overall frame while keeping the main goal in sight.

The European Union has a vision about creating a new
health care model to help accommodating such needed
changes. The path towards this new model involves
collaboration between countries, so that countries can work
for the same goals by cooperating and sharing knowledge.
For most countries there is a need for a collective change of
mind-set in creating the new health care model. As a
consequence of this, the CIP-ICT-PSP program funded the
EU project DREAMING (elDeRIly-friEndly Alarm handling
and MonitorING) under its objective 2.2 ICT for ageing well

[51[6].
Il.  BACKGROUND

DREAMING was a research project under the auspices
of the EU testing a range of welfare technology services in
real life pilots in cooperation with public authorities under a
randomized control trial. The project tested elderly-friendly
alarm and monitoring technology in the homes of chronically
ill citizens. The technology applied in DREAMING
consisted of medical measuring equipment, environmental
monitors, and video conferencing.

With the technology installed in their home, the citizens
were able to take their own measurements, e.g. blood
pressure or blood sugar, with the dedicated measuring
instruments (see Fig. 1). Via Bluetooth, the instruments
transmitted the measured value to a hub forwarding it to an
internet based portal accessible to the district nurses. For
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each citizen, individual thresholds were set for the different
values of relevance. If the measurements differed greatly
from this threshold, the nurses received an alarm via SMS or
email, depending on the severity of the deviation.

Also connected to the alarm system were the
environmental monitors, e.g. fire alarm or gas leak sensor. If
the monitors detected some kind of danger or incident out of
the ordinary, an alarm was sent to the nurses, who could then
take the appropriate action. Finally, a videoconferencing
system was installed on the personal TV set of the citizen.
This system enabled the citizen to talk to healthcare
providers, friends, or family face to face on their own TV.
Fig. 1 shows a model illustrating the technologies applied in
DREAMING.

The citizens included were at least 65 years old and
suffered from diabetes, heart failure, or COPD (Chronic
Obstructive Pulmonary Disease). The project was trialed at
pilot sites in six European countries: Denmark, Sweden,
Germany, Estonia, Italy, and Spain. A total of 284 citizens
participated in the trial. Of these 139 were allocated to the
intervention group (IG) and 145 were allocated to the control
group (CG). In Denmark, the total number was 51, with 26
in the 1G and 25 in the CG. Due to drop-outs, the number of
participating citizens had been reduced to 11 in the IG and
12 in the CG at the end of the project. The Danish trial site
was the island Langeland characterized by its rapidly aging
population, remoteness and distances to large hospitals.

VITAL MONITORS

(BIOSENSORS)

S e, I

ENVIRONMENTAL MONITORS
(AMBIENT ASSISTED LIVING)

#

Figure 1. Equipment applied in the DREAMING project.
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The Danish pilot trial faced a number of technological
challenges, see Fig. 2, which were initially handled by the
Danish project manager. However, it became clear that a
local person from the island with technical knowledge who
could establish a close cooperation with the citizens and the
district nurses participating in the project would be needed.
A retired farmer from the island was hired for this task and
both his status as a local and as a senior citizen made it easy
for the citizens to relate to him. The fact that he was always
available for help and guidance resulted in a smoother trial
run and helped both citizens and nurses feel safer about the
technology.

The pilot trial ran from the beginning of May 2008, to the
end of March 2012. For the purpose of studying health
related quality of life (QoL) of the citizens, the validated and
internationally accepted questionnaire SF-36 was used. The
SF-36 is a multipurpose, short-form health survey consisting
of 36 questions. It gives an average of the mental health and
physical health components. The citizens in both the IG and
the CG filled out the questionnaires at baseline, midpoint,
and end of the pilot trial. The SF-36 score ranges from 1 to
100; QoL is deemed higher with increasing score [7]. As a
supplement to the SF-36 questionnaire survey, the citizens
were screened for anxiety and depression by means of the
Hospital Anxiety and Depression Scale (HADS). As this
questionnaire has been designed to provide a simple yet
reliable tool for use in medical practice, it was deemed
appropriate for this study [8]. It was important that the
questionnaires were easy to fill out for the citizens and that
the result was relatively easy to analyse. The citizens filled
out the HADS questionnaires at the same time as the SF-36.

A. Litterature review:

To uncover the existing body of knowledge within the
theme of acceptance and QoL in relation to chronically ill
citizens and home monitoring, a literature study was carried
out. A search on PubMed using the search terms “chronically
ill”, “citizen”, “empowerment”, “acceptance”, ‘“home
monitoring”, “technology”, and “quality of life/QoL” in
different combinations of two — four resulted in 13 relevant
articles. Despite their relevance, however, none of the found
articles turned out to give accounts of the citizens’ personal
experience of living with the technology for a relatively long
period of time. In the following, the main trends uncovered
by the study will be described and supported by examples.

Several of the articles focused on quantitative results
such as cost-effectiveness [9], clinical outcomes [10][11], or
both [7]. Others focused on the reliability of the data
produced by applying home monitoring in the care for

o Internet access in the homes

e Compatibility Pairing issues between measuring
equipment and hub

o Lack of integration to electronic patient records

e Organisational changes (workflow)

e Battery change

Figure 2. Technological challenges.
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chronically ill citizens [12]. Many discussed how to involve
and empower patients by employing self-care education
[13][14] or interactive online environments [15], e.g. for
self-management and self-monitoring [16][17]. In addition,
some regarded empowerment as a solution to the problem of
noncompliance/non-adherence [18]. It was found that even
though telemedicine interventions can increase the feeling of
self-efficacy, the citizen’s healthcare providers and others
related to the intervention play a critical role in engaging
them in a new intervention, e.g. involving home monitoring
[19]. In most articles touching upon the notion of QoL, this
is measured by questionnaire surveys [20].

Many of these studies present hypotheses about the
citizens’ perception of the technology, but do not directly
include the citizens in the study to determine what they really
think.

B. Definitions:

Home monitoring can be defined as the use of
information and communication technology in exchange of
information between the patients’ home and health
professionals. This allows for the clinical staff to respond
immediately to alarms from the citizen’s home. Home
monitoring also empowers citizens to learn and apply expert
knowledge and thereby become more responsible for their
own health situation [3][21][22].

C. Aim:

The aim of this paper is to present local results regarding
acceptance and qualitative of life of the involved citizens
from the Danish pilot site: Langeland. The overall question is
“how was it to live and cope with the home monitoring in
daily life?”. The interviews were conducted in addition to the
overall design of the project (HADS and SF36) to explore
how the citizens’ daily life was influenced by the technology.

Il.  METHODS

Data collection: The interviews were conducted in
person in the homes of ten citizens who took part in the
DREAMING project. These interviews were conducted as
semi-structured research interviews [23]. According to this
approach, a research interview can be regarded as a
professional version of an everyday conversation where the
interaction between the interviewer and interviewee
contributes to the construction of knowledge. The purpose of
qualitative research interviews of this kind is to understand
phenomena from the perspective of the interviewee. In cases
where a relative was present, this person took part in the
interview. Data were recorded and transcribed, and then
content were categorized and analyzed.

Combined with the interviews, the findings include
results from two questionnaires: HADS and SF36. The
questionnaire survey was conducted in all six European
countries. It was analysed for the overall sample, but also for
each of the sites separately. In this paper we focus on the
Danish results.

Materials: 10 out of eleven citizens (six women and four
men) from the rural area in Denmark called Langeland who
have lived with the technology for more two years. These
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citizens represent all the remaining participants in the 1G, the
CG was not involved in the semi-structures interviews.
However, one of the citizens in the 1G was not capable for an
interview. The age was between 66-82 years at the beginning
of the project period. Seven subjects lived alone in their
homes and three lived with a relative. Nine lived in their own
homes and one lived in sheltered housing.

IV. RESULTS

A. Qualitative interviews:

The interviews revealed three main themes: feeling of
safety, empowerment, and acceptance. In the following, the
themes will be defined and supported by concrete findings
from the study.

Feeling of safety: This can be defined as a feeling of trust
and confidence.

A general perception amongst the citizens was that the
monitoring equipment increased their feeling of safety. The
fact that professionals had an eye in the home and reacted to
alarms from the system had a great impact regarding this
feeling. As one expressed it: “The best thing is that someone
is keeping an eye on me. It makes me feel safe”. Another
subject put it this way: “It’s reassuring, because they call me
if the measurements are too high”. Only one citizen didn’t
feel safer: “It doesn’t make me feel safer, I'm safe enough”.
She was one of the participants who had experienced some
problems with the equipment. Therefore she did not have a
lot of trust in it. In one case, there was a positive effect on
the spouse. The wife of the participant said: “I feel safer
now, because he doesn’t tell me if his measurements are
good or bad. But if the phone rings, then | know .

Empowerment: In its most general sense, empowerment
refers to the ability of people to gain understanding and
control over personal, social, economic, and political forces
in order to take action to improve their life situations [24].

For nine out of ten, the technology empowered the
citizens to different degrees. In general it gave most of them
a sense of freedom, because they were less dependent on
visits from nurses or visits to GPs. Or freedom because they,
to a further extend, could take the measurements themselves.

The technology increased their awareness toward issues
related to the disease: “I'm experiencing that I think more
about what I'm doing” or as another said: “I’'m more aware
of when | take my measurements and when | should take the
insulin”.

The technology was no longer only “a tool to better
manage my disease”, but for two of the participants they
found a way of using it for rehabilitation. The video
conference system was thereby used to link the community
physiotherapist and the citizen and as one expressed it with a
smile: “l have started using videoconference for
physiotherapy — I wouldn’t get it done, if I had to go
somewhere else”. Both staff and citizens have great
expectations towards this new way of using it for
rehabilitation. The same two citizens and a third also played
with the possibility of using the videoconference for
communicating with relatives living away: “I want to use
videoconference for talking to my children who live in
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different parts of Denmark”. Furthermore one of the two
frequently used Skype for this type of communication; a
development that was clearly connected to participating in
the DREAMING project.

Acceptance: No sufficient definition of acceptance has
been found to be available. We define acceptance as
integrating something new, in this case technology and a
new way of receiving healthcare services, in your daily life
and letting it have a positive influence on it without requiring
too much attention.

It was obvious that the technology had become a
naturally integrated part of the citizen’s daily lives: “In the
beginning we talked about it, now it is just there”, Or as
another expressed it; “It has become a habit” — a habit they
did not wish to live without: “I wouldn’t mind keeping it
after the project, because it helps me getting around to
taking my measurements. As seen from the quotes in Fig. 3:
the citizens had fully accepted the technology and found it
better than ordinary care.

Observations from the researchers: having the
opportunity to enter the home of ten citizens, who had lived
with the technology for a relatively long period of time, we
were curious about the physical appearance of the
technology. Most had it out in the open on places of
convenience for using it, but one had it hidden away — not
because of the expression of the technology, but to keep it
safe from the grandchildren.

“There is nothing bad about it”

“It has become a daily routine”

“Would recommend it to others”

“No problem using the technology”

“I prefer technology over ordinary care”
“It is nothing out of the ordinary”

“It has been easy to use”

“Wants to keep it!

“It has become a habit”

“It’s a piece of cake”

“I would miss it”

“I don’t think it is difficult to handle”

“I like having it”

“It doesn’t make me nervous or anything”

“It is nothing to talk about”

Figure 3. Citizens about technology
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Data from the HADS evaluation are shown in Fig. 4. The
bar graph shows data for all subjects who took part in any of
the assessments. The line graph only depicts the scores for
subjects who continuously contributed to all three
evaluations. A within subject ANOVA (ANalysis Of
VAriance) on these data with time as a repeated measure
revealed a main effect of the intervention condition
(F(1,15)=3.74; p<0.05, one-tailed). However, while there
was no difference between controls and subjects in the
intervention group at the start if all subjects are considered
(see bar graph), subjects who continuously took part already
differed in the beginning of the study with lower depression
scores in the intervention group. This pattern is very similar
to the overall result from six study sites. It indicates a higher
dropout rate of subjects with high depression scores in the
intervention group. In the SF36 there is no group difference
(p > 0.8) in the physical component score (PCS) which is a
measure for overall physical health (Fig. 4, bottom). Both
groups show a similar development over time (F(2,15) =
9.59, p< 0.001), with a slight decrease over the first year and
a large increase over the second year. Consistent with this
pattern, both the linear trend (F=4.92, p<0.05) and the
quadratic trend (F=13.70, p<0.005) of the within subject
factor time are significant.
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Figure 5. SF-36 results

In the mental component score (MCS) there is a
significant development in the control group (F(2,14)=10.36,
p<0.005) as well as in the intervention group (F(2,18)=4.04,
p<0.05), but the group difference is not significant nor is the
interaction intervention x time.

V. DISCUSSION

Before interviewing the citizens, we were prejudiced in
relation to what we would find. Prejudices like that it was a
big issue for the citizens to be involved and use the
technology, that it was a challenge for them to handle the
technology and that the citizens would discover being a part
of a modern and cool group living with technology and that
their surroundings would think the same. However, what we
found was: “Nothing to talk about”

But it took some time. One big and maybe crucial
advantage in the project was the time — all in all four years to
prepare, test, and educate citizens including two years of
pilot testing in the home of the citizens. To begin with both
staff and citizen were hesitant toward this new way of
working/new way of handling chronic diseases. A lot of
effort was put into addressing the hesitancy by involving all
stakeholders in the process. There was time for overcoming
technically obstacles — for example getting internet
connections to run in the homes of the citizens and the
devices to be trustful and functioning. One really important
issue related to the positive outcomes was hiring the old local
farmer to support and help with small and big issues arising
in the process. Speaking the language, being a person the
citizens knew kicked in doors that might have been far more
difficult to get access to.

In the DREAMING project, the citizens gained more
freedom and empowerment, and the health services were
provided far more on the terms of the citizens than on those
of the system. Part of this was the contribution of the
technology to the empowerment of the citizen indirectly in
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keeping them fit and thereby prevent side effects from the
disease. Combined with the increased feeling of safety it can
explain the high acceptance in receiving home monitoring.
The results from the interviews are supported by the Danish
results from the questionnaires (HADS and SF36). Citizens
in the intervention group were less depressed than the control
group and had a slightly higher quality of life. A review from
2012 [25] including studies from 2007-2012 — 68 studies in
all, showed a clear trend towards better behavioral changes
of the citizens leading to better empowerment and higher
quality of life.

It takes time to turn around habits and start a whole new
culture based on change of mindsets for both staff and citizen
and maybe many projects do not have the needed time for
obtaining positive results?

We are of the conviction that the success experienced in
the DREAMING project was linked to the long period of
time to run the pilot — it became a habit — a habit that now
has turned into daily practice without the citizens’
awareness. The involved citizens in DREAMING had a
chance to develop along with the technology. It will be
interesting to follow further implementation to the
community’s other chronically ill citizens where this kind of
technology and organization is relevant. Will they have to
start all over or will they be able to gain from the previous
experiences?

It would seem that the elderly chronically ill citizens in
general are not resistant towards technology, maybe because
the technology has a meaning and a direct purpose (as in the
DREAMING project). The future citizens will be more and
more used to having technology as a part of their daily life
(as using home banking, internet shopping, social media,
etc.) and then become more familiar using home technology
for handling and improving health issues.

In this case, the technology became leverage for this
change and maybe we have started a small revolution in
changing a shift in paradigm as addressed in the introduction.

VI. CONCLUSIONS

The overall conclusion is that, having lived with home
monitoring technology for more than a year, they had fully
accepted it. When interviewing the citizens they looked at
us as if we asked how it would be to live with your hoover —
good to have but nothing to talk about!

VII.  LIMITATIONS

Research involving elderly citizens with a chronic disease
can be a challenge in relation to keeping up the number of
participants. In the DREAMING project, we began with
including 51 citizens and ended up with 23 (control and
intervention). The project lasted four years and the citizens
were included from the beginning. In such a long period of
time, this, often frail, group experiences acute worsening of
their condition, are admitted to hospital — do not full recover
and some die.
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VIIl. PERSPECTIVES

In Langeland the research has turned into daily practice
and more communities are on the way of implementing the
results. The staff, using the technology, finds new areas
where same technology can be used — for instance for young
people with diabetes and for rehabilitation. Regarding the

citizens,

three of the participants were already

experimenting or using the technology for new purposes
such as rehabilitation or communication with relatives or
friends (Skype). Another expressed that he would like to use
technology if he should get another kind of disease.

(1]

[2]

(3]

(4]

(5]
6]
[7]

(8l
[]

[10]

[11]

[12]
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Abstract—The paper presents the design and architecture
of a multifunctional telemedicine system for real-time telecon-
sultation in pre-hospital emergency medical services (EMS).
The application of telemedicine has shown to improve patient
treatment quality and efficiency in various settings. Still,
its use by pre-hospital EMS is lacking. Current technical,
normative standards do not provide a sufficient framework
in order to design a multifunctional telemedicine system for
teleconsultation in pre-hospital EMS. Starting with a use-case
driven requirements analysis, a telemedicine system usable
in this setting is designed, realized and currently in use for
evaluation by selected German EMS departments. This system
uses commercial off-the-shelf medical devices, custom devices
for communication and an individual system architecture,
integrating the heterogeneous components as required by the
defined use-cases.

Keywords-telemedicine; teleconsultation; EMS; system archi-
tecture;

I. INTRODUCTION

Specialized telemedical applications have shown to im-
prove patient care in different inner-clinical settings and
its benefit has already been demonstrated for various pre-
clinical uses [1]-[3]. Despite the rapid evolution of personal
mobile communication devices with its current manifes-
tation of power-full computing devices like smartphones,
tablets or even wearable computing-devices [4], the use of
telemedicine in pre-hospital environment is still in its infants.

Research efforts have been undertaken to develop mul-
tifunctional telemedicine systems which enable emergency
medical service (EMS) teams to perform teleconsultation
with remote specialists or more broad treatment facilities like
hospitals [5]-[8]. These projects aim at creating pervasive
assistance systems using different combinations of audio and
video communication, transmission of biomedical data and
access to existing medical patient records.

The above systems do only allow teleconsultation from in-
side the ambulance and the additional devices they introduce
do not integrate well into commonly used, existing EMS
team equipment. System architectures are proposed which
require big parts of the created infrastructure to be classified
as a medical device and as such pose a high burden on their
realization from a regulatory point of view. Another concern
neglected by these approaches is the user role which serves
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a teleconsultation request and thus guides the EMS team
during patient treatment or supports them otherwise.

The German research project TemRas has developed
the multifunctional telemedicine systems, described in this
paper, which allows on-scene EMS teams to consult a ded-
icated EMS physician, hereafter called tele-EMS-physician,
on duty in a teleconsultation center [9], [10]. This system’s
novelty is its level of integration into the EMS team’s
equipment and ease of use, enabling teleconsultation not
only inside or close to the ambulance but from every location
with suitable mobile network coverage, like inside a patient’s
home. On August Ist, 2012 the system was taken into service
with initially three ambulances connected for teleconsul-
tation in regular EMS missions. After a ramp-up during
August, six ambulances from different EMS departments
were connected to the system and operational since the
beginning of September. Until October 4th, 60 successful
teleconsultations have been performed using the presented
system.

II. METHOD

The system’s design was created in a mainly linear process
with strong user participation and close feedback loops
between engineers and users. The original intent of a true
iterative, agile development process could not be realized
for the whole system, but was instead used to develop
the individual user facing software-components. The whole
process was agile in that it was not artifact centered and no
sign-offs were performed like described by the waterfall-
process [11]. Rather, all process activities were focused
on the final system being usable for teleconsultation and
fulfilling necessary safety requirements. Documents were
only generated as basis for further discussion and swapping
functionality in and out of development focus was possible
during the whole process.

Involved into the system’s design process was a team
of experienced emergency physicians, most of which had
already been working as tele-EMS-physicians during the
former project Med-on-@ix [12]. On one hand they are users
to the system as tele-EMS-physician, on the other hand they
were user representatives for the on-scene EMS personnel.
The participating physicians had used the system on-scene
during Med-on-@ix evaluation and had regular contact to
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relevant EMS personnel during their work as regular EMS
physicians. The system design itself was created by a
small team of engineers which also realized most of the
currently available prototype; other parts were sourced out
to specialized hardware manufacturers.

The emergency physicians defined four main scenarios
for the telemedicine system’s usage. Together the emergency
physicians and engineers described and detailed 21 use-cases
as functional requirements descriptions to guide the system’s
design. These use-cases define which services the system has
to provide in order to be usable for the main scenarios and
roughly describe their usage and inter-relationship. The use-
case’s descriptions contain additional non-functional require-
ments like demands regarding robustness, reliability and
data security. Service interface specifications were created in
close iterations by the engineers and user facing functionality
was created in a mockup-driven process with continuous
user involvement. As single service’s functionalities were
available, users were involved in initial testing and require-
ments and further design was adjusted according to their
feed-back.

Integration and system-tests were performed as early as
possible in the process to unveil integration issues, missing
necessary and planed unnecessary functionality early on.
The early system-tests allowed for a good judgment about
the actual relevant functionality for the systems intended
scope and allowed the development team to react accord-
ingly.

ITI. SYSTEM DESIGN

The multifunctional telemedicine system’s design is sub-
ject to some project related invariants which had influence
on the development process and the overall system design:

o The system was designed and built during the project’s
first two years and had to be ready for use after that
phase in order two allow for its evaluation in regular
EMS missions.

« All medical devices used by the system are provided by
the associated project partners Philips HealthCare and
3M. Devices from other vendors were not considered
for initial integration.

A. Use-Cases and Main Requirements

The defined use-cases can be clustered into three main
groups which are further detailed in Figure 1:

e Audio Communication

o Data Transmission

o Common Activities
Besides these main use-cases multiple support use-cases
were created to address aspects like user authentication
or system administration and are not specific to this
telemedicine system.

The prominent notion of audio communication related
use-cases is based upon existing experience by the involved

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-252-3

system users and user representatives, showing that an easy
to use, reliable and robust method for bidirectional voice
communication between the tele-EMS-physician and the on-
scene ambulance team is the single, most important factor
for a successful teleconsultation. Making regular phone calls
is necessary for the tele-EMS-physician in order to support
the on-scene team in administrative tasks or to contact
external specialists like the poison control center. To provide
a good usability, the tele-EMS-physician has only a single
phone-like interface which integrates handling of internal
calls (to the on-scene team) and calls to the public switched
telephone network.

All use-cases describing the transmission of case related
information between on-scene and the tele-EMS-physician
are grouped together in the Data Transmission cluster of
use-cases. This contains transmission of continuous real-
time or discrete biomedical signals, auscultation streams
as well as photo and real-time video transmission. The
cardiotocography (CTG) is covered as a special form of
biomedical signal transmission; it will only be used to
perform a smaller study regarding its usability in pre-hospital
EMS and does not have any impact on the current system
design.

Common Activities mainly contains use-cases describing
the electronic case documentation performed by the tele-
EMS-physician and the handling of reports automatically
generated from that data. The easiest method of delivering
a case report to the receiving hospital, together with the
treated patient, is by printing the case’s summary report on a
printer inside the ambulance. Using fax, a report can be sent
to the hospital before the patient arrives. Direct integration
with a hospital’s information systems is currently outside the
described system’s scope.

The top four non-functional requirements defined for the
system are:

« overall system usability

o security of transmitted data regarding eavesdropping

o data correctness

e robustness of both data transmission and audio com-
munication.

Overall system usability is a very fuzzy formulation.
This requirement targets at providing an integrated system
experience in order to enable simple workflows during
patient treatment. To further concretize this requirement, the
system’s two main usage locations, on-scene and teleconsul-
tation center, are addressed in separation:

¢ On-scene the ambulance team’s current workflows and
carrying pay-load should be influenced as little as
possible. The system must seamlessly integrate with
the devices used on-scene and be usable for a regular
two-person team during potentially stressful patient
treatment.
e From the

teleconsultation center one tele-EMS-
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physician only interacts with one ambulance team at
a given time. All related services must ensure that
data only from that team is displayed. The different
services must integrate seamlessly into one working
environment in order to reduce the burden posed onto
the tele-EMS-physician by the system’s usage.

Data correctness covers two main concerns:

« Information must not be altered between its acquisition
on-scene and presentation thereof to the tele-EMS-
physician. If data is transformed in any way it must be
ensured that the information it presents is not affected
by that transformation.

« It must be ensured that data which is presented to a tele-
EMS-physician is at any time associated to the correct
ambulance and thus the right patient respective case.

B. System Architecture Overview

Various harmonization and standardization groups have
defined different standards and interoperability profiles, a
collection of specifications often with accompanying restric-
tions and definitions, for a multitude of data-interchange and
device integration scenarios: Health Level 7 (HL7), Inte-
grating the Health enterprise (IHE), Continua, IEEE 11073
[13]-[15]. The amount of different, sometimes competing,
sometimes complementary specifications and usage profiles
makes it hard to know where to start when looking for
the right design for a system which does not fully fit the
existing use-cases. At the same time the harmonization
efforts mainly target the hospital or consumer market. A
market survey regarding pre-hospital EMS devices shows
that by now first manufacturers begin selling telemedicine
enabled devices, with each vendor creating an independent,
proprietary solution [16], [17].

Based on the use-cases, additional requirements and
project constraints, a system architecture was designed. This
process started by choosing the devices which compose the
on-scene system. This device-centric view onto the system
is depicted in figure 2 in which the system is divided into
the three locations: consultation center (top), ambulance/in-
car (left) and on-scene (right). All data transmission from
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The main use-cases defined for the telemedicine system described in this paper.
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Figure 2. Device-centric view on the telemedicine system’s system
architecture; adapted from [9].

inside the ambulance and on-scene is relayed to the consul-
tation center via a special data transmission unit (peeqBOX,
designed and manufactured for use in this system by P3
Communications GmbH, Aachen, Germany).

The in-car peeqBOX acts as gateway for the Local Area
Network (LAN) inside the ambulance, enabling TCP/IP net-
work traffic between this and the consultation center’s LAN.
The following devices connect directly to the ambulance
LAN:

o A network enabled video camera (SNC-RZ50P, Sony,
Japan) is mounted at the ambulance’s ceiling. It is fully
controlled by the tele-EMS-physician who can tilt, pan
and zoom its view. The video is streamed using a H.264
video codec, eight frames per second, a Bit rate of 128
kilo Bits per second and an image resolution of 384
times 288 pixel.

o A thermal printer (PocketJet PJ-623, Brother, Japan)
with 300 dots per inch using a print server (TL-
PS110U, TP-Link, China) for its connection to the
network.

