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Foreword

The import of communication and digital tech-
nology into the field of health has opened new
vistas in patient care (diagnostics and treat-
ment), distance learning for health personnel,
and health education for patients. The discipline
of ophthalmology lends itself admirably to ap-
plication in all these domains. Moreover it is a
means of achieving equity in specialist service
delivery with acceptable levels of care that is
evidence based, even in situations where trained
specialist personnel and infrastructure resources
are limited. However the cost/benefit issues of
such intervention in various situations and their
acceptance in different socio-economic and cul-
tural settings must still be generally established.
There is increasing evidence from pilot studies,
some described in this publication, that are en-
couraging provided that further containment of
capital and recurring costs occur. There is also
a need to develop and adopt more user friendly
technologies such as those that have already rev-
olutionized global communication.
Technological interventions such as teleoph-
thalmology in health care are a means to an end

and not end products themselves. The product
it helps to deliver is eye health. It is important,
therefore, as we continue to improve on our tech-
nologies, that we continue to measure and assess
their impact on the outcomes of care. In the final
analysis the value of any new health technology
based on innovation and research must be seen
against the benefit that it brings to our patients.
This multiauthor source book is a collection of
articles from a range of countries that not only
describe what is already available but also pos-
tulates what the future holds for teleophthalmol-
ogy. In this context it is necessary to “think out-
side the box” and, as late Sir John Wilson said,
“I believe that to constrain our horizon to the
current state of awareness and knowledge is to
destroy the possibility of unexpected novelty and
success in improving the human condition.”

Dr. Ramachandra Pararajasegaram
Consultant

Prevention of Blindness and Deafness
World Health Organization

Geneva, Switzerland



Foreword

Ophthalmic disease is characterized by pathol-
ogy made visible and therefore able to be imaged
due to the essential transparent nature of the in-
ternal eye structures. Not only can the disease
process be readily imaged, but in western and
developed countries, most blindness is caused
by a small number of very prevalent conditions
namely cataract, macular degeneration, glauco-
ma with optic disc cupping, diabetic retinopathy
and other vascular diseases. In addition, these
diseases tend to be relatively slow in onset and
therefore asymptomatic in the early stages and
increasingly treatable if detected before vision
is lost. The number of people visually impaired
across the world from these major conditions is
increasing as the population ages and adopts a
more sedentary lifestyle.

The exciting and rapidly developing field of
teleophthalmology encompasses high-resolu-
tion digital imaging, image storage and trans-
mission to expert disease monitoring centers,
image compression, data security and intelligent
systems. Teleophthalmology in the future offers
the opportunity to maintain image data banks of
whole populations and the possibility of detect-
ing the vast majority of blinding eye disease very
early.

In developing countries where the prevalence
of blindness is much higher, and where the dis-
ease spectrum causing it includes infections of
the ocular surface and injuries in addition to cat-
aract, diabetic retinopathy and glaucoma, tele-
ophthalmology offers the chance to develop very
cheap methods of screening for eye disease with
portable digital imaging equipment operated by
less expensive and ubiquitous health workers
throughout the community.

Before all this can happen, further technologi-
cal breakthroughs are required. Cheap, easy to
operate, and portable digital slit lamps and digi-
tal ophthalmoscopes need to be developed with
a precision matching expensive optical equip-
ment already available in ophthalmic specialist
offices today. Secure transmission, storage and
analysis needs to be developed specifically for
this type of program. For widespread use, tele-
ophthalmic systems need to develop economic
reality through a reimbursement formula from
government health and insurance agencies so
that health workers everywhere can take on these
responsibilities in addition to their often already
stretched work loads. A wholesome program of
community awareness on the nature and dangers
of eye disease needs to be carried out to induce
the whole population to participate in screenings
even if they think their eyes are normal. Ophthal-
mologists and optometrists need to be convinced
that teleophthalmology will be a powerful addi-
tion to their medical and optical expertise rather
than a faceless competitor.

This book encapsulates global efforts in the
development of teleophthalmology with contri-
butions from many international experts with
first-hand experience. Their contributions in the
not-too-distant future will be seen as major de-
velopments in eye health care.

Professor lan Constable

Director - Lions Eye Institute

Centre for Ophthalmology and Visual Science
University of Western Australia



Preface

If a group of ophthalmologists, nurses, computer
scientists, or scientists from other disciplines
were asked the question, “What is teleophthal-
mology?” the response would certainly not be
unanimous. Some might point out examples of
applications in the area of ophthalmic service
delivery. Others would highlight the technology
itself. These replies portray the tip of the iceberg,
since developments in teleophthalmology are
progressing at great speed. As a consequence,
there is a need for a broad overview of the field.
This first-ever book on teleophthalmology is
presented in a way that should make it accessible
to anyone, independent of their knowledge of
technology. This book is designed to be used
by all, including clinicians, nurses, allied health
professionals and students.

In a very short time, the field of teleophthal-
mology has become too extensive to be covered
by only a small number of experts. Consequent-
ly, this book has been written with contributions
from a host of renowned international authori-
ties in the field. Our guiding hope during this
task was that as editors of multiple chapters we
could still write with a single voice and keep the
content coherent and simple. We hope that the
clarity of this book makes up for any limitations
in its comprehensiveness.

The editors took much care that this book would
not be merely a collection of separate chapters,
but rather offer a consistent and structured
overview of the field. We are aware that there
is still considerable room for improvement and
that certain elements of teleophthalmology are
not fully covered, such as legal and reimburse-
ment policy. The editors invite readers to send
comments and feedback (suggestions, remarks,
corrections, demonstrations, questions and an-
swers, etc.) to further improve and expand future
editions of this book.

This book has been organized systematically.
The 33 chapters are grouped into four main
sections. The book starts with foundational
chapters explaining the concepts that are the
mainstay to teleophthalmology and subsequent
chapters are built upon those foundations.
The first section covers the basic concepts of
teleophthalmology, current issues and technol-
ogy used. The chapters on cost evaluation and
legal issues are deliberately placed in the first sec-
tion of the book to emphasize the fundamental
importance of these topics.

The second section covers the current state of
the art in disease-specific screening systems. The
predominant paradigms of each disease-specific
screening are discussed. This section provides a
justification for the clinical services described in
the following section on global efforts.

The third section covers the major threads of
services, research and development in various
nations in an effort to provide better eye care
delivery. Throughout this section, a theme of
implementation and feasibility are sustained.
Considerable focus is given on works being done
in developing countries. The final section covers
the current, ongoing experiments and future di-
rections of teleophthalmology.

Appendix 1 lists information on some of the
educational and training opportunities avail-
able. Nevertheless this list is not inclusive, since
opportunities are progressively arising in this
domain. Appendix 2-7 illustrates samples of
various administrative tools necessary for any
teleophthalmology trials.

We would like to thank all authors for making
this book possible through their contributions.
This book would not have been possible without
the assistances of various people. We acknowl-
edge and appreciate the assistance of Ms. Kitty
Drok, editorial assistant from Western Austra-



Preface

lia and the reviewers Prof. Ian J. Constable, Dr.
Antonio Guibilato and Dr. Nitin Verma. We are
indebted to Prof. Ian J. Constable and Dr Para
Rajasegaram for their warm and constant sup-
port and endowing foreword to this book.

Kanagasingam Yogesan
Sajeesh Kumar
Leonard Goldschmidt
Jorge Cuadros
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Chapter 1

Overview of Teleophthalmology

Sajeesh Kumar, Kanagasingam Yogesan

This chapter addresses the following

Key Concepts:

B All patients should have access to oph-
thalmic and other medical specialists,
regardless of a patient’s geographical
location.

B Ophthalmic specialists are not available
in many areas.

[ Using a computer, digital camera,
specialized software, and telecommu-
nications technology, clinical data can
be transferred between remote sites,
regardless of the location of ophthalmic
specialists and their patients.

[l Teleophthalmology can include real-
time transmission between consulting
parties, and/or store-and-forward trans-
mission.

B Today’s teleophthalmology, which en-
compasses access to eye care specialists
for remotely located patients, includes
ophthalmic disease screening, monitor-
ing, diagnosing, management, sharing
of medical resources, collaboration on
research and clinical trials, distance
learning, and continuing education.

1.1 Indroduction

“Watson, come here. I want you,” said Alexan-
der Graham Bell on 10 March 1876, when he ac-
cidentally spilled battery acid on himself while

making the world’s first telephone call [1]. Little
did Bell realize at the time that he was transmit-
ting the world’s first telemedical consultation.
The field of telemedical communications has
come a long way since then; not only is telesur-
gery commonplace, telemedicine has made it pos-
sible to bring state-of-the-art ophthalmic care to
patients in rural and other hard-to-reach areas.

Prior to the development of telemedical com-
munications, ophthalmic expertise was not avail-
able in several areas of the world. This was due to
the higher concentration of eye care specialists
in large, urban cities, with fewer in suburban
and rural areas. To compensate, patients often
were referred elsewhere at considerable expense
- even though, in many cases, treatment could
have been carried out by a local physician had
advice been available from a specialist. All this
has changed with the development of technolo-
gy ranging from personal computers and digital
cameras to appropriate software and telecom-
munications. Locale is no longer a limitation in
receiving quality eye care, for the emerging field
of teleophthalmology has made it possible to
transfer clinical data from any part of the world
to any other part.

1.2 What is Teleophthalmology?

Tele is a Greek word meaning “distance,” and
ophthalmology is the branch of medicine that
deals with the anatomy, functions, pathology,
and treatment of the eye.

Teleophthalmology is a method by which pa-
tients’ eye-related problems can be examined, in-
vestigated, monitored, and treated, even though
the eye care specialist and patient are located in
different geographical areas. Though initially
considered futuristic and experimental, teleoph-
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thalmology has evolved into a specialty that is
allowing quality eye care to reach patients world-
wide.

One of the first applications of telemedicine to
ophthalmology was tested in 1987 as part of a
project to monitor retinal vessels during space
flights. To ascertain its efficacy, the Johnson Space
Center in Houston, Texas, developed a system
for real-time transmission of retinal images that
were acquired by a portable video funduscope.
Tested on the space shuttle Columbia during
mission STS-50 [2], the device used state-of-the-
art telecommunication tools to provide ophthal-
mic advice remotely; today, such technologyis an
integral part of eye care services in several parts
of the world. Image acquisition, image storage,
image display and processing, and image transfer
represent the basis of teleophthalmology. Such
technology is making it possible to bring high
quality eye care services to patients in hard-to-
reach areas, rather than having to transport pa-
tients to a distant eye care center. Because of this
application, two major goals of teleophthalmol-
ogy are to (1) eliminate unnecessary traveling for
patients and their caretakers, and (2) enable eye
hospitals to treat patients from all over the world
without concern about geographical limitations.

1.2.1 Scope of Teleophthalmology

Teleophthalmology covers a wide range of activi-
ties: the transferring of high-resolution ophthal-
mic images, ultrasound, electrooculography and
electroretinography results. Today, the applica-
tions of teleophthalmology encompass:

Access to eye specialists for patients in
rural or remote areas

Ophthalmic disease screening, diagnosis,
monitoring, and management

Linking and sharing of diverse medical
resources

Research and clinical trial collaborations
Distant learning and continuing educa-
tion

1.3 Teleophthalmology
Around the World

Because of the high prevalence of eye disease in
South Africa and the country could not afford
the level of ophthalmic specialization achieved
in the United Kingdom, a dedicated Internet site
was set up by the UK’s Moorfields Eye Hospital.
This system offers teleophthalmology service
to African countries including Ghana, Gambia,
Tanzania and South Africa [3].

The Middle East Ophthalmology Network
(MEON) is a unique network among ophthal-
mologists working in major ophthalmology cen-
ters in Israel, Jordan, Morocco, Tunisia and the
Palestinian Authority [4], because the project of-
fered some 50 physicians across the Middle East
the opportunity to benefit from sharing clinical
consultation for diagnosis and management de-
cisions beyond physical and political boundar-
ies. The system also overcame some of the con-
straints imposed by the uneven distribution of
medical resources and expertise in the region,
reduced professional isolation, encouraged more
collaboration between physicians, and offered
peace dividends based on cooperation between
physicians across the political divide [4].

In the Azerbaijan Republic, the quickest and
most cost-effective way to improve medical care
was reported to be through telemedicine [5]. The
first Internet and telemedicine station in Azer-
baijan was started in 1997. Since then, ophthal-
mology- and surgery-based telemedicine con-
sultations have been carried out with clinics in
Moscow.

In 1998, using an integrated services digital
network (ISDN) line conveying information at
a rate of 128 kb/s, an endoscopic laser-assisted
dacryocystorhinostomy procedure was trans-
mitted in real time from the Saint Francis Medi-
cal Center in Honolulu, Hawaii, to ophthalmolo-
gists at the Makati Medical Center in Manila,
Philippines, more than 5000 miles away [6]. Live
surgical and endoscopic images were sent in real
time with explanations by the surgeon and with
interactive questions and answers during and af-
ter the procedure. It was the first time telemedi-
cine technology was used to support real-time
surgical telementoring to remove an orbital tu-
mor, and it opened the door to further use and
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development of telementoring technology to dis-
seminate surgical skills to distant sites.

1.4 Anatomy of a Teleophthalmology
Consultation

Specific teleophthalmology and communication
devices all are key components of the teleoph-
thalmology infrastructure. They include special-
ized application software, data storage devices,
database management software, medical devices
capable of electronic data collection, and storage
and transmission. In turn, these devices are en-
hanced through the use of telecommunications
technology, network computing, video confer-
encing systems, and modems.

Teleophthalmology customarily uses two
methods to transmit images data and sound
- either live, real-time transmission wherein the
consulting health care professional participates
in the examination of the patient while diagnos-
tic information is collected and transmitted; or
store-and-forward transmission is used, wherein
the consulting professional reviews data simulta-
neously with its collection. Ideally, the real-time
assessment should be coupled with high-reso-
lution, digitally still images for documentation
purposes and ongoing follow-up care.

1.5 Equipment Used for Teleophthal-

mology Consultations

Digitally still and video cameras are used for con-
ducting the external portion of the general eye
exam in store-and-forward or real-time mode.
The image quality of these cameras are usually
sufficient to adequately detect gross ocular ad-
nexal pathology, ocular motility, and alignment
abnormalities (i.e. esotropia, exotropia, hyper-
tropias, head-tilts, etc.). However, the pupillary
assessment, which is usually obtained from the
recorded findings of a trained examiner, utilizes
sophisticated video camera systems.

For reporting the refractive status of the eyes,
autorefractors are used in teleophthalmology.
Many of these autorefractors have high levels of
accuracy and require minimal training to use.
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Any of the ancillary health care personnel at re-
mote sites can use this equipment.

The portability of devices are ideal for teleoph-
thalmology. For instance, at remote telemedicine
sites visual field testing is done through portable
automated perimeters. The Humphrey Frequen-
cy Doubling Technology (HFDT) Perimeter and
Dicon FieldView Perimeter are two examples of
user-friendly visual field testers. They require
only a short testing time, while at the same time
they produce field reports in digital format that
can be easily forwarded to the consulting oph-
thalmologist.

Intraocular pressure is measured using Kee-
ler’s non-contact, air-puff tonometer, assuming
appropriately trained personnel are present at the
remote site. Hand-held tonometers, such as the
Tono-Pen XL or the Clarke/Perkins tonometer,
are also ideal for telemedicine applications, since
they are portable and require minimal training.

Non-mydriatic digital fundus cameras are
widely used to assess posterior segment patholo-
gy via teleophthalmology. The Heidelberg Retina
Tomograph II, Panoramic200TM scanning laser
ophthalmoscope and the Topographic Scanning
System (TopSS) are also used in teleophthalmol-
ogy. Refractive surgery patients are followed
up teleophthalmologically, with the use of a slit
lamp video imaging system and a corneal topog-
raphy unit.

High magnification images of the optic nerve
and fovea can be obtained by direct video oph-
thalmoscope, however it allows a very limited
view of the fundus. Currently available digital
indirect ophthalmoscopes may not be a practical
device for most teleophthalmology applications,
since they require someone who is well-trained
in indirect ophthalmoscopy at the remote site.
Additionally, two people are generally required
to capture images using this device: an observ-
er who watches the video monitor, while at the
same time, the examiner is attempting to bring
the retina into focus. Once the image is in focus
on the monitor, the observer needs to instruct
the examiner to capture the image.
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1.6 Teleophthalmology
Considerations

In an ideal world, everyone would have immedi-
ate access to the appropriate specialist for medi-
cal consultation. However, the current status of
health services is such that total primary medi-
cal care cannot be provided in many rural areas.
Even secondary and tertiary medical care is not
uniformly available in suburban and urban ar-
eas. Incentives to entice specialists to practice in
suburban or rural areas have failed in many na-
tions.

For decades, research has revealed that com-
munities most likely to benefit from teleoph-
thalmology are those least likely to afford it, or
to have the requisite communication infrastruc-
ture. However, this may no longer be accurate.
In contrast to the challenge of providing quality
care to patients in rural and hard-to-reach areas,
Internet connections and computer literacy are
becoming more affordable, and therefore, easier
to obtain and utilize [7] for healthcare and other
purposes.

Theoretically, it is far easier to set up an ex-
cellent telecommunication infrastructure in sub-
urban and rural areas than to place hundreds of
medical specialists in these places. The world has
realized that the future of telecommunications
lies in satellite-based technology and fiber-optic
cables. More and more, providing health care in
remote areas through the use of high technol-
ogy is manifesting; for instance, there has been
a phenomenal explosion in the use of computers
in Indian villages [7].

1.6.1 Challenges

Immediate or widespread implementation of tele-
ophthalmology often is hindered by many factors
[8]: lack of a telecommunication infrastructure;
affordability of programs; cost of equipment; ac-
curacy of the medical and non-medical devices
used; training of appropriate personnel; lack of
guidelines and protocols; sustaining projects;
reimbursement for teleophthalmology consulta-
tions; regulations regarding sharing of informa-
tion; legal liability; privacy; and security.

To expedite the use of teleophthalmology, fi-
nancial planning for it should include the costs
of creating and sustaining a telecommunication
and information technology infrastructure and
medical devices, as well as costs such as person-
nel training, monthly network access fees, main-
tenance, telephone bills, and other operational
expenses [9].

Once the objectives of a program are identi-
fied, technology support personnel should be
consulted to clarify technical equipment specifi-
cations and facility requirements. Protocols and
guidelines must be developed to provide clear
direction for how to utilize teleophthalmology
most effectively. The training of remote opera-
tors is especially critical in telediagnosis of eye
conditions that require hands-on examination
[8]. The reliability of a program is also related
to the consulting ophthalmologists’ experience
with telemedicine technology, and their aware-
ness of both its strengths and limitations.

Another challenge is many nations do not
have explicit policies to pay for teleophthalmol-
ogy services therefore, establishing a teleoph-
thalmology payment policy is crucial [10]. In
this regard, several telemedicine services are be-
ing integrated into regular health care systems in
the United States and the Scandinavian countries
that include reimbursement and payment op-
tions [11, 12].

Additionally, studies need to be conducted
about implementing, monitoring, evaluating,
and refining the teleophthalmology payment
process. In this regard, it should be noted that
teleophthalmology licensure and indemnity
laws may also need to be formulated. This issue
however, remains a cloudy region for health care
strategists and has implications for consulting
ophthalmologists and rural/remote practitioners
who practice across state or country lines.

