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Abstract. This paper examines the process of developing key performance in-
dicators (KPIs) for evaluating the use of high definition video (HD) to video
(V2V) communication for tele-monitoring patients in a healthcare setting. The
research is performed in the context of the European Commission funded Live-
City project and uses as a case study the monitoring of glaucoma patients using
V2V technology. Initially, a set of KPIs are defined for V2V use in eHealth
services based on literature and secondary research and these KPIs are then re-
fined based on interviews with medical staff involved in the treatment of glau-
coma patients. The obtained KPIs are used to analyse the potential of using
V2V services in the context of tele-monitoring glaucoma patients.

Keywords: high definition video, eHealth, tele-monitoring, glaucoma, KPlIs.

1 Introduction

In the current economic climate, where governments are under constant pressure to
deliver ‘better for less’, the role and impact that Information and Communication
Technology (ICT) has on core public services such as healthcare has increased more
than ever before. In particular, most European governments see ICT as a means to
facilitate and improve health services and as a mechanism to reduce the cost associat-
ed with healthcare service delivery [1, 2, 3, 4]. Among the variety of existing health
services, in this paper, we focus on tele-monitoring and we argue that it is possible to
improve the quality and acceptance of existing tele-monitoring services by using HD
V2V communication. This research is performed in the context of the LiveCity pro-
ject (EU FP7 CIP grant agreement No. 297291), and focuses on the case of tele moni-
toring for glaucoma patients.

Although tele-monitoring is not necessarily a new concept, problems are reported
due to image noise and jerky sound that may be crucial for the proper diagnosis of
patients [5]. In this context, the LiveCity project aims to ensure that HD V2V com-
munication is provided between the hospital and the patient. This is of particular im-
portance for the LiveCity case study, as it involves communication with glaucoma
patients, and in this case, for a consultation, high quality images are imperative [6].
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However, the technical details on providing high quality video are out of the scope of
this paper, as this paper focuses on the evaluation of tele-monitoring services through
V2V by defining a set of KPIs.

In order to do so, the paper is structured as follows: The next section sets the back-
ground of this research. It is followed by a brief introduction on how delivery of HD
V2V services can be facilitated over public infrastructure. The next section then brief-
ly introduces the evaluation phases of the LiveCity project, followed by an initial set
of KPIs for eHealth services. This is followed by the main results of a semi-structured
interview that was conducted to collect data from a doctor treating glaucoma patients.
The paper then concludes by offering a discussion of the results, conclusions and
future work.

2 Background

Using ICT in health services (electronic health — eHealth) has been seen as a solution
for reducing the cost associated with healthcare delivery [2], improving decision mak-
ing to increase the quality of service offered to patients, improving the access to in-
formation [7], and contributing to the saving of lives through advanced tools and
techniques [8]. However, the adoption of ICT in healthcare has not met initial expec-
tations with reports of poor take up by both practitioners and patients [9, 10]. Prior
research has identified several issues with the current use of e-Health such as the
communication infrastructure [1, 10], the necessity for the system to be user centric
[11], and the need to involve stakeholders from the initial stages of service design [1].

Several services that have been used in e-health, such as Electronic Health Records
(EHRs) [12, 13], picture archiving and communication system, and tele-medicine [14]
as core services that are enabled by ICT. This research focuses on a particular type of
tele-medicine/tele-monitoring, and explores the use of HD V2V between the patient
and the hospital. Tele-monitoring has been used for the monitoring of patients suffer-
ing from a wide range of diseases such as: diabetes, hypertension, home delivery,
home nursing care for elderly and chronically ill, and glaucoma, either through the
use of voice or voice and video communication [15, 16]. In this paper we address tele-
monitoring for glaucoma patients. Glaucoma is one of the major causes of blindness
worldwide and its treatment requires frequent monitoring of patients [17]. When the
communication between patient and doctor has been done through V2V, prior re-
search shows that although there is no cost saving between a tele-monitoring consul-
tation and one in the hospital, patients were often satisfied with their personal cost and
time savings that came as a consequence of using the system [18]. Among the draw-
backs reported for remote consultation, poor image quality appears as one of the big-
gest issues impeding tele-monitoring.