The on-scene devices all use Bluetooth to wirelessly
connect to the on-scene peeqBOX. This peeqBOX it-
self is housed inside the right pocket of the monitor-
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Figure 3. An early development prototype of the on-scene peeqBOX fitted
inside the right pocket of the monitor/defibrilator-device’s bag. The bag’s
right pocket was later adjust to provide space for patient therapy equipment.

ing/defibrillation device, as shown in figure 3. The following
devices comprise the on-scene location of the system:

e A  monitor/defibrillator-device  (HeartStart MRx
M3535A, Philips, Netherlands) configured with
the options SpO2, NBP, EtCO2, 12-Lead, 12-LTx
Bluetooth, Pacing, Q-CPR, Q-CPR Data, 75mm
Printer, EventSum Bluetooth, IntelliVue Net and Per
Data Tx.

o Two headsets (Plantronics Voyager Pro HD, Plantron-
ics, USA) used by the ambulance team to communicate
with the tele-EMS-physician. This communication link
is delivered via a regular voice call established by
the on-scene peeqBOX using public circuit switched
mobile telephony networks.

o A smartphone (HTC Sensation XE, HTC, Taiwan)
serving two purposes: In regular operation it is used
to take photographs on-scene which are automatically
transmitted to the consultation center. In case of the
loss of the regular audio connection via the peeqBOX
during a case, the ambulance team can directly call
the tele-EMS-physician with this phone, increasing the
chance for safe termination of a consultation instead of
its interruption.

o A stethoscope (3M Littmann electronic stethoscope
3200, 3M, USA); this device’s integration is still in
its conception phase and is not used by the currently
running system.

In the consultation center a tele-EMS-physician’s work-
place is comprised of the following user-facing devices, as
shown in figure 4:

e A wireless headsets (Savi W710/W730, Plantronics,
USA); the tele-EMS-physician can choose out of two
available models which one to use or switch the headset
if the first one runs out of battery power.

o A stethoscope (3M Littmann electronic stethoscope
3200, 3M, USA); this device’s integration is still in
its conception phase and is not used by the currently
running system.

e A desktop computer (OptiPlex 780 DT, Dell, USA
with main memory: 4GB; processor: Intel Core 2 Duo
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Figure 4.  Photography showing a tele-EMS-physician workplace with
the three top monitors showing the main applications (besides video) used
during a consultation and the lower centered touch-monitor with the system
control interface and the integrated telephony system controls to the right.
Keyboard and mouse are connected to the desktop computer to interact
with its applications on the three top monitors.

E8400, Intel, USA; graphics-card: NVIDIA Quadro
NVS 420, NVIDIA, USA) with three monitors (Ultra-
Sharp 2007FP, Dell, USA) attached running Microsoft
Windows 7 operating system hosting the different ap-
plications used by a tele-EMS-physician during consul-
tation.

o A dedicated control computer (OptiPlex 780 USFF,
Dell, USA with main memory: 4GB; processor: Intel
Core 2 Duo E8400, Intel, USA) with a single touch
monitor (Elo 1900L APR, Elo, USA) attached which
is used to control the telemedicine system, shows data
for system diagnostics and offers an integrated user
interface for the telephony system.

C. Device and Service Integration

Classifying the devices by the Continua Alliance’s Refer-
ence Architecture, the monitoring device and stethoscope are
Peripheral Area Network (PAN)- or LAN-devices whereas
the on-scene peeqBOX is an Application Hosting Device
[14]. All services provided by the tele-EMS-physician relate
to WAN-devices. Storage of patient related information
could be delegated to a Health Record Device (HRD), but
such a service’s primary intend of ... offering a broad
overview of a person’s health status in a central location
[18]” is out of the scope of the current system design.

Current state of the art would suggest realizing the
connection between said PAN-devices and the on-scene
peeqBOX by following IEEE 11073 family of standards
[15], [18]. Two current facts prevent this choice:

o Only a subset of the necessary device profiles exist as
approved standards: blood pressure monitor and pulse
oximeter, whereas basic electrocardiogram (ECG), us-
ing 1- to 3-leads, is still in final draft status by ISO
[19]-[21]. Communication of 12-lead ECG or stetho-
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scope connection has not been addressed by this family
of standards at all. (reason might be focus of use-case)

o None of the devices in question for use supports an

open standard for communication. The only way to
interface with them is by means of proprietary software
provided by the devices vendors.

Instead a common integration approach is used by build-
ing a message driven middleware layer following com-
mon Enterprise Integration Patterns [22] using individual
adapters to control the used third party applications. This
middleware layer is comprised of different Java services
hosted on a Java application server (Glassfish v3.1.2, Oracle,
USA). Messaging is performed via the Advanced Message
Queuing Protocol using a single message broker (RabbitMQ
v2.7.1, VMware, USA), enabling service adapters to be
implemented in different programming languages. The sys-
tem’s user interface presented to a tele-EMS-physician is
composed of both preexisting local applications running on
the desktop computer and rich web applications specifically
implemented for this setting.

The web applications displayed in a special viewer appli-
cation instead of a regular browser, allowing tight control
over them and preventing the user from accidentally navi-
gating away from an application. These viewer applications
as well as the other local applications are controlled by
an application controller service running on the desktop
computer, allowing the middleware services to launch, close
or otherwise remote-control them.

All but the system’s audio communication functionality
uses IP network technology to connect the ambulance (in-
car) and on-scene location to the consultation center [23].
This IP network is provided by each of the peeqBOX-
devices, simultaneously using multiple third generation mo-
bile telecommunications network links, up to three on-scene
and up to five in-car to connect to a special router, called
Stationary Communication Unit (SCU), in the consultation
center. Additionally the in-car peeqBOX offers a Wireless
LAN (IEEE 802.11a) inside and close to the ambulance
which is used by the on-scene peeqBOX to relay all its IP
network traffic via the in-car peeqBOX and its roof-mounted
antennas. All IP network traffic between the peeqBOX-
devices and the SCU is distributed among the available
mobile network connections and encrypted using AES-265
encryption. This approach enables direct integration of IP
network capable services (video-camera, printer) and at the
same time ensures a high robustness against the full loss of
their network connection.

On top of the IP network each peeqBOX offers a file
transfer service using the standard File Transfer Protocol.
Via this service files are delivered to ambulance specific
inboxes where they are further processed by the middleware
layer and handed to consuming services in the consultation
center. Access to this file transfer service is offered by
additional peeqBOX service adapter:
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o The photo adapter queries pictures taken with the smart-
phone via the Bluetooth File Transfer Profile (Bluetooth
FTP), having the smartphone act as server. As soon as
the adapter has handed a picture to the file transfer
service, it deletes the picture on the smartphone.

« The biomedical signals adapter accepts Bluetooth FTP
connections from the monitor/defibrillator-device which
uses this method to publish files containing periodic
trend data and recorded 12-lead ECGs, both in a
proprietary data format.

o System diagnostics data concerning a peeqBOX is
collected into a small sized (less than 600 Byte) XML-
file every ten seconds and handed to the file transfer
service. This data includes: battery level (only on-
scene), device temperature, voice and data connection
overview, detailed mobile connection link data, headset
status, time-stamp and global positioning system (GPS)
coordinates.

To enable continuous real-time biomedical signal trans-
mission from on-scene the peeqBOX uses an OSI Layer
two network bridge to connect the monitor/defibrillator-
device to the clinical network provided by an IntelliVue
Information Center (Philips, Netherlands) in the consultation
center [23]. The monitor/defibrillator-device’s integration
will be discussed in more detail in a future publication.

The audio communication between on-scene and a tele-
EMS-physician is realized in two stages. The on-scene
peeqBOX is used as multi-SIM mobile phone with additional
control logic. The user interfaces to this function only by
using the single button on its headset, which initiates an
emergency call to the consultation center via the best avail-
able, circuit switched network. In the consultation center a
private branch exchange based on the open-source Asterisk
framework answers the call by putting it into a separate
conference room. The tele-EMS-physician which accepts
such an incoming call is connected to this conference room
via a voice over IP client, remote-controlled via the sys-
tem’s middleware layer. Using the touch monitor’s telephony
interface, the tele-EMS-physician can itself initiate calls
either to an on-scene peeqBOX or to an external telephony
participant.

IV. CONCLUSION AND FUTURE WORK

A multifunctional telemedicine system using commercial
off-the-shelf medical devices, which is suitable for use by a
regular EMS team, has been presented in this paper. The lack
of existing standards for the required integration of medical
devices results in an interoperability issue which prevents
the creation of open systems and common frameworks or
platforms for such a telemedicine system. The current situa-
tion requires integrating each device or product line indepen-
dently. Solving this interoperability issue should therefore be
a primary target of future research and regulatory efforts.
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The presented service integration approach using a simple
message broker enabled a rapid system implementation
and proved suitable for creating an integrated telemedicine
system. Its capability for delivering sophisticated, automated
workflows, e.g., for advanced reporting or data-exchange
with external entities, however is limited. The use of con-
cepts like Enterprise Integration Bus might be a viable option
to address this issue and is left for future work.

Integrated information exchange with receiving hospitals
or electronic health records is not covered by the scope of the
presented research. The IHE and Continua Alliance efforts
generally address this concern. Assessing their existing
guidelines regarding suitability for this integration use-case
remains for future work.
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Abstract—While it is always desirable in an emergency to get
treatment as soon as possible, there are emergencies that need
immediate treatment. In case of Sudden Cardiac Arrest an
untreated time interval of only a few minutes usually means
the victims’ death. Given the delay between an incoming
emergency call and the arrival of the emergency medical
services at the scene, it is necessary to find an alternative way
to provide immediate first aid treatment. One approach for
this is the implementation of a Volunteer Notification System —
involving laypersons and medically trained volunteers into the
emergency medical service, by notifying those potential helpers
who can arrive at the scene fast enough to provide the urgently
needed measures.

Keywords—Volunteer Notification System; First Responder;
Emergency Medical Services; Sudden Cardiac Arrest;
Cardiopulmonary Resuscitation; Telemedicine

l. INTRODUCTION

Due to the way today’s professional emergency medical
services (EMS) are organized, victims in need of urgent
medical care are facing a lethal problem. Depending on the
type of emergency, the time interval between the incoming
emergency call and the arrival of the professional helpers at
the scene is simply too long. In Bavaria (Germany) for
example, a region with good infrastructure and an advanced
medical system, reoccurring studies are made every four
years, in order to analyze the effective time interval local
EMS need until arriving at the place of incident. The institute
for emergency medicine in Munich (INM) states in a recent
study that professional EMS in the area of Bavaria require
approximately 9 minutes until arriving on scene [2].
Furthermore, the study underlines an ongoing increase in this
deficit due to a diversity of reasons. The severity of the time
deficit generally correlates with the infrastructure a country
can provide, resulting in intensification for less advanced
countries and regions. While most emergencies do not
involve an immediate life danger for the victim, in case of a
Sudden Cardiac Arrest (SCA) the first minutes are of utter
importance. Jan Bahr states that as little as three minutes is
most likely enough for victims of SCA to suffer permanent
brain damage and Karin Grassl describes within her
dissertation that the survival rate after five minutes without
treatment is practically zero [6, 7]. Victims suffering SCA
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are in need of urgent medical care that professional EMS
alone cannot always sufficiently provide.

A. Structure

The first chapter of this paper describes the medical
emergency of a Sudden Cardiac Arrest (SCA) and
introduces the basic concept of a Volunteer Notification
System (VNS). Starting by identifying and discussing
comparable systems, the second chapter focuses on
analyzing the technological state-of-the-art of mobile
devices and data communication concepts; herby
determining the possibilities and restrictions for a VNS
approach. The third chapter introduces the current project
“EMuRgency”. As one focus of the project is the actual
implementation of a new VNS, the core components and the
corresponding architectural details are being discussed. The
fourth and thereby last chapter of this paper introduces the
conclusion and shortly discusses a potential generic
approach and some optional features.

B. Sudden Cardiac Arrest

The human heart has an electrical conduction system that
controls the rate and rhythm of the heartbeat. Problems with
this electrical system can cause irregular heartbeats called
arrhythmias which can lead to Sudden Cardiac Arrest (SCA)
- a condition in which the heart suddenly and unexpectedly
stops beating. The hereby resulting loss of blood flow
prevents the brain and any other vital organ from getting
oxygen. Without immediate treatment, the victim dies within
minutes. It’s a common misconception that SCA is the same
as a heart attack, while in reality, they are quite different.
SCA is an “electrical problem” that prevents the heart in its
whole from functioning, whereas a heart attack occurs when
part of the heart’s blood supply is reduced or blocked
causing the heart muscle to become injured or die. [1]

C. The basic concept of a Volunteer Notification System

One possible solution for offering faster response
treatment is the concept of involving volunteers into EMS by
implementing a Volunteer Notification System (VNS). A
VNS may be defined as an IT system with the following core
functionality: by tracking the location of all registered users,
the system will be able to notify exactly those potential
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helpers who are, at the time of the incoming emergency call,
geographically close to the place of incident.

This concept of a VNS does not interfere with the local
corresponding emergency standard procedures, but can
rather be described as an optional add-on to existing EMS;
the responsible dispatcher takes the decision if to involve this
optional feature. It is important to understand that the
potential volunteers are not a replacement for emergency
physicians or any professional helper that has been alarmed,
but their main purpose is to arrive at the scene fast enough to
start Cardiopulmonary Resuscitation (CPR). While there is
no exact definition or specification of a VNS yet, it is part of
this paper to discuss a potential architecture and distinguish
between the core and the optional functionalities of such a
system. The technical implementation of an integrated VNS
is the focus of the European research project “EMuRgency”
which will be described in the chapter three.

Il.  STATE OF THE ART

A. Existing systems with similar functionality

While a diversity of local approaches to implement
notification systems exists already, those approaches
generally do not have an academic motivation or
background. Therefore, publications on the aspect are still
rare and the corresponding projects are opening neither their
expertise nor the source codes to the public. The only
publically available resources are the corresponding
application download, some basic usage documentation and
a reference document for the Advanced Programming
Interface (API) — which merely offers functionality for
providing the systems with data [13].

Based on reviews and the appearance in media all over
the USA, the PulsePoint Foundation for example offers one
of the most advanced software implementations in the field
of emergency notifications at the moment [15]. Formerly
known as the “Fire Department App” and developed for i0S
only, the new version is available under the name
“PulsePoint” for Android and iOS [14, 13]. Even though this
application is surely great for offering everyday people a
possibility to save lives, based on the available
documentation, it is a US-only solution without open
interfaces. From an academic point of view, it is regrettable
that the achieved competences are not shared, which in
combination with non-open source codes makes it is nearly
impossible to use the project as a base for a scientific work.
Furthermore, the implementation approach is rather static,
only allowing two types of mobile devices (Android and
iOS) as recipients and no other but US specific regulations,
legal circumstances and network characteristics are
supported. There are a few smaller projects with less impact
and publicity, but the problems stay the same.

Beside the difficulties to communicate and rely on more
or less closed projects for information flow and depend on
their goodwill, the available solutions are implemented as
local solutions that cannot easily be adapted to other
countries, regions or new legal environments. Fundamental
changes are needed in order to use these systems with other
than the original parameters and the underlying model itself
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does not provide a reasonable extension of functionality
without making changes to the actual source code itself.

In summary, the currently available systems lack
essential interfaces, public tools for gathering and extracting
information, an efficient communication flow and basic
concepts for extensibility; therefore it seems inevitable to
provide a new approach to the topic rather than upgrading an
existing one.

B. Mobile technologies

Advances in mobile technologies and the continuous
growing popularity for portable digital devices with internet
access in nowadays society offer a great starting point for
VNS. Without supplying any special devices, a VNS is able
to communicate with a huge variety of volunteers by simple
using the existing hardware and infrastructure that people
own and use anyway. Modern smartphones for example offer
a diversity of features that may be used to aid potential
helpers in their mission to arrive on scene as early as
possible. Some notable built-in features are real time Internet
connections, notification options with vibration and sound,
photo and video modes, a variety of sensors to enable
situation based functionality like a compass, and the fact that
actually any modern mobile device is running an operation
system (OS) that supports programmatic solutions for
individual software.

Based on the basic definition of a VNS, the core
functionality of any VNS is the effective localization of the
volunteers. The actual localization of mobile devices within
a network is a complex matter, while the reliability of the
results generally depends on the corresponding network
provider and its infrastructure [12]. Different companies and
research groups are working on this topic, offering a variety
of Advanced Programming Interfaces (API’s) with base
functionality to access localization data for different types of
devices. One of the most advanced examples is Android’s
Location API, which is part of the Android software
platform, developed by Google in conjunction with the Open
Handset Alliance (OHA) [11].

The OHA is a consortium of 86 companies, working on
developing and advancing open standards for mobile
devices. The consortium, led by Google, includes some of
the biggest mobile operators like Telekom and Vodafone, as
well as some important manufacturers of mobile devices like
Samsung and HTC. As an open-source project, the Android
source code is publicly available and can be accessed freely;
this reflects in a high user acceptance and fast development
progress due to contributions from the open source
community. The comScore Incorporation recently published
a report on the mobile subscriber market for the second
quarter of 2012, by which Android is holding an average of
more than 60% market share within the biggest countries of
Europe [4]. In a press release from august 2012, the
International Data Corporation (IDC) identifies the Android
market share at even 68% worldwide and underlines that
these numbers are increasing [5]. Both studies are based on
device sales in the corresponding regions and therefore
reflect the general tendency within the segment of
smartphones and other mobile devices with internet access.
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Even though restricting the notification recipients to
exclusively smartphones and similar devices running
Android is questionable, it seems to be a reasonable decision
for rapid prototype development in order to provide an early
running system as soon as possible. It must clearly be stated
that a limitation of this kind can only be temporary and that a
final model of a state-of-the-art VNS has to provide a generic
communication approach in order to support a broad variety
of different devices. A more detailed discussion on the topic
of a possible generic approach will follow in the upcoming
sections of this paper.

C. HTML - the language of the World Wide Web

The Hypertext Markup Language (HTML) defines the
core language of the World Wide Web (WWW). With the
HTML 5 specification becoming the new standard for web
interactivity, a lot of features are accessible for programmers
to enable client and server technologies to communicate with
each other. While a detailed discussion on server push
technologies and HTTP requests would clearly exceed the
context of this paper, it is important to note that the HTML 5
specification includes full support for so-called WebSockets.
WebSockets specify an API as well as a protocol, while the
protocol defines the HTTP handshake behavior to switch
from an existing HTTP connection to a lower level
connection; a so-called WebSocket connection. While a
common approach over the last years was to simulate a
server push channel over HTTP, a WebSocket connection
enables bidirectional communication natively. Referring to
the possibilities for the client/server communication within a
VNS, the WebSocket approach offers a clean and simple
communication concept and enables a generic
implementation for any devices complying with the HTML 5
specification. [10]

I1l.  THE EMURGENCY PROJECT

The European research project “EMuRgency” has been
started in September 2011. Research facilities from
Germany, the Netherlands and Belgium are working together
on modeling and implementing an integrated Volunteer
Notification System (VNS) to gap the time between an
incoming emergency call and the arrival of professional
helpers at the scene. The name of the project is a
composition of the two words “emergency” and “urgent” and
refers to urgent help that is needed in case of SCA. The three
upper case letters “EMR” identify the regional base of the
project; the “Euregio Maas-Rhein” (Eng. “Meuse-Rhine
Euroregion”).

A. Definition of the term “volunteers” within a VNS

Before describing the system, its components and the
technical details, it needs to be clarified which group of
people can actually participate as volunteers within a VNS.
A volunteer can be anyone with basic skills in first aid and
CPR (Cardiopulmonary Resuscitation) who is willing to help
in case of an emergency. It is important to differentiate this
definition from the term “first responder” which was defined
by US National Highway Transportation Safety
Administration as “the first medically trained responder who
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arrives on scene of an emergency” [3]. While the definition
of a first responder includes groups like police officers,
firefighters and EMS, it does not include laypersons since
those generally do not have medical training. Still,
laypersons might be able to provide the needed measures in
order to help victims of SCA and thus should be included as
potential helpers within a VNS. Within the EMuRgency
project, the term “volunteer” is referring to any potential
helper, medically trained or not, willing to aid other people
in an ongoing emergency.

B. Integration between VNS and professional EMS

Whenever an incident is reported to an emergency
dispatch center that might involve SCA, the dispatchers will
do what they normally do: send professional help - but
optionally also invoke the VNS. It is important to stress that
the VNS, at this time of development and based on the way
EMS is organized today, is a merely optional feature. This
means that the responsible dispatcher may or may not
involve the VNS, depending on their analysis of the case and
personal motivation. In order for the optional integration to
be achieved, the VNS has to provide a user-interface where
the dispatcher can initiate a case by forwarding its exact
location and some optional information to the system.
During SCA, time is of utter importance, so this user-
interface has to be as simple and efficient as possible.

Recent interviews were made within the project in order
to determine the acceptance and motivation of the
dispatchers to integrate a VNS within the general workflow;
Even though all the interviewed dispatchers agreed on a
potential benefit, it became rather clear that the general
acceptance of new systems seems to directly correlate with
the extra work that is involved in order to use it. Taking into
account the discussed optionality and the still early stage of
development within the project, a manual integration will be
the starting point towards involving the VNS within the
professional EMS workflow. The implementation of an
integrated system that gets activated fully automated during a
reported emergency is surely desirable, but requires detailed
collaboration with the corresponding software providers.
Details on this topic are will be addressed in future papers.

C. How to determine the relevant volunteers in an ongoing
emergency

As soon as the system receives information on a new
emergency, no matter if automated or manually initialized
from the dispatcher, the VNS will determine possible
volunteers in the closer vicinity of the incident and
immediately inform those in walking distance of the ongoing
emergency. In order for this to be possible with minimum
time effort, the system needs to be “aware” of all potential
volunteer locations at the time of the incoming emergency
call. This awareness can be achieved by making all
connected clients publish their locations to the server in pre-
determined time intervals, rather than forcing the server to
request all client locations at once not until they are actually
needed.

Before notifying any potential helper, a reasonable
maximum distance between a volunteer and the incident has
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to be determined. Only volunteers located within the
maximum distance will be considered potential helpers in an
on-going notification. The distance that an individual person
can travel within - let’s say - five minutes depends on many
different parameters. An older person, for example, might
walk slower than a younger person, while some people are
simply in a better shape than others, no matter the age. Due
to a great variety of individual parameters influencing a
proper notification radius, a suitable solution to begin with,
is creating a personalized profile setting; giving any
registered volunteer the option to define an individual
notification distance by configuring the appropriate
parameter in their user profile. To maintain a realistic range,
the maximum distance a user can set is limited to 1 km at the
moment. Within the project, this functionality is
implemented by using a public accessible browser based
Web Application; accessing the corresponding URL, new
users can register and/or edit their profile settings online.
From the technical point of view, this Web Application is a
frontend for accessing database functionality on the server.

D. Webservices

In order to enable external sources, for example mobile
clients or applications from project partners, to access
specific functions on the server, a different approach is
needed. Specific APIs provide mobile clients the necessary
functions in order to communicate with the VNS without
having to access a web browser. The same approach can
offer project partners an interface for integrating alternative
ways of volunteer registration into the main system.
Commonly used solutions for offering a limited scope of
functionality to external clients are are so called Webservices
or more specific, REST based Web APIs [9]. By
implementing Webservices, a predefined set of functions
will become globally available; different devices will be able
to communicate with each other over a given network
infrastructure; like for example, the World Wide Web.

E. The messaging architecture

At the time of writing, a running prototype of the VNS is
available already. The upcoming section will introduce the
used messaging architecture and describe the essential
components implemented for the different types of
communication.

As long as a client is not involved in an ongoing case, the
main communication that occurs between the mobile clients
and the server is a client-to-server location publishing that
automatically gets invoked in a predefined time interval.
While a simple implementation approach for this is a
common HTTP POST method, the push communication
used to send data from the server to a specific client is an
entirely different matter. The World Wide Web (WWW) was
originally not intended to support bidirectional
communication and therefore does not include the
corresponding specifications or protocols. With HTML 5
introducing the WebSocket JavaScript interface, a native
solution for bidirectional communication is available. Once a
WebSocket connection has been established between client
and server, instant data communication becomes possible
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between both sides without explicitly having to deal with
technical differences. Based on this kind of real time
connectivity, a variety of different features can be
implemented, including chat channels for notified helpers
and live camera streaming from the place of incident. A short
discussion on optional features in general will follow in the
outlook section of this paper.

Even though real time connectivity with WebSockets is a
promising  approach ~ for  implementing  specific
functionalities, having hundreds or thousands of idle clients
permanently connected to the system is definitely not a
suitable solution. An increased energy consumption of the
mobile clients and a possible server overload due to an
increasing number of connected clients are the two main
reasons for this. Besides, when not involved in an ongoing
emergency, only two types of messages are actually
exchanged: firstly the location updates that occur every
couple of minutes and are sent from client to server, and
secondly the event data that is sent from server to client in
order to update the main information view and to display
upcoming events, training-courses etc. Since HTTP requests
generally include a response-content, the message flow for
general information and event data has been implemented as
a response to an occurred location update and thus does
neither need any special connectivity nor an additional
request. It is common practice to restrict HTTP get requests
to merely read-only operations and implement any request
that modifies data on the server as HTTP post. The main
difference between these two types of requests is that within
an HTTP get request, the key/value pairs are specified in the
URL, whereas in an HTTP post request, the key/value pairs
are sent after the headers, as part of the request itself.

Analyzing the base functionalities, there is one type of
message that cannot wait for the next “location publish” in
order to be sent as a reply from server to client, but instead
needs to be send instantly; a new case notification message.
This message initiates a new case on the server and alarms
any potential helper in walking distance to the emergency;
the message needs to arrive on the client with the smallest
delay possible. In order to push messages from a server to a
mobile client, different cloud messaging solutions are
available but generally represent very individual solutions
that only work for specific devices or operation systems. The
Google Cloud Messaging for Android (GCM) for example is
a specific solution to send data from a server to an Android
application.

CLIENTS

Android clients

i0S clients
E ol

Other clients

External Partners

Figure 1: Core components of the EMuRgency VNS
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To summarize the messaging architecture at this point of
development, HTTP post requests are implemented for
client-to-server location updates; the response content of the
is then processed in order to send event data from the server
back to the client; new cases are initialized by using device
specific APIs in order to push notification messages from the
server to the mobile clients; and a real time WebSocket
communication gets initialized on a new case event for all
notified volunteers.

F. Anintegrated VNS platform

As a scientific project with partners from both technical
and sociological research fields, the project is focusing on
many more aspects than a simple technical approach for a
notification system. Users of the system will be informed on
ongoing events or urgent news and since a common interest
level of registered people can be implied, communication
channels for exchanging know-how and general information
are being implemented. A real-time information flow
regarding the aspects of first aid and CPR is extending the
core notification functionality. While also developing
concepts on raising public awareness on SCA, educational
content is displayed at frequently used public places; and if
in digital form, the streamed content will be enriched or
synchronized with data from the VVNS. Furthermore, in order
to receive substantial scientific results and to determine the
potential benefit of a VNS, corresponding reporting and
analyzing features are being designed. Open interfaces will
supply options for non-project members to change or extend
functionalities. Although details on the generic approach and
corresponding concepts for an open architecture are not yet
fully developed, an integrated VNS platform will combine
the different research topics with the diversity of
requirements that are to fulfill.