It has been observed that successful teleoph-
thalmology programs are often the product of
careful planning, sound management, dedicated
professionals and support staff, and a commit-
ment to appropriate funding to support capital
purchases and on-going operations. Clearly, im-
plementing an effective system reflects a commit-
ment to teamwork, and to linking technical and
operational complexities into a fully integrated
and efficiently functioning program. Teleoph-
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thalmology service providers, health insurance
agencies, and all concerned institutions should
convene to create a workable model for teleoph-
thalmology service improvements. The eye care
professional communities would also benefit by
creating teleophthalmology service guidelines,
which would pave the way for consensus on
several challenging issues, such as technical and
clinical service standardization for teleophthal-
mology.

1.6.2 Rewards

Worldwide, there is difficulty in retaining eye care
and other specialists in non-urban areas. Once
the virtual presence of a specialist is acknowl-
edged through teleophthalmology, a patient
can access resources in a tertiary eye care center
without being limited by distance. Teleophthal-
mology also ensures maximum utilization of
suburban or rural hospitals. General practitio-
ners in rural and suburban areas often feel that
they may lose their patients to a city consultant.
With teleophthalmology, the community doctor
continues to primarily treat the patient, under
the guidance of a specialist. Teleophthalmology
also avoids unnecessary travel and expense for
patients, their families and caregivers; and it im-
proves health outcomes.

It is also personally and professionally rewarding
for health practitioners to know they have played
a role in increasing access to eye care services
and to improving quality of care. Few moments
are as rewarding as receiving an anxious look
from a patient in need, and giving reassurances
that access to the best medical care is only a mo-
ment away.
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Chapter 2

Ophthalmic Imaging Essentials

for Telemedicine

Patrick J. Saine

This chapter addresses the following

Key Concepts:

[ In the digital realm of ophthalmic
imaging, an image is worth a million
words.

[ The greater the number of pixels — on
which digital photographs are usually
based - the finer the detail.

[ Designating each picture element (pixel)
to one of three additive primary colors
- red, green, or blue - creates a color
digital image.

H In telemedicine applications, large files
that contain fine clinical details must
be balanced with transmission require-
ments that favor more compact files.

I There is a strong relationship between
the amount and type of image compres-
sion and the quality of the information
that is transferred.

B Ophthalmic imaging encompasses a
wide range of photographic modalities,
each of which is designed to capture a
specific type of visual information.

2.1 Introduction

Whoever coined the timeless expression, “a pic-
ture is worth a thousand words,” must surely have
had the application of ophthalmic photography

to telemedicine in mind. For while ophthalmic
specialists can describe their patients with words
and numbers, nothing tells the story of a patient’s
ophthalmic health status as good as a fine, digital
photograph (Fig. 2.1).

To appreciate the intricacies and contribu-
tions of ophthalmic imaging, consider the digi-
tal application of the word retina. The six letters
making up this description are encoded into the
computer using six different American Standard
Code for Information Interchange (ASCII) char-
acters, each of which is a specific two digit num-
ber that is represented in a single byte of memory.
This means that the word retina uses six bytes of
computer space. Therefore, multiplying the word
retina by one million results in a six megabyte
image file - a picture that might reasonably be
said to describe the word retina (Fig. 2.2).

There is also a third meaning to the expres-
sion, “a picture says a thousand words,” because
an image is the end result of a long, multi-step
imaging chain. The subject is first chosen, lit, and
precisely framed. Upon the photographer’s deci-
sion, the light arriving from the subject enters
the camera lens, passes through the open shut-
ter, and strikes the digital sensor. This exposure
initiates an electronic signal that is processed
digitally within the camera, which, in turn, is
transferred to the computer. The digital image’s
input into the computer drives a specific series of
events that involve storage media, the computer
hard drive, random access memory (RAM), the
communication bus, and many electrons. The
image is processed (digitally, not conventionally)
before it is presented on the screen or printed.
So the end product - a single image exposed in a
fraction of a second - is, in reality, the result of a
long, multi-step process.

This chapter provides an introduction to digi-
tal ophthalmic imaging for telemedicine. It be-
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Fig. 2.1. Examples of two patients with similar demographics, similar visual acuity (20/400), and similar history (dia-
betes for 13 years). Retinal photography highlights the variable outcomes of their common disease process

Fig. 2.2. This 24 bit color image of the retina uses 6 mega-
bytes of computer space. The file uses 1 channel each of
red, green, and blue information. It was sent to the printer
asa 4.8” x 4.8” 300 DPI .tif file.

gins by explaining the essential tenets of digital
imaging and concludes with a description of
digital imaging instrumentation.

2.2 Digital Imaging Essentials

When a digital image is created, the image does
not really exist. This is because, unlike tradition-
al photographs, a digital image is really just an
electronic description for creating an image - as
opposed to an actual physical object. As descrip-
tions, digital images use specific parameters to
recreate an impression of the original object. As
in art, digital images are conceptual as opposed
to exact physical replications, and they consist of
four key components: pixels, color, file formats,
and data compression.

2.2.1 Pixels

Computer descriptions come in two basic vari-
eties: vector based and pixel based [1]. Vector
based images use mathematical equations to
describe the image. These are generally compact
(small file sizes), and therefore are not very effi-
cient at conveying large amounts of small detail.

Digital photographs are usually pixel-based
images. Each pixel represents a single point in a
graphic image - similar to dots in halftones or in
grains of film. Both the physical size of the pixels
and their density on the imaging chip can affect
their ability to resolve fine detail. In the simplest
of examples, these pixels can be turned on or off,
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in which case they can be distributed to create a
black and white image. Of course, the greater the
number of pixels, the finer the detail that can be
resolved (Fig. 2.3).

A larger computer file is required to describe
a larger collection of pixels. In telemedicine ap-
plications, the quest for larger files that produce
finer clinical details must be balanced with tele-
medicine transmission requirements that favor
more compact files.

For more tonal variety, each pixel can be ex-
pressed using multiple shades of grey. The num-
ber of shades represented is called the bit depth
of the image. If only pure black and white are
used to create the image, then the bit depth is
two (Fig. 2.4).

Current international computer standards
define an eight-bit system with 256 (2°) differ-
ent shades of grey as possible at each pixel. More
expensive 16-bit (2'° or 65,536 shades of grey)
imaging systems are commercially available, but
their expense limits their use to specialized ap-
plications. Just as black and white bit depth af-
fects ability to represent small changes in grey
scales, the bit depth of color images affects ability
to distinguish subtle colors.

2.2.2 Color

Designating each pixel to one of three additive
primary colors creates a color digital image, with
the eight-bit gray scale image providing a build-
ing block for the 24-bit color image (there are
eight bits each for red, blue, and green channels).
This is accomplished on the digital imaging chip
by overlaying a matrix of colored filters. The Bay-
er Mosaic (BM) describes the pattern used most
often: a green pixel is alternated with either red
or blue in the horizontal and the vertical direc-
tion (Figs. 2.5 and 2.6).

In most circumstances, the green channel re-
solves the finest detail; red contains the next larg-
estamount of information; blue theleast (Fig. 2.6).
Two circumstances prevent the preponderance
of green pixels from overwhelming information
from the other colors in the final image. First, the
information from each pixel is recorded in two
ways: as an absolute value (white, light grey, dark
grey, black) for that particular pixel, and also
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Fig. 2.3. Detail in this retinal photograph decreases from
left to right as the relative size of the pixels increase, and
the relative number of pixels decrease. Larger numbers of
pixels usually mean greater detail

as a color driven value (white, light green, dark
green, black). The camera digitally processes the
image before it is output to the display device; at
this point, it assigns green, red, and blue values
to each and every pixel based on either the actual
pixel value, or on extrapolated values obtained
from information inherent in adjacent pixels.
The result is a more color-balanced output to the
monitor that uses evenly alternating green, red,
and blue points to convey the information.

If a single color is represented in the comput-
er by one of 16 million Red, Green, Blue (RGB)
values, then the universe of these values can be
defined as the “color space” The Commission In-
ternationale d’Eclairage (CIE) color model rep-
resents a standard set of color values (referred to
as the human eye’s color space) [2] as perceived
by most normal-sighted individuals. Digital im-
aging (and also film) is physically unable to ad-
equately represent each and every color within
this set. The two most common color spaces
used in digital imaging are subsets of the larger
CIE color space: Adobe RGB 1998 and sRGB.

In Fig. 2.7, notice that Adobe RGB contains
additional sensitivity in the green area of the
spectrum. These color spaces describe values that
are available in digital color sensors and color
monitors that use the RGB model; they are not

11
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Fig. 2.4. Comparison of the ability to distinguish fine color gradations and bit depth as it increases from (a) two bit
(pure black + pure white) to (b) four bit (2*= 16 colors) to (c) 24 bit (2%* = 16 777 216 different colors)

available in printed material that uses the CMYK
(cyan, magenta, yellow, and black) color model.
It would seem that defining color using a nu-
merical-based system would further our pursuit
for precision and color accuracy. But different
sensors and different monitors may represent
the same numerical value in different ways - in
the same way that different films from different
manufacturers, different films from the same
manufacturer, and even different emulsion

batches of the same film from the same manu-
facturer, register colors slightly differently. Cali-
brating color input (camera settings) and output
(monitor settings) at all telemedicine sites is an
important step toward ensuring that all involved
parties are making decisions based on similar vi-
sual information.
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Fig. 2.5. Digital camera-based example of captured infor-
mation using the Bayer pattern — a checkerboard design
with 50% green, 25% red, and 25% blue filters (left). The

2.2.3 File Formats

Each image, description of physical space, and set
of directions for making a picture must be com-
piled so that the information can be easily read
on multiple computers. This writing convention
is defined by the file format of the image. There
are literally hundreds of different file formats in
use today. The four most popular formats are:
.tif (Tagged Image File Format, TIFF); .jpg (Joint
Photographic Experts Group, JPEG); .pdf (Por-
table Document Format, PDF), and; .gif (Graph-
ic Interface File, GIF). Files written in the .tif
format are usually large, because each separate
pixel is individually described. A 300 pixels-per-
inch .tif file to size is the standard requested by
most high quality, glossy publications. A .jpg file
is a lossy compressed image file, and it does not
contain all of the information of the original im-
age description. The .jpg compression standard
calls for first deleting non-critical information by
rounding and removing redundant information,
then ordering the information using Huffman
encoding, converting to sSRGB color space, and
sub-sampling. Artifacts can be easily seen when
high .jpg compression ratios are used (Fig. 2.8).
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computer interpolates this information and outputs it in
equal parts of green (33%), red (33%), and blue (33%)
(right)

A 72 pixels-per-inch .jpg file to size is the
web publication standard, while a 1,000 pixel by
750 pixel .jpg file is the standard for PowerPoint
and similar electronic presentations. A .pdf file,
which is really a combination of files that was
developed for the publishing industry, combines
text information with .jpg images. Optical coher-
ence tomography is an example of an ophthalmic
instrument that can output information in .pdf
format. A .gif is a pixel-based file format that
incorporates dithering to make the most of its
minimal eight-bit (256 colors) range. This for-
mat is widely used for small web graphics, but
is rarely used to convey ophthalmic information.
Table 2.1 summarizes common file formats and
their uses.

2.2.4 Data Compression

An important imaging concept is the relationship
between the amount and type of image compres-
sion and the quality of the information that is
transferred. The speed of information transfer is
called bandwidth. Because bandwidth is limited,
telemedicine image files are often compressed,

13
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Fig. 2.6. Three individual channels - green, red, and
blue - that compose a color .tif image. Each channel
contributes specific tonal information to the final
image
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Table 2.1. Common file formats and their uses
Image type File use Preferred Comments

format

Continuous tone photograph Archived master image tif, raw Highest available resolution
Continuous tone photograph Publication tif 300 DPI at printed size
Continuous tone photograph Presentation (PowerPoint) Jjprg 100 DPI sized at 10 X 7.5”
Continuous tone photograph E-mail, WWW Jjpg 72-96 DPI at screen size
Line-art/graphic WWw .gif Low bit depth format
Document with text Not for archiving:
and images Electronic distribution pdf uses .jpg images

Fig. 2.7. Example of Commission Internationale de
IEclarage (CIE) color space, which represents the full
range of color seen by a standard human observer. Color
digital imaging can represent a subset of these colors by
implementing either the smaller sSRGB color space or the
larger Adobe 1998 color space

which reduces image file size. This can be accom-
plished in one of two ways: via lossless or lossy
compression schemes. The following analogy ex-
plains the difference between the two. Imagine
conveying the information contained in the im-
age of this page of text. You could list the letters
involved, include their size and order, define the
space they take up as black, and then specify that
the rest of the image is white. This set of direc-
tions is likely to be smaller than specifying each

and every data point in a pixel based image file of
the page. When the image is reconstituted, this
lossless compression will convey the same infor-
mation as the original image of the text page.

A second lossy method of compressing the
same information might assume that the letters i
and [look very similar, which makes it possible to
replace each i with an I. This reduces the number
of different letters involved, making the resulting
file smaller. As this letter replacement compres-
sion scheme continues, the letters #n and m can
be paired, as can the letters d and b; ¢, e, and o;
and so on. As letters are continually replaced, the
meaning of the original page becomes more and
more difficult to read, which is a problem that
is inherent in implementing lossy compression.
While ophthalmic images certainly can be com-
pressed to very small sizes that are easy to trans-
fer, care must be taken that the information to be
conveyed is not lost in the process.

The problem of using image compression to
reduce the size of medical images has been re-
searched by a number of specialties — with var-
ied results. For instance, Koenig studied dental
lesions and concluded “JPEG compression does
not impact detectability of artificial periapical
lesions at low and moderate compression ratios
up to and including 28:1” [3]. A recent paper by
Stellingwerf concluded “the compression of the
digital images seems to have some adverse ef-
fect on the detection of diabetic retinopathy” [4].
Beal’s radiology study concluded “five of six radi-
ologists had a higher diagnostic accuracy when
interpreting uncompressed chest radiographs
versus the same images modified by 10:1 lossy
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Fig. 2.8. Proper resolution fundus photograph with lost sharpness and color because: (a) of overcompression using a
lossy file formator (b) multiple saves in lossy compression formats degrades images

compression, but this difference was not statis-
tically significant” [5]. Because digital imaging
compression is still an evolving technology, ex-
pert clinical judgment may be the best guide in
resolving limitations.

2.3 Digital Ophthalmic Photography

Instrumentation

Ophthalmic imaging encompasses a wide range
of photographic modalities, each of which is de-
signed to capture a specific type of visual infor-
mation. General cameras with macro lenses are
used to image oculoplastic conditions and stra-
bismus. Slit lamp cameras illustrate the anterior
segment, and fundus cameras image the poste-
rior segment [6, 7].

2.3.1 External Photography

External ocular photography documents the ex-
ternal eye, lids, and ocular adnexa. Professional
grade digital cameras with high quality, close
focusing capabilities are required. The challenge
of external photography is that it appears to be
so easy. But unless careful steps are taken to ac-

curately capture visual information such as tis-
sue size, color, position, asymmetry, motion, and
modification, photographs could display false
color, distorted perspective, or insufficient infor-
mation.

Preferred camera angles, magnification, and
backgrounds should be standardized during the
image capture process. Specific digital camera
recommendations quickly become outdated as
the industry continues to evolve at a rapid pace.
The lowest priced digital single-lens reflex (SLR)
camera that is compatible with traditional film
SLR lenses is currently priced below US$1,000.
These 6-14 megapixel cameras provide appro-
priate color reproduction and resolution for
medical imaging projects. Large image files
should not be a cause for concern if the com-
puter and storage media is kept up to current
specifications.

The purpose of the image also affects the
choice of capture resolution. For instance, a pub-
lication quality 7”x10% 300 dots per inch (DPI)
tif file requires a six megapixel capture, while a
screen resolution (web/PowerPoint use) 7”%x10”
72 DPI image requires only a one megapixel cap-
ture resolution.

Inexpensive consumer cameras (1-2 mega-
pixel) should be avoided, as their low pixel res-
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Fig. 2.9. High resolution, eight megapixel image of lid lesion loses little when enlarged (top), while the enlarged one
megapixel image loses contrast and detail (bottom).

olution will not adequately capture fine detail
(Fig. 2.9).

A mid- or high-range rangefinder-type con-
sumer digital camera (4-8 or above megapix-
els) may be useful; however, the suitability of
the camera’s macro focusing function should be
checked for any wide angle distortion when fo-
cusing closely. Other considerations are the elec-
tronic viewfinder of the digital camera, which
can be used to overcome any parallax error that
may be evident in the optical viewfinder; the ease
with which settings can be changed; and the ease
with which appropriate image download and
transfer procedures can be planned.

2.3.2 Imaging the Anterior Segment
A photo slit lamp is required to image the an-

terior segment. While standard cameras may
provide adequate magnification, it is effectively

capturing the slit illumination that maximizes
the information.

There are essential technique differences be-
tween corneal examination and slit lamp pho-
tography. The slit lamp examination is a dynamic
process. As you drag the slit across the cornea,
changing the illumination, magnification and
angle of approach, making these and other fine
adjustments — a synopsis or a movie of the cor-
nea is created. The final impression gained af-
ter a slit lamp examination is not based on any
single view, but is rather an accumulation of the
pertinent details. Slit lamp photography, on the
other hand, is by nature a detail. A slit lamp pho-
tograph is a snapshot. It is information from a
single moment; a single frame from the movie.
While this limitation can be overcome by using
multiple photographs to tell a picture story, each
single photograph is still limited to conveying a
single visual statement.
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FudiFing

Subtle differences in color and detail exist
between corneal examination and photography.
The dynamic range appreciated by the examiner
at the slit lamp is much greater than the dynamic
range that can be captured digitally. This means
that structures outside the slit beam that may be
quite visible while viewing through the oculars
are very dark and indistinguishable when record-
ed with the camera. The photo slit lamp’s back-
ground illumination flash adds fill light, which
helps to brighten the shadow areas of the image,
creating photographs that more closely resemble
the cornea during a slit lamp examination.

Multiple instruments are available for ante-
rior segment imaging. The lowest tech solution
is to adapt a digital snapshot camera to a stan-
dard slit lamp [8]. To do this, the digital camera
should be focused on infinity, and aligned to the
ocular; the cameras liquid crystal display (LCD)
should be used to monitor the image. Note that
this method may be awkward in practical terms.
To compensate, an adapter may be constructed
to facilitate alignment.

Another solution is to refurbish a traditional
Zeiss photo slit lamp. While this unit is no lon-
ger manufactured, it was popular for years, so is
still generally available (Fig. 2.10). The film SLR
body can easily be replaced with a newer digital

Fig. 2.10. Vintage Zeiss photo
slit lamps can be converted to
effective digital telemedicine tools
by integrating new digital single
lens reflex camera bodies

SLR body [9]. Alternately, both Haag Streit and
Topcon have recently introduced digital photo
slit lamps (Fig. 2.11). Video based slit lamp im-
aging instruments generally have too little reso-
lution for quality work. By increasing magnifi-
cation and capturing several fields it is possible
to overcome limitations of resolution with video
capture. For example, by setting magnification to
40x on a Haag Streit BQ slit lamp, the 640 x 480
resolution is comparable to a higher resolution
image from a Haag Streit BM slit lamp; however,
illumination must be increased in order to cap-
ture higher magnification images.

If only a few images are required, and image
quality is not critical, the slit lamp light source
should be turned to its maximum setting and
photographed with a close focusing hand held
digital camera. At the same time, the color bal-
ance should be set to tungsten to avoid yellow
images. Multiple images may be required to ob-
tain the best focus and proper composition.