Problems with the image quality have also been observed in conventional tele-
medicine [19]. Such problems have resulted in adequate information not being availa-
ble for proper diagnosis of patients [5]. In a more recent study, Bradford et al. [20]
reported that problems with poor video quality in tele-monitoring contexts have led
the nurse “to use a mobile phone for audio and the Internet video call for visual



communication only, as the quality of the video could be improved by allowing more
bandwidth” [20]. In this respect, LiveCity aims to alleviate the problems that exist
with the delivery of video over public internet infrastructure and facilitate the delivery
of high definition video for the eHealth context as part of its portfolio.

3 Using High Definition Video in Tele-monitoring: LiveCity

As previous studies performed on video to video communication for tele-monitoring
reported various difficulties encountered when delivering video over the Internet,
such as poor image and noise quality [5], the LiveCity project aims to alleviate the
problems that the transmission of high definition video over public Internet infrastruc-
ture faces, through the use of a Virtual Path Slice (VPS) controller (Fig. 1). While it
is not our intention to discuss the technical characteristics and functions of the VPS
controller in this paper, essentially it is an application that manages bandwidth by
avoiding interference from unwanted traffic and therefore ensuring that any loss of
delivered data and delays are reduced [21]. It therefore creates a virtual path over the
public Internet to allow traffic (data, voice and video) to flow freely without losing
quality. This ensures that signals are not interrupted by other external Internet traffic
when the connection between two points of contact is established, therefore guaran-
teeing the transmission of high quality live video images between two points of con-
tact.

Fig. 1. Video Platform with the Use of VPS Controller [21]
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Transmission of HD V2V is particularly important for certain consultations for
which the medical staff need to see detailed information. In this respect, the quality of
images need to be very good, as is the case of glaucoma patients, where a high quality
picture of the eye is necessary for a proper diagnosis [6]. Glaucoma treatment usually
consists on applying eye-drops, this being the preferred treatment to an operation. The
treatment requires taking the medication in the same dose at the appropriate time and
proper application of the eye-drops. However, it is reported that almost half of the
patients fail to apply the eye drops correctly [6], resulting in improper treatment of



glaucoma leading to complications, side effects, eye-damage and vision loss. In such
circumstances the communication between the doctor and the patient is extremely
important for the success of the treatment. However, due to various reasons, such as
convenience, cost or impossibility to arrive at a hospital premises or private clinic,
communication and/or consultation between the patients and the healthcare provider
can sometimes be difficult. This is especially significant in cases where patients are
unable to physically visit their doctor due to disability or old age, or for those people
living in remote locations. In this respect, tele-monitoring could help in consulting
glaucoma patients and checking whether they take their treatment properly. In this
paper we focus on the first phase of evaluating the tele-monitoring of glaucoma pa-
tients using HD V2V in the context of the LiveCity project and defining the KPIs to
be used in the second phase for assessing the success of tele-monitoring in this con-
text.

4 Evaluation

The purpose of the evaluation is to determine relevant Key Performance Indicators
(KPIs) for successful adoption of video-to-video tele-monitoring for glaucoma pa-
tients. The LiveCity evaluation consists of two phases [22]. In the first phase, KPIs
are determined. During the second phase, the obtained KPIs from the first phase are
being applied to assess the LiveCity use case (in this case, the treatment of glaucoma
patients using V2V tele-monitoring) and revise the KPIs. The revised KPIs will result
in final recommendations for designing and implementing V2V tele-monitoring ser-
vices for glaucoma patients.

The research presented in this paper focuses on the first phase. During this phase
an initial set of KPIs are identified, followed by a revision of the originally obtained
KPIs based on stakeholders consultations (in this case, interviews with doctors). The
importance of involving relevant stakeholders in the implementation of ICT in public
services in general [23] [12], and understanding doctors’ perception of using HD V2V
communication in particular is imperative before such services are implemented in
healthcare settings to facilitate their adoption.

In this respect, it is important to find out what criteria are necessary to facilitate a
successful adoption of HD V2V communication as proposed in the LiveCity project
in the context of a healthcare setting. With this aim, we performed a preliminary in-
terview with a doctor treating glaucoma patients at a large University Clinic hospital
in Attica, Greece. This is the place where the LiveCity pilot will take place and the
interviewed doctor will be involved in tele-monitoring glaucoma patients.