G. Regional differences for involving laypersons into
professional EMS

It is important to understand the actual role of an
occurring registration and the resulting implications on the
system and the user. A newly registered user for example,
obviously wants to help, but comparing different countries,
potential differences between the way that laypersons are
legally allowed to be integrated into EMS, must be
considered [16]. Some regions for example might not allow
the integration of laypersons in EMS at all; and is a
layperson with first aid skills but without corresponding
certificates still a layperson? While those questions will not
be discussed further within this paper, expert legal advices
for different countries are contracted, in order to validate this
matter. The direct implication concerning the VNS is that a
new user by default will be “unconfirmed” and will not be
considered a potential volunteer until “confirmed”; the
confirmation process on the other hand is implemented in a
separate administrative component, whereas the final details
of this component are not yet fully worked out.

H. An overview of the primary components within a VNS

Within the past sections of this paper, the core
components of a VNS have been shortly introduced in their
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corresponding context. Fig. 1 shows an overview of these
components while the following paragraph will give some
additional information on how they have been implemented.

1) User Registration: Implemented as web application,
this component offers base functionality for new users to
register to the system; existing profiles can be edited and
specific settings can be configured by the user — one
example for a user specific setting is the notification radius.

2) Case Initializer: This application constitutes the
actual data provider for new emergencies until more
automated concepts are available. Intended for dispatchers
only, this web application provides the possibility to
manually initiate a new case by providing general
information on an ongoing emergency and the
corresponding unique location, as pair of latitude and
longitude. In order to supply a user friendly interface, the
location itself is automatically calculated as an
approximation for a given address. This component
demonstrates the first approach towards supplying the actual
notification system with case data and is implemented as a
JavaScript application embedded within a servlet..

3) Server-side applications: This component bundles
the server-side functionalities of tracking and localizing the
volunteers. Furthermore, the Case-Initializer is part of this
component in order to provide fastest response times when
invoking new emergency events.

4) Backend: The Backend represents the interface for
persisting data and provides functions to enable
communication between the database and other system
components. Moreover, to ensure a consistent data usage
within the system, all referenced data models and structures
are defined within this component.

5) Webservices: Combining the REST based Web API,
Websockets and client specific push technologies like
Google Cloud Messaging, this component actually
represents an intermediate communication layer; providing
predefined functions for external modules and other clients
to exchange data with the server.

v

EMuRQency

B Remember email on login

Login Register

User validated

1 s

Figure 2: The mobile client application (android version
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IV. CONCLUSION AND OUTLOOK

During the project, sociological and technical aspects are
being combined. Country-specific differences in a variety of
discussed parameters have been balanced against each other
and are being implemented into an integrated VNS platform.
Many fundamental difficulties were identified within the
past sections of this paper whereas an advanced prototype of
the software is available already - Fig. 2 shows screenshots
of the android client application. While this prototype
implements the essential components introduced in chapter
three and enables base notification functionality for nearby
volunteers, there are several potentially valuable features
being discussed within the project at the moment.

A. Potential future features

The integration of chat channel functionality, enabling
direct communication between the dispatcher and all
volunteers who accepted a specific case, is one reasonable
feature. By using the discussed advantages of a platform
independent WebSocket connection, dispatchers will be able
to exchange information with volunteers in real-time.
Furthermore, status updates and newly received case details
can instantly be broadcasted to all relevant receivers.

Another feature is the integration of existing applications
or services that provide information on nearby automated
external defibrillators (AEDs). Although the time critical
aspect of CPR is the main concern for the first volunteer
who arrives on scene, it can prove useful for further helpers,
to have reliable information on nearby AEDs devices.

There are multiple scenarios in which the use of game
design elements (gamification) within a VNS can be used to
influence the user behavior; the adoption of a score system
for attended courses or participated cases is one example.
The general idea of gamification elements is to increase the
user acceptance and motivation, whereas a sensible
consideration is needed in order not to distract attention
from the main topic.

Since modern smartphones and many other portable
devices offer build-in functionality for photos and videos, a
real-time media streaming from the place of incident is
another possible feature with high benefit. The integration
of telemedical concepts becomes possible and thereby
enables an approach of professional helpers using their
expertise to analyze the streamed data, in order to aid the
volunteers at the scene with valuable information.

B. Specification of a VNS and future development

Within this paper, the basic concept of a VNS has been
described and both essential and optional components have
been discussed. Since many parameters are not yet fully
determined and legal issues are still being discussed, there is
no formal specification of a VNS at this stage of
development. Diverse legal aspects still need to be cleared
and options for integrating the system into the professional
EMS workflow are being negotiated. Maintaining a highly
agile programming approach will assure a continuous
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development and a fast integration of subsystems,
adjustments and new requirements.

The research focus for the upcoming two years will be
the development and implementation of new concepts to
enable a generic integration of heterogeneous environments
and devices. Architectural cloud approaches will be
analyzed and tested, while the integration of the different
partners and their corresponding research topics will form
into a complex VNS platform.
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Abstract—This work presents the Specialist’s Decision Support
System (SDSS), which is one of the main components of the
SensorART platform. SensorART focuses on the management
and remote treatment of patients which suffer from heart
failure and are treated with ventricular assist devices (VADs).
SDSS is a Web-based application that assists specialists on
patient’s management, offering a plethora of tools for
monitoring, designing the best therapy plan, analyzing data,
extracting new knowledge and making informative decisions.

assist decision

Keywords-Ventricular devices;

system; web aplications

support

L INTRODUCTION

Heart failure (HF) is an inability of the heart to fill with
enough blood or pump with enough force or both the human
body. It develops over time as the pumping action of the
heart grows weaker and can affect the left side and/or the
right side of the heart. The most common causes of HF
include: high blood pressure (hypertension), coronary heart
disease, heart valve disease, and cardiomyopathy. HF is the
most increasing cause of death in developed countries;
approximately 2% of the adult population suffers from HF,
although it mainly affects elderly people (6-10% of people
over the age of 65 years will develop HF) [1]. Hence,
together with the difficulty of having a sufficient number of
donor organs, it is recognized that the VADs will assume an
increasingly important role in treating the growing number of
patients with advanced HF, not only as bridge to transplant,
but also as destination therapy, by considering also the
ageing population.

Over the past three decades, technological advancements
have led to the development of a series of implantable and
external VADs for patients of every age and body size.
However, most of these commercial VADs still share a
common drawback. They do not provide to the specialists
remote monitoring and/or controlling possibilities. The
patient must visit the hospital, in order for the specialist to
assess his/her condition. Continuous automatic remote
monitoring systems and database systems are in the early
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stage of development with only a few relevant research
studies reported [2-5].

SensorART aims to provide a set of technologies for
heart assistance, supporting patients with chronic HF, treated
at home without renouncing to access high medical
expertise, and healthcare specialists keeping under control
the performance of cardiovascular implanted VAD by
remote control services. This platform moves from the
concept of realizing an “upgraded device”, thus starting from
a VAD that is a mechanical device with the plan of
developing an intelligent device.

In general, the SensorART platform consists of five main
parts: (i) Sensor component, (ii) Signal Acquisition
component, (iii) Hardware Controller, (iv) Remote Control
Framework, and (v) Specialist’s Decision Support System
(SDSS), which is described in this paper. SDSS assists the
specialists on deciding the best treatment strategy for a
specific patient. It includes: a VAD-heart simulation
component that gives to the specialists the possibility of
modeling the behavior of a patient before and after VAD
implantation, as well as a Decision Support System
providing data analysis and projection tools.

II.  SDSS PLATFORM

The SensorART SDSS is a Web-based platform that
enables specialists with advanced data-driven and expert-
knowledge techniques, in order to effectively assess and
exploit real patient data (from the Specialist’s Monitoring
Application), as well as simulated patient data (from the
VAD-Heart Simulation Platform) through the following
components: (i) Knowledge Discovery, (ii) Monitoring, (iii)
Treatment, (iv) Weaning, (v) VAD Suction, and (vi) VAD
Speed. The modules menu in the SensorART Web-platform
is presented in Fig. 1.
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Figure 1. Specialist’s Tools menu in the SensorART platform.

A. Knowledge Discovery
The knowledge discovery module includes two sub-
modules; the association rules tool and the statistics tool.

1) Association Rules Tool: The Association Rules Tool
allows the extraction of association rules from the database,
enabling thus the extraction of new knowledge from
multiple and heterogeneous archived data. The procedure
depends on the patients selection, the examined features, the
observation period and the support/confidence for the rule
mining technique, which is the the Apriori algorithm [7].
All the above are defined from the specialist, who: (i)
selects some or all patients from the database, (ii) defines
the features (and, if needed, corresponding threshold values)
to be examined, (iii) sets an observation period and
appropriate values for support and confidence. Based on the
above selections, associations hidden in the data are derived
in the form of “if — then” rules, with the features (variables
from the database) and conditions in the “if” and “then”
parts defined by the user. The features that can be selected
are categorized as: (i) demographic — comorbidities, (ii)
heart related, (iii) sensor related, and (iv) laboratory
measurements. The outcome of the Association Rule Tool is
presented in Fig. 2.

2) Statistics Tool: The statistics tool provides all the
necessary tools for the analysis and interpretation of patient
data through powerful statistical techniques. These include
descriptive statistics (mean, standard deviation, median,
variance) along with statistical functions such as hypothesis
testing (one Sample and two-Sample #-test, pair-sample #-
test, Welch corrected t-test), analysis of variance (ANOVA),
nonparametric tests (Kruskal-Wallis ANOVA, Wilcoxon
test for one sample and paired Sample) and survival analysis
(Kaplan-Meier estimator). A sample for the Kaplan-Meier
survival analysis is presented in Fig. 3.
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Figure 2. Association Rules Tool outcome.
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Figure 3. Kaplan-Meier survival analysis from the statistics tool.
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B. Monitoring

The monitoring module provides a graphical tool for
examining the day-to-day VAD and patient parameters along
with any adverse events that may have occurred. The patient
and the parameters that will be included in the graph are
selected by the specialist. The features that can be selected
are: pump flow/speed/power, pulse index, temperature,
systolic and diastolic blood pressure, pulses, weight, INR
and drug dosage (warfarin/acenocoumarin), while the
adverse events that are recorded include: death, cerebral
bleeding, gastrointestinal bleeding, ischemic stroke, transient
ischemic attack, ventricular tachycardia and heart failure. A
snapshot of the patient and parameters selection along with
the graphical result of the monitoring module is presented in
Fig. 4.

Furthermore, the Monitoring module is able to provide
assessment for future adverse events appearance. The main
idea is to analyze the day-to-day data for the last three days
and assess the possibility of adverse event appearance in the
next day. Subsequently, the functionality is available only if
data for the last three days exist. The assessment model has
been developed using data from the SensorART database in
order to train a decision tree. Currently data from 8 patients,
that generate 1026 prototypes have been used for the
decision tree induction, however, the model is constantly
updated as new data are stored in the database (i.e. retained
with larger datasets).

SDSS - MONITORING MODULE ﬁ

Day-to-day Monitoring Tool

Select Patient:
Patient 5 =]

Select Parameters:

Show Events:

9 ves No

Reset

Monitoring Parameters

Zoom 1m 3m 6mYTD 1y All From: | Jul7, 2011 | To: Sep 12, 2011

sIXy AIEPUOIAS

25N e~
YITTTaT
1. Jul 25 Jul 8. Aug 22 Aug 12. Sap
! [~
I 18 Jul 1. Aug 15. Aug 12 Sep }
Gl
~- PumpPower — INR — Event

Figure 4. Monitoring module outcome.
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C. Treatment

The treatment module can provide risk analysis based on
known risk scores, in order to support effective treatment of
patients. These include:

¢ the Heart Failure Survival Score (HFSS),

¢ the Seattle Heart Failure Model (SHFM),

* the Model for End-Stage Liver Disease (MELD)
(due to its potential prediction on survival and need
for blood transfusion),

* the Right Ventricular Failure Risk Score (RVFRS)
to predict right failure that constitutes a serious
complication.

D. Weaning

The Weaning module combines expert knowledge with
fuzzy modeling, in order to support the specialists in the
selection of patients that may be removed from the VAD
therapy. The main idea is to achieve a mixture-of-experts
approach, in terms of having multiple models for weaning in
the module. These include all state-of-the-art medical
knowledge-based models presented in the literature. In
addition, the specialist can create and modify additional
models (collection of if-then rules), using the build-in model
generator. Furthermore, the module incorporates an
automated fuzzy model generator [8], aiming on an efficient
way of automatically transforming crisp models (either from
the literature or user-defined) into fuzzy ones.

The knowledge-based models that have been included
from the literature are the ones presented by Santelices et al.
[9] and Birks et al. [10]. The user can either view or execute
one of the existing models or create a new one, which is
subsequently added in the list of existing models and can be
also viewed/executed. Also, the user can modify all user-
defined models, but not the ones from the literature. A
snapshot of the view/execute model screen is presented in
Fig. 5.

I SDSS - WEANING MODULE ﬁ I

Model's List
1D Date Created Model Name
28 2012-05-10 13:12:03

Dandel et al., 2010 View Cnoose

23 2012-05-10 13:29:18 Birks et al., 2012

48 2012-07-03 15:04:16 Noname333 Cnooze

Figure 5. Model selection in the Weaning module.

E. VAD Suction

The VAD suction module provides to the specialists a
powerful assistant in their attempt to effectively analyze their
simulation sessions from the VAD-Heart Simulation
Platform in terms of the suction phenomenon. Used in
combination with the VAD-Heart Simulation Platform, it
enables specialists to further analyses data from simulation
sessions recognizing suction events (Fig. 6).

67



eTELEMED 2013 : The Fifth International Conference on eHealth, Telemedicine, and Social Medicine

Measured Pump Flow

Pump Flow

asured Pump Flow [I/min]

Me

Suction Ground truth and Estimation

-8 Ground Truth
—+- Estimation

Probability

Figure 6. Visual representation of suction module results.

F. VAD Speed

The VAD speed module provides to the specialists a
powerful assistant in their attempt to effectively plan the
treatment strategy for a patient. It proposes adjustments to
pump speed settings according to the required cardiac output
and pressure perfusion. Used in combination with the VAD-
Heart Simulation Platform and VAD suction module, it
enables specialists to further analyse data from simulation
sessions, identify different pump states and possible issues,
as well as draw conclusions regarding the most appropriate
pump speed settings.

III.  CONLUSION

In this paper, the SDSS platform of the SensorART
project is presented and all major tools and functionalities
are illustrated. The SDSS has been specifically designed with
close collaboration with medical experts, in order to address
all major issues and provide all necessary tools for specialists
treating VAD patients, in a single platform. In the same
context, it includes all medical models and all available
medical knowledge regarding VADs and patients with
VADs. However, instead of being just a simple collection of
medical and technical knowledge, in SDSS these are
harmonically merged with computational intelligence, data
mining and fuzzy modeling techniques, along with the first
specially built database for VAD patients, thus leading to a
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powerful tool that can support specialists to any decision
needed regarding the optimal management of VAD patients.
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Abstract— People with dementia are confronted with many
decisions. However, they are often not involved in the
process of the decision-making. Shared Decision-Making
(SDM) enables involvement of persons with dementia in the
decision-making process. In our study, we develop a
supportive IT application aiming to facilitate the decision-
making process in care networks of people with dementia. A
key feature in the development of this SDM tool is the
participation of all network members during the design and
development process, including the person with dementia.

In this paper, we give insight into the first phases of this
design and development process in which we conducted
extensive user studies and translated wishes and needs of
network members into user requirements.

Keywords: shared decision-making; decision tool; co-
creation; dementia; eHealth

. INTRODUCTION

Most western countries are currently facing
demographic changes that will result in a dramatic
increase of the number of people with dementia.
Worldwide there are 35.6 million persons with dementia.
It is to be expected that this number will be doubled by
2013 and tripled by 2050 [1, 2].

People with dementia are confronted with many
decisions in the dementia process regarding daily life and
well-being issues. Involving people with dementia in
decision-making is not self-evident. They are often
ignored [3]. This lack of involvement of people with
dementia in decision-making is also noticed in research
and design and development processes. Researchers and
designers often develop tools for people with dementia
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rather than with them. People with dementia belong to one
of the most neglected groups in research and development
[3, 4].

Adequate care of people with dementia demands
involvement of people with dementia in decision-making
[5, 6]. In other fields of health care Shared Decision-
Making (SDM) has proven its positive results regarding
quality of life [7-9]. Moreover, SDM increases
satisfaction with decisions and results in better informed
patients [10]. Furthermore, SDM increases the autonomy
of patients and empowers them [10]. This could also be
beneficial to persons with dementia.

One of the supporting tools in SDM are decision aids,
paper or IT-based. Thus far, a supportive tool facilitating
SDM in dementia is lacking. In our study, we aim at
designing, developing, implementing and evaluating such
a tool.

Many IT applications have been developed to support
people with dementia and their family and formal
caregivers [11, 12]. Unfortunately, many IT applications
are not used by them because they do not match their
needs and capacities [13]. Therefore, in our study,
involving network members and inclusion of people with
dementia in the development and design process are key
features.

In comparison with existing SDM tools that primarily
facilitate the patient-clinician relation this involvement of
all network members in the SDM process is new. Another
new element is the focus on the process of SDM instead
of on the decision itself.

In this paper, we describe the first phases of the
development process of a supportive SDM IT application.
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We identified user requirements based on user studies to
determine the content of this tool.

Il.  BACKGROUND

The present study is part of a major research program
on SDM in care networks of persons with dementia. This
program consists of three studies and aims to improve
professional care.

SDM is a process of interaction and communication
between a patient who wants to be involved and his or her
care providers in making health care decisions, taking into
account the preferences of the patient and the best
available evidence [14]. In clinical practice patients and
their clinicians are involved in this medical decision-
making process. In our research program, concerning care
and well-being related decisions in care networks of
people with dementia this means involvement, interaction
and communication between people with dementia,
informal caregivers and professionals.

The first study of this research program on SDM aims
to provide insight into decision-making processes within
care networks of people with dementia in order to
improve SDM. In this longitudinal study 25 care networks
(each consisting of the person with dementia, two
informal caregivers and two professional caregivers) are
individually interviewed in three measurement cycles
with six-month intervals.

In the second study, specific SDM competencies of
professional caregivers (e.g. case managers) are
developed. Furthermore, best practices of shared decision-
making in care networks of dementia will be developed.

The third and present study, developing a supportive
IT application that facilitates SDM in care networks of
dementia, uses data from the first two studies. Research
questions of this third study focus on the requirements for
a SDM tool concerning the most suitable content, user-
friendly design and effectiveness, and on the requirements
for implementation in daily practice.

In the following section we describe the approach for
this third study.

I1l.  APPROACH

Although involvement of end users in developing
eHealth technologies still is not self-evident, we consider
involvement of end users as one of the key factors for
developing a user-friendly and usable IT application. Too
many IT applications have been developed without ever
being used. Another important factor is sustainability in
practice. Researchers and developers become more aware
of the importance of making their innovations sustainable.
Tools and roadmaps are developed to support developers
in increasing the structural embedding of IT applications
in health care. One example is the eHealth Innovation
Matrix (eHix) [15]. Another approach is the ceHRes
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roadmap. It connects a Human Centered Design with
eHealth Business Modeling [16].

Both eHix and the ceHRes roadmap emphasize
involvement of stakeholders in all phases of the
development. In our research program, a multi-
disciplinary consortium consisting of a variety of
dementia experts and advocates achieves this.
Furthermore, we use a stepwise approach in order to
systematically translate user studies (needs and wants) in
functional requirements of the tool (figure 1) [17].

We started this study by conducting a systematic
review regarding the research question: how are people
with dementia involved in the development of supportive
IT applications [18]. We were interested in the state of the
art regarding this question to discover which implications
the results would have for our own development process,
especially, in identifying user requirements.

The results of this review show that involvement of
people with dementia is not self-evident. Included studies
dated from 2003-2010. Researchers and developers differ
in how they involve people with dementia, depending on
how they value the capacities of people with dementia. In
most studies people with dementia were involved in the
first phase of the development process. Recently,
researchers and developers are more aware of the benefits
of involving people with dementia in development
processes; it results in more attuned and usable IT
applications [18].

A. User studies

In the first developmental phase we explored the
needs and wants of all stakeholders. Fifty semi-structured
interviews were undertaken with persons with dementia,
informal caregivers and professional caregivers to get
insight into their experiences in decision-making in
dementia. Framework analysis was used to analyze the
interviews with AtlasTi software. In addition eight focus
groups were conducted, two with persons with dementia,
two with informal caregivers, two with professional
caregivers and two with experts in the field of dementia.
These focus group interviews had a twofold goal. One
goal was to double-check the results from the interviews.
The second goal was to retrieving additional information
about the process of SDM and on the needs and wishes
concerning (digital) support. AtlasTi software was used to
analyze the focus group transcripts addressing the topics
mentioned. Furthermore, an analysis of interactive
dementia websites was conducted to identify needs of
network members regarding decision-making.

B. User requirements

In a multi-disciplinary user requirement workshop
(researchers specialized in older adults, dementia and IT,
technicians and developers) we used Affinity
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Diagramming in order to determine user requirements
based on the information retrieved in the above described
user studies. In addition these user requirements were
compared to national dementia standards in order to check
whether they match with these standards [19, 20].

C. Functional requirements

In a multi-disciplinary functional requirement
workshop (researchers specialized in older adults,
dementia and IT, technicians, developers and designers)
the user requirements will be translated in functional
requirements.

@ @

User Functional
requirements

requirements
Design and

Development of tool

User

studies >

Figure 1 Process from user studies to design and
development [17]

D. Experiments

The interface of the supportive SDM IT application will
be determined in an iterative, participatory design
process. Products of the design and development phases
(mock-ups, prototypes) will be the subject of end user
focus groups and experiments. Feedback thus obtained
informs the next design and development phase in order
to improve the content and design of the tool. Special
attention will be paid to the adaptability interface of the
tool because of the declining cognitive abilities of persons
with dementia over time. Experiments will also focus on
comparing different ways of implementing the tool in
daily practice: network members using the tool
individually as a preparation of face-to-face meetings,
compared with a shared way using it during such a
meeting.

E. Pilot study

When the adapted tool becomes robust enough a pilot
study will be conducted to evaluate the usability of the
tool in daily practice. Five different care networks of
persons with dementia (each care network consist of a
person with dementia, two informal caregivers and two
professionals) will use the tool for a period of five
months. The evaluation focuses on design and content of
the tool; interface of the tool; usability of the tool by
professionals using SDM; and obstacles and benefits of
the use of the tool. Furthermore, the impact of the tool on
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the care network members, including the person with
dementia, and the decisions made will be evaluated.

IV. RESULTS

At this point in time we obtained the results of the user
requirements. The interviews with persons with dementia,
informal caregivers and professional caregivers gave
insight into the issues and decisions network members of
people with dementia experience regarding dementia.
Important domains are: care, well-being, daily activities,
living, mobility and financial and legal matters. Based on
the results of these interviews we constructed a persona.
This persona served the purpose of aligning the
perspectives of the multi-disciplinary project members’
view.

Subsequently the results of the interviews, focus
groups and analysis of interactive dementia websites were
screened for wishes and needs of end users of the tool.
This resulted in a selection of more than two hundred
relevant items. The principal researcher clustered these
items stemming from the data. The selected items and
first clustering were peer-reviewed by a second
researcher. During the user requirement workshop multi-
disciplinary teams checked the clustering and determined
the user requirements per cluster. User requirements were
discussed until consensus was reached. The user
requirements determined concerned the following
clusters: participation of the person with dementia,
information, role of informal caregivers, role of case
manager, role of other professionals, decision history,
communication, anticipation, support, self-management
and autonomy, and administrative load.

Our check with National dementia care standards
learned that the user requirements are in line with these
standards.

V. CONCLUSION AND FURTHER WORK

The extensive exploration and translation of the user
studies into user requirements created valuable input for
the functional requirements process. This study is now
midway. The next step is designing and developing the
tool, testing it in experiments and improving the tool
using the feedback of involved end users, followed by the
pilot study and its evaluation.

Developing a tool to facilitate the SDM process in care
networks of people with dementia is a real challenge.
Involvement of all stakeholders in the design and
development process is needed in order to develop a
robust IT application. In the current project we aim to
involve people with dementia. In the first phases of the
development process people with dementia participated
successfully.

The participation of people with dementia in this
development processes is a conditio sine qua non in order
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to get an attuned and user-friendly tool. Researchers,
developers and clinicians should be aware of that.

ACKNOWLEDGMENT

The Dutch Foundation Innovation Alliance (SIA
RAAK [Regional Attention and Knowledge Circulation]
PRO), Zorgpalet Hoogeveen (Residential care
organization for older adults) and Windesheim University
of Applied Sciences funded this study.

REFERENCES

[1] M. Prince, R. Bryce, C. Ferri, "The benefits of early
diagnosis and intervention. World Alzheimer Report
2011," Alzheimer's Disease International, 2011.
Retrieved from http://www.alz.co.uk/research/world-
report-2011 (Last accessed 04-02-2013).

[2] C. Ferri, R. Bryce, C. Ferri, "Global prevalence of
dementia: a Delphi consensus study," Lancet, vol. 366,
pp. 2112-2117, 2005.

[3] N. Savitch, "How to make the world wide web
dementia-friendly," Journal of Dementia Care, vol. 14,
pp. 28-31, Sep 2006.

[4] H. Wilkinson, Including people with dementia in
research: methods and motivations. In: The
perspectives of people with dementia, research
methods and motivation. London: Jessica Kingsley,
2002.

[5] K. Cubit, "Informed consent for research involving
people with dementia: A grey area,” Contemporary
Nurse, vol. 34, pp. 230-236, 2010.

[6] L. Nygard, "How can we get access to the experiences
of people with dementia? Suggestions and
reflections.,” Scandinavian Journal of Occupational
Therapy, vol. 13, pp. 101-112, 2006.

[7] J. Hamann, et al., "Shared decision making for in-
patients with schizophrenia,” Acta Psychiatrica
Scandinavica, vol. 114, pp. 265-273, 2006.

[8] J. Hamann, S. Leucht, W. Kissling, "Shared decision
making in  psychiatry,"  Acta  Psychiatrica
Scandinavica, vol. 107, pp. 403-409, 2003.

[9] S. L. Clever, et al, "Primary Care Patients'
Involvement in Decision-Making Is Associated With
Improvement in Depression," Medical Care, vol. 44
(5), pp. 398-405, 2006.