2.3.3 Imaging the Fundus
The optical instrument used to visually docu-

ment the retina is called a fundus camera. Fun-
dus cameras are often described by the angle of
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Fig. 2.11. Newer photo slit lamps, like this Topcon SL-
D2, incorporate a digital camera that writes directly to
a compact flash card (arrow) (image courtesy of Topcon
America Corporation, Paramus, New ]ersey)

view - the optical angle of acceptance of the lens.
An angle of 30°, considered the normal angle of
view, creates a film image 2.5 times larger than
life. Wide-angle fundus cameras image between
45° and 140° and provide proportionately less
retinal magnification. A narrow-angle fundus
camera has an angle of view of 20° or less. Nor-
mal-angle cameras have smaller illuminating an-
nuli, making them more suitable for patients with
pupils of a smaller diameter. The inner diameter
of the illuminating ring in wide-angle cameras
is larger, which makes it harder to photograph
patients with small pupils.

Fundus cameras can be described as either
mydriatic and non-mydriatic. Mydriatic fundus
cameras require pharmacologic dilation, while
non-mydriatic fundus cameras use an infrared
viewing system to exploit the patients natural
dilation in a dark room. Infrared light is used to
preview the retina on a video monitor. Once the
monitor’s image is focused and aligned, photo-
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graphic technology takes over: a flash is fired and
the image is exposed. Most users describe more
consistent photographs when patients have been
dilated with 1% Mydriacyl (tropicamide) [10].

The non-mydriatic fundus camera was pio-
neered by Canon in the late 1970s, and by the
mid-1980s, Canon, Kowa, Reichert, and Topcon
were marketing various models. The typical an-
gle of view of a non-mydriatic fundus camera is
45°. While traditionally used for screening pur-
poses, newer diabetic screening devices (DSD)
substitute digitally databased electronic images
for traditional Polaroid and 35-mm film [11].
Currently available non-myds use 1-8 Mb digital
chips to capture retinal images. Images are dis-
played on built-in LCD monitors and output to
compact flash memory cards (CFMC) or a data-
base via a universal serial bus (USB) connection.
An advantage of these newer models is that their
small chips function better in lower light levels
than traditional film, making the flash less bright
and maximal dilation less of an issue.

Still, it’s a good idea to keep two spare viewing
lights, flash tubes, and fuses readily available.

The fundus camera’s instruction manual will
contain detailed installation procedures. Fundus
cameras that are used daily should have yearly
inspections by factory-trained technicians. Al-
ternately, contact the manufacturer’s technical
representative, and consider returning the cam-
era to the factory for complete optical realign-
ment and refurbishment every 5-10 years; mo-
bile cameras may need service more often.

A medium-priced multiple-angle fundus
camera offers respectable sharpness in a variety
of optical angles and is suitable for a general oph-
thalmic practice. Built for performance first and
price second, the normal-angle fundus camera
is favored by the retinal specialist, because it is
designed to produce sharp photographs of the
macula, which it does extremely well. Its small
illumination doughnut facilitates photograph-
ing through narrow pupils, and the astigmatic
compensation device is useful for far periph-
eral views. Special-use fundus cameras include:
extreme wide-angle, simultaneous stereo, and
hand-held fundus cameras. If no angiography is
involved, a digital non-mydriatic fundus camera
is a good choice for telemedicine (Fig. 2.12).
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Fig. 2.12 a.

Fig. 2.12. Fundus cameras that are new, whether
standard angiography models (a) or non-mydriatic (b),
are available with digital output. Some models were
developed specifically for telemedicine applications.
Images courtesy of Carl Zeiss Meditec, Dublin, Califor-
nia (a); Canon USA, Lake Success, New York (b);

and Topcon America Corporation, Paramus,

New Jersey (c)
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Fig. 2.12 c.

Most new fundus cameras are available as digital
imaging instruments. Recent instruments (1998
or newer) and the widely available Zeiss FF series
fundus camera can usually be converted from
film to digital imaging [12].
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Chapter 3

The DICOM Standard

and Teleophthalmology-
Striving for Interoperability

P. Lloyd Hildebrand

This chapter addresses the following

Key Concepts:

B Guidelines and rules provide standards
for a common protocol that allows inter-
connecting processes to run smoothly.

B There is a need to adopt standards
for medical informatics that facilitate
remote care and interoperability across
health care information systems, includ-
ing telemedicine.

B The Digital Imaging and Communica-
tions in Medicine (DICOM) standard is
actively supported by many professional
societies throughout the world, and has
been incorporated by most major diag-
nostic medical imaging vendors.

M DICOM is used, or will soon be used, by
virtually every medical profession that
uses digital imaging.

3.1 Introduction

The rapid proliferation of digital information
technologies in health care has fostered a grow-
ing global momentum for the adoption of medi-
cal informatics standards that facilitate remote
care and interoperability across health care in-
formation systems, including telemedicine. In
the United States (US), the Health Insurance
Portability and Accountability Act (HIPAA) of
1996 required the adoption of uniform standards
nationwide for electronic transmission of certain

administrative and financial transactions. David
Brailer, National Coordinator for Health Infor-
mation Technology in the US, recently empha-
sized the need for “immediate attention from the
Federal government as well as public and private
sector participants” [1] with respect to interop-
erability standards and policies.

The National Health Service’s (NHS) National
Programme for Information Technology (NPIT)
in Great Britain has adopted and is deploying
national medical informatics standards across its
infrastructure to facilitate implementing secure
electronic medical records, on-line schedul-
ing, e-prescribing, quality and analyses systems,
and image data storage and exchange [2]. Simi-
lar adoption and promulgation of standards is
evident throughout the European Union (EU),
Canada, Australia, New Zealand, and many oth-
er countries.

Standards provide guidelines and rules that
serve as an invisible framework and common
protocol, so that interconnecting processes can
run smoothly. Standards evolve out of three main
processes: legislative mandate; a consensus pro-
cess whereby those impacted by standards join
together and agree on elements of the standards;
or de facto standards, whereby an overwhelming
majority of users already apply a given method,
making it a standard by acclamation. In addition,
many medical information systems have evolved
using local or regional coding system implemen-
tations, with limited ability to communicate out-
side their own system.

With widespread access to the Internet and
wide area networks, broader standardization to
facilitate information exchange is critical. In re-
sponse, the industry is developing standards for
both the administrative and clinical aspects of
health care that address:
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1. Identifier standards that universally and
uniquely identify patients, providers, facili-
ties, products, services, and supplies

2. Communication standards for facilitating,
creating, and communicating messages

3. Content and structure standards that
provide frameworks for electronic health
records systems

4. Clinical data codes that document clinical
activities

5. Standards for confidentiality, data security,
and authentication

6. Standards for quality indicators, data sets,
and practice guidelines

This chapter will focus on the Digital Imaging
and Communications in Medicine (DICOM)
digital imaging standard, and on critical and sig-
nificant elements of ophthalmic telemedicine ap-
plications that have evolved since the year 2000.

3.2 Digital Imaging and

Communications in Medicine
(DICOM)Standard

The Digital Imaging and Communications in
Medicine (DICOM) Standard Committee cre-
ates and maintains a standard for communica-
tion of biomedical diagnostic and therapeutic
information in disciplines that use digital images
and associated data. The goals of DICOM are to
achieve compatibility and to improve workflow
efficiency between imaging and other informa-
tion systems in health care environments [3].
DICOM is developed through vendor and user
collaboration. Most major diagnostic medical
imaging vendors have incorporated standards
established by DICOM; additionally, many pro-
fessional societies world-wide actively support
and participate in enhancing standards created
by DICOM.

Seeking to create a standard method for the
transmission of digital radiology images, the DI-
COM standard evolved out of a collaboration be-
tween the American College of Radiology (ACR)
and the National Electrical Manufacturers Asso-
ciation (NEMA) in the late 1980s [4]. Prior to
this, the communication of images was achieved
by storing them in a proprietary format, then

transferring files of these proprietary formats
over a network, or on removable media. While
the initial versions of the ACR-NEMA effort cre-
ated standardized terminology, an information
structure, and unsanctioned file encoding, the
promise of a standard method of communicating
digital image information was not fully realized
until the release of version 3.0 of the Standard
in 1993, which also included a name change to
DICOM [5].

The new DICOM Standard [6] was composed
of three critical components: Image Object Defi-
nitions (IODs), Service Classes (the semantics of
commands and associated data), and a network
protocol using Transmission Control Protocol/
Internet Protocol (TCP/IP). The new Standard
included a unique mechanism for identifying In-
formation Objects (images, patients, studies, re-
ports, and other data image-related data groups),
and defined the operation of Service Classes be-
yond the simple transfer of data (e.g., printing,
queries).

The Standard was also restructured as a
multi-part document, designed to facilitate its
extension. These enhancements permitted the
transfer of medical images in a multi-vendor en-
vironment, and also facilitated the evolution and
expansion of Picture Archiving and Communi-
cation Systems (PACS) with interfaces to medi-
cal information systems (MIS) [7]. In 1996, the
DICOM Standards Committee was expanded
beyond radiology to include all domains of bio-
medical imaging including ophthalmic imaging.

Today, DICOM is used - or will soon be used
— by virtually every medical profession that uses
digital imaging, including ophthalmology, car-
diology, orthopedics, pathology, pediatrics, sur-
gery, dentistry, and specialties using endoscopy,
mammography, radiation therapy, and radiology
[8]; it is even used in veterinary medical imaging
applications [9]. DICOM also addresses the inte-
gration of information in the patient’s electronic
health record (EHR) that is produced by these
various specialty applications. It also defines the
network and media interchange services, allow-
ing storage and access to these DICOM objects
for electronic health record systems.
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3.3 Technical Overview

The DICOM Standard supports the exchange of
information by using a network model, as well
as interchange media. Independent of the physi-
cal network, DICOM currently defines an upper
layer protocol for use over TCP/IP messages,
services, information objects, and an association
negotiation mechanism. These definitions en-
sure that any two implementations of a compat-
ible set of services and information objects can
effectively communicate.

Independence from the underlying network
technology allows DICOM to be deployed in
many functional areas of application that in-
clude, but are not limited to: communication
within a single site (often using various forms
of Ethernet); between sites, over leased lines,
or Virtual Private Networks (VPNs); within a
metropolitan area (often using asynchronous
transfer mode); across dial-up or other remote
access connections (such as by modem, ISDN or
Digital Subscriber Line (DSL)); and via satellite
(with optimized protocol stacks to account for
increased latency) [10].

3.3.1 Services and Information

At the application layer, services and informa-

tion objects address five primary areas of func-

tionality:

== Transmission and persistence of complete
objects (images, waveforms and documents)

== Query and retrieval of these objects

== Performance of specific actions such as
hardcopy output of images

== Workflow management (support of worklists
and status information)

== Quality and consistency of image appear-
ance (both for display and print)

DICOM can be considered a standard for com-
munication that crosses “boundaries” between
heterogeneous, as well as disparate applications,
devices, and systems. However, it does not define
an entire system architecture, nor does it specify
functional requirements beyond the behavior
defined for specific services. For example, stor-
age of image objects is defined in terms of the in-

Chapter 3

formation that must be transmitted and retained,
not how images are displayed or annotated.

An additional DICOM service is available that
specifies how the image must be presented with
annotations for the user [11]. The services and
objects that are defined in DICOM are designed
to address specific, real-world applications (such
as the performance of an imaging st udy on an
acquisition device). As such, DICOM is not a
general-purpose tool for distributed object man-
agement, because information is transferred in
bulk according to a document paradigm.

3.3.2 Addressing Challenges

Currently, pressing challenges in DICOM - as
indicated by the priorities of the various working
groups — that need to be addressed target issues
relating to new modality technology, structured
and coded documents for specific clinical do-
mains, workflow management, security, and per-
formance. These needs are being successfully ad-
dressed using conventional, underlying DICOM
technology [12].

Where there are interfaces to standards based
on other technologies (such as Health Level 7
(HL?7), V2.x, and 3), the focus for harmonization
is on a shared information model. When specific
new technology is required, such as in support of
new features such as security and compression,
the strategy is to adopt proven international,
industry, or de facto standards. Accordingly,
network confidentiality and peer authentica-
tion in DICOM are provided by the use of either
Transport Layer Security (an Internet standard)
or Integrated Secure Communication Layer (an
International Organization for Standardization
(ISO)-based standard). Similarly, rather then
develop medical-image-specific compression
schemes, DICOM has adopted standards devel-
oped by ISO/IEC JTC 1/SC 29/WG 1 (the Inter-
national Organization for Standardization), such
as the JPEG Imaging Standard, and more recent-
ly, the JPEG 2000 family of imaging standards.
For interchange media, standard file systems
compatible with conventional software (such as
I1SO 9660 and Universal Disc Format) are used.

25



26

P. L. Hildebrand

3.4 DICOM’s Relationship
to Other Standards

Throughout the development of DICOM, much
attention has been devoted to establishing work-
ing relationships with other related standard ini-
tiatives throughout the world. This is reflected in
the initial version of the the DIACOM Standard,
which leveraged prior work by ASTM Interna-
tional (formerly the American Society for Test-
ing and Materials); then the Internet protocol
TCP/IP was adopted in 1993. In the 1990s, solid
cooperation with the CEN, the European Com-
mittee for Standardization, resulted in a number
of jointly developed supplements. Since then,
CEN has created and approved a normative ref-
erence to the DICOM standard with EN 12052,
an official European Norm.

The integration of a Japanese interchange me-
dia format (IS&C) with DICOM parallels the
work of CEN, which required much collabora-
tion with JIRA, the Japan Industries Associa-
tion of Radiological Systems [13]. In the USA,
DICOM participated in the early coordination
efforts for health care standards with the Ameri-
can National Standards Institute (ANSI) Health
Information and Surveillance Systems Board,
from which DICOM adopted a harmonized pa-
tient name structure, and started proactively to
define links with HL7. These collaborative efforts
entered into a very active phase in 1999 with the
creation of a joint DICOM-HL7 working group:
a Type A liaison with the ISO Technical Commit-
tee 215. While the ISO TC 215 has decided not to
create an imaging working group, it will rely on
DICOM for biomedical imaging standards, and
will create and approve a standard that will refer-
ence the DICOM standard, as CEN has done.

In 2003, the DICOM Standards Committee
became a member of the E-health Standardiza-
tion Coordination Group, a group endorsed by
the International Telecommu-nication Union
with the objective to promote a stronger coor-
dination amongst the key players in the e-health
standardization area. DICOM is also focusing its
attention on the evolution of standards linked
to the Internet, with the intention of integrat-
ing Internet recommendations as soon as they
are stable and largely disseminated in consumer
commercial products [14]. In this evolution,

much care is taken to ensure that the consistency
of the DICOM standard is maintained with its
large installed base. DICOM already uses stan-
dard health care enterprise intranets, the e-mail
exchange of DICOM objects (using a Standard
Multipurpose Internet Mail Extensions type) is
possible, and the Web Access to DICOM Persis-
tent Objects service has been defined in a joint
effort with ISO TC215. It is clear that the use of
DICOM objects and services in commonly used
information technology applications will grow
in the future, given the world-wide ambition in
health care to create Electronic Health Records.
DICOM also maintains a strong relationship
with the Integrating the Healthcare Enterprise
initiative, where profiles of standards are defined
as solutions for health care workflow and enter-
prise integration challenges.

3.5 DICOM’s Organizational
Structure

DICOM is a standards organization administered
by the NEMA Diagnostic Imaging and Therapy
Systems Division. The complete bylaws of the DI-
COM Standards Committee are available on the
NEMA web site at medical.nema.org [15]. Work-
ing groups of the DICOM Standards Committee
perform the majority of work on the extension
of and corrections to the Standard. Working
groups are formed by the DICOM Committee to
work on a particular classification of tasks. Once
formed, working groups petition the DICOM
Standards Committee to approve work items for
which the working group will execute the plan
delineated in the work item. After the output of a
work item (generally a supplement or correction
proposal) has been completed, it is submitted to
the Base Standards Working Group (WG-06)
for their review. To become a supplement to the
Standard, the item is submitted to the public for
comments. If approved, the DICOM Commit-
tee authorizes the supplement for letter ballot,
which requires two thirds of DICOM members
to vote affirmatively or negatively. Since the
working groups perform the majority of work on
the extension of and corrections to the Standard,
the current status and future directions of the
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DICOM Standard are best represented by review
of each working group.

3.6 Ophthalmic Extensions of DICOM

DICOM Working Group 9 (WG-9) is dedicated
to enhancing the standard for ophthalmic ap-
plications. Two important extensions of the DI-
COM Standard that are specifically applicable to
ophthalmic digital imaging have been fully inte-
grated: (1) the definition of “visible light image
object,” [16] and (2) the definition of “ophthal-
mic photography image object” [17].

There is also a current work item to develop
an image object definition (IOD) for ophthal-
mic coherence tomography [18]. Additionally, in
collaboration with other specialty organizations
that use non x-ray/ultrasound visible light im-
aging (pathology, gastroenterology, dentistry),
ophthalmologists are developing an extension to
the DICOM Standard - an IOD for visible light
imaging.
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Chapter 4

Stereopsis

in Teleophthalmology

Chris J. Rudnisky, Matthew T. S. Tennant

This chapter addresses the following

Key Concepts:

[ Stereopsis helps detect many three-
dimensional abnormalities, such as
diabetic macular edema, retinal neo-
vascularization, exudative age-related
macular degeneration (AMD), and
glaucomatous cupping.

[l A number of teleophthalmology systems
have re-introduced stereopsis as part of
the digital examination.

[ Several methods are available to view
digital stereo images, the simplest of
which include (1) a side-by-side display
that uses a specially-designed viewer, (2)
analglyphs using glasses with an exact
color match to the images, and (3) LCD
shutter glasses.

[ Stereoviewing software is available com-
mercially as part of complete fundus
camera systems.

B The necessity of stereopsis in teleoph-
thalmology is still a contentious issue.

4.1 Introduction

Teleophthalmology attempts to recreate the clin-
ical encounter, but at a distance. Stereopsis is an
important aspect of the clinical encounter, as it
helps to detect many three-dimensional abnor-
malities, such as diabetic macular edema, retinal

neovascularization, exudative age-related macu-
lar degeneration (AMD), and glaucomatous cup-
ping.

The concept of distant diagnosis in ophthal-
mology, or teleophthalmology, has been indirectly
validated by large scale clinical trials [1-6] for its
ability to track and record diabetic retinopathy,
AMD, and glaucoma. The detection of three-di-
mensional pathology in these diseases is critical,
and the incorporation of stereopsis is one tech-
nique by which the ability to diagnose disease is
maximized.

Early teleophthalmology systems [7-14] uti-
lized film to photograph the retina. Many of
these early systems used a Polaroid camera cou-
pled to a non-mydriatic fundus camera, making
incorporation of stereo more difficult [7, 8, 10,
11, 14]. Today a number of teleophthalmology
systems have re-introduced stereopsis as part of
the digital examination.

Because a clinical examination provides bin-
ocular information via the slit-lamp and indi-
rect ophthalmoscope, there are advantages to
incorporating stereopsis into teleophthalmology
systems. This is not without controversy, how-
ever, as many teleophthalmology groups believe
that the advantages of stereopsis are outweighed
by the difficulties inherent in capturing stereo-
scopic photographs. These groups have success-
fully developed monoscopic teleophthalmology
systems [15-17], whereas other groups [18-20]
continue to feel that stereopsis should be incor-
porated. The purpose of this chapter is to review
the basics of stereoscopic photography, describe
current stereoscopic teleophthalmology systems
that have been described in the literature, and
review issues regarding the incorporation of ste-
ropsis into teleophthalmology.
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4.2 Methods of Stereoscopic
Image Capture

In the following subsections we will discuss vari-
ous techniques for capturing stereoscopic im-
ages.