The interview was semi-structured with open-ended questions. Semi-structured in-
terviews are the most common used tool in qualitative research in information sys-
tems [24]. The interview was conducted in April 2013 and tape recorded with the
doctor’s permission. Since the purpose of this study was focused on the initial explo-
ration of the concept of V2V used for the tele-monitoring of glaucoma patients, and
not generalisation, a single in-depth interview was deemed adequate to fulfil the over-
all aim of the study.



4.1 Initial KPIs

In Table 1, we present the initial Use Case related KPIs we perceive to be im-
portant for evaluating the LiveCity platform, as drawn from the literature and consul-
tation with LiveCity project partners. The technical KPlIs related to the network con-
nectivity and application are not presented in this paper as they are general to every
LiveCity services and have been previously covered in [22, 25]. The remaining KPIs
have been organised into user requirements and process requirements.

User Requirements: these are related to the actual utilisation of the V2V service by
the involved users and the respective level of user experience. KPIs are built around:

e Usability/Ease of Use: V2V services shall be easy to use by different classes
of users,

e Satisfaction: captures the different levels of user experience,

e Reliability: reflects user point of view regarding reliability aspects of the
V2V provision.

Process Requirements: these are related to the end-to-end process tailored to the
various V2V provision scenarios. In this case, in Table 1, we outline examples of the
specific use case related KPIs for delivering health services using V2V.

Table 1. Initial Health KPIs

Health KPIs
P Ease of use
._.\“j Navigation
2 & | Help features
< % G Background and colour
§ ) User involvement in parameterization
g Menu simplicity
; g Delighted with systems
3 2 = Pleased with the system
&= Satisfied with the system
Image quality
b2 Number of interruptions during a session
% Boot time for the application
= Response time
Anonymity of sensitive data
9 g Encryption of Sensitive data and communication
g g Data storage in a physically secure location
e g Data Security
5
o System development cost
Time for examination




Hospital resources committed for the new system

Learning time for new system use

Time-to-doctor: meeting the doctor and starting the examination

Physical presence cost including transfer to the hospital

Waiting time in the hospital for examination
Number of patients involved in the pilot

Number of visits to the hospital (emergency)

Number of visits to the hospital (outpatient)
Waiting time in the hospital (emergency visit)

Waiting time in the hospital (outpatient appointment)

Number of patients

Conformance to treatment

Intraocular pressure control

Ease of appointment scheduling (time required)

Ease of appointment scheduling (ease of set up)

4.2 Refining the KPIs: Interview with the Doctor

After defining the initial KPIs from literature and secondary research, we conducted
an in-depth interview with the doctor involved in treating glaucoma patients and who
will be testing the tele-monitoring HD V2V solution offered by the LiveCity project.
The purpose of this interview was to assess the criteria that are most important from
his (the doctor’s) point of view for the successful adoption of V2V in treating glau-
coma patients. The interviewed doctor worked at the University Hospital Clinic re-
sponsible for treating (including performing surgical operations) patients with glau-
coma in the Attica region as well as from across Greece who commute to the hospital
for check-ups and treatment. In this particular case, it is anticipated that tele-
monitoring using HD V2V will facilitate better patient conformance to the right
treatment and correct application of the eye-drops with the remote assistance from
their doctor. Moreover, it is hoped that V2V will help patients access medical infor-
mation remotely when needed and have their questions or queries answered with re-
gards to their treatment. In the scope of the proposed activities, doctors will be able to
interact with their patients and will be able to monitor them allowing frequent patient
consultation during the medical treatment process. The high quality of live V2V will
eliminate the necessity for patients to travel and visit their hospital and will allow
doctors to monitor how patients apply their eye-drops and guide them to take correc-
tive action when necessary. The necessity of refining the KPIs is motivated by the fact
that the quality of service is mostly context dependent [26, 27, 28], with prior research
showing failed attempts to measure it using general scales in new contexts [29].

The interview with the doctor took place in April 2013. As a result of the inter-
view, additional items were created and qualitative findings were matched with the
existing scales to match construct definitions. During the interview, the doctor high-



lighted the importance of some of the initial KPIs presented in Table 1, such as the
importance of patient satisfaction with the system, «....if they [patients] are happy
themselves, the patients who use the technology are satisfied, they will like it, will use
it or we may even lose them in the process”. In this process, the Doctor emphasised
that the “video quality is the most important thing” due to the neccessity to see a
detailed picture of the human eye.