[10] E. Duncan, C. Best, S. Hagen, "Shared decision
making interventions for people with mental health

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-252-3

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

conditions,” Cochrane Database of Systematic
Reviews, 2010.

L. Magnusson, E. Hanson, M. Borg, "A literature
review study of information and communication
technology as a support for frail older people living at
home and their family carers,” Technology and
Disability, vol. 16, pp. 223-235, 2004.

S. Lauriks, et al., "Review of ICT-based services for
identified unmet needs in people with dementia,”
Aging Research Reviews, vol. 6, pp. 223-246, 2007.
E. Hanson, L. Magnusson, H. Arvidsson, A. Claesson,
J. Keady, M. Nolan, "Working together with persons
with early stage dementia and their family members to
design a user-friendly technology-based support
service," Dementia: The International Journal of
Social Research and Practice, vol. 6, pp. 411-434, Aug
2007.

G. Elwyn, A. Edwards, P. Kinnersley, "Shared
decision-making in primary care: the neglected second
half of the consultation.," British Journal of General
Practice, vol. 49, pp. 477-482, 1999.

S. Visser, T. Haaker, R. Menko, M. Hettinga, "From
Buzz to Business: eHealth Innovation Matrix. Abstract
submitted and accepted for Med-e-Tel 2012,
Luxembourg, April 18-20, 2012," 2012.

J. E. W. C. Van Gemert-Pijnen, et al., "Introducing a
holistic framework for eHealth technologies," Journal
of Medical Internet Research, vol. 13 (4):e111, 2011.
M. Hettinga, C. Nugent, R.J. Davies, F. Moelaert, H.
Holthe, A.L. Andersson, "Managing the Transition
from User Studies to Functional Requirements to
Technical Specification,” in Supporting People with
Dementia Using Pervasive Health Technologies,
Advanced Information and Knowledge Processing,
Volume . ISBN 978-1-84882-550-5. Springer-Verlag
London, 2010, p. 101, 2010.

M. Span, M. Hettinga, M.J.F.J. Vernooij-Dassen, J.
Eefsting, C. Smits, "Involving People with Dementia
in the Development of Supportive IT Applications: a
Systematic Review," Ageing Research Reviews vol.
12, pp. 535-551, 2013.

E. Moll van Charante, et al., "NHG-Standaard
Dementie (derde herziening)," Huisarts Wet, vol. 55,
pp. 306-317, 2012.

AlzheimerNederland and Vilans, "Zorgstandaard
Dementie," 2012. Retrieved from
http://www.alzheimer-
nederland.nl/media/11405/Zorgstandaard%20Dementi
€%20PDF.pdf (Last accessed, 04-02-2013).

72



eTELEMED 2013 : The Fifth International Conference on eHealth, Telemedicine, and Social Medicine

Impact of Knowledge Transfer Through the Implementation of an Emergency
Telemedicine Program in a Brazilian Community Hospital

Milton Steinmanl, Carlos Alberto C. Abreu Filhol, Ana Helena Vicente Andradez, Ruy G. Call, Nelson Akaminel, Alberto
Kanamura !, Miguel Cenderoglo', Claudio Lottenberg', Eliezer Silva'
1. Critical Care Medicine Department and Institute of Social Responsibility of the Hospital Israelita Albert Einstein
2. Hospital Municipal Moyses Deutsch
Sao Paulo, Brazil
miltons@einstein.br; carlos.afilho@einstein.br; Ana.vicente@hmbm.org.br; ruy.cal@einstein.br;

nelson.akamine@einstein.br; kanamura@einstein.br; cenderoglo@einstein.br; claudio@einstein.br; silva.eliezer@einstein.br

Abstract — Variation of quality care has been associated with
heterogeneous survival rates among emergency and critical
care patients. A body of evidence has shown that emergency
and ICU physician-led team could deliver a more adequate
care and decrease mortality rates and costs. In developing
countries there is a shortage of specialists even in metropolitan
areas. The main objective of this study is to describe the first
Brazilian experience of a real time audio-visual telemedicine
program (TM) providing 24/7 emergency and Intensive Care
physicians’ coverage. Methods: The concept of telemedicine
was implemented at two different hospitals in Sao Paulo; a
secondary and public hospital, Hospital Municipal Moyses
Deutsch (HMMD), and a tertiary and private hospital,
Hospital Israelita Albert Einstein (HIAE). Results: Data were
obtained from 100 teleconsultations (85 patients) records over
a 4 months period. The majority of the requests originated
from ICU (74.1%). Sepsis was the most common reason to
access TM (29.4%), followed by stroke (24.7%). TM improved
diagnosis in 16.5% and influenced clinical management in
83.5% of the patients. Life-saving TM interventions were
stroke thrombolysis in 4 patients and a limb amputation in 1
patient. The majority of patients was discharged with no
necessity of referring to another hospital. Conclusion: We
conclude that the main contribution of telemedicine-based
intervention is to avoid unnecessary transfers and to improve
medical decision-making in a real time fashion.

Keywords-Telemedicine; Emergency care; TeleICU.

I. INTRODUCTION

Brazil is a federative republic that covers 8-5 million km®
or 47% of the South America continent. With an estimated
population of 190,732,694 in 2010, Brazil is the world's fifth
most populous country around the world [1]. The Brazilian
health system is made up of a complex network of
complementary and competitive service providers and
purchasers, building a public—private mix that is funded
mainly by private institutions. The health system has three
subsectors: the public subsector, in which services are
funded and provided by the state at the federal, state, and
municipal levels, including military health services; the
private (for-profit and non-profit) subsector, in which
services are funded by public and/or private institutions; and
the private health insurance subsector, with different forms
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of health plans, varying insurance premiums, and tax
subsidies. The public and private components of the system
are distinct but interconnected [2, 3].

Brazilian “universal” healthcare system is called the
Sistema Unico de Saude (Unified Health System, SUS).
Most of the population (75%) utilizes almost exclusively
this system, which sometimes is unable to offer a qualified
health care to all of them. In fact, there is a shortage of
doctors and nurses, especially in rural and even in distant
metropolitan areas. Many hospitals are also poorly
managed, lacking autonomy from state governing boards.
And finally, there is a high level of inequality in medical
technology and infrastructure, with larger, more affluent
municipalities able to provide better technological
equipment and medical care [3].

Survival rates for emergency care vary significantly
between hospitals, reflecting variations in the quality of
care. Many hospitals do not have the facilities and skills to
provide effective specialist treatment, 24 hours a day, seven
days a week. Evidence shows that emergency and ICU care
should be led by experienced consultants with quicker and
better decision-making processes, especially in the care of
major trauma, sepsis, stroke and acute myocardial infarction
[4,5].

Within this scenario comes up seeking to develop options
for solving the health problems of critically ill patients,
using effective remedies in the quality of care provided. In
this context, appears telemedicine as a viable alternative to
efficient resolution of such problems. The World Health
Organization (WHO) [6] defines telemedicine as "the
offering services related to health care, where the distance is
a critical factor. Such services are provided by qualified
health professionals, using information technology and
communication to exchanging knowledge and information
valid for diagnosis, prevention and treatment of diseases,
and the continuing education of health care providers with
health, as well as for scientific research purposes [6]. The
Health Department, in order to improve the Public Health
System, has decided to create the PROADI - Projeto de
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Apoio ao Desenvolvimento Institucional ao SUS, to
improve health services around the country. The PROADI
allows some hospitals, classified as “excellent” in terms of
quality of care, fund projects, by using philanthropy. In this
scenario, the HIAE developed a telemedicine program
allowed emergency department and ICU staffs from public
hospitals, including the Hospital Moyses Deutsch (HMMD),
to receive real-time support from specialist staff in the
emergency department and ICU at the Hospital Albert
Einstein (HAE).

The HMMD is a 240-beds, medium-complexity, public
general hospital, including 60 emergency department beds.
An estimated 500,000 people live near to the hospital.
Emergency Department receives an annual volume around
200,000 visits. Clinical, pediatrics, surgical, orthopedics,
gynecology and obstetrics services are offered. HMMD is
located at Jardim Angela district and cover an area with
more than 23,125 square, at one of the most deprived areas
in S3o Paulo city that has been considered by the United
Nations as one of the most violent urban region in the
world.

The objective of this paper is to describe the impact of
first Brazilian, real time telemedicine program (TM)
providing 24/7 hours/days of an emergency department
(ED) and Intensive Care Unit (ICU) coverage. This article is
organized as follows: Section 2 presents the methodology
and the parameters evaluated. Section 3 shows the most
important results. Section 4 deals with discussions. Finally,
Section 5 which presents the conclusions and future work.

II.  METHODS

In January 2012, the concept of telemedicine
(synchronous connection) was implemented between HIAE
and HMMD. We implemented a Telemedicine Central
Command (TCC) located at HIAE with Endpoint 97 MXP
Cisco ® Solution via a dedicated broadband connection of 2
Mb. TCC offers 24/7 coverage provided of ED and ICU
consultant and a full range of services and specialties in
house, including neurologists, cardiologists and radiologists.
We recruited 16 physicians dedicated to TM program with
the following characteristics: owning motivation and pro-
activity to participate in the project; ICU or ED specialized;
ability to transpose the difficulties and propose solutions
and mastering all service protocols offering support to
applicants.

In the remote hospital (HMMD), a mobile Intern MXP
ISDN/IP Cisco ® was introduced. The wireless network was
sized to ensure quality signal transmission environment
throughout the Emergency department and Intensive Care
Unit (ICU). Radiologic and CT scans exams were evaluated
using PACS technology.
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Inclusion criteria to access Telemedicine were based
upon remote ICU or ED physician judgment. Every
recruited patient, irrespective of whether transferred or not,
was assessed by the Central Command through
teleconference with an experienced consultant. Furthermore,
we developed 36 clinical protocols that cover broader range
of medical entities commonly encountered at the ICU and
ED.

Routine data extracted from electronic forms were patient
demographics, source of referral, further details of
presenting complaint and diagnosis, examinations
performed, throughput times, treatment (s) given and
discharge categories. Case specific data were collected
during teleconsultation. including patient ID; names and
grades of staff requesting and providing consultations;
presenting complaint; date and time of consultation; type of
consultation and images discussed; reason for consultation
and query to be resolved; time taken and resources used;
nature and impact of any technical problems; diagnosis;
referral or treatment advice given.

IIl. RESULTS

From May to October 2012, a total of 100 patients
records from 85 patients were analyzed. Mean age was 48.5
yo, 51 (60%) were male, mean APACHE II SCORE was
22.3; 63 (74.1%) patients were at ICU and 22 (25.9%) were
at the ED. The main diagnoses are described in Table 1.

TABLE 1.PATIENTS DIAGNOSES

Diagnoses n %
Neurologic o
Stroke. Trauma. Syncope. 27 31.8%
Infection / Sepsis 25 29.4%
Cardiac / Pulmonary
Cardiac Arrest. Infarction. Heart
Failure. Heart Block. Pericarditis.
20 23.7%
Tamponade. Pulmonary
Embolism. Lung Cancer.
Abdominal
Mesenteric Ischemia. Pancreatitis. 5 5.9%
Hepatic Failure.
Trauma
Abdominal. Thoracic. 4 4.8%
Hemorrhagic Shock.
Others
Coagulopathy. Hyperosmolar 4 4.8%
Syndrome. Intoxication.

74



eTELEMED 2013 : The Fifth International Conference on eHealth, Telemedicine, and Social Medicine

For 14 patients (16.5%), TCC influenced diagnosis
conclusion, and for 71 patients (83.5%), TCC contributed to
clinical management. In 53 (62.4%) of the consultations, a
specialist other than TCC staff were needed to attend
specific requests. The external medical specialists consulted
are summarized in Table 2.

TABLE 2. SPECIALISTS DEMANDED

Medical Specialist N %
Neurology 23 43.4%
Pneumology 6 11.3%
Cardiology 6 11.3%
Infectology 4 7.5%
Gastroenterology 3 5.7%
Cardiac Surgery 2 3.8%
General Surgery 2 3.8%
Hematology 2 3.8%
Others 5 9,5%

Most of the teleconferences occurred in the middle of the
day, around 1:30 PM (Table 3). The mean hospital length of
stay was 13.6 days, the hospital mortality was 37.6% (32
patients). Regarding patients admitted at the ED (22), 15
(68.2%) were transferred to the ICU, 10 (11.7%) were
transferred to a tertiary hospital and 6 of these patients
(7.1%) were submitted to major surgical procedures [heart
surgery (2), neurosurgery (3) and liver transplantation (1)].
Among all the 85 patients, 36 (42.4%) had an invasive or
surgical procedure indicated after TM session.

TABLE 3: TIME OF TM CONSULTATION

Time Cases
Morning 24
Afternoon 70
Night 6

Table 4 describes the main procedures performed after
TM consultation. In 19 (22.4%) patients TM suggested
antibacterial-changing scheme.

Among the 4 patients submitted to stroke thrombolysis,
the mean time from the onset of the symptoms to the initial
of the procedure was 163.2 min, mean NIH Stroke Scale
was 14.7 before the thrombolysis and 12.7 at the end of the
procedure. There were no cases of bleeding complications
after the procedure.
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TABLE 4. INVASIVE / SURGICAL PROCEDURES

Diagnosis n %
Hemodialysis 17 | 47,2%
Coronary Angiography 4 11,1%
Stroke Thrombolysis 4 11,1%
Neurosurgery 3 8,3%
Angiography 2 5,5%
Chest Tube Placement 2 5,5%
Cardiac Surgery 2 5,5%
Limb Amputation 1 2, 7%
Liver transplantation 1 2, 7%

IV. DISCUSSION

Telehealth technologies, which embrace telemedicine, are
being used in a wide array of applications and
environments, and there is a substantial body of literature
advocating their use and general utility [7,8].

Telemedicine has the potential to improve quality of care
by allowing clinicians in one “control center” to monitor,
consult and even care for and perform procedures on
patients in multiple locations.

TM experience in other medical specialties fully applies
in the field of emergency medicine (EM) [9,10]. Emergency
healthcare is complex but its most important requirement is
rapid and correct decision-making on diagnosis and
treatment. In addition, this occasionally must be performed
in situations other than in a hospital emergency department
(ED). Thus in the case of accidents, emergencies, and so on,
healthcare is necessary in poor conditions and, most
importantly, away from the reference health center, so that
distance and time factors get great relevance for the
successful diagnosis and treatment of affected patients. In
this context, remote teleconsultation by specialists in an
emergency situation may be important for rapid, correct and
specialized decision making, whether clinical or surgical, on
immediate questions such as whether and where to transfer
the patient or what therapy should be administered.

Telemedicine may provide medical decision support for
remote practitioners with the effect of reducing inter-
hospital transfers and improving quality of care. By
enabling the transmission of visual information such as X-
rays or pictures of injuries to specialists, telemedicine may
enable remote practitioners to obtain expert guidance on
how to manage a patient locally.

Quality health care to critical patients is complex and
requires extensive resource use; the shortage of qualified
experienced multidisciplinary teams in some public
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Brazilian Hospitals can negatively affect the outcomes of
critical patients. Otherwise, the primary and secondary
hospitals need to transfer the critical patients to tertiary
centers, which increase the costs of Health System.

Tele-ICU programs can be a solution because they are
capable of leveraging the skills of an experienced team of
critical care doctors and nurses to ICUs where bedside
services are not available and provide a vehicle for broadly
applying evidence-based best practice protocols to improve
patient safety and outcomes [9]. The experience led us to
develop evidence-based protocols but tailored to local
constraints such as use of thrombolytics in cases of acute
myocardial infarction when angioplasty is not available.
We’'ve made up to 36 protocols regarding most common
ICU and ED issues. These protocols were also used to
initiate telemedicine sessions.

Although some patients may still require transfer or
referral, particularly in the absence of the necessary on-site
facilities or expertise, telemedicine should ensure transfers
are appropriate, and made to the right specialist at the right
time. It may also ensure that both patients and the receiving
unit are adequately prepared for the transfer. Even in cases
where a transfer may not be indicated, telemedicine may be
used as a medium for ‘second opinions’ on diagnosis and
management, providing reassurance to both the clinician
and the patient prior to discharge and potentially improving
quality of care. In this case, patients may actually receive an
enhanced service, in that they may receive a more senior
opinion, other way this would not be feasible.

Advantages related to the implementation of telemedicine
in the ED and ICU other than the availability of an
experienced team readily accessible, include: to obtaining
conducting videoconferencing between stakeholders; quick
access to updated sources of information for conducting
research together, including development of scientific
protocols. Allows patients have access to specialist services
including for case discussion and opinion of experts, the
viability of training and standardization of procedures and
better quality of care, more efficient monitoring of critical
patients, as well as monitoring and efficient management of
quality indicators of ED and ICU departments.

The benefits also include greater patient safety, reduction
in the hospital costs; reduction in the number of hours / ICU
nurse / patient-day, reduction in costs for pharmacy,
laboratory supplies, therapies and other costs associated
with the care of ICU patients. Beyond addition, by
promoting the reduction of mean length of stay enables
increase in the volume of admissions that result in an
increase in revenue institutions. Some authors reported
reductions in hospital and ICU length of stay and hospital
mortality as well [11].

In Brazil, as in other countries, there is a lack of
specialized professionals (including for intensive care), few
Brazilian ICUs have specialized physicians 24 hours
available. The reasons for this shortage are the high cost of
hiring skilled labor and lack of specialized intensive care
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physicians. Telemedicine programs can help meet this
demand by professionals, since they allow access to centers
reference in critical care medicine to several distant
hospitals, providing this expertise remotely, enabling other
professionals, contributing with the reduction of morbidity
and mortality. The Hospital Municipal Dr. Moyses Deutsch
is a secondary hospital located at a very poor and populated
district of Sdo Paulo — Brazil. There is a monthly average of
16000 visits at the ED; many of these are admitted at the
hospital with very bad social and health conditions,
contributing unfavorably to the patient’s outcomes. The
clinician’s hospital staff is compounded by young general
doctors, without specialists like neurologists,
neurosurgeons, cardiologists and many others. In this
scenario it has been always necessary to transfer many
patients to tertiary hospitals to be seen by specialists. Before
the implementation of the Telemedicine Program as many
as 60 outside evaluations were made each month, mainly for
neurologic evaluation. The implementation of the
Telemedicine Program reduced unnecessary transfers,
during the 6 month period of initial experience; only 11.7%
(10 patients) were transferred to other medical centers.

As mentioned before, HIAE provide in house coverage of
experienced neurologists available 24/7 hours/days.
Through PACS system and radiologist support, TM offered
decision making support for stroke thrombolysis. Before the
implementation of the TM program, this therapy has never
been applied. This is the first Brazilian experience with the
implementation of a TM program and the first report of
successful stroke thrombolysis guided by telemedicine.
Financial cost also poses both a real and perceived barrier to
the application and adoption of telemedicine in developing
countries. Equipment, transport, maintenance, and training
costs of local staff can be daunting for countries with little
income or limited funding for the implementation and
maintenance of telemedicine initiatives. Moreover,
convincing evidence to support the overall cost-
effectiveness of particular telemedicine strategies may be
weak, while the economic implications of such strategies in
different settings may not yet be known [8,11].

If telehealth is going to move beyond being regarded by
many as a tool or a substitute for traditional healthcare
delivery, its ability to impact diagnosis, treatment options
and patient outcomes must be demonstrated using
experimentally  rigorous techniques supported by
appropriate statistics.

This is a retrospective observational study that analyzed
the initial Brazilian experience in the implementation of a
Telemedicine Program connecting a secondary medium
complex regional public hospital to a tertiary medical
center.

The study presented initial encouraging results, the
program proved to be wuseful in helping diagnosis,
conducting critical cases and transferring specialized
medical knowledge to hospitals with shortage of human and
technical resources.

76



eTELEMED 2013 : The Fifth International Conference on eHealth, Telemedicine, and Social Medicine

V.  CONCLUSION AND FUTURE WORK

We conclude that the main contribution of telemedicine-
based interventions from the tertiary to the secondary
hospital is to avoid unnecessary transfers and to improve
medical decision-making in real time by an effective
expertise transfer. Besides, the implementation of this
program allows patients with stroke timely receive
thrombolysis guided by telemedicine. Finally, a prospective
clinical trial will be running to analyze the impact of TM
program on patient outcomes, including hospital length of
stay, sequelae, and hospital mortality. From these data, we
could spread this technology in different areas around the
country.
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Abstract— Today’s societies face increasing health care costs
due to a growing world population, an aging society, and rising
prices for health care. A new breed of health care
entrepreneurs tries to conceive new ways to deliver health care.
One area in which entrepreneurial ventures seek to
revolutionize today’s health care is workplace health,
providing electronic solutions over the internet. This study sets
out to explore whether and how an eWorkplaceHealth
program can disrupt the market. The findings—based on an
explorative single case study—suggest that eWorkplaceHealth
is a disruptive business model that may have already
‘overshot’ the product performance of traditional workplace
health.
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l. INTRODUCTION

Today’s societies face increasing health care costs due to
a growing world population, an aging society, and rising
prices for health care. A new breed of health care
entrepreneurs tries to conceive new ways to deliver health
care. One area in which entrepreneurial ventures seek to
revolutionize today’s health care is workplace health,
providing electronic solutions over the internet. This study
sets out to explore whether and how an eWorkplaceHealth
program can disrupt the market. The findings—although
based on a single case study—suggest that
eWorkplaceHealth is a disruptive business model that may
have already ‘overshot’ the product performance of
traditional workplace health.

Il.  DISRUPTIVE BUSINESS MODELS

Health care has been a prominent example of disruptive
innovation [1]. However, eHealth services are a recent
phenomenon that emerged with the rise of the internet. These
services differentiate themselves from traditional health
services in that they create and capture value in significantly
different ways [2]. Hitherto scholars have examined how
eHealth business models can be modeled and tested a priori
[3], studied the opportunities for developing countries [4] or
investigated how privacy concerns are accounted for [5].
However, to the knowledge of the author, few have
examined the disruptiveness of eHealth services compared to
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traditional ways of workplace health. Thus, in the following |
briefly review the literature on business models and business
model innovation and juxtapose traditional modes of
workplace health with an eWorkplaceHealth service to
determine its disruptiveness.

Literature on business models and business model
innovation is relatively young and emerged in liaison with
the dot.com era in the 1990s [2], [6]. In that period, new
means of communication allowed making available and
transacting information in an unprecedented speed, which
gave rise to new forms of businesses, blurring the boundaries
of industries [7], [8].

Due to its interdisciplinary nature [2], it is difficult to
pinpoint a definition for business models or even what
business models are. In fact, business models neither fit
economic theory, nor organizational theory [2]. Foundations
of the construct can be found in business strategy [9],
building upon frameworks such as the value chain, resource-
based theory, strategic networks, and transaction cost
economics [9]. Due to its nascent state no uniform definition
has emerged [6], [9], [10].

One area of business model research targets ‘e-
commerce’ which is concerned with describing emerging
businesses due the internet. In other words, scholars seek to
understand how emerging telecommunication practices
enable novel ways of creating value. Recent findings
suggests that the internet enabled new sources of value
creation, that is it creates efficiencies, complementarities,
novel approaches and lock-in situations [11]. Using the
business model as an analysis framework allows to clearly
illustrating the transactions, its governance, content and
structure. Thus, business models are a way of describing
emerging phenomenon of e-businesses and their sources of
value.

Recently, scholars found that business model innovation
holds the promise to create a competitive advantage and even
disrupt industries [12]. Johnson et al. [13] point to business
model innovation being a source of competitive advantage
and emphasize its game-changing character. Similarly for
Nidumolu et al. [14] business model innovation refers to
“find[ing] novel ways of delivering and capturing value,
which will change the basis of competition.” Mitchell and
Coles [12] distinguish two types of altering existing business
models: business model improvement (incremental change)
and business model innovation (disruptive change). Four out
of the seven dimensions of a business model—that is the
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who, what, when, why, where, how and how much of
delivering value to customers of the existing business
model—need to change to constitute disruptive change [12].
Incremental change refers to changing less than four
dimensions. | apply this framework to determine whether
workplace health delivered electronically is a disruptive
business model.

I1l.  TRADITIONAL WORKPLACE HEALTH VS.
EWORKPLACEHEALTH

One area in which entrepreneurial ventures seek to
revolutionize today’s health care is workplace health. Many
jobs today require largely monotonous work behind the
computer which is in fact counter the human nature. Typical
workplace related health problems are for instance the
burnout syndrome or back related problems. Particularly the
latter causes significant harm to employees and costs for
employers. Until today, employees would mostly only go to
the doctor or physiotherapist when problems arise, i.e. when
it is too late. In Germany, for instance, more than 23% of all
sick days are due to back related problems. However, simple
interventions at the workplace—such as brief exercises and
minor behavioural changes—can prevent problems, alleviate
existing computer work related problems, and improve the
health and motivation of employees in general. Consequently
also the costs of companies can be reduced. Traditionally
these interventions were provided by physiotherapists that
would come into office places, educate employees about
ergonomics at the workplace and conduct exercises together.
The problem is that this way of intervention is time
intensive, difficult to offer to the entire workforce and also
requires facilities that not all companies might be able to
provide.

Recently, a new way of providing workplace health has
been adopted by companies which has the potential to
disrupt the prevalent practice of companies, i.e. inviting
physiotherapists to their premises [15]. So called
eWorkplaceHealth has been pioneered by a few companies
[16]. New information and communication technologies such
as video over the internet, communities and interaction
enabled companies to design new customized ways of
delivering workplace health. Because these services are
online based, users benefit from personalized programmes
and the flexibility to do exercises whenever it suits them.
Also employers profit because every additional user only
causes marginal additional costs.

Table 1 juxtaposes traditional workplace health services
with eWorkplaceHealth services on the aforementioned
seven dimensions of business models [12]. It shows that all
dimensions are altered by eWorkplaceHealth services.
Instead of selected employees, all employees can be reached.
Whereas physiotherapist would largely focus on exercises or
alleviate pain, eWorplaceHealth besides providing exercises
and (limited) possibilities to heal minor health issues (e.g.
stiff neck) adds an educational component that gradually
creates knowledge and awareness. The why is the only
dimension that is somewhat similar. Both approaches intend
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TABLE I. DISRUPTIVENESS OF EWORKPLACEHEALTH
Business Traditional workplace ~ eWorkplaceHealth
model health
dimensions

Who Selected employees All employees

What Dispersed: various All-inclusive: information,
separated interventions,  exercises, guidance to
e.g. back school, healing
instructions, gym

When Fixed: set times or after ~ Flexible: whenever an
work employee has time

Why To conduct exercises, To build comprehensive
alleviate problems, workplace health
partially build competences, mobilize,
workplace health motivate, support healing
competences and inform

Where Fixed: dedicated places, ~ Anywhere: at the
e.g. community room or  workplace, but also at home
gym or in the hotel

How Personal: delivered by Virtual: delivered by online
an instructor videos, descriptions and

eLearning tools
How much Expensive: per hour rate  Inexpensive: small fee per

employee per month

to build workplace health competences (e.g. how to sit
properly). However, eWorkplaceHealth extends this for
instance to related topics such as concentration, breathing or
behavioural patterns, i.e. is more comprehensive. One of the
significant advantages is that eWorkplaceHealth can be
conducted anywhere and is not fixed to a certain place. This
is due to the fact that it is provided over the internet on any
device (mostly PC, but also tablet PCs or smart phones).
Last, the price point is significantly lower than traditional
approaches as each additional user only causes marginal
COsts.