4.2.1 Non-Simultaneous Technique

A stereophotograph has two images, one for each
eye, that when viewed together provide three-di-
mensional information about the subject. The
most common method of acquiring a stereo-
photograph is non-simultaneous capture via a
corneal-induced parallax [21]. To create this, a
photographer carefully lines up the fundus cam-
era at one edge of the pupil, captures the first im-
age of the stereopair, and then quickly moves the
camera to the other edge of the pupil in order to
capture the second image. Detailed and careful
instruction to the patient is required to prevent
refixation between images, which can result in
a stereopair with variable three-dimensional in-
formation; in other words, patient refixation can
alter the stereobase of the photographs, which
is the main disadvantage of non-simultaneous
techniques — variable stereobase.

Because most experienced photographers are
able to obtain consistent, high quality results, in
teleophthalmology applications, the skill level
of the photographer becomes the limiting fac-
tor for consistent stereopsis. To minimize this
effect, a retinal camera should maximize a pho-
tographer’s ability to capture high quality retinal
photographs, while minimizing photographic
difficulty. Maberley et al. [22] showed that a
non-mydriatic camera is easy to operate, irre-
spective of the experience of the operator. When
combined with stereoscopic image capture, a
non-mydriatic camera may be a very efficient
solution.

To improve the quality variables inherent in
manually acquired stereo photographs, image
splitters have been developed. Mounted over the
front barrel of a fundus camera, these devices al-
low capture of a stereo-image by movement of
a glass plate. The glass plate works by optically
shifting the viewpoint from which each image is
captured, thereby providing the required image

disparity needed for stereopsis. Because only the
plate moves, the photographer need only line up
the camera in one position, and then capture two
non-simultaneous images.

The Allen stereo-separator is one example
of an image-splitting device. The automated
retinal imaging system (ARIS, Visual Pathways,
Prescott, AZ) is yet another improvement on
non-simultaneous stereoscopic imaging sys-
tems. Using a constant 2 mm stereobase, image
shift is automated and occurs in approximately
65 ms. This compares with manually acquired
photographs, which are temporally spaced two
to three seconds apart. By providing autofocus
and eye-tracking technology, the ARIS system
efficiently and consistently captures quality ste-
reophotographs.

4.2.2 Simultaneous Capture

Cameras that capture both images of a stereopair
simultaneously have the advantage of a fixed ste-
reo base. These cameras, such as the Nidek 3-Dx,
typically use a separation of 3 mm (measured in
the pupillary plane) to obtain simultaneous im-
age pairs. Offered as both a standard fundus and
non-mydriatic camera, it has the advantage of
reproducibility. Nidek 3-Dx stereophotographs
have shown eflicacy for optic nerve head photog-
raphy [23] and detection of clinically significant
macular edema (CSME) [24].

4.3 Stereophotograph Viewing

Both film and digital methods are available for
viewing film stereophotographs [25]. Slides can
be placed side-by-side in 2x2 mounts and then
viewed using either a Larson or Donaldson view-
er. These viewers incorporate +5 diopter lenses as
simple magnifiers, and are easy and straightfor-
ward to use. Some include built-in adjustability for
viewers with different interpupillary distances.
More time-consuming methods are also avail-
able, such as the realist stereo slide mount, where
photographs are meticulously placed to match
the interpupillary distance of the viewer. Simi-
larly, the View-Master disc is an option still in
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use for some ophthamic textbooks, but is not a
practical one for clinical practice.

4.3.1 Digital

The following subsections cover a variety of
methods for viewing stereo digital images.

4.3.1.1 Mirrored and Prismatic Viewers

Similar to film, there are a variety of methods to
view stereo digital images. The simplest method
is side-by-side display, in which two stereo im-
ages are displayed side-by-side on a monitor and
then viewed using a specially designed viewer.
These viewers use either a mirror or a prism to
present the appropriate image to each eye. Im-
ages can also be displayed as over-under images,
and then viewed with an appropriate mirror con-
figuration to produce a stereoimage. Advantages
of this technique are that there is no loss in color
quality, image brightness, or image ghosting,
wherein the information in one image is viewed
by the other eye, thus decreasing the perceived
stereoscopic information.

4.3.1.2 Anaglyphs

Anaglyphs are stereoimages that present mono-
chromatic images to each eye, with different col-
ors used for each image. The most commonly
used colors are red and green. Stereoimages are
viewed using shutter glasses (Fig. 4.1) that uti-
lize an exact color match to those used to create
the image. This format has several disadvantages:
(1) full-color images cannot be viewed with this
technique, (2) viewers with color blindness may
have difficulty appreciating the stereo effect, and
(3) there may be ghosting due to inaccurate col-
or matching. Instructions on how to create ana-
glyphs have been published on the Internet.

4.3.1.3 LCD Shutter Glasses

The most common method for stereo digital
review are LCD shutter glasses (Fig. 4.1). This
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Fig. 4.1. Three different viewing systems for stereo pho-
tographs. From top to bottom, LCD shutter glasses,
(StereoGraphics, Inc.) red-green anaglyph viewers, and
polarized-lens glasses. LCD shutter glasses and ana-
glyph viewers can both be used for viewing digital stereo,
whereas polarized lenses are used primarily for viewing
film stereo photographs

method requires a monitor with a high refresh
rate, which enables the computer alternately to
display the left and right images in rapid succes-
sion. To do this, the glasses are synchronized to
the monitor, so that when the LCD shutter is ac-
tivated before one eye — and therefore occluding
it — the other eye is able to see its corresponding
image. In other words, the left eye sees only the
left image, and the right eye only the right image.
Although the high refresh rate allows high-qual-
ity stereo to be viewed through the glasses, there
is some cross-talk, or ghosting, that can degrade
the stereo effect. However, by using phosphors
with a fast decay rate, some manufacturers have
developed displays that overcome this deficiency.
With a faster decay rate, each image remains on
the screen for a shorter amount of time, thereby
decreasing the ghosting of each image. A limi-
tation is that there may be a reduction in the
amount of light that reaches the observer due to
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the intermittent occlusion of the LCD shutter.
This may be a significant problem when viewing
images that are captured with a shorter exposure
or with a less intense flash.

4.3.1.4 Stereoscopic Displays

Alternative methods to the LCD shutter glasses
are panels that can attach to a standard Cathode
Ray Tube (CRT) computer monitor; combined
with passive polarized eyewear, it can produce
a viewable stereoimage. Also available are mi-
crolens array screens that allow a viewer to see
stereoimages without accompanying eyewear.
Neither of these formats has been evaluated for
its teleophthalmology application.

The most important aspects of digital ste-
reoviewing are the hardware and software com-
ponents that facilitate quality display and efficient
image access. The more simple viewing systems,
such as the digital 2x2 mount, rely more on the
viewer used than the computer hardware. The
LCD shutter system requires a high-resolution
CRT monitor that is capable of (1) refresh rates in
excess of 100 Hz, (2) a high-end video card that
can process two large digital image files quickly,
and (3) a processor fast enough to integrate the
two. However, there are commercial products
that could work for teleophthalmology that per-
form at refresh rates of 70Hz (e.g., VRex).

Because computer processing speeds are con-
stantly changing, the goal of a digital viewing
system is to match hardware components so that
the viewing of digital images is as easy as picking
up two slide film photographs and placing them
under a viewer. Stereoviewing software is avail-
able commercially as part of complete fundus
camera systems, although sometimes, propri-
etary custom-designed software is used. Because
stereoscopic viewing software specific to an oph-
thalmology application is not easily available
- unless it is purchased as part of a commercial
system - it is one of the more difficult aspects of
creating a system independently.

4.4 Image Quality

The quality of any photograph depends on two
variables: the camera and the film. In compari-
son between film and digital formats, film has
been estimated to have a resolution equivalent of
up to 11 megapixels. This estimate is based on
the detail that 100 ISO, 35 mm film can provide
before one is able to resolve the grain of the film.
Considerable research has been done that com-
pares digital photography to film. When evaluat-
ing the benefits of each, it is imperative to con-
sider the fundus camera, photographic protocol,
and the resolution of the digital back.

4.5 Stereoscopic Teleophthalmology
Systems

The following subsections discusses teleophthal-
mology systems at various universities and orga-
nizations.

4.5.1 University of Alberta

This group is involved in the application of tele-
ophthalmology to diabetic retinopathy, age-re-
lated macular degeneration, glaucoma, and he-
reditary retinal disorders [20, 26-28]. It works by
capturing non-simultaneous digital images (six
megapixel) of the disc and macula, while non-
stereoscopic images are captured of the periph-
eral retina.

Evaluative studies [27, 20, 28] of this system
have shown good correlation between stereo dig-
ital and stereo film for identifying most features
of diabetic retinopathy. In particular, the iden-
tification of clinically significant macular edema
(CSME) with this teleophthalmology system was
found to correlate well with contact lens biomi-
croscopy (sensitivity 90.6%, specificity 90.4%, k=
0.812) [27]. This finding is significant, because it
indicates that a stereoscopic teleophthalmology
examination could closely approximate what is
possible with a traditional clinical examination.
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4.5.2 Joslin Vision Network

The Joslin Vision Network teleophthalmology
system, which captures digital 0.3 megapixel
stereoscopic photos without pupillary dilation
using a Topcon TRC NW - 5§ non-mydriatic
camera, was first described in 2001 [18]. The
Joslin group reported good image quality, and
graded an equivalent number of eyes (1, 0.9%)
ungradeable with both stereo digital and stan-
dard film photography. What is significant is that
other studies utilizing non-mydriatic capture of
fundus photographs have shown higher propor-
tions of ungradeable images [29, 30]. Although
the overall level of diabetic retinopathy correlat-
ed well with film for grouped, stratified levels of
diabetic retinopathy (0.6 < k < 0.78), six times as
many eyes were ungradeable for retinal thicken-
ing when compared to film. It is possible that this
was due to the difficulty in obtaining appropriate
stereo separation through an undilated pupil.
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4.5.3 Inoveon 3DT System

The Inoveon 3DT teleophthalmology system,
which was first described in Inoveon’s 2002 vali-
dation paper [19], compared digital stereo (three
megapixel) to an identical protocol using stan-
dard stereoscopic film photography. The system
was created to identify a referral threshold for
one of three endpoints: (1) level 53 or greater,
(2) macular edema, or (3) ungradeable images.
Stereo digital identified 98.2% of patients (55/56)
who had a threshold endpoint specified by stan-
dard film photography, although more patients
were referred with stereo digital because of either
ungradeable images, or over-reading of macular
edema. The Inoveon group demonstrated that
the sensitivity and specificity of a stereoscopic,
digital, teleophthalmology imaging system can
approximate Early Treatment Diabetic Retinop-
athy Study (ETDRS) grading of standard film for
the identification of a defined threshold of dis-
ease.

Table 4.1. Comparison of key features of three stereoscopic teleophthalmology systems for evaluating diabetic reti-

nopathy?
Teleoph- Fundus Digital Mydriasis  Stereo Number Field Grading
thalmology  camera resolution viewing of fields  size method
group (megapixels) technique
University Zeiss ff4501 6 Yes LCD shutter 7 30° Modified
of Alberta glasses, SDI ETDRS web
stereo viewer site auto
diagnosis
Joslin Topcon 0.3 No LCD shutter 3 45° ETDRS
Vision TRC NW-5S glasses,
Network proprietary
software
Inoveon Zeiss ff450 6 Yes LCD shutter 7 30° ETDRS
3DT System glasses,
proprietary
software

*CSME = clinically significant macula edema, DR = diabetic retinopathy, NPDR = nonproliferative diabetic retinopa-

thy
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4.6 Additional Issues with Stereopsis

in Teleophthalmology

4.6.1 Image Compression

Stereo digital photographs require twice the data
storage of monoscopic photographs. Further-
more, because high-resolution cameras produce
large files, some groups think that the storage
requirements for stereoscopic systems are too
great. New research [26] into image compres-
sion, however, indicates that the file size of high-
resolution images is becoming less problematic
for teleophthalmology systems.

4.6.2 Mydriasis

The need for mydriasis is dependent on several
factors, the first of which is the type of fundus
camera used. For instance, cameras such as the
Zeiss {4501 require full dilation to capture high-
quality photographs. Non-mydriatic cameras,
however, are designed specifically to capture im-
ages without pupillary dilation. To do this, the
user aligns the area of interest using an infrared
camera, which decreases light-induced miosis.
As a result, because both the pupil and stereo-
base are smaller, less three-dimensional infor-
mation is obtained.

Several studies [29, 30] have indicated that the
quality of images decreases when photographs
are captured through undilated pupils. Because
non-mydriatic cameras are so easy to use, even
for the novice operator, the benefits of these cam-
eras can be retained by dilating a subject prior to
image capture.

4.7 Necessity of Stereopsis

The necessity of stereopsis in teleophthalmology
is a contentious issue amongst teleophthalmol-
ogy researchers that has not been resolved in the
current literature [31]. Because stereopsis is such
an important aspect of the clinical examination,
incorporating it into the examination could
perhaps reflect the underlying goal of a tele-
ophthalmology system. With regard to diabetic
retinopathy, systems that are designed solely to

screen for the presence or absence of any level of
diabetic retinopathy may function well without
stereopsis.

One consideration, however, that may lead to
more teleophthalmology groups adopting stere-
opsis may be improved cost-effectiveness: data
from the ETDRS [32] showed that more patients
would be referred if non-stereoscopic cues for
the identification of CSME were used. Further
research is needed to ascertain whether stereop-
sis is a necessity when developing a teleophthal-
mology system.
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Chapter 5

Design Considerations

for a Low-Cost Sustainable
Ocular Telehealth Program

Jorge Cuadros

This chapter addresses the following

Key Concepts:

B As the field of ocular telehealth pro-
grams evolves, the positive and negative
experiences from hundreds of dem-
onstration ocular telehealth programs
have led to the formation of guiding
principles for future programs and
institutional services.

Il General principles are necessary to
guide the development of economically
feasible, effective, and sustainable tele-
health programs.

B Areas that need to be addressed include:

Identifying specific needs
Interoperability and security

Outcomes measurements

Recognizing organizational and human
factors

Adaptability and extensibility

6. Maximizing usability

B =

i

5.1 Introduction

Hundreds of ocular telehealth programs have
been developed since the inception of telemedi-
cine in the 1960s, yet relatively few still exist.
Programs in use today are based on years of
demonstration projects and thoughtful work
by knowledgeable task forces that have made it
possible to bring remote eye care to every con-
tinent in the world. While governments, educa-

tional institutions, and health care organizations
world-wide have made considerable investments
in ocular telehealth programs, few projects have
evolved into permanent services and many have
disappeared altogether after the initial funding
period.

As the field evolves from demonstration proj-
ects and feasibility studies to firmly established
high throughput institutional services based on
positive and negative experiences of existing
programs, guiding principles for future ocular
telehealth programs have been formed. Wheth-
er programs are created internally, shared with
other organizations, or purchased from vendors,
program directors, policy makers, educators,
and clinicians should be aware of design con-
siderations that will help them develop and de-
ploy ocular telehealth programs that have lasting
value.

This chapter provides an overview of some
lessons learned and general principles for the
development and implementation of economi-
cally feasible, effective, and sustainable ocular
telehealth programs. We will not review accredi-
tation, detailed technical standards, or cost-ben-
efit analyses, since these subjects are covered in
other chapters.

5.2 Recommendations for Telehealth
Development

In June 2001, a group of telemedicine experts
from nine countries presented a series of rec-
ommendations on the G-8 Global Healthcare
Applications Sub-Project 4: International Con-
certed Action on Collaboration in Telemedicine
[1]. Their recommendations for the global devel-
opment of telemedicine centered on four main
points: (1) developing process models that iden-
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tify specific needs, (2) adopting interoperabil-
ity and security standards, 3) creating outcomes
measurements that target acceptability, distribu-
tion, and competence, and (4) identifying and
allocating leadership, funding, incentives, and
training that recognizes organizational and hu-
man factors.

Several other groups have echoed these
points, while adding other important consider-
ations. For instance, when the European Health
Telematics Association (EHTA) convened in Ge-
neva to present its work on development of tele-
medicine in Europe [2], it produced a list of key
issues for interoperability in telehealth that em-
phasized human-human interaction, user needs,
transcultural management, education and train-
ing (skills), and organizational development.
Another key contribution, made by the Austra-
lian National Telehealth Committee (ANTC),
is the concept that health care innovations and
technological components evolve quickly, but
that standards can take too long to implement.
This point was distilled into the concepts of
adaptability and extensibility, i.e., that the fun-
damental design of the system should ensure the
ability to add new features without disturbing its
existing structure.

A final recommendation comes from the
study of networks and the connectivity of nodes
within networks, with a focus on increasing the
accessibility of a system greatly, which in turn,
increases its use. In other words, usability can
be maximized if barriers to access and use are
minimized.

The following sections describe strategies for
following the above-mentioned design consid-
erations. Our group, the Optometric Eye Center
at the University of California, Berkeley, has at-
tempted to incorporate these six design consid-
erations into EyePACS, our ocular telehealth
program [3].

5.3 lIdentify Specific Needs

The use of information technology should be
driven by needs and not by technology. This is
a lesson learned by ocular telehealth groups that
have invested in systems for the sake of modern-
ization without a clear plan for using them. In

contrast, the programs presented in this book are
examples of successful programs that have fo-
cused on specific needs. These are programs that
have a well-defined process model that justifies
the use of telehealth. At the University of Cali-
fornia, Berkeley Optometric Eye Center, we have
identified specific needs during the pilot phase of
the EyePACS program, which was deployed for
the following specific tasks:

1. Referrals to ophthalmic specialists replaced
the traditional method of faxing referral let-
ters; at the same time, curbside consultations
were provided for cases that did not require
referral.

2. Educational courses integrated EyePACS into
their curriculum for digital grand rounds,
clinical assessment of interns, and for glau-
coma treatment certification.

3. Using digital case presentations of glaucoma
patients that were facilitated by the use of
EyePACS, Web-based detection of glaucoma
was studied through collaboration with ten
glaucoma specialists scattered throughout
the United States.

4. EyePACS has been used effectively for diabet-
ic retinopathy screening and for training pri-
mary care physicians to detect sight-threat-
ening retinopathy in their own patients.

5.4 Interoperability and Security

Electronic medical records, image archival sys-
tems, diagnostic instruments, and laboratory or-
ders - in addition to telehealth programs - are
directly affected by health information standards.
Therefore, eye care clinicians should be aware of
regulations in health care data occurring around
the world.

Three relevant regulations are the US Health
Insurance Portability and Accountability Act
(HIPPA), Europes EC 95/46 Directive, and
Japan's HPB 517. In synthesizing these sources,
we find that although there are some specific dif-
ferences, there are a core set of security and pri-
vacy features. This is evident in each set of rules,
which specify that protected health information
is any information about health conditions, treat-
ments, or payments that identifies an individual.
The rules require that health care providers com-
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municate the minimum necessary amount of
protected health information, that patients have
access to their own protected health information
and can make corrections, and that patients can
withhold permission to use information. The
rules apply mostly to electronically submitted
claims, but can encompass all clinical commu-
nication, including paper records. For research
and archival purposes, data may be sanitized, i.e.,
data fields that include identifying patient infor-
mation are removed before transmittal. However,
information that is de-identified is not protected
health information, and can be freely used and
disclosed.