Table 2. New KPIs Identified for tele-monioring of Glaucoma Patients using V2V

Criteria Interview quote

“if they do not follow the treatment correctly, the

Improvement in the patients’ health ) "
eye will be lost

“if they put their drops correctly, maybe they need
less bottles, less medicine, less eye drops... this
Reduce the medication cost means they do not pay extra money for medicine
they do not need to use... often a lot of medicine is
wasted because patient do not know how to use it”

Improved  doctor /  patient| “follow our patients more closely”
communication

“We [doctors] are always worried whether they

L . [patients] use the drops correctly”
Improved monitoring of patients by|, ) .
Patients underestimate the difficulty to put a drop

g doctors into the eye, so we [doctors] can see them [patients]
g)_ in their home and how they use the eye drops”
g “in case they [patients] want to ask something as an
%} emergency ... they Will find it easier this way”
& |Improvement in the availability| “patients often complain that when they want to
g /easiness for patients to reach|reach us [doctors], it is very difficult to get an

doctors appoitment”’
“through the V2V solution, they [patients] find it
more easy to reach us”

Improve patient perception of doctor| “‘feeling that we [doctors] are available for
availability them [patients] ”

“we [doctors] can decide whether they [patients]
need to came or they can stay at home and continue
the treatment.... This will help to reduce
transportation costs”

“..50 many times they [patients] do not need to
come to the hospital...it would be even better for us
to decide if they need to come..... | believe that
patient management as a result of using the system
would be extremely better with V2V... not just
better”

Improvement in patient management




Improvement in the number of|“due to the improved patient management and less
patients treated appointments and physical consultations, we will be
able to treat more patients”

Improve the patient| “Patients underestimate the difficulty of putting a
skills’lknowledge in applying their|drop into the eye”... “they [patients] need to be
eye drops trained, educated, and reminded”

“Ideally we would realise that patients who have
been educated for the first month with more
consultations, appoitments, video to video
consultations could be more reliable with the
treatment afterwards”

Patient reliability in getting the
treatment correctly

5 Discussions, Conclusions and Future Work

One of the clear benefits of using V2V enabled tele-monitoring is the ability to treat
patients without the need for physical consultation and the need to be transported to a
hospital. This could be particularly important for patients living in remote locations
where access to the hospital is difficult, or for the elderly (who are most prone to be
affected by glaucoma and require usually to be accompanied to the hospital) by allow-
ing them to be independent for a longer period of time without the need to commute
to the hospital.

The purpose of this paper was to determine a set of KPIs aimed at assessing tele-
monitoring services for glaucoma patients. With this aim, we first identified generic
KPIs from the literature, secondary sources and through consultation with the in-
volved partners in the LiveCity project. This was followed by an interview with a
doctor treating glaucoma patients at a large hospital in Athens, Greece. We presented
the KPIs identified initially as well as the new ones obtained as a result of the inter-
view.

From a theoretical perspective this study extends service quality research by devel-
oping a set of indicators for tele-monitoring patients who suffer from glaucoma. The
implications of this research are highly relevant to the decision makers of eHealth
platforms who are offering tele-monitoring services for glaucoma patients. These
findings improve the general understanding of how doctors evaluate service quality in
the context of glaucoma treatment using tele-monitoring. The proposed indicators
should contribute to paving the way for conducting effective design of service deliv-
ery systems in the context of eHealth services.

Several limitations in this paper are worth noting. This research was conducted in
only one country, and by interviewing only one doctor responsible for treating glau-
coma patients. Replication in other contexts would increase the confidence in the
proposed indicators; hence, the findings should be treated as indicative rather than
confirmatory.



Once the V2V system is implemented for tele-monitoring of glaucoma patients in
the context of the LiveCity project, we propose to refine the KPIs during the imple-
mentation and testing of the system and consequently propose a framework for evalu-
ating the V2V enabled tele-monitoring of health services. The obtained KPIs and
framework will then be used as a source to develop a ‘how to’ guide for delivering
V2V based eHealth services.
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