Consequently, eWorkplaceHealth appears to have the
character of a disruptive business model. In order to
understand whether eWorkplaceHealth can disrupt the
industry, first it needs to be explored whether users perceive
benefits of these services. Therefore | conducted an
explorative case study. In the following sections | describe
the methodology, report the findings and discuss the
implications.

IV. METHOD AND CASE SELECTION

In order to inform the overarching research question:
Whether and how can eWorkplaceHealth services disrupt the
industry of traditional workplace health? | conducted a
single explorative case study to evaluate how users perceive
the benefits of these services. Single case studies suffer from
low external validity [17]. However, they may enable
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multiple levels of analysis [18]. This study intends to explore
the phenomenon and is intended to be extended
subsequently. In order to gain insights in the application at
one organization, | selected a government agency that
implemented an eWorkplaceHealth service.

The case organization that implemented the
eWorkplaceHealth program named OfficePhysio is a state
agency in Hannover, Germany. This agency provides already
different traditional workplace health services such as that
they have a group that regularly does exercises together and
they conduct breaks during the work time in which interested
employees actively relax. In order to verify whether the
organization would introduce OfficePhysio for all employees
as an alternative to traditional means, it conducted a test for a
period of four weeks with a small group. A questionnaire to
inquire the effectiveness was circulated afterward. The data
of this test period was available for this research. The
organization has about 300 employees. The test was
conducted by 20 employees. Twelve users filled out the
questionnaire.

OfficePhysio (see screenshots in Fig. 1 in the
appendix) is developed—based on medical studies and in
collaboration with certified experts—as an
eWorkplaceHealth service which provides different modules,
that is an eLearning module which gradually educates users
about all workplace related health issues and its solutions, an
eMoving module which provides video tutorials for exercises
that targeted different problem areas, such as shoulder-neck,
lower back, but also eyes, and RSI (so called mouse arm). In
addition, an eHealing module provides practices via online
tutorials to treat minor health problems such as a stiff neck.
Different customized emails remind users about doing their
exercises, inform users with workplace related health
knowledge and give small tasks that users can do as
*homework’. It takes five to ten minutes a day to conduct an
exercise and read the information.

V. FINDINGS

In the following I present the results as they have emerged
from the data (see Table 2). First, 75% of the sample had
workplace health related problems. The most reported
problems were shoulder-neck problems, followed by eye
fatigue. Some also just mentioned general back problems.
The users tested the program for four weeks and 92% were
very positive about the usability. Just 8% regarded the
program as ok, none as mediocre. Interestingly all of the
participants found the program motivating. Yet, despite the
program being motivating, only 25% managed to do their
exercises when they were reminded by email. However, the
strength of the programme is that the reminder email remains
in the inbox and can be deleted once the user has done the
respective task or exercises—which also underlines the
flexibility the programme provides, because in daily working
life often unexpected tasks need to be done which are of
higher priority.

! The author of this paper is affiliated to OfficePhysio as a co-initiator.
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TABLE II. RESULTS OF THE QUESTIONNAIRE

Question Result

Did you have workplace Yes: 75% No: 25%

health related problems?

Usability of the programme Good: 92% Ok: 8% Mediocre: 0%

Is the programme Yes: 100% No: 0%

motivating?

Do you conduct your Y
exercises when you receive
your reminder email?

(]

s: 25% Partially: 17% No: 58%

Were you disturbed by your Yes: 33% No: 58% N/A: 8%

colleagues?

Would you permanently use Yes: 67% No: 33%

the programme?

Were your workplace related  Yes: 50% No: 25% N/A: 25%

health problems alleviated?

Would you recommend the Yes: 92% No: 8%

programme?

Another challenge of these programs is that for some
modules, such as exercises at the workplace, users might be
embarrassed. However, only 33% felt disturbed by their
colleagues. Moreover, 67% answered that they would
permanently use the eWorkplaceHealth program. With
regard to the (subjective) health results, 50% said that their
problems were alleviated and only 25% felt no difference.
Finally, 92% would recommend the program to others.

Furthermore, an analysis of the individual respondent
results reveals that two of the respondents that had not
problems would not continue to wuse the program
permanently. Despite the small number it might be an
indication that prevention is not as popular and that only if
problems are present, users are willing to engage which is in
line with previous research [16]. What is more, those that
had no back problems were also less motivated to conduct
the exercises in a timely manner. Last, all of those that had
problems would recommend the eWorkplaceHealth program
to others.

Open questions with regard to how such a program could
be improved showed that some users would like to have
more variety of exercises (the program provides 65 video
tutorials). Moreover, some respondents would like get the
same video tutorials as their colleagues in the same room so
that they can conduct the exercises together in a team which
might be a solution to the fact that users might feel disturbed
or embarrassed by other colleagues. 50% of the respondents
that felt disturbed/embarrassed requested to have the same
exercises at the same time. One respondent suggested
improving the written instructions (the video tutorials are
without sound to avoid disturbing other colleagues).

In summary, the findings indicate that users are very
positive about the eWorkplaceHealth program. Most that had
problems felt better after the test period. What is more all
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respondents felt motivated which is in line with results of
studies on web-based dietary that showed that the retention
was significantly higher than for instance paper based
interventions [19]. Also, almost all would recommend the
program. Challenges prevail with regard to being
embarrassed in front of colleagues.

VI.  DISCUSSION AND CONCLUSION

This paper set out to understand whether and how
eWorkplaceHealth services can disrupt traditional businesses
of providing workplace health. This study conceptually
developed that eWorkplaceHealth programmes create new
efficiencies and enable new approaches to providing health
services [20]. Because eWorkplaceHealth programmes reach
all employees and seem to be effective and motivating, they
can have a game changing character for the industry [13].
Due to its novel approaches on all dimensions compared to
the traditional business model it can possibly disrupt the
industry [12].

Interestingly, our study suggests that
eWorkplaceHealth—due to its flexibility, low price point but
most importantly comprehensiveness and effectiveness—
appears to be superior to traditional practices on most
dimensions. In that sense eWorkplaceHealth appears to
‘overshoot’ the product performance of traditional practices
soon or even immediately (see Figure 1 below). This
suggests that some disruptive innovation could overshoot the
market right away, a phenomenon that needs further research
but could tentatively be called ‘born overshooter’—similar to
born globals in the international business literature. These
findings are in contrast to findings in health education that
suggest that video or eLearning services are inferior [21].
However, although eWorkplaceHealth has an educational
element, it has different requirements and different targets.

Despite the limitation of the small sample size and single
case study, this exploratory study indicates that
eWorkplaceHealth is accepted by wusers, improved
(perceived) health conditions and was motivating. Thus, the
conceptual and empirical results on eWorkplaceHealth
illustrate that these programmes could disrupt the industry.
What would accelerate the process would be more variety in
the video tutorials and simultaneous exercises in offices—yet
this needs to be validated in further research. Thus,
eWorkplaceHealth may have the potential to disrupt the
industry of traditional workplace health. Furthermore,
eWorkplaceHealth programs can be a means of large
organizations to provide workplace health support to all their
employees. In order to avoid the innovator’s dilemma [15],
traditional workplace health provider could adopt a strategy
in which they offer eWorkplaceHealth as a complementary
service.
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Figure 1. Screenshots of the eWorkplaceHealth program OfficePhysio (Top left:

startpage; top right: health information email; bottom left: dashboard

including customization; bottom right: video exercise)
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Abstract—Legal and ethical aspects need to be taken into
consideration during the development of an e-Health system,
especially if this system monitors and assists elderly people.
Furthermore, privacy and psychological aspects as well as the
end user requirements are essential, since developing Ambient
Assisted Living technology without integrating the end user
results in products or functions which are not desired by the
end user. Not considering the end user requirements (e.g.,
privacy concerns, desired functions) leads to the issue of less
acceptance for new technology, since no benefit for the end
user can be provided. In order to respect the end user’s needs
from the very beginning of a project, the integration of the
end user throughout the whole project is seen as a key factor.
This includes the analysis of the user requirements and regular
feedback loops during the project. An example of the user
centered design during the development of an e-Health system
within the AAL-JP project fearless is presented in this paper.

Keywords-end user integration; ambient assisted living; fall
detection;

I. INTRODUCTION

Fear of falling is a common problem for elderly and
lead to reduced activities, even if the elderly did not fall
[1]. Furthermore, falls are considered to be a great risk for
elderly since the mortality of fallers is higher compared to
other elderly and elderly may lie on the floor for hours [2].

This motivates the introduction of an event detection
system which is able to detect falls automatically. The aim
of the AAL project fearless' ("Fear Elimination As Reso-
lution of Elderly’s Substantial Sorrows”) is the reduction of
elderly’s fears by providing alarms if unusual events (e.g.,
falls or fire) are detected. An all-in-one e-Health system
is developed, focusing on fall detection at the beginning
but offering a high degree of adaptability and standardized
interfaces to be able to integrate other systems (e.g., alarm
systems) at a later stage.

A main problem when developing AAL technologies is
the proper integration of end user during the development
process and the evaluation of the system. Despite this fact,
developed approaches are tested under laboratory settings
only (e.g., [3]-[7]), thus yielding in promising results. But
to verify these results, field tests with elderly have to be

I'This work is supported by the European Union under grant AAL 2010-
3-020.
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conducted and their feedback need to be integrated into the
development process. The contribution of this paper is to
present a user centered development of an e-Health system
and the end user integration strategy evolved in the fearless
project.

The rest of this document is structured as follows: Section
2 gives an overview of the technical system methodology,
whereas Section 3 discusses the user centered design pro-
cess. Finally, a conclusion is drawn in Section 4.

II. METHODOLOGY

The structure of the fearless system is depicted in Fig-
ure 1, showing all relevant interfaces and involved end
user. The proposed e-Health system consists of sensor units
(Xtion Pro + small PC for data processing) installed at
the elderly’s house or flat. The system is adaptable, hence
standardized interfaces to third parties are provided (e.g.,
alarm system, gas detector). Unusual events (e.g., falls) are
detected automatically and alarms are sent to the telematics
platform. This platform enables elderly, relatives and care
taker to access the alarm events. Furthermore, the telematics
platform offers interfaces to different standardized electronic
health record systems (e.g., ELGA in Austria) to include
health professionals.

Autonomous sensors detecting falls automatically are
needed, since it is important to reduce the cognitive load
on the user, especially when dealing with dementia [8]. The
use of computer vision is feasible, since it can overcome the
limitations of other sensor types [9] and no devices need to
be worn. Zweng et al. [7] show that the accuracy of their fall
detection approach is higher compared to 2D cameras when
using a calibrated camera setup and a 3D reconstruction of a
person. Hence, we propose to use a Kinect / Xtion pro, since
3D information is available for distances up to ten meters
without the need for a calibrated camera setup. However,
the SDK is optimized for a range from 0.8 to 3.5 meters
and thus not all features provided by the SDK can be used
for higher distances (e.g., NITE). Moreover, the scene can
be analyzed in more detail (e.g., estimation of the ground
plane) in comparison to standard cameras.

However, the use of computer vision raise privacy issues.
Due to this facts, the Kinect respectively the Xtion Pro
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Figure 1. fearless e-Health system

sensor is used, since depth data can be used to detect falls
(e.g., [4], [5]. Using depth data respects the privacy of
elderly, since neither the person nor the surrounding can be
identified from depth images. A depth image only visualizes
the position and the distance to the sensor. Figure 2 (left)
shows an example of a depth image illustrating a person,
tables and a mat lying on the floor. This visualization
illustrates the distances of subjects and objects to the sensor.
The brighter the color in the depth image, the more far away
the person or object is. On the other hand, the darker the
object is, the closer to the sensor it is. Furthermore, black
indicates that there is no data available (e.g., due to sunlight
or reflections). In contrast, the corresponding RGB image is
shown in Figure 2 (right), representing the same scene.
The workflow of our approach is depicted in Figure 3:
starting with a depth image, the skeleton and ground plane
data is extracted by the use of OpenNI [10]. The skeleton
joints of the shoulder, spine and the center of the hip are
extracted and analyzed using fuzzy logic. Based on the
results of the fuzzy logic, a decision is made if the person
is in an upright position or lying on the floor. Since only
the skeleton joints are used, the privacy of the elderly is
respected due to the use of an anonymous and abstract
visualization only using lines and dots. An example of this

Figure 2. Depth image (left) and corresponding RGB image (right)
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Figure 3. Technical Workflow

visualization is shown in Figure 4: the dots are representing
the upper part of the body, whereas the line represents the
major body orientation and the ground floor. In case of an
alarm, the alarm including this abstract visualization is sent
to the telematics platform, depicted in Figure 1. Moreover,
the alarm is stored and forwarded to the appropriate care
taker organization or relative by using this platform.

To be able to meet the required end user demands, the
following criteria need to be fulfilled:

« False Alarm Rate: false alarms (false positives, FP)
are events, where the system reports a fall, although the
person does not fall. Since each fall event is monitored
by a care giver organization or a relative, FP result in
time and cost consuming actions. On the other hand,
false negatives (FN) are events, where the person falls
down but the system does not detect the event. The
drawback of FN is that the system misses the fall and
thus no help can be provided. In summary, the number
of FP and FN need to stay below a threshold (e.g.,
the number of FP and FN when using a panic button),
otherwise the system will not be successful. To reduce
the number of FP and FN, the verification of an alarm
by a call center agent or relative, before taking counter-
measures, is proposed by sending additional verification
illustrations. These illustrations, depicted in Figure 4,
show abstract visualizations of a person representing
the upper body of the person by three dots (shoulder,
spine, hip) and a line as well as the position of this
person with respect to the ground floor. Due to this
representation, the illustration is even more anonymized
than when using depth images, although the relevant
information (person is in an upright position vs. person
is lying on the floor) is still obtained.

e Security and Privacy: Ensuring high security and
privacy standards are essential for a successful e-Health
system. Hence, only abstract and anonymized illustra-
tions are accessible, shown in Figure 4. Furthermore,
all connections of the fearless system are encrypted
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Figure 4. Verification image of a person (a) being in an upright position
(left) and (b) lying on the floor (right). The upper body of a person is
represented by only three dotes and one line.

using the AES-256 encryption standard. To ensure
privacy by design, it is not possible to view a camera
picture, since no (RGB) camera is used. Moreover, the
system does not look like a standard camera and thus
no stigmatization takes place since the sensor can be
integrated into the flat or house.

o Affordability: Technology for elderly need to be af-
fordable, hence the system is built of low-cost standard
components to ensure to meet the end user require-
ments. Similar to the panic button, elderly will be able
to rent the system and thus covering the hardware as
well as personal costs.

o Adaptability: To be able to provide an all-in-one so-
lution, interfaces to other systems (e.g., alarm systems,
smoke detectors) are provided. Hence, the system can
be personalized according to the end user’s needs and
a single safety and security system can be provided.

o Control belief: This end user requirement is fulfilled
by providing access to all information gathered by the
system via the use of the telematics platform. This plat-
form acts as central point of information and all alarms
are sent to this platform. Elderly, their relatives and care
taker organizations have access to this platform. This
solution fulfills the requirement of empowering elderly
to have control over their data, although conflicts arise
since elderly perceive the use of the Internet as costly
and difficult [11].

III. END USER CENTERED DESIGN

The fearless consortium brings together ten interdisci-
plinary partners from Austria, Germany, Spain and Italy. To
be able to integrate end user, two caregiver organizations are
responsible for the recruitment of the test persons. Technical
partners are responsible for developing fall and fire detection
algorithms, but also for providing the telematics platform.
Since the aim of the fearless project is the reduction of the
fears for elderly living in their own homes, the impact of
this assistive technology and its relation to fears is analyzed
by psychologists. Business experts are responsible that the
research within this project results in a technology which is
affordable for elderly, whereas medical experts monitor the
health status of the elderly throughout the project.
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Figure 5. End user are integrated throughout the whole project duration

Figure 5 illustrates the integration of the end user within
the fearless project: at the beginning of the project, a user
need analysis is conducted to assess the needs and fears
of end users are by theoretical derivations from existing
psychological models and theories and semi-structured in-
terviews. According to the user requirements, an initially
defined system specification is continuously evaluated by
end users and redefined through regular feedback loops.
Field pilots in combination with semi-structured interviews
are conducted to ensure that the system is developed accord-
ing to the end user needs. Since end user provide regular
feedback, the technical specification of the fearless system
is adapted throughout the project.

During the field pilots the fearless system is installed in
elderly’s flats in Austria, Germany, Italy and Spain. The field
pilots consist of two different phases: during phase one, the
first prototype of the fall detection system is installed in
four flats (one flat in each country) to obtain first results of
the system. Due to these results the prototype is enhanced
before phase two with 30-40 installations will be conducted.
The aim of the field pilots is not only to test the fall
detection system itself, but also to assess technological and
psychological aspects (e.g., enhanced mobility) as well as
integrating care taker organizations and relatives throughout
the project. The mobility aspect is evaluated during the
field pilots by the use of step counter: if elderly have less
fears, they do not avoid activities and are thus more mobile.
Furthermore, also the ethical comissions are involved during
the field pilots to verify the feasability of the fearless system
from a legal and ethical point of view.

The project benefits from the different interdisciplinary
perspectives, from which the results of the field pilots are
analyzed. From a technical point of view, the fall detection
algorithm [5] is tested under real settings and is adapted to
the end user’s needs while overcoming the lack of realism
when performing falls in the laboratory. Furthermore, the
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overall system including its interfaces as well as the feasibil-
ity of the system setup is evaluated. From an organizational
point of view, end user organizations are able to integrate the
system into their workflow and provide feedback to adapt
the system to their needs. Elderly are involved to provide
essential feedback to the technical partners. Additionally, we
assume to reduce their fears by providing safety while using
our system. Since the field pilots are conducted with medical
and psychological support, changes and benefits for elderly
can be determined and these assumptions can be verified.

In summary, the following end user are involved during

the project:

« Elderly and relatives are involved during the end user
requirement analysis and during the field pilots. Elderly
install the system in their flats during the field pilots,
whereas their relatives can receive the alarms if unusual
events are detected.

o Care taker are involved during the end user require-
ment analysis and are fully integrated during the field
pilots. Hence, the care taker’s call center is integrated
and alarms are forwarded to the appropriate call center.
Thus allows to verify the feasibility of the overall
workflow in case of an alarm.

o Health professionals provide medical guidance and
assistance throughout the project.

o Electricians are involved during dissemination activ-
ities since elderly contact their already well-known
electricians around their corner and thus electricians
need to be aware of new technologies such as e-Health
systems.

IV. CONCLUSION AND FUTURE WORK

This paper presented an overview of the user centered
development of an e-Health system and the end user inte-
gration within the fearless project. Since AAL technologies
are tested under laboratory settings, tests with elderly are
missing. Hence we focus on field pilots and regular end
user feedback loops. To enhance the acceptance of such
technologies, end user need to be integrated even during
early project phases. The integration should not only focus
on primary end user (elderly), but also on secondary end user
(e.g., caregiver organizations, relatives) since these people
are also confronted with the use of AAL technologies. In
order to achieve this, all relevant stakeholders are included
and the end user feedback is received from all stakeholders,
establishing an interdisciplinary view. Due to the feedback,
adaptions and improvements of the system are developed
(e.g., integration of a power switch to ensure the end user’s
control belief).

Future work deals with the improvement of the system
according to the end users feedback gathered during the
field pilots. The improvement of the system includes further
technical devlopement and the development of additional
features, but also design issues might be adressed by the
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end users. Furthermore, the workflow for the end user
integration (i.e., relatives and call center) will be analyzed
and optimized as well as the feasibility of the verification
images to distinguish between true and false positives.
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Abstract—As healthcare enterprises move towards a
sustainable healthcare delivery model, an ehealthcare strategy
is being adopted. In this study, the critical success factors for
an cehealthcare strategy were identified. Their relative
importance was determined based on increasing access to
healthcare and reducing its cost. To succeed in ehealthcare
initiatives the necessary factors are appropriate government
policies, literacy levels, and telecommunications and power
infrastructure. The focus should not be on technology; instead,
factors such as healthcare provider and consumer mindsets
should be addressed to increase the acceptance of ehealthcare
services.
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l. INTRODUCTION

In the developing world, ehealthcare is often proposed as
a solution to certain healthcare problems — accessing the
rural population and trying to bridge the huge gap between
the demand and supply of healthcare services. In the Indian
context it is important to understand the healthcare and
demographic scenario. There are huge differences between
urban and rural India in terms of quality of available
healthcare. Approximately 70% of the Indian population
lives in rural areas whereas approximately 90% of the
secondary and tertiary healthcare services are located in
urban areas. The primary healthcare facilities in rural areas
are also inadequate.

Ehealthcare exists as fragmented efforts by various
Ministries of the Government of India (GOI) and a few
corporate hospitals to address the challenge of providing
healthcare to over 1 billion people. The Department of
Information Technology (DIT), Ministry of Communication
and IT (MCIT), GOl has setup about 75 nodes in
collaboration with various State Governments for
applications such as tropical diseases, cancer care and
consulting specialists from remote areas. Another DIT
project is the setting up of Common Service Centers (CSC) —
about 100,000 nodes, in rural areas. These are envisaged as
serving as a front-end for government services of which
ehealthcare is one of the services to be provided [9][10]. The
Indian Space Research Organization (ISRO) has an
ehealthcare network consisting of 225 hospitals — 185 in
rural areas connected to 40 super specialty hospitals. The
Village Resource Center (VRC) is a project of ISRO along
the lines of the CSCs to provide services including
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ehealthcare services. The Ministry of Health and Family
Welfare (MoH&FW), GOl implemented an Integrated
Disease Surveillance Program that connects district hospitals
with medical colleges of that state. Tele-opthalmology
projects and a national cancer network are additional projects
that have been funded [9][10].

Policy initiatives by different ministries of the GOI
include those by the DIT of the MCIT: standardization of
ehealthcare systems, hardware, software, security and
privacy issues to enable planning and implementation of
ehealthcare networks. A project called the “The Framework
for Information Technology Infrastructure for Health
(ITTH)” to address the information needs of wvarious
stakeholders has been undertaken. A National Task Force on
Telemedicine was set up in 2005 by the Ministry of Health
and Family Welfare (MOH&FW), GOI and a part of their
mandate is to evaluate all players and projects in ehealthcare
in India, define standards of electronic medical records, work
on different modes of ehealthcare networks in the country
and develop a national policy for ehealthcare for the 11th
Five Year Plan [9][10].

A review of literature showed that improvements in
healthcare delivery are achieved by ehealthcare in terms of
improved access and quality, and reduced costs [2][3]. The
challenges to the advancement of ehealth that remain are
issues relating to confidentiality, reimbursement, and legal
and ethical considerations.

When considering costs the literature shows that health
outcomes improved at lower costs with ehealth as compared
to traditional home visits by healthcare professionals [4][5].
Though there are initial set up costs, studies indicate overall
lower costs due to better triage as a result of ehealthcare,
reduced length of hospital stay, and reduced travel costs
[6]1[7]. Costs, however, are incurred by the healthcare
provider whereas savings benefit the payer, so these savings
need to be realized by both [8].

With limited resources it is important to ensure the
success of new and sustainable ways of healthcare delivery
[1]. There exist frameworks for the introduction of ehealth
technologies based on standard models for technology
development and introduction [19]. Factors that would
ensure the success of technology innovation and diffusion
have, however, not been studied in detail, and neither has
their importance been ranked [18].

Based on a literature survey, we identified ten critical
success factors (CSF) that influence the efficiency of
ehealthcare in terms of their impact on increasing access and
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reducing the cost of healthcare delivery. The relative
importance of these factors was determined as well as the
relationships among them.

In the following sections, the critical success factors are
identified and ranked in their order of importance. No
evaluation has, however, been done in terms of cost-benefit
analysis of ehealthcare or its impact on public health.

Il. METHODS

A search of peer-reviewed literature databases such as
MEDLINE, PUBMed, academic journals, conference
proceedings, and Google Scholar was done. Websites of the
World Health Organization (WHO) [21] and GOI [22] were
also searched. Search terms such as “chealth”,
“chealthcare”, “telemedicine” and synonyms were used.
Abstracts of articles were used to identify relevant articles.
The ‘snowball’ method [23] was used to further identify
articles from the reference lists of these articles. Ten CSF for
ehealthcare were identified:

A. Critical Success Factors

The ten CSF and their relevance to ehealthcare are listed

below.

o Data warehousing and data mining - appropriate data
warehousing and data mining techniques are
important, as online patient record storage and
retrieval of relevant data for medical decision
making is an indispensable component of any
ehealthcare paradigm [9]. Health information needs
to be integrated with technology, which has been
done in the West but not in India.

o Expert systems - decision support systems for
diagnoses as well as for demographic analysis for
public health programs are extensively applied in the
delivery of ehealthcare [9].

e Data access control - the healthcare sector in the
West has stringent requirements for data security and
controlling access to confidential patient data. In the
United States the Health Insurance Portability and
Accountability Act (HIPAA) was passed for
improved patient privacy and data security.
Interoperability standards need to be in place along
with data security [2]. In India, however, laws and
standards for protecting a patient’s electronic
healthcare record are still in their infancy.

e Biomedical engineering technology - appropriate
biomedical engineering technology is necessary to
support ehealthcare applications. Technical support
is necessary throughout installation and needs to be
ongoing for all stakeholders along with user-friendly
technology. Quality of service needs to be ensured,
e.g., low down-time. Diffusion of ehealthcare
technology needs initial champions as in the
introduction of any other technology [2][11]. A
study on the intention to use wireless technology for
healthcare in India showed that technology factors
are important along with financially viability [9][12].
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Telecommunications and power infrastructure -
reliable networks will be of prime importance as
ehealthcare activities increase [11]. This is very
important in India where uninterrupted power supply
is yet to be realized in most parts of the country. This
will need to be coupled with a high-bandwidth, zero-
downtime telecommunications network to support
ehealthcare delivery. A study on the intention to use
wireless technology for healthcare in India showed
that communications factors are important [9][12].
Government policies - international studies have
shown that policy and legislation are important for
ehealthcare success [2]. Indian studies also show that
licensing, ethical, and legal issues need to be
addressed to promote integration of IT tools to
facilitate ehealthcare [9][10]. Government policies
concerning healthcare, education, infrastructure,
technology, insurance, and legal issues all have a
bearing on the success of ehealthcare in India.
Healthcare insurance - financing is an important
factor as insurance companies need to have tariffs in
place for this new mode of healthcare delivery [2].
Health insurance is another sector where the entry of
third party administrators and private players is set to
change the way healthcare coverage is provided in
India.