5.4.1 Health Information Standards
Other health information standards for data
transmission allow eye care clinicians to (1) eas-
ily exchange information with other clinicians,
including those in other specialties, (2) adapt
new applications to existing systems without
undue effort and expense, and (3) electronically
exchange information with other health care and
administrative organizations. An overview of key
standards and related organizations follow.

54.1.1 HL7

HL7 is one of the six American National Stan-
dards Institute( ANSI)-accredited standards de-
velopment organizations designated by HIPPA
that is also part of an international effort called
Integrating the Healthcare Enterprise (IHE). HL7
develops specifications, the most widely used of
which is a messaging standard that enables dis-
parate health care applications to exchange key
sets of clinical and administrative data [4]. Most
standards development organizations produce
standards (sometimes called specifications or pro-
tocols) for a particular health care domain, such
as pharmacy, medical devices, imaging, or insur-
ance (claims processing) transactions. HL7’s do-
main is clinical and administrative data.
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5.4.1.2 CDA and VisionML

The CDA (Clinical Document Architecture),
which is part of HL7s Reference Information
Model (RIM), specifies the data objects and re-
lationships between objects involved in health
care communication. By incorporating this data
structure in an ocular telehealth system, pro-
grams can greatly facilitate interoperability of
clinical data and speed up their development.
The CDA Standard, which has been published
as an ANSI-approved standard, brings the health
care industry closer to a standardized electronic
medical record. By leveraging the use of Extensi-
ble Markup Language (XML), the HL7 Reference
Information Model, and coded vocabularies, the
CDA makes documents both machine- and hu-
man-readable, so that they are easily parsed and
processed electronically, and also easily retrieved
and used by the people who need them. CDA
documents can be displayed using XML-aware
web browsers or wireless applications, such as
mobile phones or other hand-held devices.
VisionML is a proposed XML standard whose
proponents are optometrists and optical vendors
world-wide. It is used for exchanging data among
optometric and optical business entities [5].

54.1.3 DICOM

The Digital Imaging and Communications in
Medicine (DICOM) standard was created by the
National Electrical Manufacturers Association
(NEMA) to aid the distribution and viewing of
medical images. As an international organiza-
tion, it has chartered an ophthalmic standards
committee (Work Group 9) for the purpose of
developing a common format for data output
from diagnostic instruments. Representatives
of the major vendors of ophthalmic instruments
have supported this effort in order to allow data
from applications such as visual field analyzers,
digital imaging devices, and electronic medical
records to share a common user interface [6].
Consider DICOM compliance when procuring
diagnostic instruments such as nerve head ana-
lyzers, visual field analyzers, and digital imaging
devices.
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54.14 De Facto

Interoperability is also aided by de facto stan-
dards - standards that arise simply because a
majority of users adopt them. A very prominent
standard for information technology at this time
is the Internet web browser. Users can access the
vast majority of shared documents now via the
Internet because of this dominant standard. A
computer program that delivers its results into a
web browser can interact with users without re-
gard to location or computer operating system.
Similarly, in health care the problem-oriented
exam record is a salient example of a widely
accepted de facto standard, since it is the most
common way that clinicians communicate with
each other about patients.

Programs that incorporate health care data
standards, such as HL7, DICOM, and de facto,
may be more useful to clinicians in the long
term.

5.4.2 Health Information Security

The security of any information system is com-
prised of three essential components: confiden-
tiality, integrity, and availability [7]. For it to be
secure, information must be (1) inaccessible to
those who are not authorized to access it (confi-
dentiality), (2) protected from destruction and/
or unauthorized alteration of any kind (integri-
ty), and (3) readily available to those authorized
to access it (availability).

Electronic information and communica-
tion systems have evolved more rapidly than
the mechanisms to effectively protect the confi-
dentiality and integrity of the information they
convey. Computer-related security incidents re-
ported to the Computer Emergency Readiness
Team (CERT) Coordination Center at Carnegie-
Mellon University have more than doubled every
year since 1998, as have the annual number of
reported security vulnerabilities [8]. Increasing
frequency of Internet fraud, identity theft, and
attacks upon the network infrastructure and
confidential data of governmental and private
organizations has stimulated public awareness of
the need for improvements in the protection of

personal information provided to their employ-
ers, schools, and places of business.

The Health Insurance Portability and Ac-
countability Act (HIPPA) of 1996 [9] and the
Family Educational Rights and Privacy Act
(FERPA) of 1974 [10] are two examples of US
legislation that explicitly define the ongoing re-
sponsibilities of health care administrators to
protect the personal information of individuals
to whom they provide clinical and educational
services. This protection extends beyond that
related to the invasion of privacy and malicious
attacks against organizations and individuals.
Information security also includes protection
from the inadvertent destruction or corruption
of information due to failures of hardware or
software, losses due to carelessness, ignorance,
or accident on the part of authorized users, and
those resulting from natural disasters such as
fire, flood, earthquake and unexpected surges or
loss of electrical power.

5.4.2.1 Technological Neutrality

Any recommendations or guidelines concerning
technology must provide for the wide variety of
technological infrastructure employed among
the different clinical settings. Different propri-
etary computing platforms (e.g., such as those
based upon Microsoft, Macintosh, UNIX, Linux,
etc., operating systems) all vary in the prevalence
and nature of their security vulnerabilities. Gen-
eral guidelines for information security must al-
low for such differences.

Differences of Administrative
Structure

54.2.2.

Clinical settings also differ widely in their orga-
nizational structures. This results in a wide array
of different opportunities and constraints within
which the administrators of different institu-
tions can operate. While a setting that is part of
a larger organization might benefit from greater
technological infrastructure and support staff, it
is also likely to have tighter constraints and less
of a voice in determining exactly how those re-
sources are configured and deployed. A more in-
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dependent setting may be more restricted in its
technological resources but have more flexibility
and control over them. Security guidelines relat-
ed to administrative policies and their enforce-
ment must take into account such differences in
administrative structure.

5.5 Other Considerations

In the following subsections we will discuss is-
sues to be considered in order to optimize the
probability of positive outcomes with oculartele
health programs.

5.5.1 Outcomes

Just as with other medical interventions, tele-
health requires validation to ensure that desired
outcomes are being achieved. In addition to the
many studies that have supported the clinical vi-
ability of ocular telehealth, each program direc-
tor should measure the performance of their par-
ticular program. The acceptability of the system
by users and administration should be assessed.
How well the program covers the target users
and services should be measured. Continuous
assessment of the competence of participants via
accreditation and certification will ensure that an
acceptable level of quality is met.

5.5.2 Recognize Organizational
and Human Factors

Sim and Miller [11] created a list of barriers and

potential solutions for continued use of infor-

mation systems in health care that are quite ap-

plicable to developing successful telehealth and

distance education. Topics to consider include:

== Uncertain financial benefits: systems must
generate real benefits for the users.

== Excessive time commitment by clinicians:
clinicians must be able to use systems with
no additional time required to see patients or
teach students.

= Complex technology and user interfaces:
learning time must be minimal as new users
are added to the system.
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= Difficult complementary changes and inad-
equate support: clinicians and teachers need
administrative support to incorporate non-
technical organizational changes and new
programs in to their practice.

== Clinician attitudes: proponents of the pro-
grams within the organization, as well as pos-
itive “can-do” attitudes, will greatly influence
the use of programs, and are essential for
solving system-related usability problems.

The above list underscores that the success of a
program greatly depends on non-technical fac-
tors, and that identifying leaders and champions,
allocating resources, and obtaining adequate
funding, all play key roles.

5.5.3 Adaptability and Extensibility

These words “adaptability” and “extensibility” re-
fer to (1) the ability of a system to be extended
into previously undefined applications, and (2)
how easily programs can be adapted to unfore-
seen uses. The rapid evolution of information
technology makes it impossible to assure that
any approach to electronic data that is effective
today will remain effective over time. Elaborate
and costly programs have quickly become obso-
lete, because they were not adapted to changes.
A system that accommodates change as new
procedures, protocols, and technology arise will
have a longer useful life. Specifically, by under-
standing a system’s metadata, and the underlying,
unchanging structure and hierarchies of health
information, it is possible to design flexible data
models that can accommodate change without
altering the core structure. Medical informat-
ics experts have been actively discovering this
ontology and conceptual framework for several
decades in efforts such as systematized nomen-
clature for medicine (SNOMED) CT [12] and
Unified Medical Language System (UMLS) [13].
These frameworks should be incorporated wher-
ever possible in the design of new programs.
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5.5.4 Minimize Barriers to Access
and Use

Users of clinical information systems typically
have low thresholds for abandoning new health
information technologies. New applications
are more likely to be adopted if they (1) func-
tion with existing tools and applications, such as
word processors, e-mail and web browsers, (2)
conform to existing tasks, such as recording pa-
tient information or generating patient reports,
and (3) require only a few steps to complete a
given task.

With these criteria in mind, systems should
be made to function on all common platforms
and browsers, to use familiar interface formats,
and to be accessible with minimal navigation.

The cost of using a system is another variable
that often affects a system’s accessibility. Current
proprietary systems can be too costly or impose
unacceptable usage fees in developing countries
and community clinics. Open source software is
a free and sometimes viable alternative to costly
proprietary systems. The term open source is de-
fined by the Open Source Initiative (OSI) [14] as
the availability of the computer program code,
which can be viewed, redistributed, and modi-
fied by other programmers who may wish to
set up similar applications, or to develop the
program for diverse applications. Open source
means freedom to download the software, use it,
modify it and even distribute it (under the terms
of the general public license).

If open source is not possible, another ap-
proach is to provide open access to programs.
This would mean that access is free, but that the
program code can not be modified by users. This
option is not as optimal as open source, howev-
er, because it lacks the essence that allows open
source programs to evolve through changes from
users.

5.6 Conclusion

It is important to view telehealth as a program
that is evolving within the larger context of med-
ical informatics, so that programs can be truly
integrated into practices, and are not simply
developed as interesting but isolated demon-

stration projects. As programs and methods are
integrated into health care, and they gain wide
acceptance in day-to-day work, then telehealth
care will simply become part of health care, in
the same way that other innovations have been
incorporated into daily medical practice. Sus-
tainability of ocular telehealth progrms is not
as much a guiding principle as it is a reward for
applying the principles of interoperability, adapt-
ability, accessibility, and security.
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This chapter addresses the following

Key Concepts:

B Information technology used in patient
education can work together with
teleconsultation to lead to healthier and
better informed patients who require
less costly medical interventions.

B The overall aim of patient education is
to allow patients to take control of their
health, and to increase their compliance
with recommended guidelines that are
designed to improve health.

I Efforts have been made to provide easy-
to-access and validated health informa-
tion for patients

I A patient education and service kiosk
was set up to provide a range of health
information that was written in English
and Spanish.

B Most survey respondents found the
patient information useful, and may be
more likely to follow health care provid-
ers’ advice as a result.

6.1 Introduction

Most physicians are taught to be proactive in
pursing the goal of a healthy patient. Eye care
professionals, too, believe strongly that patients
should be given the information they’ll need to
improve the longevity and quality of their vision.
Yet in the western world, with a focus on man-
aged health care, cost containment, and efficien-
cy, such educational interventions and advice
may not play the more prominent role that many
eye professionals would assign to them.

Within the past decade, information technol-
ogy (IT) has played a prominent role in facilitat-
ing such educational goals. A dizzying array of
health-related sites is maintained on the World-
Wide Web; originating from an amazing variety
of individuals and organizations, thye represent
widely diverse quality and approaches [1]. Those
patients who are able to utilize this resource may
potentially benefit, but only if the information
they select is accurate and beneficial [2]. This
means that information on the Internet is both
factual and mythical, yet patients may find both
types of information compelling.

Rational and well-conceived investments in
patient education can lead to healthier and better
informed patients who require less costly medical
interventions [3-7]; additionally, such patients
are more likely to follow their health care provid-
ers’ instructions [8-10]. Concomitantly, people
are often stratified between those who have little
or no access to health-related information, and
those who have easy, extensive information via
the Internet [11, 12].

This chapter reviews efforts to equalize this
disparity by providing easy-to-access and vali-
dated health information. We attempt to mea-
sure peoples’ responses to our intervention, as
well as to increase the odds of improving selected
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health outcomes. As other leaders of the Internet
revolution have acknowledged “if the Internet
is to be successful in improving the delivery of
health care, it must not be reserved only for aca-
demic institutions: the process must begin in the
doctor’s office” [13]. The effort we report on here
builds on earlier work limited to eye education
[8, 9], while retaining the goal of creating an easy
to use, health information resource for patients:
a bilingual, touch-screen, information and edu-
cation kiosk located in a convenient, accessible
area of the waiting room. However, while the
kiosk location is prominent and public [14], at
the same time, it is designed to provide patient
privacy during use (for instance, spoken content
may be muted).

An important innovation of the touch-screen
health education kiosk is the ability for the pa-
tient — after viewing multimedia, validated con-
tent - to print redeemable vouchers for appropri-
ate clinical care. This care may include diabetic
eye and foot examinations, as well as influenza
and pneumonia shots, and mental health ap-
pointments. In addition to allowing patients to
take control of their health, the overall aim of the
kiosk is to increase compliance with personally
recommended guidelines that are designed to
improve health.

6.2 High-Tech Patient Education

in the Patient Waiting Area

The patient education resource is a point-of-
care (clinic waiting room) touch-screen kiosk
that has been designed and validated as a user
friendly interface between the patient and vali-
dated health information (Fig. 6.1). Large radio
buttons on the touch screen provide the primary
user input tool, and both visual and auditory out-
put is incorporated in the content, unless muted
by the patient (an on-line keyboard is present at
web site locations supporting searches or text
notation).

6.2.1 How It Works

A dedicated printer provides a hard copy (take
home) version of patient-selected information.

People select their preferred language (Spanish
or English) and use the buttons to navigate pre-
selected (licensed and validated) multimedia in-
formation on the kiosK’s hard drive, or they can
choose to view Internet medical web sites (Fig.
6.2). Currently available licensed material, which
is updated quarterly, covers the following: diabe-
tes, cancer, disabilities, hypertension, cholesterol,
back pain, heart disease, traveler’s tips for stay-
ing healthy, a complete compendium of medica-
tions, herbal medications and drug interactions,
as well as an electronic library of illnesses and
conditions that are explained at an elementary
school educational level.

6.2.2 Modules

The modules on diabetes are not restricted to
retinopathy, but also provide an overview of
many aspects of the disease, including meal
planning, type II diabetes and an explanation of
digital retinal imaging, etc. In addition, approxi-
mately 20 selected English and Spanish language
health-related web sites are accessible through
the touch-screen kiosk, at high broadband speed,
in a seamless touch-screen manner. Sites include
those providing information on acquired im-
mune deficiency syndrome, heart and lung dis-
ease, cancer, urologic conditions, several mental
health web sites, as well as several general health
web sites and the National Library of Medicine
site. Information content can be updated through
the wide area network and changed easily by the
kiosk administrator. In addition to patient edu-
cation, medication refill is an important function
of the kiosk at our organization.

6.2.3 Usage

Patient use of the kiosk is voluntary and initi-
ated either at the recommendation of a health
care provider, clinic volunteer, or by the patient
who notices the kiosk in the waiting areas of the
California county hospitals or Department of
Veterans Affairs clinics where they are installed.
Our subject population is thus self-selected.
Evaluation of kiosk usage is ongoing and large-
ly automatic, built into the systems integration
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Fig. 6.1. A patient using the patient education and
service kiosk (reprinted with permission)

Fig. 6.2. Introductory screen T
image from the patient educa-
tion and service kiosk

MAIN MENL
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VA Palo Alto Health Care System and
California Telemedicine & eHealth Center present:

PATIENT EDUCATION
& SERVICE KIOSK

Take control of your health! Don't wait! ;

All About Diabetes

Best of the Internet

VOLUME

and touch-screen recording software. As of the
most recent published report [15], 38,868 user
sessions have been recorded over the 2.5 years
that the original three kiosks have been in place.
Two kiosks have been active for the entire pe-
riod and one was installed a year after the origi-
nal devices. To date, 2,878 users participated in
the on-line survey questionnaire (representing
7.4% of all user sessions). During 2004, approxi-
mately 30 similar units have been installed in our
health care system, which ranges from Reno, NV
to Honolulu, HI. Similar kiosks have also been
installed at Indian Health Service facilities in
Arizona and the Kaiser Permanente Health Care
System in Northern California.

The summarized results are from three dif-
ferent hospital or clinic locations, and each de-

' Diseases, Treatments,
Medications & Vitamins

Touch Topic of Interest Below

' Stop, Look & Listen
to Your Health

Pharmacy Refills &
Patient Services

Touch Here
When Finished

Habla Privacy/Research .
Statemant

Espafol

vice can provide vouchers redeemable for clini-
cal services [15]. The kiosk software records the
touches of users and provides information on
the number of individuals initiating a session
and the number of locations accessed within the
program. In accordance with our institutional
review board protocol, respondents did not have
to answer all questions if they did not wish to,
however users averaged 1,873 responses for each
question on our survey. Data from the survey
shows that:
== Seventy-three percent of kiosk users were do-
ing so for the first time.
== Seventy percent were using the kiosk at their
own volition, rather than at the recommen-
dation of their doctors or staff.
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Patient reactions to the kiosks were positive:

== Eighty-four percent of respondents thought
that the kiosk was generally well located.

== Eighty-two to eighty-four percent (repeat in-
ternal validation questions) said the instruc-
tions for the kiosk were easy, or somewhat
easy, to follow.

= Ninety percent of respondents stated that
the information on diabetes was helpful to
them.

== Sixty-eight percent of respondents found
some or all of the information they were
looking for on the kiosk.

== Eighty-five percent said they would use the
kiosk in the future.

== Seventy-one percent of people said that the
information on the kiosk was helpful in un-
derstanding their health.

== Eighty-seven percent of people said the clinic
had more to offer because of the patient edu-
cation kiosk.

= Eighty-two percent said it was very likely
(56%) or somewhat likely (27%) that what
they learned at the kiosk would help them
follow a health provider’s advice.

Most importantly, in the year following the intro-
duction of the kiosk intervention, a 14% increase
was recorded (2002/03 influenza season) in the
number of patients receiving influenza vaccina-
tions within the VA Palo Alto Health Care Sys-
tem, compared to the prior year (2001/02 influ-
enza season) [15]. This increase was sustained in
the 2003/04 influenza season.

Since patients can use different sites, at times,
for different clinical services, and are not nec-
essarily inclined to print vouchers for eligible
services, a direct cause and effect cannot be de-
termined between the kiosk education and the
observed increase in influenza immunizations.
Future plans call for having a paid assistant or
volunteer at selected kiosks to better assess the ef-
ficacy of the tool in affecting clinical outcomes.

6.3 Summary

We have created a patient education and service
kiosk that provides a range of health content both
in English or Spanish. The kiosk presents validat-

ed information on diabetes, cancer, disabilities,
hypertension, cholesterol, back pain, heart dis-
ease, and traveler’s tips for staying healthy. The
content has been developed using tested prin-
ciples of health education and is based especially
on data showing that patient control of certain
health variables can affect the clinical outcome
of disease [16, 17], particularly diabetes. Kiosks
also offer patients an opportunity to better uti-
lize free time around or between appointments
by acquiring useful health information.

Databases of diseases, medications, and herb-
al supplements have been licensed and are avail-
able. Most patients found the kiosk easy to use
and are likely to use it again. By allowing patients
to print out and take home accurate detailed in-
formation for later review, retention and utiliza-
tion of important health-related information is
promoted. In addition, the printed information
can be shared with family and friends, increasing
the likelihood that patient caregivers have accu-
rate information for supporting the patient.

Most survey respondents found the informa-
tion useful and feel the clinic has more to offer
because of the kiosk. The kiosk provides physi-
cians, allied health professionals, and hospitals
the opportunity to provide their patients with
the maximum amount of information during
each clinic visit and to ensure that the informa-
tion is relevant to the patients’ needs and inter-
ests. Most significantly, patients felt they would
be more likely to follow health care providers ad-
vice because of the kiosk (>82%), and there was
a recorded 14-16% increase in the number of
influenza shots dispensed after the introduction
of the kiosk, although there may well be other
unknown factors that influenced this finding.

In conclusion, the kiosk has the potential to
make every encounter with patients an oppor-
tunity to favorably influence clinical outcomes,
and to enable people to have more control over
their health.
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Chapter 7

Online Retinal Image Database
and Analysis System With JPEG 2000

Metadata Embedding

Opas Chutatape

This chapter addresses the following

Key Concepts:

I Because it offers efficiency and flexibil-
ity in accommodating a wide range of
information, there are many advantages
to using JPEG 2000 in medical imaging
in telemedicine.

I With its operating concept, design, and
structure, the goal of the Web-based
fundus image database system (WFIDS)
is to be a platform for wide-scale re-
search work.

[ The structure and mechanisms of the
Extensible Markup Language (XML)
document is designed for embedding
data in JPEG 2000.

[ Because existing Web browsers do not
natively support JP 2000, a plug-in has
been developed to view JP2 images on
the web page.

B There are security issues surrounding
the metadata, and various approaches
to implement security.

7.1 Introduction

Substantial work has been done at multiple sites
documenting and speculating on the potential
social and economic benefits that telemedicine
can bring. However, until satisfactory transmis-
sion of clinical information is satisfactory, soci-

7

ety will not be able to benefit from implementing
telemedicine. To have “satisfactory transmission”
means that the information is of adequate quan-
tity and of sufficient quality to allow for diagnos-
tic accuracy. Convenience, an acceptable time
between data acquisition and analysis, and the
cost-effectiveness of each transmission modality
must also be addressed as potentially disrupting
the clinical practice of both the primary and sec-
ondary site physicians.

Detecting and grading of diabetic retinopathy
by means of digital retinal images sent via the In-
ternet have been attempted, and the diagnostic
results have been assessed by a number of oph-
thalmologists. An evaluation [1] was reported,
based on non-stereo digital images obtained
from a CR5-45NM Canon non-mydriatic fun-
dus camera equipped with a video camera (Sony
DX950). Four JPEG images covering various re-
gions of the single eye and with a compression
ratio of 1:3 were transmitted via the Internet. The
results showed that the presence or absence of
diabetic retinopathy could be correctly assessed
by inspection of the test images. In most cases,
good agreement was found between the grada-
tion made from the images and the gradation
made by direct examination of the eyes. These
findings are among several that suggest that the
technique is suitable for diabetic retinopathy
screening.

The development of an automated retinal
imaging system has been an ongoing research
activity at Nanyang Technological University,
Singapore, for many years. It has initiated new
techniques in retinal image analysis for the de-
tection of landmarks, abnormalities and their
classification, and three-dimensional visualiza-
tion [2-7]. These techniques have potential use
as diagnostic tools for non-proliferative diabetic
retinopathy (NPDR) and glaucoma. For land-
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mark detection, various algorithms are being
created for detection and tracking of blood ves-
sels, optic disc localization, and boundary esti-
mation. In the detection of abnormalities, par-
ticular attempts are being made to detect and
classify bright lesions (i.e., exudates and cotton
wool spots) and dark lesions (which are limited
to hemorrhages and microaneurysms). Three-
dimensional optic disc surface reconstruction
and parameter estimation from ordinary stereo
retinal images is another promising research ac-
tivity for studying and detecting glaucoma with
cost-effective tools. An attempt to set up an on-
line system has led to the Web-based fundus im-
age database system (WFIDS), which has many
features suitable for small clinics. This system,
when fully integrated with other diagnostic soft-
ware tools, can be used as a model of an indepen-
dent telemedicine system that can be extended to
other patients” healthcare requirements.

In typical telemedicine applications that most-
ly involve interactive communication, the speed
of medical data transmission must be real-time,
while maintaining a high quality of data at the
same time. In e-health, which relies on the Inter-
net, the speed is largely dependent on the traffic
conditions of the heterogeneous networks in-
volved. Both applications unavoidably must have
a small data size to increase transmission speed,
and at the same time, keep sufficient information
and implement a flexible data format to accom-
modate a wide range of applications. Among the
many image formats available, JPEG 2000 was
tested [8, 9] and shown to offer a number of suit-
able features that are useful for medical applica-
tions, such as progressive transmission, region of
interest (ROI) coding, and metadata embedding.
The metadata allows a good deal of flexibility to
accommodate a wide range of medical and non-
medical data integration.

7.2 Web-Based Fundus Image Data-
base System (WFIDS)

In the following subsections we will provide an
overview of the operation and database system
of the Web-based fundus image.

7.2.1 Operation Overview

Our research group at Nanyang Technologi-
cal University has embarked on the Web-based
fundus image database system for different us-
ers that are hypothesized into seven categories:
administrator, photographer, doctor, patient,
public, researcher, and Web master, (Fig. 7.1).
Researchers can use this system for on-line re-
search collaboration, while the public can access
it through information and education on health
care. Interaction with the server is bi-directional
in that users can retrieve and input various data
to the server. Two groups of interactions between
users may be handled: Administrator-Doctor-
Patient interactions and Photographer-Doctor-
Researcher interactions.

7.2.1.1  Process Flow
In addition to research collaboration and public
information, WFIDS simulates the process flow
that a patient will normally go through when
visiting an eye clinic. A patient initially fills in a
form and passes it to the administrator. The ad-
ministrator then registers the patient to WFIDS
and creates a username for the patient for login
purposes. The administrator has the privilege
to register a new user, be it a doctor, patient, re-
searcher, photographer, or another administra-
tor. The patient is then assigned to a doctor to
undergo an initial eye checkup. The patient may
be required to have a photograph of the retina
taken, due to eye diseases or other diseases re-
lated to retinal appearance. The patient proceeds
to the eye photography room for an eye imaging
session. The photographer then takes the fundus
image of the patient, logs in to WFIDS, goes to
the upload page, enters the patient’s registration
ID, and uploads the image to the server. Since
the fundus camera is connected to a front-end
personal computer through a USB port, the im-
age is immediately available in digital format and
ready for uploading. At this point in time, the
image is readily available to everyone with view-
ing privileges, regardless of location.

When a doctor enters the web site, notifica-
tion of the new patient image is automatic. The
doctor then views the new image, and gives a
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Fig. 7.1. Structure and users
of Web-based fundus image
database system (WFIDS)

Public

diagnosis and recommendation. The doctor can
use the image processing software tools provided
to help identify certain abnormalities in the ret-
ina. All fundus images and diagnoses are stored
in the database, hence doctors are able to keep
track of patient history. Each patient is given a
username and password to login to the WFIDS.
Given controlled access, patients are able to up-
date their profiles, view their eye images and
their diagnoses. Furthermore, there is an inte-
grated mailing system where a party can send
a message to someone elsewhere in the system.
In this way, patients are able to send questions
from their homes to their doctors. An appoint-
ment can also be made using this internal mail-
ing system. Researchers and the general public
are also given access to WFIDS. In WFIDS, they
are able to look for information pertaining to eye
care, read any available journals or publications,
access public web links, etc.

7.2.1.2 NetMeeting

In addition to the internal mailing and appoint-
ment system, NetMeeting is available on system
as a basic means of synchronous communica-
tion. IP addresses are logged by the system as a
user logs in, so any user will be able to contact
anyone who is concurrently accessing the web
site. With the availability of the internal mailing

s
Doctor
Administrator‘\ e -
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/g

Researcher

Photographer

Patient

system, appointment system in the WFIDS, and
Netmeeting, interaction among medical person-
nel and patients can be made more natural.

7.2.2 Database System Overview

The functional block diagram (Fig. 7.2).of the
WFIDS system can be divided into three layers
They are:

1. Presentation layer: This layer uses active
server pages (ASP 2.0) technology supported
by VBScript and JavaScript languages for the
server and client scripting respectively, in or-
der to provide a Hypertext Markup Language
(HTML) presentation to the client.

2. Business logic layer: This layer also uses ASP
technology. It provides some data processing
before it is passed over to the presentation
layer for display. The presentation and busi-
ness logic layers reside in Internet Informa-
tion Services (IIS 5.0), which runs on the
Windows NT 4.0 Server.

3. Database layer: Structured Query Language
(SQL) Server 7.0 is used as the database.
Stored procedures offered in the SQL Server
are also used for data retrieval and update.
An Open DataBase Connectivity (ODBC)
connection is used between the Active X
Data Objects DataBase and the SQL Server.
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Web Browser 11S 5.0 SQL Server 7
HTML Internet . ODBC Stored
VBScript
. B procedures
HTTR/HTTPS saL
JavaScript ADODB statement

Fig. 7.2. Overview of Web-based fundus image database system (WFIDS)

7.3 Web Page Flow Design

The design of web page flow is based on use case
representation, i.e., a representation of a typical
sequence of actions that an “actor” performs in
order to complete a given task. The flow of the
ASP pages is branched out by the role of the user
who logs in to the system (Fig. 7.3). Since many
functions are common to many users, these
common functions are reused and the same ASP
pages are called.

7.4 JPEG 2000 Implementation and

Data Embedding

Among the various JPEG 2000 functionalities
implemented in WFIDS, the one described here
is the embedding of diagnostic and other infor-
mation into the fundus image JPEG 2000 file, so
that the image can be integrated with its relevant
data and transported as a single entity. Although
the DICOM standard is a well known alternative,
and it already has transfer syntax for JPEG 2000
image compression, various non-pixel data attri-
butes in the DICOM can be fulfilled by the basic
JPEG 2000 file format together with its embedded
data. Furthermore, web browsers do not natively
support DICOM images or JPEG 2000. Hence it
is neither necessary nor an eflicient approach to
use DICOM when considering it from a trans-
mission efficiency and utility point of view.

7.4.1 Structure of the JPEG 2000

File Format [10, 11]

The basic and minimal JPEG 2000 file format
is called JP2. A JP2 file contains a sequence of

boxes. Each box encapsulates one element of the
file, such as a code stream or a group of meta-
data fields. A box can also encapsulate other
boxes as part of its data, and such a box is called
a super box. Each box contains header and con-
tents fields. The box header starts with a four
bytes length field (L) followed by a four bytes box
type field (T), and eight bytes extended length
field (XL) if required. The fields are encoded in
big-endian unsigned integers, which means that
the value must be transformed into little-endian
format, the format used in Intel-processor based
personal computers. Any application needs to
properly parse the file with:
= The signature application and application
profile boxes, allowing the file to be recog-
nized as being a part of a JPEG 2000 family
== The header box containing the standard im-
age header information, such as image size,
resolution, bit depth, and color space
== The contiguous code stream box, containing
the JPEG 2000 compressed image data.
= Metadata boxes, allowing vendor-specific
and non-image data to be embedded within
the file

The JP2 file format structure is illustrated in
Fig. 7.4.

7.4.2 Mechanisms

The JPEG 2000 file format provides two mecha-
nisms for embedding user-defined metadata into
a file: an XML box, or a Universal Unique Identi-
fier (UUID). As XML is designed to provide a
software-hardware independent, and an easy
way of sharing data on the Internet, it is consid-
ered more suitable to this application.
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Defining the building blocks of an XML doc-  Fig. 7.4. Structure of JP2 File

ument is further implemented through the XML

schema, which is considered more advantageous
than the alternative Document Type Definition
(DTD). The Microsoft XML Core services (MSX-
ML) 4.0 Software Development Kit was used in
the WFIDS work discussed in this chapter.

7.5 Software Design
and Implementation

In the following subsections we will discuss the-
JP2 Metadata classes for accessing, storing, and

handling JP2 files.

JP2 file format

| JPEG 2000 Signature |

[ File Type Box

JP2 Header

| Image Header Box |

| Color Box

l Contiguous Code

| XML Box

| UUID Boxes
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7.5.1 JP2 Metadata Classes

JP2 Metadata, an embedding library that con-
tains various functions to handle the JP2 files
and embed the metadata, was developed for
WFIDS. This library can be divided into three
main classes according to functionality. The
first class is designed to read, write, and verify
JP2 files. The second class is designed for read-
ing and storing individual boxes into appropri-
ate JP2 files. The last class is for handling XML
metadata. The relationships between all of these
classes are shown in the overall class relationship
diagram (Fig. 7.5), using Unified Modeling Lan-
guage (UML) specifications [12].

7.5.2 Accessing: JP2_Meta Class

JP2_Meta class was written for accessing JP2
files. It also acts as the main class and interface
for the JP2 metadata library. To access a JP2 file,
file I/O and memory I/O classes are required.
The three generic classes for I/O access (CxFile,
CxIOFile, and CxMemPFile) are taken from the
CxImage Library [13].

7.5.3 Storing: JP2_Box Class

The JP2_Box class was written for accessing and
storing the data for a box in the JP2 file. When
reading a JP2 file, the file needs to be loaded to
the memory box by box, using the JP2_Box class.
Because the number of boxes can vary, it is more
appropriate to use a list instead of an array. Writ-
ing a JP2 file simply means writing the entire list
of JP2-Box objects into a JP2 file.

The box length and box type in the JP2 file
are stored in big-endian format, while the per-
sonal computer system uses little-endian format.
Hence there is a need to convert from one format
to another when reading from or writing to a JP2
file. Class Conv_Endian was written to perform
this conversion.

7.5.4 Handling: XML_Metadata

The XML_Metadata class contains a wide range
of functions related to XML and XML schema,
including loading and saving XML documents,
setting and getting data from the XML docu-
ment, and verifying the XML document against
an XML schema. It makes use of MSXML 4.0
SDK, which provides functions for the XML

Fig. 7.5. Diagram of overall class
relationship

JP2 Meta
1
g B 1 1
JP2_Box XML_Metadata CxFile
| ?
1
, l I
Conv_Endian

CxIOFile

CxMemFile
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parser, XML Document Object Model [14, 15],
and XML schema.

Interfacing with MSXML is accomplished us-
ing smart pointer classes, for which the MSXML
headers and libraries were imported by inserting
the following two statements at the beginning
of the codes: (1) #import <msxml4.dll>, and (2)
using namespace MSXML2. The first statement
instructs Visual C++ to generate the type library
information contained in the msxmi4.dll library.
As a result, two header files, msxml4.tlh and
msxml4.tli, are created. These files contain the re-
quired type library information, with interfaces
also wrapped in smart pointer classes.

The second statement imports the namespace
to the project, so that the Document Object
Model Application Program Interfaces can ref-
erence them without explicitly specifying their
namespace [15].

7.6 Implementation

In the following subsections we will discuss im-
plementing the XML document and JP2 images
on the Web page.

7.6.1 XML Document

The structure of our XML document (Fig. 7.6),
which was designed to store the diagnosis data,
has a root element BMERC (Biomedical Engi-
neering Research Center) that is used to iden-
tify the XML metadata required for the applica-
tion. A temporary Uniform Resource Identifier
(URI) of jp2meta.xsd assigned to the namespace
is supposed to be replaced with the permanent
Uniform Resource Locator (URL) of WFIDS af-
terward.

The data represented in the XML document
is categorized into five main categories: personal
information, medical information, image in-
formation, diagnostic information, and clinical
information. The modeled information that is
provided is considered to be sufficient for the ap-
plication. The XML document structure can be
changed to accommodate additional informa-
tion, as required.

Chapter 7

<?xml version="1.0" 7>
<BMERC xmins="jp2meta.xsd">
<PERSONNEL_INFO=>
<PATIENT_ID/>
<FIRST_NAME/>
<LAST_NAME/>
<GENDER/>
<DATE_OF_BIRTH/>
<BLOOD_TYPE/>
<HEIGHT/>
<WEIGHT/>
</PERSONNEL_INFO=
<HEALTH_INFO=>
<BLOOD GLUCOSE LEVEL/>
<BLOOD_PRESSURE/>
<CHOLESTEROL_LEVEL/>
<HEART_PROBLEM/>
<DRUG_ALLERGY/>
<0THER_PROBLEMS/>
<DOCTOR_COMMENT/>
</HEALTH_INFO>
<IMAGE_INFO=>
<DATE_TAKEN/>
<TAKEN_BY/>
</IMAGE_INFO>
<DIAGNOSTIC_INFO=>
<DATE_DIAGNOSED/>
<DIAGNOSED_BY/>
<NDR/>
<NPDR_CLASS/>
<PDR_CLASS/>
<HEMORRHAGE_PRESENCE/>
<OPTIC_DISC_CONDITIONS/>
<BLOOD_VESSEL_PATTERN/>
<DOCTOR_COMMENT/>
</DIAGNOSTIC_INFO=>
<CLINIC_INFO=>
<CLINIC_NAME/>
<CLINIC_PHONE/>
<CLINIC_EMAIL/=>
<CLINIC_ADDRESS/>
</CLINIC_INFO=>
</BMERC>

Fig. 7.6. Structure of our XML document designed for
embedding of data was used to store the diagnosis data

7.6.2 Viewing JP2 Images
on the Web Page

The current popular web browsers, Internet Ex-
plorer and Netscape, do not have built-in sup-
port for JPEG 2000 images, unlike other more
established image coding formats like JPEG, Bit-
map (BMP) and GIE Therefore, the <img> tag in
HTML cannot be used for displaying JPEG 2000
images. An ActiveX object or browser plug-in
is required to view JP2 images. There are a few
browser plug-ins available for download free of
charge [16, 17]. A browser plug-in to view JP2
images was also developed and implemented in
WEFIDS.
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jp2meta.get_Node_Text(..)

ASP

Page
I 4

1IP2Metadata
Patient #500001

7.6.2.1 Porting the Data Embedding

Function to Web

In order to port the data embedding functions
written as a C++ Class to the ASP web page, a
component object model (COM) component
was written. The function of embedding XML
metadata into a JP2 file was ported to a COM
component so that the code can be re-used when
implementing the function to the ASP web page.
The lollipop diagram (Fig. 7.7) illustrates the in-
terface between the ASP Web page and the COM
component, jp2meta_com.

Table 7.1. Description of class CJP2 metadata

IUnknown Fig. 7.7. Lollipop diagram
illustrating the interface
between active server pages

COM Component (ASP) Web page and the
COM component,

(jp2meta_com)

jp2meta_com.

7.6.2.2 Interface for COM Component
The interface for the COM component, I[JP2Me-
tadata, was created by adding CJP2Metadata
Class to the jp2meta_com project file. The Class
CJP2Metadata (Table 7.1) provides only the es-
sential functions of the JP2 Metadata Library.

A physician can annotate the JP2 image
(Fig. 7.8) with metadata embedded at the right
side to indicate the diagnosis, whereas the left
image is the original one and cannot be changed.
After the diagnostic annotation has been done,
the doctor can then save the image.