Literacy levels - a literate population with a
minimum level of computer awareness is essential
for the success of ehealthcare. Technology is useless
when faced with ignorance and an inability to use it
appropriately and effectively. As of figures reported
in 2008 only 65.38% of India’s population is literate
with only 2% being well-versed in English [9].
Consumer mindset - a literature review on the effect
of ehealthcare on doctor-patient communication
showed that ehealthcare was favored in
approximately 80% of the studies [13]. In India
some studies show an acceptance of technology as a
result of reduction in travel costs and time, whereas
other studies report a lack of confidence on the part
of patients in ehealthcare [9].

Healthcare provider mindset - user acceptance is a
very important factor and the involvement of
healthcare professionals is essential from the design
phase itself [2][14]. Ehealthcare facilities need to be
available in the doctors’ offices, training needs to be
provided as well as monetary compensation for
providing ehealthcare services for user acceptance
[11][15]. Possible reasons for physicians being
reluctant include being too busy, a perceived loss of
control, a lack of conviction in its potential, and not
being conversant with ehealthcare [7][9]. An Indian
study showed that ehealthcare’s clinical usefulness
influenced its adoption along with the administrative
factors involved [12]. To be able to fully utilize the
potential of ehealthcare, healthcare providers will
have to be responsive and committed to ehealthcare

[2][11].
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As various studies have shown training and
organizational support is essential for adoption along
with a change agent who is in a position to affect strategy
and decision making [16]. Ehealthcare needs to fit into
existing work protocols and not function as an add-on.
Effective change management will be necessary to
overcome resistance to adapting to new ways of
delivering healthcare.

The above 10 critical success factors were assessed
in terms of their impact on increasing access to and
reducing the cost of healthcare delivery.

B. Analytic Hierarchy Process

Analytic Hierarchy Process (AHP) was used to determine
the relative importance of the CSF that influences the
efficiency of ehealthcare [17]. AHP is a multi-criteria
decision making technique that allows relative ranking of
both qualitative as well as quantitative information. The
information is separated into a hierarchy of alternatives and
criteria. The alternatives, i.e., independent variables, are the
ten success factors. The objective, i.e., dependent variable,
is efficiency of ehealthcare. The criteria, i.e., mediating
variables, against which the alternatives are ranked are
increasing access to healthcare services and reducing cost
associated with healthcare delivery. Based on this objective,
two criteria and ten alternatives, a vector ranking the ten
CSF was obtained from a group AHP performed on the
inputs provided by individual healthcare providers. A
Microsoft Excel spreadsheet was programmed to compute
the group AHP rank vector. The ranking in this vector
denotes the perceived importance of the CSF.

C. Interpretive Structural Modeling

Interpretive Structural Modeling (ISM) was used to
determine the relationships between the CSF that influence
efficiency of ehealthcare and establish the strategic drivers
necessary for success (Sage, 1977) [20]. The ten CSF were
assessed with respect to each factor having an impact on
another factor. These CSF were used to develop a group
ISM based on the inputs provided by the same individual
respondents. To develop a group ISM, the majority answer
was taken for each question from the individual answers
provided by the respondents. ISM software was used to
perform the ISM calculations. The ISM directed graph, or
digraph, shows whether a factor has an impact on another
factor and determines the strategic drivers.

D. Data Collection

An exploratory study was carried out with data gathered
using a survey instrument tailored for AHP and ISM and
consisting of two sets of questionnaires. The questionnaires
were administered to a convenience sample of thirty-one
healthcare providers, out of which eighteen responded.
These respondents were from the National Capital Territory
of Delhi. Eleven of these respondents were doctors from a
large government teaching hospital, four were doctors in
private practice, one was an ehealthcare manager for a large
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private chain of hospitals, and two responses were obtained
from academics specializing in information technology and
healthcare management.

I1l.  RESULTS AND DISCUSSION

The results from both AHP and ISM are presented in the
following sections:

A. AHP

An AHP computation was performed on the collective
set of inputs obtained from all the respondents. The results,
in terms of ranking of the criteria and the CSF, with their
relative weights indicating decreasing importance, are given
in Tables I, Il and I11.

Healthcare providers, as a group, perceived increasing
access to be more important than reducing cost for
increasing the efficiency of ehealthcare as shown in Table I.
Keeping in mind the large population of India that is
currently under-served in terms of basic healthcare services,
any initiative that attempts to provide healthcare services
should increase access to the services.

Table 11 shows the ranks of the CSF with respect to the
two performance assessment criteria — increasing access and
reducing cost. Healthcare providers rank literacy levels as
the most important factor influencing access. Consumer and
healthcare provider mindsets along with telecom and power
infrastructure follow in close succession as to their
importance in increasing access. Without a literate
population it is not possible to fully utilize ehealthcare
services. The mindsets of people as well as the basic
infrastructure issues are important for accessing a larger
number of people.

With respect to reducing cost, literacy levels are once
again considered the most important factor, with telecom
and power infrastructure a close second, and government
policies in third place. For ehealthcare to service the country
a literate population is desirable. When dealing with an
illiterate population greater costs are incurred and this is
reflected in ranking literacy levels as the number one factor
affecting the cost of ehealthcare. The infrastructure costs
also have a bearing on ehealthcare costs and hence they are
in second place. Government policies, in third place, also
have an impact on the cost of ehealthcare.

In the combined ranking shown in Table IllI, literacy
levels are considered the most important factor influencing
the efficiency of ehealthcare. The telecom and power
infrastructure is ranked second with consumer and
healthcare provider mindsets a close third and fourth. A
literate population is a prerequisite for effective ehealthcare
delivery both in terms of increasing access and reducing
cost. Without telecom and power any ehealthcare initiative
will not function properly. The mindsets of both the
healthcare providers and consumers are also important for
ehealthcare to gain acceptance as a means of giving and
receiving healthcare services. The technology aspects of the
business such as appropriate IT and biomedical engineering
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technology are ranked the lowest in their impact on
ehealthcare.

TABLE I. AHP RANKS OF CRITERIA
Criteria Rel_atlve
weights
Increasing access 0.5778
Reducing cost 0.4222

TABLE Il AHP RANKS WITH RESPECT TO CRITERIA
CSF with respect to | Relative | CSF with respectto | Relative
increasing access weights reducing cost weights
Literacy levels 0.1951 Literacy levels 0.1644
Consumer mindset 0.1298 Telecom /'power 0.1537
infrastructure
Ht_ealthcare provider 0.1274 Government policies 0.1337
mindset
Telecom / power .
infrastructure 0.1262 Consumer mindset 0.1070
Government policies 0.1042 Hf_aalthcare provider 0.1055
mindset
Expert systems 0.0703 Healthcare insurance 0.0887
Data access control 0.0665 Data vv_ar_ehousmg / 0.0877
data mining
Healthcare insurance 0.0644 Expert systems 0.0679
Data warehousing / Biomedical
data minin 9 0.0632 engineering 0.0536
g technology
Biomedical
engineering 0.0531 Data access control 0.0378
technology
TABLE IlI. COMBINED AHP RANKS
Relative
CSF weights
Literacy levels 0.1821
Telecom / power infrastructure 0.1378
Consumer mindset 0.1201
Healthcare provider mindset 0.1181
Government policies 0.1167
Healthcare insurance 0.0747
Data warehousing / data mining 0.0736
Expert systems 0.0693
Data access control 0.0544
Biomedical engineering technology 0.0533

B. ISM

A group ISM was developed from the inputs obtained
from all the respondents and is shown in Fig. 1. Government
policies are the most important strategic driver having an
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impact on the other factors as can be seen in Fig. 1.
Relevant government policies need to be in place to
accelerate the pace of infrastructure development in the
country without which ehealthcare cannot hope to achieve
any measure of success. Government policies also have a
direct impact on the literacy levels in the country that will,
in turn, drive changing consumer mindsets.

The telecom and power infrastructure in the country is
the second most important strategic driver for ehealthcare
initiatives. With an adequate infrastructure in place the
healthcare provider mindset will be influenced positively in
favor of ehealthcare as a successful delivery mechanism.
The information and biomedical engineering technologies
are not as critical in ehealthcare delivery.

The results from both tools show that non-technology
issues such as government policies, telecom and power
infrastructure, and literacy levels in the country are more
important than technology issues.

IV. CONCLUSION

We sought to evaluate the ten CSF that influence the
efficiency of ehealthcare delivery. AHP was used to rank the
CSF and ISM to determine the strategic drivers. Increasing
access and reducing cost were the criteria used. To succeed
in ehealthcare initiatives the CSF that need to be in place are
appropriate government policies, literacy levels, and
telecommunications and power infrastructure in the country.
The focus should not be on the IT tools and biomedical
engineering technology as is most often the case. Instead the
non-technology factors such as healthcare provider and
consumer mindsets should be addressed to increase
acceptance of, and enhance the efficiency of, ehealthcare
services.
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Abstract—eHealth applications hold many promises, for
instance to improve the quality of health care, to increase its
accessibility, or to reduce the cost. Yet, many eHealth
innovations never reach the stage where they get embedded
into routine health care. This is due in part to a lack of
evidence that these innovations indeed deliver what they
promise. For small and medium-sized enterprises (SMEs) in
particular, collecting convincing evidence for eHealth
innovations proves to be a challenge as the available time,
resources and expertise to do so are often limited. In response
to this challenge, the research group ICT Innovation in Health
Care initiated the project Successful Entrepreneurship in
eHealth. The project is a cooperation between 24 parties in The
Netherlands: eHealth SMEs, health care providers, patient
organizations, health insurance companies, and national health
care authorities. Its aim is to speed up eHealth innovation by
providing eHealth SMEs with guidelines for collecting feasible
yet convincing evidence. In this paper the project’s approach is
introduced and some preliminary results and lessons learnt are
discussed.

Keywords: eHealth; innovation; evidence; guidelines; SME

l. INTRODUCTION

Getting an eHealth innovation embedded into routine
health care often turns out to be a challenge. Several causes
can be identified, including a narrow focus on technological
aspects of the innovation, too little involvement from key
stakeholders during design and implementation, or lack of a
good underlying business model [1]. The research group ICT
Innovation in Health Care at Windesheim University of
Applied Sciences (Zwolle, The Netherlands) has dedicated
itself to study these issues and to support small and medium-
sized enterprises (SMEs; in The Netherlands defined as
companies with up to 250 employees) in overcoming them.
For instance, the research group recently published the first
version of the eHealth Innovation Matrix [2]; an online
assessment and library that offers eHealth SMEs (i.e., SMEs
offering eHealth products and services to health care
providers and the public) guidance in developing and
evaluating a business model for their eHealth innovations.

A. Collecting evidence for eHealth innovations

In a recent series of workshops organized for eHealth
SMEs and health care parties, an inventory was made of the
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problems encountered when getting eHealth innovations
embedded in routine health care. Among the list of problems,
collecting evidence for an innovation came out first. To get
their innovation accepted by patients and care providers,
reimbursed by health insurance companies, endorsed by
patient organizations, or approved by national health care
authorities, innovators often need to show evidence for the
innovation’s effectiveness, for instance to increase treatment
quality or reduce the cost of delivering health care.

For a typical eHealth SME it is often unclear what kind
of evidence is expected and by whom, and according to
which standards this evidence should be collected. In other
cases, the standard may be clear (e.g.,, a randomized
controlled trial) yet practically unfeasible for an SME due to
a lack of available time, (financial) resources, or expertise.
To complicate matters further, care providers, insurance
companies and care authorities offer no clear guidelines for
eHealth innovators. They recognize that this discourages
eHealth adoption and that it impedes innovation within the
Dutch care system [3].

B. Towards feasible yet convincing evidence

At the beginning of 2012 the project Successful
Entrepreneurship in eHealth (SEE) was initiated by the
research group to address these challenges. The project
constitutes a cooperation between 24 eHealth SMEs, health
care providers, patient organizations, health insurance
companies, and national health care authorities in The
Netherlands. The project’s aim is to establish guidelines for
collecting evidence in such a way that (i) it is practically
feasible for eHealth SME’s to do so and (ii) the resulting
evidence is acceptable and potentially convincing for care
providers, health insurers, or care authorities. Hence the
project’s motto: towards feasible yet convincing evidence.

To achieve its aim, the project will address the following
research questions:

1. What kinds of evidence for eHealth innovations are
generally recognized? Are there any commonly
accepted evaluation frameworks?

2. What are relevant outcome indicators and methods
to collect specific kinds of evidence? How do these
compare in terms of methodological quality and
practical feasibility?
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3. Which parties in the Dutch care system (patients,
care providers, health insurance companies, national
care authorities, others) will need to be convinced of
the effectiveness of an eHealth innovation before it
can be embedded into routine practice?

4. How do these parties value the kinds of evidence
mentioned earlier? What typically constitutes
“convincing evidence” for these parties?

By generating answers to these questions the project will
offer guidance to eHealth SMEs: which parties will need to
be convinced of the effectiveness of an innovation, what
evidence will be required, and how to collect this evidence in
a feasible yet acceptable way.

Il. APPROACH

The project is structured into four phases which are
briefly outlined in this paragraph.

A. Inventory

During this phase an inventory is made of generally
recognized types of evidence. This is done by means of a
literature review, interviews with health care experts in The
Netherlands, and workshops with representatives of Dutch
health care providers, insurers, patient organizations, and
national health care authorities. Questions to be answered
include: Which parties are involved when getting an eHealth
innovation embedded in routine health care? What kind of
evidence is generally needed, and how should it be
collected? How do parties value various kinds of evidence?
What criteria are typically used? The results will include:

e An initial overview of commonly required types of
evidence, possibly clustered into themes or
categorized by type of eHealth application;

e A series of fact sheets, one for each type of evidence,
containing purpose, relevance for various parties,
methods, criteria, and practical feasibility.

B. Case studies

Whereas the analysis during the Inventory is top-down,
the analysis during the case studies is deliberately bottom-up
— to involve the SMEs and to enrich the analysis with
examples of concrete situations, dilemmas and obstacles
encountered. Cases from the participating eHealth SMEs will
be selected for a detailed study by means of analysis of
available documentation, workshops with experts, and in-
depth, semi-structured interviews. Questions to be answered
include: How are SMEs trying to get their innovations
embedded into routine care? Which stakeholders do they
identify and involve? What kinds of evidence do these
stakeholders require? What evidence did the SMEs collect so
far, and in what ways? How did stakeholders evaluate the
evidence, against what criteria? The results will include:

e Detailed, in-depth descriptions of successful and
unsuccessful strategies followed by SMEs to get
their eHealth innovations embedded in routine health
care;

e Specific examples of evidence that was required,
whether and how it was collected and, if applicable,
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how it was evaluated by health care providers,
insurers, patient organizations, or national health
care authorities.

C. Guidelines and best practices

In this phase, the case studies will serve as input to a
series of workshops with health care experts and
representatives of health care providers, insurers, patient
organizations, and national health care authorities. Learning
lessons from these specific examples, and building on the
results of the Inventory, best practices for embedding
eHealth innovations in routine health care will be identified.
Furthermore, guidelines will be developed for collecting and
evaluating the required evidence. Best practices and
guidelines will then be combined into a systematic approach
for collecting and evaluating evidence for eHealth
innovations. To validate the newly developed systematic
approach it will be applied and evaluated in a second series
of case studies. Thus, the results of this phase will include:

e An initial, systematic approach for collecting and
evaluating evidence as required for getting an
eHealth innovation embedded in routine health care;

e Validation of the systematic approach, including an
inventory of practical issues and points for
improvement.

e Arrevised, final systematic approach.

D. Consolidation and tool development

In this final project phase, the systematic approach
described above will be consolidated in a web-based tool and
documented in a handbook:

e The web-based tool will offer eHealth SMEs
guidance in planning and implementing evidence
collection for their eHealth innovation;

e The handbook will document the various types of
evidence for eHealth innovations, including methods
for collecting evidence and criteria for evaluating it.

I1l.  PRELIMINARY RESULTS

The project Successful Entrepreneurship in eHealth
started at the beginning of 2012 and will conclude at the end
of 2013. At the time of writing, the first project phase,
Inventory, is nearing completion while the second phase, the
case studies, has just been started with the first in-depth
interviews. This paragraph highlights some preliminary
results and lessons learnt.

A. No generally accepted standards for collecting evidence

During the literature study several articles and reports
offering proposals for evaluation frameworks were found,
with guidelines for the evaluation of eHealth applications,
lists of outcome indicators, and descriptions of methods to
collect evidence [e.g., 4, 5]. However, the general consensus
in the literature is that there are currently no commonly
accepted standards for collecting evidence for eHealth
applications [6, 7]. The assumptions, methods, and study
designs of experimental science may altogether be less suited
for application in the socio-political context in which eHealth
evaluations usually take place, and alternative approaches
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that view evaluation as social practice rather than scientific
testing need to be considered [8]. Moreover, the tendency to
focus on “hard” evidence provided by randomized controlled
trials (RCTs) may result in disregard for the interests and
experiences of the individual patient [9]. Some researchers
therefore argue for a contextualized approach in which all
relevant stakeholders are actively involved in the definition
of the outcome indicators that will be used for evaluation
[10, 11].

B. Stakeholders recognize three themes for evidence

During the interviews with health care experts and the
workshop with representatives from health care providers,
insurers, patient organizations, and national health care
authorities, three dominant themes were recognized by the
participants within the larger concept of evidence:
effectiveness (“did health care get any better?”), cost
efficiency (“did it get any cheaper?”) and labor savings (“did
it get any less labor intensive?”’). Below we briefly describe
each theme, including a few relevant issues mentioned by the
participants.

1) Effectiveness

This kind of evidence relates to clinical effectiveness,
quality of care, safety, accessibility, timeliness, and patient
satisfaction. However, eHealth’s primary purpose may not
always be patient recovery; frequently, eHealth is directed at
retaining autonomy, strengthening the involvement from
relatives, maintaining social participation, or improving a
patient’s wellbeing. Although these aspects are hard to
measure, they are important from the patient’s perspective
and also valued by care professionals and society as a whole.

2) Cost efficiency

This includes evidence with regard to cost savings, cost
control, and efficiency in terms of time, money, and other
resources. eHealth applications have traditionally been
considered as a promising way to reduce the cost of
delivering health care. With the growing emphasis on budget
control in health care, evidence for eHealth’s cost efficiency
is becoming increasingly relevant for decision makers. The
current Dutch health care policy, for instance, is directed at
stimulating cost-efficient eHealth applications that are
replacing (instead of supplementing) traditional forms of
care [3].

3) Labor savings

This relates to evidence that the same number of patients
can be treated with the same quality, but with fewer hours
worked by health care professionals. Although labor savings
might be considered a special case of cost efficiency, the
predicted labor shortage in the Dutch health care system
justifies this kind of evidence to be considered separately.
Labor savings also occur when an eHealth application
reduces the complexity of a particular task, allowing highly
schooled professionals to delegate part of their work to less
skilled staff.

Various indicators and methods relating to the above
types of evidence have been identified during the interviews
and workshop and also from the literature. They are currently

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-252-3

being complied into three sets of fact sheets, i.e., one set for
each theme.

C. How stakeholders value evidence

From the interviews and workshop it has become clear
that “heavy” forms of evidence (obtained using, e.g.,
randomized controlled trials) are certainly not always
necessary to facilitate the uptake of eHealth applications.
The participants agreed that RCTs are not always useful,
necessary or practically feasible. Furthermore, care providers
and health care insurers indicated that they will still rely on
their own patient data to support any decisions they make
about embedding eHealth applications.

National care authorities, on the other hand, hold the
view that eHealth applications typically only change the way
in which health care is being delivered. As long as there are
no indications that clinical effectiveness is at stake, and
within the limits defined by the health care system, care
providers and health care insurers are free to negotiate and
decide about the use (and reimbursement) of eHealth
applications.

D. “Innovation routes” for embedding eHealth innovations

One topic which arose very prominently during the
workshops, is that it is not straightforward which path an
SME should follow within the care system to get an eHealth
innovation embedded into routine care. In part this is due to
the wide variety of applications that fall under the common
denominator of eHealth, but it is also due to the complexity
of the Dutch care system, which is highly regulated and in
which various authorities and other parties each play a
distinct role. From a myriad of options an SME should
consider very carefully which “innovation route” to follow,
as the chosen route will determine which stakeholders to
address and involve. Stakeholders will have their own roles,
responsibilities and interests, and hence will need their own
arguments to get convinced of an eHealth application’s
added value. It is, therefore, the chosen innovation route that
determines the context in which evidence will be collected
and the purpose for which it is collected.

IV. CONCLUDING REMARKS

Returning to the project’s slogan, towards feasible yet
convincing evidence, it has become clear that it is absolutely
essential to consider the purpose for which the evidence will
be used. Any collected evidence effectively constitutes the
foundation beneath a business model in which all relevant
stakeholders and their interests have been accounted for.
Although this conclusion may perhaps be obvious, the first
case study interviews with SMEs indicate that they do not
always realize this or act accordingly. SMEs should therefore
identify and involve stakeholders as early as possible, and
preferably define and collect any required evidence in a
cooperative effort together with all relevant stakeholders.

The preliminary results clearly point out that eHealth
SMEs require a “map” — not just to find the most promising
innovation routes within the Dutch care system, but also to
identify relevant stakeholders and their interests. Creating
such a map, and embedding the evidence fact sheets within
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it, will provide SMEs with essential information they need to
collect convincing evidence in a feasible way. In the coming
months, this will therefore be the project’s highest priority.
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Abstract— Ambient assisted living can greatly assist seniors in
pursuing an active and healthy lifestyle. MobileSage is an
Ambient Assisted Living Joint Programme supported project
that develops a cloud enabled smartphone based help-on-
demand service for seniors providing appropriate “just-in-
time” assistance through an individualized adaptive and
multimodal user interface. This paper details the results from a
user needs analysis conducted with seniors to help determine
the design of MobileSage. Six focus groups in three countries
were held to illicit the information. The user input is
structured under the following themes: Multimodality: Input
& Output; Navigation (wayfinding); Personalization; Help
material — content; Help-on-demand; and Privacy, trust and
security concerns. The MobileSage system will have its first
iteration of user testing late Fall 2012.

Keywords: user needs analysis; Help-on-demand; seniors;
smartphone; multimodality; ambient assisted living.

L INTRODUCTION

In the modern self-service and technology-saturated
society, we find ourselves increasingly in situations in which
we need access to information and perhaps assistance to be
able to cope and manage successfully. It may be when
adopting Internet banking, when using a ticket vending
machine, when using an automated supermarket checkout
system, or when checking in electronically at the airport. We
may also need assistance when having acquired electronic
domestic appliances that for various reasons have deficient
or inappropriate operating instructions and manuals, e.g.,
being overly technical, or using a minute font size etc.

The information and assistance needs to be presented in a
manner that the user prefers and finds accessible and easy to
use. It also needs to be available when required and arrive in
a timely fashion. Given their somewhat slower uptake of
technology, seniors especially may benefit greatly from
having access to user-friendly low threshold information and
assistance services. This may assist seniors in pursuing
active and healthy lifestyles, and is in accordance with an
active ageing paradigm.

The MobileSage (MS) R&D-project develops such a
help-on-demand (HOD) service for seniors. MS is partly
funded by the European Commission through the Ambient
Assisted Living Joint Programme (REF. AAL-2010-3-050).
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MS involves the development of a cloud enabled
smartphone based HOD service for seniors providing
appropriate  “just-in-time”  assistance  through an
individualized adaptive and multimodal user interface. The
front end consists of an application (app) installed on an
Android phone. Advanced software on a server including a
database populated with the HOD media in the form of text
and multimedia files comprise the back end of the system.
The content in the database is generated through a Content
Management System (CMS). An overview of the MS
architecture is provided in Figure 1.

The system can be applied to an abundance of situations
and contexts in which seniors require assistance to conduct
everyday tasks. Two brief examples will suffice.

Mr. Tweed is faced with a ticket machine when wanting
to catch the train to his granddaughter. He is unsure on how
to operate the machine. He sees that the ticket machine is MS
enabled. He starts up the MS app on his smartphone (Figure
2), and brings the phone in close proximity to the ticket
machine. The Near Field Communication (NFC) reader on
the phone scans the NFC tag on the machine, and the unique
code helps identify the ticket machine. The machines ID is
used when the MS app contacts the MS server, and
downloads the appropriate support material to the
smartphone. Mr. Tweed’s MS profile indicates that he
prefers video instructions, and a brief video on how to use
the ticket machine is shown on the smartphone.
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Figure 1. The MobileSage architecture.
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Figure 2. The MobileSage smartphone application.

Mrs. Wool has just bought a new blood pressure monitor,
but is unable to use it as the instructions are in very small
print, and Mrs. Wool has poor vision. By reading a Quick
Response (QR) code, the MS app provides Mrs. Wool with a
simple instruction manual in large print text retrieved from
the MS server.

To ensure that the MS service is in accordance with the
needs and wishes of real seniors, a thorough user needs
analysis was conducted. In this paper the methods used and
findings from this user needs analysis are summarized and
discussed. A brief conclusion is provided along with a
description of further planned work.

II.  RELATED WORKS

The MobileSage project encompasses a plethora of
technologies and domains including Help on Demand &
Assistance “just-in-time”, Multimodality, Adaptive and
adaptable user interfaces, Context & location sensitive
services, Reasoning agents and Profiles & personalization.
Given the breadth of topics, a comprehensive summary of
related works is not possible. A selection of relevant works is
mentioned primarily limited to larger European R&D
activities.

In the ongoing APSIS4ALL-project [1] the focus is on
using the mobile phone in personalizing interaction with
Public Digital Terminals (PDT) such as cash dispensing
machines and ticket vending machines. Key elements
covered in [1] are digital interaction with the mobile phone,
profiles and personalization, adaptive user interfaces and
multimodality. The end users targeted are people with
disabilities, the elderly and novice Information and
Communication Technology (ICT) users.

The completed ASK-IT project [2] had a similar scope as
MS in terms of providing real-time information and being of
assistance, but dealt primarily with travelling although work
and leisure contexts were also addressed. The WayFiS,
Mediate and Access2all projects [3, 4, 5] all deal with
accessibility and transport or travelling. They share some
attributes with MS, be it in a more domain specific manner.
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Similarly, [6] is concerned with context-based adaptation of
ubiquitous web applications focusing on tourism and travel.