Class CJP2Metadata

A] P2_Metadata object. Contain JP2 Metadata Library.

Class Member Objects Description of Member Objects
jp2meta
Class Methods: Description of Member Objects:

validate_JP2_file()
validate_JP2_mem()
load_JP2_file()
load_JP2_mem()
write_JP2_file()
write_JP2_mem()
get_Node_Text()

File stream validate function to validate the JP2 file specified.

Memory stream validate function to validate the memory buffer specified.

File stream load function to load from the JP2 file specified.

Memory stream load function to load from the memory buffer specified.

File stream write function to write to the JP2 file specified.

Memory stream write function to write to the memory buffer specified.

Select a single node using XPath syntax and get the text of the current node selected.

Select a single node using XPath syntax and set the text of lhe current node selected.

set_Node_Text()
validate_ XML()

Validate XML data to check whether
it is the format specified by XML schema loaded.

load_XSD_file()

Load XSD file from file specified.
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Fig. 7.8. Downloading of JP2 image with metadata embedded

7.7 Discussion and Conclusion

Throughout this chapter, we have been describ-
ing the implementation of the JPEG 2000 stan-
dard in WFIDS, which involved the writing of
a software library (the JP2 Metadata library) to
embed diagnostic metadata into the fundus im-
age coded in JP2 format. The embedded data is
stored in XML format and validated using XML
schema. The library is then ported into a COM
component and used to embed data from the da-
tabase to the JPEG 2000 images.

The use of JPEG 2000 metadata for medical
imaging should be justifiable in cases where the
rigid non-pixel data formats used in DICOM are
not required. The use of XML metadata is more
natural and easily extensible. For the security of
metadata, XML security standards such as XML
encryption [18, 19] to encrypt the data, and XML
signature [18, 20] to digitally sign the data for the
purpose of preventing unauthorized changes,
should be considered. The XML Security Library
[21] can be used to implement this feature.

JPSEC, Part 8 of the JPEG 2000 standard [22],
which is currently being worked on by the JPEG

committee, may provide a better solution for
solving both problems. The committee is propos-
ing to standardize tools and solutions in terms
of specifications in order to ensure the security
of transactions, and the protection of contents
(IPR) and technologies (intellectual property),
while also enabling applications to generate,
consume, and exchange JPEG 2000 Secured bit-
streams.
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Chapter 8

Telemedicine and Law

Neera Bhatia

This chapter addresses the following

Key Concepts:

@ When a doctor provides an evaluation
of a patient’s condition, upon which a
patient relies, a duty of care exists, even
if the doctor—patient relationship is not
face-to-face.

B Telemedicine has revolutioned changes
in the way health care is delivered, but
the legal and ethical implications of
this mode of medical delivery have not
progressed as rapidly.

I Telemedicine raises questions about po-
tential threats to patient confidentiality
and the resolution of medical negligence
cases.

B Most professional associations and
regulatory authorities have yet to devise
guidelines and standards that estab-
lish and resolve telemedical negligence
claims.

B It is important that patients be educated
about informed consent - a fundamen-
tal aspect of medical law and ethics - so
that they understand the potential
risks associated with telemedicine and
how it differs from traditional medical
intervention.

| It is difficult to predict how the law will
resolve these legal and ethical issues,
although it should become clearer as
precedents are set.

8.1 Introduction

Traditionally, a patient-doctor relationship was
formed face-to-face in the doctor’s examination
room or through home visits. This long-standing
practice was somewhat obscured by the intro-
duction of the telephone by Alexander Graham
Bell in 1876; doctors were often the first to use
the telephone as they saw the potential of tech-
nology to assist them in their profession. By
way of example, in the case of Bienz vs Central
Suffolk Hospital [1], it was held that a telephone
conversation in which a doctor provided medi-
cal advice that a patient relied on still constituted
a patient-doctor relationship even though the
interaction was not conducted face-to-face. Fur-
thermore, as long the doctor provided some level
of evaluation of the patient’s condition, and the
patient relied on this evaluation, a relationship is
formed and a duty exists. This is one of the earli-
est examples of telemedicine in its simplest form.
An early illustration of telemedicine in practice
can be dated back to the early 1920s in Norway
in Haukeland hospital, where ships at sea could
obtain help and advice from doctors in the hos-
pital via radio in cases where there had been ac-
cidents or illness while at sea.

The 1990s saw a great boom in the devel-
opment and progression of technology, when
multimedia systems and telecommunications
businesses actively sought to produce and share
more compact technology data across several
networks, using significantly fast communica-
tion channels.

Today, the European Commission (EC) has
defined telemedicine as “the investigation, moni-
toring and management of patients and the edu-
cation of patients and staff using systems which
allow ready access to expert advice and patient
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information, no matter where the patient or rel-
evant information is located” [2].

8.2 The Legal Implications

of Telemedicine

Although the evolution of telemedicine has been
productive, and it has essentially generated ma-
jor and often revolutionary changes in the way
health care is delivered, the legal and regulatory
sphere concerning telemedicine and its legal and
ethical implications has not progressed as rap-
idly.

A number of issues have surfaced within med-
ical law and its common application to everyday
situations. prior to the introduction of telemedi-
cine, the use of more technological methods of
treatment that are often perplexing required
lengthy consideration by judges and academics
in medical law and ethics.

The medical canvas has become somewhat
more clouded by the use of telemedicine. For
instance, a key consideration is the resolution
of medical negligence that can potentially arise
through Trans-Atlantic surgical procedures. It
also raises a substantial number of questions
about potential threats to patient confidentiality.

8.2.1 Medical Negligence

Patient autonomy - the concept that individuals
have personal sovereignty and the right to pro-
tect and control their bodies and property - is
a fundamental concept in medical law. Because
there is a natural imbalance in the doctor-patient
relationship, the right to autonomy endeavors to
limit the power of the doctor while protecting
the patient from any unwarranted bodily intru-
sion, such as surgery without consent, or public
disclosure of medical information.

8.2.1.1 Lack of Guidelines

Most professional associations or governing
bodies have yet to devise strategic guidelines or a
universal set of standards to follow should there
be an unfortunate occurrence or medical blun-

der that involves the use of telemedicine. Regula-
tory authorities, too, have not devised or adjusted
procedures in establishing and resolving medical
negligence claims in accordance with the ever-
evolving innovations in delivering healthcare in
the 21st century.

The lack of guidelines in this area may pos-
sibly be due to the minimal number of cases of
medical negligence in relation to invasive tele-
medical procedures, which would assist in creat-
ing fundamental legal principles and procedures
to follow where telemedicine is used.

8.2.1.2 Establishing Boundaries
and Liability

The dynamic nature of telemedicine has made
it possible for doctors located in one country to
perform intricate and often complex surgery on
a patient in a completely different country. At the
same time, a key aspect that is of growing con-
cern is the need to create jurisdictional bound-
aries that establish liability within the emerging
field of telemedical negligence.

Because of differing legal rules among its 52
states, the United States (US) has dealt with this
issue. In Prince vs Urban [3], several telephone
consultations between a patient from California
and her Illinois-based doctor who provided re-
peat prescriptions was deemed as an insufficient
basis to establish the Californian courts’ juris-
diction over the doctor for purposes of making
the doctor answerable to the patient’s negligence
claim [4].

The decision in this case would have been
markedly different if the doctor had advertised
her services in California, and if she had built a
rapport with or directly treated other patillents.
We do not yet know how the law will make deci-
sions on such jurisdictional issues in other parts
of the world, such as in England where legal rules
do not vary from town to town; nor do we know
thelegal outcome in resolving medical negligence
claims in a situation wherein a doctor is located
in one country and the patient in another.
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8.2.1.3 Patient-Provider Proof

In medical negligence cases, traditionally the
onus is on the patient (the claimant) to prove
that the doctor (the defendant) formed a rela-
tionship with that patient, much like the signing
of a contract, and consequently, the doctor owes
a duty of care toward that patient. The patient
must then prove that the doctor breached this
duty of care by failing to conform to the accepted
standard of care, which directly caused or led to
cause detriment to the patient.

Proving that a duty of care was owed may be
difficult when a doctor and patient are in dif-
ferent parts of the world. Another challenge to
prove: whether a telemedical meeting is suffi-
cient to establish that a duty of care was owed, be
it via teleconferencing, telephone, or e-mail. For
example, a remote specialist who does not per-
form a hands-on examination, but rather uses
high tech robotic machinery, could be regarded
as delivering less than adequate care. Or if com-
pressed digital images that are not reconstructed
well causes the loss of valuable diagnostic infor-
mation, it may be difficult for a doctor to make a
diagnosis, which, in turn, could cause the patient
turther harm, or possibly even death.

8.2.14 Global Standard of Care

It would seem that in order to limit or control
ambiguity when measuring the standard of

care that is owed to patients receiving telemed-
icine care, would be to create a global standard of
care that can be used to establish medical negli-
gence or malpractice. It would also be markedly
valuable for both legal and medical practitioners
to have a uniform set of principles or rules that
can be used to govern the way in which claims of
medical negligence are handled.

8.2.2 Patient Privacy
and Confidentiality

Because highly sensitive medical histories or
diagnoses are easily accessible either visually or
verbally through telemedicine, the opportunity
exists to breach patient privacy and confiden-
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tiality. It may often not be possible to set con-
trols or to establish safeguards for accessing such
information, especially with the use of intranet
systems and internal e-mail, potential computer
viruses, or electricity failure, which could wipe
out entire data bases with no back-up files.
Essentially, technology can only be a success
when it is controlled by humans and human in-
telligence, and invariably humans make errors.
Misdialed telephone numbers, faxes that are left
unattended, or external interception of video or
other transmission lines make it extremely easy
for patient confidentiality to be breached. Be-
cause of this, it has been suggested that greater
safeguards, and attention be placed on the po-
tential exposure of patient medical information,
by incorporating encryption or access codes to
personal, often highly sensitive information.

8.3 Informed Consent

A fundamental aspect of medical law and eth-
ics is informed consent, and the right of the pa-
tient to know and understand the risk involved
in medical procedures or treatment. Although
patients may generally welcome the use of tele-
medicine, which could potentially save their life
or assist them in gaining medical treatment and
advice from some of the world’s most renowned
medical professionals, it is important that pa-
tients understand the potential risks associated
with telemedicine. These include those already
discussed about privacy and confidentiality, and
how telemedicine differs from traditional hands-
on medical intervention. This could be addressed
by inserting an additional clause in traditional
consent forms that would provide patients with
the option of accepting or declining telemedical
procedures.

8.4 The Way Forward

The issues discussed and raised in this chapter
are meant to serve as an introduction to the vast
number of ambiguities, obscurities and com-
plexities which saturate medical law, ethics and
innovative technology. Although telemedicine
has played a prominent and vital role in the de-
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velopment and advancement of medicine since
the last millennium, it would seem that it is only
now, in the 21st century, that its application and
potential future development is being examined
with greater scrutiny.

At the same time, the law has not progressed
as rapidly as telemedicine technology. To fill the
gap, a structured legal and ethical framework
that meets the needs of providers and patients
participating in telemedicine, and that reflects
the use of technology on a daily basis, is needed
to determine what are often life or death deci-
sions.

Currently, it is difficult to determine or pre-
dict how the law will resolve legal and ethical
telemedicine issues, such as medical negligence,
although this is likely to become clearer as cases
are tested and settled, and precedents are cre-

ated. Because such a time is fast approaching, it
would be wise for medical and legal practitioners
to prepare for the numerous dilemmas and co-
nundrums that are likely to arise.
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Chapter 9

Cost-Effectiveness of Teleophthalmology
in Diabetic Retinopathy Screening

I-van Ho, Nitin Verma

This chapter addresses the following

Key Concepts:

[l Diabetic retinopathy represents a sig-
nificant fiscal burden to public health.

M Economic limitations necessitate the
detailed, cost-effective analysis of any
diabetic screening program.

B The diabetic eye screening service pro-
vided by a teleophthalmic unit was com-
pared with an ophthalmologist-based
screening service, covering the Top End
of the Northern Territory of Australia.

[ The teleophthalmic diabetic eye screen-
ing program was shown to be more
cost-efficient, with a payback period
well within the estimated life span of
the equipment.

B A sensitivity analysis revealed that
capital cost fluctuations of up to 230%
would not affect the cost-effectiveness of
the program.

[l The continuity, familiarity and accept-
ability of the screening program are
likely to increase, which in turn will
increase its efficiency.

9.1 Introduction

The restraints of economic limitations necessi-
tate a detailed, cost-effective analysis of diabetic

9

screening programs. This is particularly appli-
cable to rural and remote areas of Australia, be-
cause distance and lack of medical and specialty
services in these areas often result in delivery of
services that are not cost-effective.

Diabetic retinopathy represents a significant
public health burden that impacts the medical,
functional, and psychological status of patients.
Furthermore, ailments such as blindness that
can result from diabetic retinopathy continue to
create a significant economic burden on Austra-
lia. To address such fiscal concerns, the National
Health and Medical Research Council (NHM-
RC) and the international medical community
endorse regular screening for diabetic retinopa-
thy, and prompt and appropriate treatment pro-
grams, when indicated.

9.2 Cost-Effectiveness
and Cost-Benefits

A cost-effectiveness analysis can shed light on
the range of benefits as well as the costs sur-
rounding a decision that aggregates the effects
over time. Using an approach called discounting,
it is possible to arrive at a dollar-denominated
present value that, in concept, is comparable with
other governmental uses for scarce financial re-
sources, including leaving them in the hands of
taxpayers.

Reports from the United States (US) have
shown that the detection and treatment of dia-
betic retinopathy is not only cost-effective, it is
actually cost-saving from both governmental
and societal perspectives. Indeed, it is estimated
that the potential savings in the United States ex-
ceeds 600 million USD annually [1]. A detailed
analysis of the cost-effectiveness of screening
and treating diabetic retinopathy — with an es-
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timated screening rate of 60% — showed that the
overall cost-effectiveness is 3,190 USD per Qual-
ity Adjusted Life Years (QALY) [2]. Interestingly,
the greatest cost-savings is for Type 1 diabetics,
even though they survive longer and also have an
increased incidence of proliferative retinopathy.

Laupacis and co-workers have suggested that
health interventions costing less than 20,000
CAD per QALY are being adopted by certain
societies [3]. The literature also supports well-
implemented diabetic eye screening programs,
because they are cost-effective for both health
budgets and the public health. Of course, no tool
is perfect, and cost-effectiveness analyses have
limitations. For example, criticisms result (1)
from the rudimentary techniques used to mea-
sure diverse benefits and costs in dollar terms,
(2) equity concerns left unrecognized in the
present value calculation, and (3) the fact that, to
some, environmental concerns are allocated to
ethics, rather than economics. Because of such
criticisms, all cost-effectiveness analyses must be
tempered with consideration for each individual,
and health services should not be driven soley by
economic considerations.

All efficient screening programs should be
followed by effective and efficient treatment pro-
gram. This is because we know, for instance, that
prompt laser treatment for diabetic retinopathy
prevents in excess of 90% of blindness from the
disease.

9.3 Economic Definitions

In the following subsections we will discuss key
terms used in cost-effectiveness analyses of tele-
ophthalmology in diabetic retinopathy screen-
ing.

9.3.1 Payback

The payback method is the simplest measure to
calculate. The payback method simply calculates
how many periods/years into the future it takes
for a capital project to generate net income to re-
pay the initial investment (Fig. 9.1).

9.3.2 Net Present Value (NPV)

Net present value (NPV) is the present value of
a future net benefit stream that reflects the time
value of money. NPV considers all future cost-
benefit flows over the life of the investment. The
method yields one value that is easily interpret-
ed. If the value is positive at a required rate of
discount or interest, the project yields benefits
that exceed its costs. If the value is negative, costs
exceed benefits and therefore it is not fiscally
prudent to invest or fund. Economists common-
ly use a discount rate of 4-5%, as it is the rate
over inflation at which the government typically
borrows funds [5].

9.3.3 Internal Rate of Return (IRR)
Decision makers are often more comfortable
with value expressed in percentage terms rather
than some other metric. The Internal Rate of Re-
turn (IRR) is a method that expresses value in
terms of a percentage. Essentially, the IRR is the
discount rate that makes the discounted value of
future cost-benefit flows exactly equal the initial
investment. In other words, it is the percentage
return on investment above capital costs. In most
economic circles, an IRR above 5% is sufficient
for public sector investment and funding.

The IRR and NPV are, in effect, different ways
of representing the future benefit of current in-
vestment. This is shown in Fig. 9.2.

The point where the graph intersects 0 AUD
represents the equating of future benefit streams
with current capital investments. The discount
rate at this point represents the IRR. The dis-
counted net cash flow corresponding to the arbi-
trary 5% discount rate represents the NPV.

9.4 Cost-Effectiveness of Diabetic Eye

Screening Program in Australia

There are approximately 1300 diabetics in the
rural and remote Top End of the Northern Terri-
tory in Australia, according to the authors” chart
reviews and database collected from the commu-
nity clinics and Territory Health Service (THS)
chronic disease registers.
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Fig. 9.1. Payback period
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Capital and operating costs (Table 9.1) were
used, and analyses were done comparing the ex-
isting Teleophthalmic Unit (TU) with the oph-
thalmologist-based screening service, as aspect
of the Katherine Region, Rural Darwin and East
Arnhem District.

The estimated results of cost-effectiveness
analysis include the pay-back period, NPV at 5%

6% 7% 8%

Discount Rates

9% 10% 1% 12%

discount rate, and IRR.A sensitivity analysis was
included to test the sensitivity of the cost-effec-
tiveness analysis (in terms of pay-back period,
NPV and IRR) when capital cost escalates and
efficiency improves.
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9.4.1 Background

All diabetic patients had their corrected (and
therefore, best) visual acuity recorded prior to
mydriasis with tropicamide (1%) and phenyleph-
rine (2.5) The teleophthalmic diabetic screening
team took two 45° non-stereoscopic images of
each eye: one macular centerd and one disc-cen-
terd, The TOPCON TRC-NWS5S digital non-
mydriatic fundus camera fitted with a Sony DXC
950P 3-chip CCD-video camera was used in the
imaging of the patients’ fundi, and all images
were archived on CD ROM in uncompressed
bitmap format.

The CD ROMs were transported within one
week to Royal Darwin Hospital (RDH) via cou-
rier services for analysis and grading by the resi-
dent ophthalmologist. Images were compressed
to a JPEG 17:1 ratio format for e-mail to RDH if
an urgent ophthalmological opinion was need-
ed. Alllaser treatments were promptly offered to
those with sight-threatening diabetic retinopa-
thy by being transferred to the nearest regional
hospital at the next scheduled eye clinic; urgent
cases were transferred to RDH for immediate
treatment. Patients with non-sight threatening
diabetic retinopathy were scheduled for repeat
eye examinations by the mobile teleophthalmic
diabetic screening team within the NHMRC’s
recommended period.

9.4.2 Cost of Diabetic Eye Screening

Costs for providing a diabetic eye screening
service (Tables 9.1 and 9.2) were determined
for teleophthalmic screening and for the oph-
thalmologist-based service. This economic data
assumes that each teleophthalmic unit requires
two full-time staff, an Aboriginal health worker,
and a nurse, who work closely with a full-time
ophthalmologist in Darwin. It is with this staft-
ing level that the program was implemented in
the Top End.