Soprano [7] had a similar scope to MS, but was more
centred on independent living and a smart home
environment. OASIS [8] also includes many elements of
MS, but is a much larger project encompassing a wider
number of topics. It is further preoccupied with architecture
and platform development. INHOME [9] is also concerned
with an architecture platform and ways of providing
intelligent ICT based services for assisting independent
living of elderly people in the home environment.

The ongoing MyUI-project [10] focuses on the

mainstreaming of accessible and highly individualized ICT
products. As with MS the need for adaptive personalized
interfaces is of paramount importance. This was also a key
feature of the Diadem project [11], which focused primarily
on web interfaces.
Other scientific undertakings are narrower in scope and
touch on certain elements in MS. In terms of user interface
research SNAPI [12] and GoldUI [13] are of interest,
whereas the HAPTIMAP project [14] is interesting in terms
of multimodality and mobile location based services.
Mapped [15] and HMFM [16] deal with multimodality and
also cover similar ideas as MS. There are also a number of
other major and more general international R&D activities
that touches upon topics covered in MS [17, 18, 19].

Thorough user needs analysis were important parts of
many of the projects mentioned above as well, but for
reasons of brevity we cannot elaborate on these. We will
draw the attention to one piece of academic work that did
focus entirely on user needs in the related topic of location
aware mobile services [20]. The author presents user needs
separated in five main themes, which are not too dissimilar
to the topics chosen in MS.

A review of current ongoing and past projects and
initiatives shows that although there are a number of
activities that touches upon similar topics, no other project is
identical. Thus, MS is as such unique and innovative in its
scope. It complements a number of other relevant R&D
activities, and adds new knowledge and technology in a
number of areas.

III. METHOD AND DESCRIPTION OF PARTICIPANTS

A.  Method

We used a qualitative approach utilizing focus groups to
elicit the information for the user needs analysis. Six focus
groups were conducted, with two groups each in Spain,
Norway, and Romania. There were some local variations in
the inclusion criteria between the groups, but key criteria
were actual mobile phone ownership and being a senior. The
informants also completed a short questionnaire regarding
demographics, mobile phone ownership and usage. The
groups varied in size from four to eight persons. Each group
was presented with two scenarios in which MS was used —
one involving travel and the other use of a domestic
appliance with some variation in scenarios used in each
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country. The scenarios were discussed based on a theme
guide.

The required ethical issues were covered, especially
through the informed consent form signed by each focus
group participant, and the provisions related to personal data
protection.

Transcripts were made from the recordings, and based on
these summary reports for each group was made on a
national level. A qualitative thematic meta-summary for the
whole project based on the national reports was made.

B.  Description of the participants

In total 39 informants took part. The vast majority was 60
years or older. In total the material comprised a wide variety
of users in terms of functional capacity and impairments
potentially impeding on ICT usage. It includes both the
“average healthy” senior and persons with specific health
issues including sensory impairments and mild cognitive
impairments. The participants are described in Table I.

The groups are heterogeneous in terms of the type of
mobile they use, and the types of functionality and services
they utilize. It appears that the group in total comprises both
advanced and basic mobile phone users, as well as the
average senior mobile phone user. An overview of their
mobile phone ownership and usage pattern is provided in
Table II.

TABLE 1. CHARACTERISTICS OF THE INFORMANTS.

Country: | Total | Gender Age Comments:

#: (f/m): range:

Norway 12 57 48-81 Two groups of six in each.
One group consisted of
persons born outside of
Norway.

Spain 11 8/3 62-75 Two groups.

Romania 16 11/5 67-86 One group consisted of
persons with mild sensory
impairment, the other group
of persons with mild
cognitive impairment.

TOTAL 39 24/15 48-86

TABLE II. MOBILE PHONE OWNERSHIP AND USAGE PATTERN.

Country: Type of mobile: Usage Comments:

pattern:

Norway Almost 1/2 had 2/3 used The group of persons

smartphones,. calling, not born in Norway
Majority used texting, MMS | had more basic
basic phone and photos. phones, and used
functions. Some used e- mainly basic
mail and apps. | functions, compared
to the other group.
Spain 9 had basic Calling, Use of MMS, photos
phones and 2 had texting, MMS, | and calendar quite
smart phones. photos and common. Few
calendar, apps | advanced functions.

Romania | All had standard All for talking | Only one used phone

basic phones. and 50% for for other things than
texting talking and texting
None used computers.
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IV. RESULTS

A thematic summary of the findings from the focus
groups is provided below. The themes reflect the main issues
covered in MobileSage, and formed the basis for the
scenarios and theme guides used in the focus groups. The
themes are Multimodality: Input & Output; Navigation
(wayfinding); Personalization; Help material — content;
Help-on-demand; and Privacy, trust and security concerns.

A.  Multimodality

In general this relates to the provision of output in
various modalities, adapted to the user’s needs and
preferences, e.g., text, video, audio etc., as well as different
ways of operating the device, e.g., touch, voice, physical
keyboard input etc.

The interest in voice input varied from enthusiasm to
seemingly polite interest; some did not prefer voice input at
all compared to keyboard or -pad input. It was pointed out in
several of the groups that voice input would be both easier
and faster compared to keyboard usage, and it would be
especially beneficial for persons with visual or movement
disorders. The problems using on-screen touch keyboards
were mentioned.

Several of the informants had had first-hand negative
experiences using voice input. Their experience was that
voice input was difficult to use because of poor speech
recognition software. The need for a high quality voice input
feature was mentioned as a prerequisite for implementation.
It was also pointed out by several participants that a voice
input feature must be context sensitive, i.e. must only receive
and process input and execute something when intended to
by the user to avoid unintentional execution of commands
and actions.

There was almost universal interest in multimodal output,
with few exceptions. Audio output such as text-to-speech is
viewed as an important adjunct to visual text output in many
situations, and especially for persons with visual
impairments. There are also certain situations in which audio
output is preferable to visual, e.g., when driving. Several
informants mentioned that it is important to facilitate
connectivity between the phone and hearing aids to ensure
that the audio is available for users of hearing aids and other
assistive hearing devices.

It was raised, though, by a number of participants, that
audio output is not suitable in all contexts and for all
information due to reason of privacy and safety. Although,
many were positive to having text messages read aloud,
some were reserved about this due to the potential private
nature of the content.

The use of video for demonstrations and tutorials was
universally applauded. It was also pointed out that audio
equivalents must be available to ensure that those with visual
impairments do not miss out. It was highlighted that the
video sequences must not be too long, and needed to provide
step-by-step instructions to avoid information overload.

Overall there was a genuine interest in multimodal
solutions. Some had concerns for their usage in certain
situations, and it was argued by some that it must be very
easy to switch between the different modalities. Few had
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much experience with vibration/haptics as a modality. It was
also mentioned that it was essential to have fall back
modalities available if required due, for instance, to changes
in environmental conditions, e.g., persistent loud noise which
means that voice output need to have a visual alternative.
Having a large screen was deemed important.

B.  Navigation (wayfinding)

In general this was related to provision of support for
both in- and outdoor navigation, but also to automatic
detection of objects and the provision of location aware
information.

All groups were interested in using a mobile phone as a
device for in- and outdoor navigation. Voice navigation was
especially appealing. A handful of the Norwegian
respondents reported to have first hand experience with using
the phone as a navigation device. In addition to getting
assistance with findings one’s way, it would also make them
feel safe. Possible uses for indoor navigation could be to find
one’s way around shopping centres, as well as locating
exhibits in museums and the like. Some concern was raised,
however, with the cost of using map-based services in terms
of downloading data over cellular networks.

There were some who raised the issues that a mobile
phone screen is small for maps, and that it only shows a
small area of the map. This could cause problems, especially
for getting an overview of an area. Another point was that
mobile maps are sometimes not up to date, and that this
could cause problems. Further, some pointed that that they
did not want to get too dependent on the phone for
navigation purposes, and preferred paper maps.

It was mentioned that automatic detection of objects in
one’s surroundings could be useful — especially to regain
one’s bearings if lost. Many liked the idea of automatic
location aware information, whereas others wanted manual
settings for this. The access to a variety of Points of Interest
(POI) for both tourist and practical purposes was mentioned
as desirable. The possibility of being able to locate other
persons through the phone was also mentioned in a couple of
the groups, especially in the context of persons who were
vulnerable, e.g., those with mild memory impairments.

C. Personalization

This is to be understood as the provision of support that
is adapted to the specific, personal needs and preferences of
the individual user. This theme is closely related to
multimodality.

By and large there was universal agreement that a phone
that can be personalized to individual needs was very
positive and very useful. It was pointed out that not only
must the in- and output be able to be personalized, but also
the functionality and complexity of the device and services.
It was for instance said that functionality not required by a
certain person, should be hidden in the menus so it would not
complicate or confuse the user. It should also be possible to
change the complexity level to individual needs. This was
especially important for persons with cognitive and memory
issues. It is vital that the most important functions and
controls are easily and readily accessible — including an
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emergency button to alert others in potentially dangerous or
vulnerable situations.

It was also pointed out that a person’s needs may change
over time, and that this was important to take into account in
a flexible set up. Suitable translations in terms of language
are a must, and it was also mentioned that multiple languages
should be available if this was preferred.

There was also a concern about who should assist the
user with making changes to the set up of the smartphone
when required. This is a pertinent point that needs
addressing. Personalization also raised concerns from a
privacy and security perspective. This was because
personalization could mean that information about personal
characteristics and potential vulnerabilities such as cognitive
or visual challenges would be stored on the phone.

D. Help material — content

This pertains to the type of content provided as help
material. Various types of content were suggested, such as:

*  Maps and directions for orientation and navigation —

both in- and outdoors.

* Travel information, and points of interest, including
sights and services like ATMs.

* Tourist information about services and practical
information including emergency information.

* Manuals, demos and tutorials — preferably step-by-
step guides on for instance self-service machines,
domestic appliances, recipes etc.

The modality and delivery should be personalized.
Suitable modalities were video, audio and text. Adequate
help materials — and access to training in using the
equipment — were also emphasized.

E. Help-on-demand

Pertaining to provision of help “just-in-time”, when
needed. Many in the groups were positive to automaticity in
the timing of help or assistance when needed. It was,
however pointed out that for some persons and in certain
situations this would not be appropriate. It could be
distressing and disturbing. For others, like persons with
cognitive challenges, help “just-in-time” would be very
advantageous in a number of situations and for a number of
reasons. Though, it is essential that a manual override is
available, and that one has a choice in switching the type of
mode on and off.

F.  Privacy, trust and security concerns

This theme deals with issues pertaining to privacy, trust
and security that MobileSage may evoke. These issues were
raised in all groups, and seemed to be important for all. It
was essential to trust the services and the information that
was provided. The trustworthiness in the content would
partially depend on who the content contributors were, and
who were allowed to provide content. The ability to switch
different services on and off depending on how much trust
the user may place in one or another service, was framed as a
possibility.

Privacy was a prime concern, and the protection of
personal sensitive information such as health-related data
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was raised by many informants as a very serious concern. Of
particular concern were the potential consequences of losing
the device. The use of PIN codes and content protecting was
suggested. The problem of having to remember (and possibly
forgetting) the PIN was also raised as an issue. Privacy
issues around logging of, for instance geographical and
activity information were also forwarded as an issue that
needed to be addressed. As well as the use of tracking of
oneself or other people.

The issue of becoming overly dependent on the phone for
vital functions and assistance was also raised as a safety
concern. What would one do if there were no mobile
coverage, or the battery went flat etc.? The need for the user
to be in control and be informed about the various aspects
pertaining to security, privacy and safety was suggested as
being of paramount importance.

G. Miscellaneous issues raised

Below are a number of miscellaneous issues that
emerged in the focus groups mentioned. They are all thought
to have significance for the development of MS app. The
cost of device/service was mentioned by a number of
informants as an important issue. It cannot be too costly, as
this will place it beyond the reach on many potential users, as
well as being discriminatory.

It was also emphasized that smartphones should have
physical buttons to assist operation. They should be large.
The screen should also be sufficiently large to make it easy
to see the content and easy to operate the device. Adequate
training in use of the system is for many of utmost
importance. Further, motivation to use MS was forwarded as
a key issue for success. It was suggested that if the design
provides an easy to use interface that makes it easy to
navigate and operate MS, the motivation to use the device
would hopefully be higher.

V.  BRIEF DISCUSSION

We will in this section briefly discuss some of the results,
as well as scrutinize the method used. The groups appeared
to be positive to the MS system. Many seemed to realize that
it could be of real help to them. This was interesting as few
seniors own smartphones [21], with subsequent low usage of
the types of services that smartphones can offer. Some
research indicates that seniors are getting increasingly
interested in smartphones and that the adoption rate is on the
increase [22]. A survey into types of different mobile
services showed that many seniors are interested in using
services similar to those offered in MS [22].

Voice input was one of the major talking points in terms
of input modality. Touch was also mentioned, but too a
much smaller extent. This is interesting given that the use of
voice as an input modality is really in its infancy in terms of
mobile phones. The introduction of Siri on the i0OS platform
and similar attempts on Android phones may of course in
time change all that. We would have thought that using touch
as an input method given its ubiquitousness in the
smartphone world would be something the informants would
like to discuss to a larger extent. This may be because few of
the participants had phones with a touch based user interface.

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-252-3

It may well also be that the theme guide specifically
mentioned voice input as a modality, and that the groups
became preoccupied with this as a result.

It was raised that a touch user interface was problematic
for some, and the need for physical buttons was also
highlighted. Physical buttons are increasingly omitted from
smartphones. This trend goes against the wishes of the focus
groups. Touch only user interfaces with few or no physical
buttons may be difficult to use for a number of groups,
amongst them people with motor disabilities like hand
tremors, as well as people with visual problems.

The wish for simple and easy to understand user
interfaces with little complexity is one of the key messages
from the focus groups. This echoes previous research, that
seniors would like little complexity in their mobiles [23].
Attempts to accommodate this in smartphones are also seen
elsewhere. Doro [24] has for instance recently launched a
senior friendly user interface on an Android based device.

It was also suggested by the informants that it should be
possible to increase and decrease the complexity of the MS
system depending on personal needs. This could be
especially useful for persons with cognitive issues.
Fraunhofer Portugal [25] offers this feature in a tracking and
navigation app for persons with dementia.

It is noteworthy to observe the focus that the informants
had on security and privacy in terms of the MS system. As it
came out from the discussions, despite their low smartphone
ownership many of the informants are well aware of various
privacy and security risks when using smartphones. This
echoes findings from other user studies with actual
smartphone users [26]. It is also interesting to note that
multimodality, e.g., using audio to have information read
out, was perceived as a security or privacy risk too.

The wide variety of HOD content mentioned by the
informants covered many types of domains and activities.
The majority of content did however focus on travel and
tourism. This may be explained by the emphasis made on the
first scenario that is a travel scenario. This may have
influenced their answers and discussions. The MS system
can offer HOD in virtually all contexts and settings, but this
did perhaps not become evident amongst all the participants.

The issue of cost was raised. The costs are related to the
cost of a smartphone as well as whatever the cost (if any) the
MS system will be to the consumer. This is a very important
issue, especially as we currently are having a financial crisis
in many European countries. It is also an important factor
that many seniors are on low incomes. It should be pointed
out that the MS service can be used with relatively cheap
smartphones. However, one may not be able to access all
features such as NFC. NFC is usually only incorporated in
the more expensive high-end phones, but is increasingly
found in less more affordable handsets.

There are a number of methodological issues that may
have influenced the results. Firstly, using a qualitative
approach one is always open to different biases and
interpretive issues. We have tried to be as open, objective
and transparent as possible to combat this, but the results will
always be a matter of the subjective influence by the
researchers.
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The informants were very heterogeneous in terms of ICT
and mobile phone experience, nationality, and functional
capacity, to mention but a few characteristics. This may be
viewed as a methodological weakness, 1i.e. the
generalizations made in the results section only apply to
some or certain of the participants or sub-groups. We choose
to look at it as strength, however. By getting input from a
group with a wide variety of user requirements, we were able
to collect a wide range of user needs. As the potential users
of MS possess an equally wide range of user needs, this may
prove an asset rather than a liability. One should bear in
mind, however, that there were very few participants in
Spain and Romania that had smartphone experience. This
fact will more than likely to have a bearing on the results,
and needs to be taken into account when interpreting the
results.

VI. BRIEF CONCLUSION AND FUTURE WORK

The focus groups provided a wealth of useful and
relevant information. It shows a breadth in both user needs
and requirements, as well as in the different users’ familiarity
with ICT and mobile technology. Further, it confirms many
of the assumptions underpinning the MS project, as well as
adding important commentary and input which will be
invaluable when implementing MS.

Ideally all products and services should be designed in a
manner that follows the principles of universal design, so
that everyone can use or access them. This may be the case
in a remote future. Meanwhile, there is a need for systems
like MS. This need is likely to persist for a long time to
come.

The MS project is conducting user testing of the first
prototypes of the HOD and CMS in late Fall 2012. Several
additional iterations are planned. The projects concludes in
2013
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Abstract— The authors have been conducting successive
estimations on the effect of e-Health on medical expenditures and
outpatient treatment days for chronic diseases using survey data
from Nishi-aizu Town, Fukushima Prefecture, Japan. The reason
why this town was chosen is that it has been implementing e-
Health more than 15 years and is one of the most successful
examples. This paper uses several other outcome variables such
as medical expenditures and treatment days of outpatient and
inpatient, and compares those outcomes among two groups such
as 199 treatment (users) of e-Health and 209 control (non-users)
selected from residents. In this paper, the propensity score
matching (PSM) method, a rigorous analytical method is used to
overcome sample selection bias which is contained in data in the
process which samples were selected. PSM is a method to choose
subjects from two groups with exact similar characteristics
except for their use or non-use of e-Health. After eliminating
biases, the effect of e-Health on medical expenditures and
treatment days was estimated. To obtain robust results, two
different matching methods were applied, that is, caliper
matching, and Epanechnikov kernel matching. The results
demonstrated that the treatment group has lower medical
expenditures for chronic diseases than the control group. Using
other outcomes enables international comparison of e-Health
projects with the same standard. Such comparisons are also
presented.

Key words-e-Health, propensity score matching; sample
selection bias; inpatient; outpatient; medical expenditure.

1. INTRODUCTION

The most common method of evaluating the effectiveness
of a new drug or clinical intervention is the Randomized
Control Trial (RCT), in which subjects are randomly selected
and categorized into a treatment and a control group, and the
effect is compared between two groups. The most serious
problem of RCTs is avoiding bias between the two groups,
which is referred to as sample selection bias. Samples are
required to be selected randomly without bias and must be as
similar as possible between the two groups to obtain an
unbiased evaluation. Such unbiased sampling is not always
achieved, since there are actually many ways in which the
material diverges with regard to users and sample subjects. A
suitable method of matching the two groups to obviate such
bias is therefore required. Traditional ways of coping with this
problem include the matched sampling method or matched-
pairs analysis. This method selects subjects in the control
group to ensure similar criteria, such as age, sex, or health
status, to subjects in the treatment group. In the field of
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telemedicine, matched each of their treatment subjects with
four control subjects having similar demographics and
morbidity status ([1] for example). Ambiguity with this
method remains, however: what multiple of each treatment
subject is sufficient to eliminate bias, and by what degree is
bias is actually reduced? Moreover, sampling becomes more
difficult with an increase in the criteria; and if the number of
criteria must remain small, selection bias will remain.

A more rigorous method of overcoming selection bias is the
propensity score matching (PSM) method, which enables the
inclusion of as many criteria as necessary. A propensity score
related to biased characteristics is first calculated for each
individual, and then outcome variables, such as medical
expenditures, are compared for individuals whose scores are
close. One treatment subject is matched to one control subject
who has similar characteristics, reducing sample selection bias.
Moreover, the actual decrease in bias after matching can be
calculated.

PSM use in medical research has been long and varied.
Among studies of clinical interventions, for example, [2]
examined the association of ambulatory visits to cardiologists,
internists, and family practitioners after discharge for
myocardial infarction and mortality. Using PSM to adjust for
the demographic, clinical, and hospital characteristics of
patients, they successfully ranked treatments among matched
patients in terms of a reduction in morality. [3] analyzed
whether aspirin is associated with a mortality benefit in
patients with coronary disease. While simple univariate
analysis found no association between aspirin use and
mortality, adjustment by PSM for age, sex, and other
characteristics, including risk factors, other medications, and
coronary disease did identify a decrease in mortality with
aspirin. In drug evaluation, [4] compared conventional and
atypical antipsychotic medication for mortality among elderly
patients, and used propensity-score adjustments to conclude
that the former increased the risk of death.

Our previous paper ([5]) used the PSM method to estimate
the effect of e-Health on outpatient medical expenditures and
days for treatment and demonstrated that for chronic diseases,
e-Health successfully improves these outcomes of its users in
comparison with non-users. [5] examined, however, above
two outcome variables related to all and chronic diseases, and
there are other outcomes we have to compare. The aim of this
paper is to expand the previous analysis in such a way that
patients are categorized in more detail, that is, we compare
medical expenditures and treatment days of inpatient and
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outpatient, and so on. Accordingly, this paper can highlight
clearly the robustness of the results of our successive
estimations, that is, telecare or e-Health has effects on chronic
diseases, not necessarily all diseases.

Although treatment-effects studies have been widely used
in medicine, only a few studies have examined the effects of
telemedicine using PSM. One example is the study of Care
Coordination/Home Telehealth (CCHT) conducted by the
Veterans Health Administration (VHA) by [6], albeit that their
analytical methods of PSM and estimation were less rigorous
than those of the present study, with outcome variables
restricted to hospital admission and days of hospitalization. To
our knowledge, no other study has evaluated the effect of e-
Health on medical expenditures using PSM.

II. EHEALTH SYSTEM OF NISHI-AIZU TOWN

A. About Town

Nishi-aizu Town is located in the Northwest corner of
Fukushima Prefecture, and is been an important point of
transit to reach Niigata Prefecture and Aizu-wakamatsu, a
nearby major city. The center of town is in a basin but the
main area is surrounded by mountains, which cover 86% of
the prefecture’s area. The climate is severe in winter and
summer, with lots of snow. The population is about 8,000;
there are 3,000 households, and the percentage of the elderly
(> 65 years) was 41.0% in 2010. The main industry is
agriculture, and rice is the main product.

B. Health and Medical Situation

As stated earlier, severe winter, especially heavy snow
causes elderly people to lack physical exercise. In addition,
due to a traditional diet of salty and protein-poor food, the
town’s death rate was 1.7 times higher than the national
average during 1983-87, partly due to high rates of stomach
cancer. The number of bedridden elderly people suffering
from osteoporosis or arthritis is higher than the national
average. In order to cope with these situations, the town office
took initiative to establish a “total care system,” which is
referred to as the “Challenge to 100 Years Old,” by unifying
health, medical and welfare services. As a part of this project,
e-Health was introduced in 1993.

In the town, there are three public clinics, named Nishi-aizu,
Murooka and Shingo, which are operated by the National
Insurance System, and two private clinics. The total number
of medical doctors is four. One full-time physician is
employed in the Murooka clinic, while the Shingo clinic has a
part-time doctor dispatched from the other two clinics. There
are private doctors, a surgeon and a neurologist, but both are
more than 70 years old.

C. Introduction of e-Health

In order to prevent chronic diseases such as cerebral
infarction and stroke, the town office introduced e-Health in
1994 which is Japan's longest-running e-Health. 300
peripheral devices called “Urara,” manufactured by Nasa
Corporation, were provided to residents who have symptoms
of the above diseases. Each terminal is connected a host
computer via PSTN (Public Switched Telephone Network),
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and health-related data of users, such as blood pressure, pulse,
ECG, blood oxygen, weight and temperature are transmitted
to a host computer. In 1996 and 1997, an additional 50
terminals each were purchased. These terminals use the
CATYV network for transmitting data. All costs of operating
the system are paid by the town. In 2010, new peripheral
device called “Kouri,” was introduced in accordance with the
network renovation of CATV for optical fiber. Currently all
network were transformed to optical fiber.

D. Operation of the e-Health System

The section in charge of e-Health is the town office’s
Department of Health and Welfare, which consists of seven
public health nurses which represents a much larger ratio than

in other towns. They check the above health data transmitted
by users and if these nurses observe unusual data, they ask
medical doctors in clinics to see the patient in question. The
health data of each user are summarized in a “Monthly
Report,” which is sent to a physician in charge. After a public
health nurse adds their comments, the report is sent to the user.
When the user sees a doctor, he/she is asked to bring the
report with him/her.

e-Health is being operated as a part of the town’s “Project
for Promoting Total Care,” and its essence lies in the close
collaboration of health, medical and welfare activities. One
important example of this collaboration are “Regional Care
Meetings,” which consist of doctors, nurses, public health
nurses, staff of the town office, helpers of elderly people, and
living advisers. The total number of participants in each
meeting is over 20. Problems and treatments regarding a
particular user, such as medical examinations, health advice,
and care are discussed in detail. The health data of e-Health
plays a role in this meeting. In Nishi-aizu Town, many such
examples of exchanging information on residents can be
found in the town office.

In addition, the town office organizes users’ meetings five
times a year in order to enhance motivation to use e-Health,
and users exchange their experiences with using the system.
These activities promote wusage of the system. The
introduction of e-Health is not the sole factor promoting
regional healthcare; rather, it should establish a framework for
the system to assist all related sections and personnel.

III. MATERIALS AND METHODS

A. Selection of sample and data characteristics

The data used in this paper were reported in our previous
study ([8]). From a total of 523 users and 3,528 non-users in
Nishi-aizu Town, 199 and 209 individuals were selected for
each group through a questionnaire survey which asked about
individual characteristics and use of e-Health. Healthcare
receipts for five years (2002 to 2006) were obtained from the
National Health Insurance system and checked. The small
number of users meant that the sampling was necessarily
biased, as detailed in Table I, which expresses biases by the
difference between the averages of the two groups, and uses t-
values to indicate the degree of bias for individual variables.
Significant biases were identified in “chronic diseases,” “age,”
“number of family” “income,” “heart disease,” “high blood

pressure,” “strokes”, “ophthalmic diseases,” “anal diseases”,
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and in subjective belief in the value of e-Health on health
status, termed “Effects 1-4.”

The number of positive replies to the questionnaire item
asking whether the subject had chronic diseases or not was
substantially higher for the user than the non-user group.
Substantial corresponding bias was also seen with regard to
the presence of heart disease, high blood pressure, and strokes,
and with regard to the number of users treated for these
conditions during the sample period. A question on subjective
belief in the value of e-Health on health status with respect to
four effects showed that users tended to have higher health
consciousness than non-users, which is consistent with
anecdotal impressions expressed by the town’s public nurses
who manage the system.

B. Propensity Score Matching

PSM was initially proposed by [9], [10] [11] and developed
by [12]. The procedure is as follows:

(1) First, subjects in the user (treatment) and non-user
(control) groups are individually matched with one another so
that their propensity scores as calculated according to their
attributes become closer. The score is calculated by a probit
analysis, which is interpreted as the predicted probability of a
probit estimation. The model consists of the user dummy as a
dependent variable, while independent variables are those that
have a sample selection bias, as shown in Table I.

TABLEI TEST OF SELECTION BIASES

Variable Non-user User t value
Chronic diseases 0.388 0.466 | -3.46  F**
Sex 0.568 0.546 | 0.98
Age 68.894  71.629 | -6.80 ***
Education 1.579 1.571 0.21
Employment 0.532 0.520 0.53
Number of family members 2.401 2.945 | -6.29 k*¥*
Income 3.274 2.961 2.61  *¥*
Heart diseases 0.064 0.144 | -6.03  ***
High blood pressure 0.367 0.469 | -4.61 F**
Diabetes 0.081 0.087 | -0.48
Stroke 0.045 0.059 | -145 *
Respiratory diseases 0.129 0.116 0.92
Cancer 0.068 0.078 | -0.86
Gastropathy 0.157 0.164 | -0.40
Lumbago, Arthritis 0.147 0.159 | -0.71
Ophthalmic diseases 0.211 0.297 | -4.43 HF*x*
Kidney diseases 0.029 0.021 1.16
Anal diseases 0.014 0.005 1.95 **
Effect 1: reduced anxiety in day- 0.962 1.076 | -3.15  ***
to-day life
Effect 2: stabilization of illness 0.824 0.977 | -5.00 ***
Effect 3: enhancement of health 0.911 0.980 | -2.19 ok
consciousness
Effect 4: decrease in medical 1.026 1.361 | -7.75 ***
expenditures
Year 2002 0.243 0.135 5.97 xx*
Year 2003 0.206 0.191 0.84
Year 2004 0.206 0.191 0.84
Year 2005 0.175 0.238 | -3.47 ***
Year 2006 0.170 0.245 | -4.15 ***

Note 1: N =2040 (users = 995, non-users = 1045).
Note 2: Testing was one-tailed.
Note 3: *** ** ‘and * indicate a significance level of 1%, 5%, and 10%,
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respectively.

(2) Second, subjects in the treatment and control groups are
matched based on propensity score. There are several ways of
matching - caliper matching is generally considered better
than others, such as nearest neighbor matching, since it can
exclude ‘bad’ matches ([7]). This paper utilizes caliper
matching, in which a value for the maximum distance of
predefined propensity scores is fixed at 0.0001, which the
PSM literature describes as sufficiently small. The suitability
of the matching can be examined by a balancing test, in which
the explanatory variables listed above in the treatment and
control groups are compared by a t-test - when a treatment
does not meet its best-matched control, re-sampling by the
bootstrapping method with 1000 replications is conducted. If
there is no statistically significant difference, the matching is
concluded.

(3) Finally, the effect of e-Health on outcome variables, which
in this paper are medical expenditures and number of days
required for treatment, is examined based on matched samples
by a t-test (standard error estimation).

IV. RESULTS

Summary statistics for outcome variables, namely medical
expenditures and days for treatment, are summarized in Table
II.

A. Bias control

PSM thus calculates a propensity score by a probit model in
which the dependent variable is the user dummy variable,
while independent variables are selected based on whether
they contain a selection bias. Whether matching based on the
propensity score works is examined by a balancing test is
shown in Table III. The column named “% of bias” indicates
the percentages of bias contained before and after matching
for each variable. For example, “age” has 28.3% bias before
matching, which is reduced to 4.4% after matching. Similarly,
the column “% of reduced bias” shows the percentage of bias
actually reduced by PSM, or 81.9% for age. The reduction in

TABLEII SUMMARY STATISTICS FOR OUTCOME VARIABLES

Variable Mean Std. Dev.  Min Max
Medical expenditure
(Outpatient + Inpatient) 20833.30 35027.02 0 469632
Medical expenditure 16997.22  25083.83 0 469632
(Outpatient)
Medical expenditure 3987.99  19277.99 0 242481
(Inpatient)
Treatment days (Outpatient + 16.32 1959 0 181
Inpatient)
Treatment days (Outpatient) 14.75 15.86 0 144
Treatment days (Inpatient) 1.50 9.06 0 178
Medlcal expenditure (chronic 6836.33 10266.33 0 76573
discases)
T}”eatment days (chronic 6.09 837 0 85
diseases)
Medical expenditure (non 10160.90 2268598 0 469632
chronic diseases)
T.reatment days (non chronic 366 12.88 0 144
discases)
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TABLE III RESULT OF BALANCING TEST

Variables Treatment Control (Be f(’(ﬁ:f_l:lzsfter) re d:ﬁoe((;fbias t-value
Chronic disease 0.466 0.486 156 —» -4.1 73.8 -0.81
Age 71.629 72.124 283 =44 81.9 -1.13
Number of family members 2.945 2.860 263 —4.5 84.4 0.87
Income 2.961 2.968 6.5 — -2 97.5 -0.06
Heart diseases 0.144 0.131 -93—>1.8 83.0 0.79
High blood pressure 0.469 0.466 542 — -2.1 96.6 0.14
Stroke 0.059 0.063 309 —»-1.9 69.5 -0.37
Ophthalmic diseases 0.297 0.275 15.5 —-0.1 74.8 0.97
Anal diseases 0.005 0.003 15.6 —» -4.1 80.7 0.55
Effect 1: reduced anxiety in day-to-day life 2.443 2.448 283 —> 44 99.3 -0.08
Effect 2: stabilization of illness 2.548 2.573 26.3 — 4.5 96.2 -0.50
Effect 3: enhancement of health consciousness 2.650 2.635 6.5—-2 98.1 0.35
Effect 4: decrease in medical expenditures 1.842 1.866 -93—-1.8 93.8 -0.41
Year 2002 0.135 0.136 542 —-2.1 99.2 -0.05
Year 2005 0.238 0.238 309 —-1.9 99.3 -0.02
Year 2006 0.245 0.254 15.5 - -0.1 88.7 -0.39

Note 1: *** ** ‘and * indicate a significance level of 1%, 5%, and 10%, respectively.

TABLE IV RESULT OF ESTIMATION BASED ON PSM

Outcome variables Matching Treatment Control Difference S.E. t value
Medical expenditure Befor;: 24090.52 18679.51 5411.02 1580.16 342 xxxE
(€)) (Outpatient + Inpatient) After® 19598.07 29947.71 -10349.64 6475.68 -1.60
After® 24090.52 27385.88 -3295.36 3004.00 -1.10
Medical expenditure Befor; 19448.53 15376.33 4072.21 1131.26 3.60 kx*
2) (Outpatient) After® 19448.53 21898.47 -2449.94 2024.69 -1.21
After® 16417.11 21692.92 -5275.81 4862.42 -1.09
Medical expenditure Befor; 4835.41 3427.64 1407.78 871.62 1.62 *
3) (Inpatient) After® 3282.38 8462.42 -5180.05 2647.19 -1.96  **
After® 4835.41 5606.38 -770.96 1092.70 -0.71
Treatment days Befor; 18.39 14.95 3.43 0.88 3.89  xxx
(@) (Outpatient + Inpatient) After® 15.42 23.09 -7.67 3.43 -2.24 %
After® 18.39 20.33 -1.94 1.28 -1.51
Treatment days Before 16.69 13.46 3.23 0.71 453  xx*
5) (Outpatient) After” 14.14 18.46 -4.32 2.75 -1.57
After 16.69 18.04 -1.35 0.88 -1.52
Treatment days Before 1.60 1.44 0.16 0.41 0.39
(6) (Inpatient) After” 1.17 447 -3.31 1.65 -2.00  **
After® 1.60 2.23 -0.63 0.52 -1.22
Medical expenditure Before 6888.44 6801.86 86.58 464.47 0.19
(7)  (Outpatient, chronic After” 6888.44 944227 -2553.82 582.83 -4.38  REE
diseases) After® 5410.49 9404.12 -3993.63 1781.31 -2.24  **
Treatment days Before 6.03 6.13 -0.10 0.38 -0.26
(8)  (Outpatient, chronic After* 6.03 8.63 -2.60 0.48 -5.47  REx
diseases) After 4.80 8.78 -3.97 1.55 -2.56  **
Medical expenditure Before 12560.09 8574.46 3985.63 1022.56 390 xF*
(9)  (Outpatient, non- After” 11006.62 12288.79 -1282.17 2662.46 -0.48
chronic diseases) After® 12560.09 12487.07 73.02 1285.91 0.06
Treatment days Before 10.66 7.33 3.33 0.58 5.76 k¥
(10)  (Outpatient, non- After” 9.34 9.69 -0.35 2.27 -0.15
chronic diseases) After® 10.66 9.40 1.26 0.82 1.54

Note 1: *** ** and * indicate a significance level of 1%, 5%, and 10%, respectively.

Note 2: Cases (1)-(6) are related to all diseases, whereas cases (7)-(10) are chronic diseases.

Note 3: Matching methods are based as follows.
After": Epanechnikov kernel matching
After®: Caliper (0.0001) matching.

Note 4: Standard errors of caliper matching are based on the bootstrapping of 1000 replications.

Note 5: Medical expenditure was reduced after matching, as indicated in the column “Difference,” and this is measured by “points” of the National Health
Insurance system. One point is equivalent to JPY 10 (US$0.13).
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sample selection bias is thus successful, since no statistically
significant variable remains after matching in terms of t-
values. In particular, biases related to subjective belief in the
value of e-Health on health status shown by “Effects 1-4” are
also substantially reduced.

B. Effect of e-Health on medical expenditures and days of
treatment for outpatient and inpatient.
This paper uses two outcomes such as medical expenditures
and days of treatment, but categorizes patients in different
ways, namely, outpatient, inpatient, and outpatient + inpatient.

As aresult, 10 cases are analyzed, which are listed in Table IV.

Our previous paper [5] examined only two cases; (7) and (8),
which are related to chronic diseases, the main targets for
Nishi-aizu’s e-Health system. Cases (1)-(6) are related to all
diseases for comparison with chronic diseases.

In Table IV, the rows named “before” and “after” indicate
estimations before and after matching. Two methods of PSM
matching are examined, Epanechnikov kernel matching and
caliper (0.0001) matching. Table IV shows that both
outpatient medical expenditures (7) and outpatient days of
treatment (8) for chronic diseases did not significantly differ
between users and non-users of telecare before matching,
whereas after matching two matching methods showed a
significantly negative difference (p<0.05), implying that e-
Health has an effect on outpatients medical expenditures and
days of treatment for chronic disecases. The column
“difference” indicates the decrease in the amount of
expenditure and number of treatment days. Caliper matching
provided the greatest effect, namely JPY 39,936 (US$ 499.20)
and 3.97 days per year per user, while Epanechnikov kernel
matching produced the smallest, at JPY 25,538 (US$319.23)
and 2.60 days.

The above results are already presented in [5], but this
analysis shows new results regarding (3), (4) and (6), that is,
users have significantly smaller inpatient medical expenditure
(3), treatment days (outpatient + inpatient) (4), and inpatient
treatment days (6) than those of non-users (p<0.05). The
amounts of difference are JPY 51,801 (3), 7.67 days (4), and
3.31 days (6), respectively. It should be noted that these
results hold only in terms of Epanechnikov kernel matching,
and then these do not satisfy robustness. As for the other cases
such as (1), (2), (5), (9), and (10), this analysis does not
provide any significant results, and further examination is
necessary.

The estimation in this paper shows that even if other
outcomes are taken as dependent variables, telecare of this
town has effect on the reduction of outpatient medical
expenditures and days of treatment of chronic diseases.

IV. DISCUSSION

Cases (7) and (8) in Table IV thus demonstrates that e-
Health does not contribute to a reduction in medical
expenditures for all diseases, but only for chronic diseases ([5]
[13] [14] and [15] have the same result), since users’
expenditures for chronic diseases are larger than those of non-

users before matching, but significantly smaller after matching.
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The estimation results related to cases (4) and (6) for days
of treatment, which are statistically significant with
Epanechnikov kernel matching, can be used for some
interesting international comparisons. Regarding the research
results with the Kent Development Pilot in the UK and the
CCHT project of the VHA in the US, the former studied the
effect of telehealth on the number of inpatient days, general
practices (GP), acute care, and others by experimental
observation with statistical analysis ([15]). This study
compared outcomes at baseline and six month with a focus on
patients with COPD, heart disease, and diabetes. The authors
concluded that telecare use resulted in a decrease in the
number of home visits and GP surgery per participant,
Accident and Emergency (A&E) visit of 0.5days, and
inpatient treatment days of 1.5days. The latter reported in the
same manner as the Kent study, that is, the number of
inpatient treatment days was reduced by 25%, and the number
of hospital admission by 19% ([16]). Thus other results of
international projects were estimated mainly in terms of
inpatient treatment days, not expenditures, and all diseases,
not only chronic diseases. This paper is aimed to obtain the
results which can compare in the same manner. According to
our results, the Nishi-aizu project has larger reduction of
inpatient treatment days than the Kent project (3.3 vs. 1.5
days). On the other hand, the reduction of bed days of this
paper is calculated as approximately 16.12%, which is smaller
than that of the VHA project (25%).

Table V also compares the effects obtained by the other
estimation methods, such as simple OLS ([13]) and system
GMM ([8]), used in our previous papers. The effects of e-
Health are underestimated when sample selection biases are
not controlled.

TABLEV  COMPARISON OF RESULTS USING ALTERNATIVE

ESTIMATION METHODS
OLS' system PSM
GMM’

. JPY 25,538-
Medical ;
expenditures for JPY 15,302 39,936
chronic diseases (US$ 191.28) (US$ 319.23-

499.20)
Days of treatment
for chronic 1.6 days 2.0 days 2.6-4.0 days
diseases

Note 1: Akematsu and Tsuji [13]
Note 2: Minetaki, Akematsu, and Tsuji [8]

Although PSM offers major benefits in the evaluation of e-
Health projects, it has its own limitations. First, it requires a
large number of samples, and several previous studies have in
fact used samples in the several tens of thousands range.
Second, its results are not always robust, which is why our
present paper examines two matching methods. These
limitations have been described (see [9] and [12] for example),
but one limitation specific to e-Health has not. In this paper,
PSM successfully demonstrated that the user group had less
medical expenditures than the non-user group under the
condition that all subjects were closely similar except in their
use of e-Health. Our previous study [13] [14] and [17]
concluded that these results were due to the difference in
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health consciousness between the groups. By checking heath
data transmitted by the e-Health system and receive health
consultation from town’s public nurses, users became more
concerned with health and had an incentive to change their
behavior to be more health-conscious. These findings are not
consistent with those of the present analysis, however, which
found different expenditures despite a closely similar degree
of health consciousness, which could only be due to e-Health
use. PSM thus provides little explanation of why and how e-
Health leads to these results, and identification of these
mechanisms requires the use of other empirical methods
together with PSM.

V. CONCLUSION

By using PSM, this paper successfully controls biases due
to the way to collect the sample (sample selection bias) and
provides a rigorous demonstration of the effect of an e-Health
implementation in a small Japanese town in reducing the
number of treatment days as well as medical expenditures.
Moreover, this paper uses some other outcomes as dependent
variables and their estimation results enable to compare with
the outcomes of e-Health projects in the UK and US which
have the similar peripheral device and system. According to
our in-depth surveys of these projects, there are similarities
and differences in these projects, but a common success factor
lies in the enthusiasm of nurses, public or visiting nurses who
participate in these projects to maintain health of the residents
in the community. Further detailed study is required for
factors of differences.

Let us discuss on the economic foundation of the project.
Nishi-aizu Town does not charge any fee to users. Other
projects in the most of counties are the same. Neither this
program nor those referenced in the UK and US charge user
fees; rather, all are subsidized by the central as well as local
government, as indeed are the UK demonstration programs,
since they are national pilot projects. However, the ongoing
sustainability of e-Health requires a new financial framework.
[17] conducted a cost/benefit analysis of Nishi-aizu’s e-Health
and calculated a B/C (cost-benefit) ratio which was 0.25. The
initial costs of the implementation, such as for host computers
and peripheral devices, were borne by the central government,
however, excluding them form analysis gave a B/C ratio for
Town which bore only operational costs, which is 0.91. But
this is not sustainable. One possibility for promoting e-Health
is reimbursement using public medical insurance. The amount
of reimbursement is based on economic effect of e-Health and
must be obtained rigorous analysis. Most of countries are not
recognized reimbursement for e-Health, which reason is
simple; e-Health is not diagnosis but prevention of diseases.
The simple e-Health system does reduce medical expenditures
of users. The present paper provides important support for the
development of evidence-based policies for the diffusion of e-
Health.
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Abstract— eHealth solutions create opportunities for
improving efficiency and quality in health care. Still
many eHealth innovations never get beyond the project
phase. A business model approach can help eHealth
entrepreneurs and innovators to bridge the gap between
Buzz (ICT as a promise for better care) and Business
(viable eHealth services and business models). The
research group ICT Innovation in Health Care
developed a business model approach based on three
components: the STOF business model framework, the
innovation process and relevant success factors for
eHealth innovations. This resulted in the development of

an online eHealth innovation Matrix (eHix). The
approach is illustrated by an actual eHealth case.
Keywords- business models; innovation; guidelines;  success

factors

l. INTRODUCTION

The research described in this paper focuses on how to
embed eHealth innovations in routine care. Nowadays there
is still a discrepancy between the opportunities offered by
innovative eHealth applications and the reality of routine
health care. 'End-of-project’ all too often means ‘end of
innovation’. This has also been observed by others [1] and
although plenty of suggestions have been made for
improvement, a comprehensive approach which supports
innovators in bridging the gap between project and routine
practice is still lacking.

IT-related business model innovations have become key
factors in achieving structural innovation in
healthcare [2]. A business model approach can therefore be
used as an instrument to bridge the gap of innovative
eHealth ideas to successful 1T-based care services. The
approach described in this paper is a combination of
business model design, the phases in the innovation process
and generic and eHealth specific success factors. These
three components combined result in what we have called
the eHealth innovation Matrix (eHix).

By combining the phases in the innovation process with a
business model approach (based on the STOF Framework
[3,4]) the future challenge of embedding the innovation in
routine care gets attention throughout the various activities.
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Success factors play an important role in business model
design [3]. Success factors (SFs) can be described as “the
key areas where things must be right for the business model
to flourish” [4]. The success factors indicate to what extent a
business model is capable of creating value for customers
and capturing value by the network of stakeholders.

Well-known and lesser known success factors for eHealth
innovation receive a better place in the innovation process
by linking them with the correct phase and the right
business model domain, thus avoiding pitfalls and
underestimation of non-technical requirements.

The eHix is a combination of the STOF framework
(Section 11) and the phases in the innovation process
(Section 111). When combined, a matrix model (Section 1V)
is created that can be used to allocate the SFs (Section V)
which are extracted from generic, market specific and case
specific studies.

A case study called DiMove will be used to illustrate the
added value of eHix. DiMove is a Real time Medication
Monitoring (RTTM) service for patients with epilepsy.

Il.  STOF FRAMEWORK

The basis for the development of the methodology is to
consider eHealth innovation as a service innovation rather
than  technological  development.  For  successful
implementation of eHealth services a healthy business
model is required. We therefore use a business model
approach. A business model is essentially a description of
how organizations offer innovative services in an
economically viable way. There are several business model
frameworks available [5]; of these we used the STOF
framework.

The STOF framework [3,4] describes a business model
in terms of four interrelated domains, i.e. the service domain,
technology domain, organisation domain and finance
domain.

The service domain gives a description of the service
offering, its value proposition and the market segment at
which the offering is targeted. The Technology domain gives
a description of the technical functionality required to realize
the service offering. A description of the structure of the
multi-actor value network required to create and provide the
service offering and describe the focal firm’s position within
the value network can be found in the Organization domain.
The Finance domain describes the way a value network
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intends to generate revenues from a particular service
offering and of the way risk, investments and revenues are
divided among the various actors in a value network.

Figure 1 shows the perspectives and examples from the
four business model domains. For example, data streams
transferred over networks and the end-user applications and
devices co-determine the required functionality in the
technology domain.

Domain Perspective Example
e Customer or End-user
Service 1\{::;;%2%%0;'“0“ Market Segments
Rate and Effort
: : Devices
Functionali .
Technology unctionality Applications
required
Data
Actors
Organization Strlucture of " Roles
value networ Interactions
Revenues
. Cost structure At
Finance Profit potential Pricing

Perfomance indicators
Figure 1. Business model domains, perspectives and examples

I1l.  INNOVATION PHASES

There are many models in use to describe the innovation
process [1, 6, 7]. We have chosen a model which is based on
the innovation phases of Cooper [7] and which uses five
innovation phases, each with its own goals and approaches,
i.e.. inventory phase, design & development phase,
experimental phase, pilot phase and implementation phase.
The innovation process begins with the inventory phase.
The purpose in this phase is to make an inventory of the
needs and conditions of the users for whom the new service
will be created. The next phase, design and development,
focuses on thinking about the business model and how the
technology will be designed and developed. This is
followed by the experimental phase in which some users try
out the new application, often in laboratory setup.
Subsequently, in the pilot phase, more users will be
involved to work with the new service in their daily
practice. When successful, the process ends with the
implementation phase. Figure 2 shows the five innovation
phases and examples.

Inventory Design & Pilot Experimental Implementation
Development
-Openness -Usability -Invest in -Training facilities  -Evidence based
-Technology and  -Start design resources -User support medicine
market scan business model  -Reliable -Business model

-Needs research technology

Figure 2. Innovation phases and examples

IV. MATRIX MODEL

The five innovation phases can be combined with the four
business model domains to form a matrix with 20 cells, the
eHealth innovation matrix (Figure 3). The matrix allows to
allocate distinctive SFs to each cell. A cell describes the
essential steps and choices in the innovation process for a
specific area within the business model in a specific phase
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and can therefore be matched with success factors for
eHealth innovations. These SFs will be identified in the next
step to complete the eHix innovation matrix.

Inventory Design & Experimental Pilot Implementatior
Development
Service
1 2 3 4 5
Technology 6 7 8 9 10
Organization 11 12 13 14 15
Finance 16 17 18 19 20

Figure 3. Combining business model domains with the innovation phases

V.  SUCCESS FACTORS FOR EHEALTH INNOVATIONS

The third and final step of the approach is the
identification of possible success factors for eHealth service
innovations. The success factors can be divided into three
groups, Generic Success factors, Industry and market
specific success factors and Case specific success factors

[8].
A. Generic Success Factors

A number of generic success factors need to be satisfied
by any business model for it to be viable. For example, does
the business model create value for the customers and does
it create value for the (business) actors? A business model
that obviously creates value for the customer does not
necessarily create value for other actors participating in the
business model and therefore may not always be viable.

One of the most important SFs is the “match to customer
needs” [9]. In different studies this SF correlates strong with
the actual success of the innovation. For eHealth
applications, customers may include patients, doctors,
medical specialists, caregivers, or health insurance
companies. It is therefore important to determine who the
customers are and their interests and requirements. Urban
and Hauser added one success factor that emerged in several
studies, “time to market”. This SF is especially important in
industries where the lifecycles are short and frequent
innovation must fit a moving window of technology or
market performance [10]. This SF applies to eHealth
services as well, as these services are usually based on the
products of the fast moving ICT industry.

B. Industry and market specific success factors

The industry and market in which a business model and
innovative concept is deployed, i.e. the business context,
often comes with its own success factors as well. For
example the care market requires new care solutions to be
‘evidence based’, i.e. with clinically proven value, before
they are admitted to the care market.

An expert meeting can be an efficient instrument for
gathering Industry and market specific SFs. To this end, one
typically invites different stakeholders and experts such as
actors involved in the business model, researchers, market
specialists, end-users representatives, financial experts,
innovation specialists or technology experts. A recent expert
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meeting organized by our research group delivered the SFs
shown in Table 1.
TABLE 1. SUCCESS FACTORS DELIVERED BY EXPERT MEETING
\ Success factors
Strengthening primary care

SEIEE Involve patients
Lifecycle management
Patient central
Keep it simple
Technology Proven technology

Direct contact with customers
Avoid network complexity
Avoid application for
structural plan is created

pricing strategy: dirty cheap in beginning

Organizational

grant  before

Financial

C. Case specific success factors

Finally the specific case at hand may come with its own
success factors. The innovation in itself may entail specific
SFs due to for example the use of a specific technology.
Specifically the issues regarding the adoption of the
technology, the technological developments and the
reliability of the chosen technology should be addressed.
Case specific factors can also be more specified versions of
generic or industry specific success factors. We will discuss
examples of case specific SFs in the next section, where we
apply the eHix in the specific case of real-time medication
monitoring for epilepsy patients.

Now each combination of a business domain and a
innovation phase can be coupled with SF's, completing the
eHix.

Inventory Design & Experimental Pilot Implementation
Development
p Evidence :
3 Customer e Opportunity Lifecycle
Service needs Usabioy to try ng%?g?‘e management
Proven Standar- Security Support and
Technology  Technology dization Privacy training Slppal
Heattnlcare Avoidk Support Direct Support
i il supplier networl opinion contact opinion
Organlzatlon involved complexity leaders clients leaders
- Cost i Cost i
- Fi e C Provide % Prici
Finance s{nnxactntfre effectiveness resrgrrces effectiveness strnatg‘g%

Figure 4. eHix with success factors

VI. THE DIMOVE CASE

This section illustrates the method explained earlier in
this paper by a specific practical case. First we provide a
description of the DiMove case. This case has gone through
all innovation phases and is now in the implementation
phase. Then we provide the designed business model based
on the STOF framework and match the business model
design with the earlier mentioned success factors. The last
section contains an enumeration of the most important
“lesson learned” based on this case study.

A. The DiMove service

DiMove [11,12] is an eHealth solution for assisting
patients with epilepsy in taking their medication. For
patients with epilepsy it is important to take the medication
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at regularly set times. A Dutch study into the medication use
of people with epilepsy found an adherence of 65% [13].
Some patients frequently forget taking the medication at the
correct time, which can lead to the occurrence of more
epileptic seizures. DiMove uses a smart medicine box in
combination with a web application (Real time Medication
Monitoring, or RTTM) [15]. The medicine box will send a
message to a server when the box is opened. The messages
are wirelessly transmitted by GPRS or SMS. A message
contains information about the time of opening, an
identification of the user, an identification of the drug if the
patient uses different types of drugs, and any other desired
information. The RTMM works wherever there is a
connection with a GSM network. Approximately 20 seconds
after opening the box, the information is processed, stored
and available in the DiMove application. The details of that
message are stored in a central database and are accessible
via a secure Internet accoun