All costs were determined from expendi-
tures in the years 2000 and 2001, which include
the complete cost for providing a diabetic eye
screening service to all 32 rural and remote com-
munities in the Top End. This economic data
excludes the Darwin urban diabetic population,

with a conservative estimate of an additional
2500 diabetics.

The results of the cost-effectiveness analysis
(Table 9.3) includes screening 700 patients annu-
ally - the number of patients screened over the
last year, using the mobile teleophthalmic dia-
betic eye screening service. The life of the capital
investment is seven years, as advised by the man-
ufacturers of the teleophthalmic equipment; mi-
nor replacements and maintenance are included
under operating costs. In addition, sensitivity
analysis was performed to estimate the effect of
increasing capital costs on the cost-effectiveness
of the teleophthalmic program (Table 9.4).

Table 9.1. Costs for a single unit teleophthalmic diabetic
eye screening team

AUD

Capital cost (non recurring)

Fundus camera + portable computer 77,000
Review station computer 10,000
Color printer 600
Travel case 1,000
Total capital cost 88,600
Operational cost (yearly)

Equipment service 1,000
Vehicle hire ($700/month) 8,400
Vehicle fuel (120 L @ $1.10/L) 1,320
Plane tickets + freight (for 2 persons) 10,510
Accommodations (for 2 persons) 3,200
Travel allowance (for 2 persons) 4,000
Nurse salary 45,000
Aboriginal health worker salary 32,000
Ophthalmic secretary salary 32,000
Ophthalmologist salary 150,000
Internet access 720
CD-ROMs 50
Printer paper 1,500
Printer cartridge 300
Medication 870
Courier services 425
Total operating cost 291,295
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9.5 Discussion

Based on our three assessments, it is clear that
teleophthalmic diabetic eye screening programs
are effective, cost-effective methods of screen-
ing for diabetic retinopathy in the rural and re-
mote regions of the Top End. Cost-effectiveness
analysis with an internal rate of return (IRR) of

Table 9.2. Costs for ophthalmologist based diabetic eye
screening service

AUD

Capital cost (non-recurring)

Lenses + ophthalmoscopes 6,000
Equipment case 500
Total capital cost 6,500
Operational cost (yearly)

Ophthalmoscope battery 100
Vehicle hire ($700/month) 8,400
Vehicle fuel (120 L @ $1.10/L) 1,584
Plane tickets (1 person) 32,950
Accommodations (1 person) 4,700
Travel allowance (1 person) 3,465
Nurse co-coordinator salary 58,000
Ophthalmic secretary salary 32,000
Ophthalmologist salary 150,000
Community AHW salary 32,000
Medication 870
Total operating cost 323,969

Table 9.3. Cost-effectiveness analysis for teleophthalmic
screening service

Cost-effective Analysis

Pay-back period 2.5 years
NPV @ 5% (AUD) 111,121
IRR 62.66%
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62.7% is extremely high, and is more than suf-
ficient for public sector investment and funding.
A payback period of two-and-a-half years is very
attractive, and a positive net present value (NPV)
of 111,121 AUD at 5% discount rate is attractive
for public investment. A sensitivity analysis re-
veals that a capital cost fluctuation of up to 230%
will not affect the cost-effectiveness. Increasing
capital cost by 240% makes the NPV negative at
5%, and reduces the IRR to 3.7%. However, an
IRR of 3.7% indicates that the investment is still
marginally cost-effective at this level.

It is clear that teleophthalmic diabetic eye
screening programs are cost-effective (Fig. 9.3),
and that they suggest cost savings for future in-
vestment. At the same time, it can be seen that
although there is minimal initial capital cost for
the ophthalmologist-based screening, this meth-
od of screening for diabetic eye diseases in the
Top End results in continual investment losses
after two-and-a-half years. Furthermore, the
payback period of both teleophthalmic programs
are well within the estimated seven year life span
of the equipment, making it an extremely attrac-
tive proposal.

A single unit teleophthalmic screening service
is shown to be more cost-effective than having
two separate teleophthalmic teams in our sepa-
rate cost-effectiveness analysis. This reflects the
population differences across the Top End, where
the greater proportion of the rural and remote
population resides in the Katherine Region. It
would be cost-effective to have two teleophthal-
mic screening teams if we were to provide the
service to urban Darwin, which would include a
further 2,500 diabetic patients.

It is also very important to note that the tele-
ophthalmic program has only been functional
for the past 18 months, as compared to the longer
operational time frame of the ophthalmologist.

Table 9.4. Sensitivity analysis of capital change for teleophthalmic screening service

Sensitivity Analysis

Change 0% +10%
Pay-back period (years) 2.5 2.8
NPV @ 5% (AUD) 111,121 111,121
IRR 62.66% 51.52%

+20% + 50% +240%
3.1 39 6.3
94,245 68,930 - 7,012
43.06% 26.33% 3.66%
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We believe that in time with the continuation, fa-
miliarity and acceptability of this teleophthalmic
program, its efficiency would increase and a con-
servative estimate of 1,000 screenings per year
could be easily achieved. One thousand screen-
ings per year equates to a diabetic screening cov-
erage rate of approximately 75%. Our experience
has shown us that achieving a screening rate of
up to 85% is well within limits, and at that level
of screening, teleophthalmology will prove to be
even more cost-effective than it is currently.

Finally, all economic analyses must be appre-
ciated in tandem with the understanding of the
service provision in each community. We can see
that not only is it cost-effective to have a teleoph-
thalmic diabetic eye screening service, but that it
also provides the benefits of increased screening
rates, education of patients, and most important-
ly, of local health workers.
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Chapter 10

Economic Evaluations

in Teleophthalmology

Johanna Lamminen, Heikki Lamminen, Ville Voipio

This chapter addresses the following

Key Concepts:

M Investments in telemedicine should

either produce cost savings or improve
service quality.

[ When determining the potential ben-
efits of telemedicine, all factors, not just
cost factors, should be analyzed.

M Economic evaluation studies can be
hard to generalize from industrial situa-
tions to health care systems.

I A balanced scorecard approach, which
is a synthesis of financial accounting
models and competitive capabilities,
views organizational performance from
four perspectives: financial, customer,
internal business processes, and learn-
ing and growth.

10.1 Introduction

Economic issues have become increasingly im-
portant topics in health care in the industrialized
world. Many western countries have develop-
ment programs in their public health sectors
that aim a better health care cost-efficiency by
finding alternative ways of providing services.
In this context, telemedicine is thought to have
economic benefits, especially when providing
health services to sparsely populated areas. It has
been assumed that telemedicine can improve the
health service chain and thus in some cases also

enhance the quality and efficiency of health care
[1]. It has also been suggested that the economic
evaluation of telemedicine needs to be carried
out to answer the key question, Should we do
this [2]?

Literature shows that telemedicine can pro-
vide savings, especially for thinly settled where
the distances to hospitals are great and when
patients need special transportation, such as
helicopter or ambulance [3]. Real-time video
conferencing between a specialist and a general
practitioner or a resident generally improves the
health process and serves education purposes.

Economic evaluations in telemedicine should
include at least two aspects: investment calcula-
tions and usage cost (i.e., studying medical pro-
cesses).

10.2 Economic Evaluations
in Telemedical Investments

All investments need to be carefully analyzed.
There should always be stated objectives and
goals for the investment: “Why should we invest
in this?” Objectives are different in each case,
and cost savings are not always the main target.

Investments in telemedicine should either
produce cost savings or improve service quality.
There are several methods that can be used to
analyze whether the investment has brought the
estimated financial benefits. All decision mak-
ers have to demand investment calculations and
benefit analyses before making a decision.

The most commonly used methods for ana-
lyzing the investment decision from a financial
point of view are economic lifetime and return on
investment. The factors contributing to economic
calculations may be classified into two categories:
soft and hard factors. The hard factors - direct ex-
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penses, time, quantities, etc., are straightforward
to evaluate. However, the soft factors — customer
experience, organizational learning, etc. are usu-
ally very difficult to express in financial terms;
therefore, their presence adds considerable un-
certainty to investment calculations.

10.3 Economic Evaluations

in Medical Processes

In medicine the main goal is always to provide
high quality services for patients. The best knowl-
edge and capabilities should always be available
to ensure that all patients are treated equally.
Such considerations encourage discussions
about the quality of health care, which requires
competent people, as well as effective processes
and work methods. The findings from economic
evaluation studies are hard to generalize [4]. One
reason is that treatment processes can vary. Most
financial calculation methods have been devel-
oped for industrial use, where processes are con-
stant and quantities are high. In addition, manu-
facturing time and expenses, which are easy to
measure and quantify, can be easily identified.
What is less clear is how well these models can
be used in health care. A particular challenge is
how to analyze the results.

It is widely accepted that in health care two
important key factors are time and quality of ser-
vices. This means it is essential to make prompt
diagnoses and to treat the patient in the right
place at the right time. In health care, the treat-
ment process can be long, especially for chronic
diseases. In such cases, often several different par-
ties will take part in the process. Given this, a key
goal in health care is to improve the efficiency of
that process; indeed, maintaining and improving
the efficiency of these processes should be the fo-
cal point in managing health care organizations.
The success of health care depends not only on
how well each department and/or organization
performs its work, it also depends on how well
the various departmental and organizational ac-
tivities are coordinated.

10.4 Analyzing Health Care Services

In the following subsections we will discuss key
methods for analyzing health care services.

10.4.1 Balanced Scorecard

A key tool for analyzing health care services is the
balanced scorecard method, which is a synthesis
of financial accounting models and competitive
capabilities. By using the balanced scorecard
method it is possible to take both the hard and
the soft factors into account. Balanced scorecard
is also useful, because it expands the set of busi-
ness objectives beyond the summary of financial
measures. In our articles, we have also used nor-
mal cost calculation methods, while at the same
time, proving that investment in telemedicine is
logical [3]. The number of patients has been the
key driver; we have also tried to determine the
break-even point, where there are enough pa-
tients to justify the telemedicine investment.

10.4.2 Telemedicine Consultation
Expenses

Presently, our studies have concentrated solely on
historical information. As such, we have calcu-
lated expenses by comparing expenses incurred
in traditional workflow with those incurred us-
ing telemedicine. The telemedicine consultation
between specialist and general practitioner may
in the long run save much more than expected.
These extra savings come from the improved
quality of the health care, as patients receive cor-
rect diagnoses immediately and timely treatment
saves costs in the long run. This aspect, however,
has not been taken into account in our studies.

10.4.3 Organizational Performance
Perspectives

The objectives and measures view organizational
performance from four perspectives: financial,
customer, internal business processes, and learn-
ing and growth [5].
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104.3.1  Finance

Financial perspective links the strategy with the
long-term financial objectives. When investing
in telemedicine, there should always be a long-
term vision of what the organization should
achieve with the investment. Investments in tele-
medicine are often rationalized by potential cost
savings, without backing up this claim with solid
data. To make better informed decisions, tele-
medicine cost analyses should be presented in a
manner that enables easy tailoring of the method
to suit other operating environments and pat-
terns of care [2].

When analyzing the financial benefits, future
operating expenses need to be taken into account
as well. When comparing telemedicine with tra-
ditional methods, it is very important to identify
the real expenses of the existing systems. This is
because a service may be clinically competent
and cost-effective in one context, but highly inef-
fective when viewed in another context where-
in accessibility and quality of local services are
higher.

10.4.3.2 Customer

In health care, needs of medical consumers need
to be viewed differently from customers of a
typical corporate business. In medicine, along
with the service, it is important also to consider
patient’s experience of the health service. For ex-
ample, patients usually find the treatment options
provided via telemedicine very convenient [6].
In most cases it is quite natural that telemedicine
will bring added value to the patient, since the
patient does not need to travel long distances.

It may be challenging to discuss medical con-
sumers of health services, because these individ-
uals often receive health care services for which
they are not directly paying. In such cases, the
customer may be either the patient or the party
that is paying for the service. For instance, this
may occur with a public health program or an
insurance company. Either way, fiinancially, the
interests of these different parties may conflict
in some cases. Therefore, when undertaking any
analyses, it is important to define clearly the ex-
act meaning of the word customer.

Chapter 10

10.4.3.3 Internal Business Processes
Processes in health care are not as easy to stan-
dardize as are typically corporate, internal busi-
ness processes. The question to consider is, which
processes are the most important core processes?
Our studies have indicated that telemedicine has
improved these processes [6]. The quality of op-
erations can also be measured in this category,
and when evaluating processes, the quality factor
must not be omitted.

There are many different management strate-
gies that have been applied to process manage-
ment. Six management programs can be iden-
tified: total quality management, time-based
management, supply chain management, activ-
ity based management, lean management, and
business process redesign.

Cost of quality is one of the key measurements
in total quality management and in lean manage-
ment. In time-based management, the key mea-
surement is production time, which is also an
important key measure in business redesign. In
supply chain management and in activity-based
management, minimizing cost and maximizing
profit is the main aim; in this model, quality has
only a tool value, and is not as important.

Which of these management programs can be
chosen in the context of health care? Time var-
ies with each patient, and patients need to be in-
vestigated and helped no matter how much time
each takes. Cost of quality and customer satisfac-
tion are naturally the key measurements. Qual-
ity is the key issue in services, and with the help
of telemedicine, quality can be improved. This
makes total quality management a very useful
tool in health care management. The key theme
in total quality management is not the cost of
each phase of the process, but making things
right across the whole process.

In ophthalmology, particularly for efficient
screening processes for diabetic retinopathy or
emergency cases, the whole process can be im-
proved with telemedicine. In those cases, good
process quality results in finding treatable cases
in time to avoid later costs and human suffering,
which is difficult to calculate in economic terms.
Delayed diagnosis may also adversely change the
level of impairment and cause high indirect costs
to society.
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10.4.3.4 Learning and Growth

In medicine, constant learning is also a key factor,
as medical knowledge can become dated quickly.
A key concern is how to keep the organization
and each individual practitioner up-to-date in
medical knowledge, and in the core competen-
cies of health care.

Competencies address the ability to bundle
skills as a result of organizational learning [7]. In
practice it means the ability to combine different
technical and operational skills. Core competen-
cies do not wear out with use. Unlike physical
assets, which deteriorate with time, information-
based competencies are enhanced when applied
and shared. Telemedicine makes the work of
medical professionals more visible to peers and
colleagues. At the same time, it also offers oppor-
tunities for colleagues to learn from each other,
to eliminate inadequate practices, as they cannot
go unnoticed indefinitely.

10.5 Ophthalmologic Frame

Ophthalmology has unique features compared to
other medical specialties. For instance, for gen-
eral practitioners (GPs) unfamiliar with a biomi-
croscope, the basic ophthalmologic examination
is difficult to perform. Most GPs have a limited
knowledge of ophthalmology, which primarily
covers conjunctivitis and allergic diseases. Be-
cause, in most countries, patients with chronic
eye care problems as well as other eye diseases
are managed by private ophthalmologists, lim-
ited knowledge can be problematic in terms of
optimal care - especially because it has been
estimated that 7% of a GP’s acute patients have
eye problems. This is a big challenge for health
care processes, because eye conditions requiring
emergency care, such as acute glaucoma, endo-
phthalmitis, and keratitis, can threaten vision.

In addition, ophthalmology requires skills
in imaging and other specific diagnostic tech-
niques that are essential for making diagnoses,
and for following up on chronic diseases, such
as diabetic retinopathy, glaucoma, and macular
degeneration.

In ophthalmology, telemedicine can be used
for chronic diseases by transmitting fundus pho-

tographs and other patient information, and in
emergency situations, by using real-time solu-
tions, especially in cases when expensive emer-
gency transportation by ambulance or helicop-
ter can be avoided [3]. In addition to improved
treatment results, telemedicine can offer eco-
nomic savings in both cases.

10.6 Balance Scorecard
in Teleophthalmology

Investments in telemedicine can be evaluated by
calculating savings in travel expenses, more ef-
ficient investment usage, and saved vision. How-
ever, care of the medical consumer is probably
the most important issue. If the patient is seen as
a customer, their opinions should be evaluated
frequently. It must be kept in mind, however, that
from the perspective of patients, it is not easy to
compare various service alternatives if they have
not experienced all of them.

Internal business processes can be done more
efficiently with telemedicine. The information
travels instead of the patient. Immediately after
a patient’s diagnosis is made, for example, laser
treatment, scheduling, and follow-up can be ar-
ranged more efficiently. In addition, diagnoses
and treatments can be connected from both a
process and patient point of view, and every real-
time and store-and-foreword consultation acts
as continuing education for the medical profes-
sional.

Figure 10.1 shows one example of how to cre-
ate the balance scorecard for a health care orga-
nization.

10.7 Conclusion

When analyzing the potential benefits of tele-
medicine, all factors - in addition to and includ-
ing cost factors — need to be weighed. Telemedi-
cine can improve health care services and also
leverage the knowledge within an organization.
There are often situations where improvements
in processes that create new and better ways of
doing things will automatically also save costs.
In health care, human resource expenses
are the most significant cost factor. To ensure
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Patients

Personnel

Leamning (competences) ‘

Fig. 10.1. Balanced scorecard for health care organiza-
tion

smooth adoption of new processes such as tele-
medicine, personnel need to know the goals of
the changes. Otherwise the collective concern
about the possibility to lose employment or ben-
efits may counteract the positive aspects of the
new process.

In terms of operational aspects, the biggest
challenges involve the optimal usage of surgical
facilities and large diagnostic investments (such
as imaging equipment). Additionally, those who
invest in health care believe that telemedicine
will lead to more effective health care by enhanc-
ing skills of personnel, and increasing usage of
all other investments.

Digitalization of medical diagnostic equip-
ment and integration with patient information
systems, along with the a lack of resources, are
the key reasons why telemedicine will have a
bigger role in the health sector than is generally
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acknowledged today. It seems that in the future,
telemedicine will be the only way to offer health
services with higher quality within given finan-
cial constraints.

When managing and leading a health care or-
ganization, it is essential to notice how corporate
management methods can be applied to health
care. Due to the unique features of health care,
industrial methods are not directly applicable.
However, they can be used beneficially if their

strengths and weaknesses are properly identi-
fied.
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Chapter 11

Teleophthalmology Assessment
of Diabetic Retinopathy

Ingrid E. Zimmer-Galler

This chapter addresses the following

Key Concepts:

[ Diabetic retinopathy is a leading cause
of blindness in working-age adults, but
appropriate treatment can significantly
reduce the risk of vision loss.

[l Teleophthalmology programs based
on digital retinal imaging show great
promise to increase rates of evaluation
for diabetic retinopathy.

B The recommendations of the Telehealth
Practice Recommendations for Diabetic
Retinopathy divide programs into four
areas of care: image acquisition, image
review and evaluation, patient care su-
pervision, and image and data storage.

[l Teleophthalmology assessment of
diabetic retinopathy includes person-
nel, equipment and data transfer, legal
requirements, program validation,
and quality control.

11.1 Introduction

Diabetic retinopathy is a leading cause of blind-
ness in working age adults [1]. Multiple prospec-
tive randomized clinical trials have demonstrat-
ed that appropriate treatment can significantly
reduce the risk of vision loss from diabetic reti-
nopathy [2-5]. The clinical benefits of regular ex-
aminations to establish the presence of treatable
diabetic retinopathy have long been recognized
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[20, 22]. It has been estimated that programs re-
sulting in detection and appropriate treatment of
diabetic retinopathy could potentially save over
400 million USD in health care costs in the Unit-
ed States annually [6].

In spite of well-established guidelines for rec-
ommended eye examinations, a large number
of patients with diabetes do not undergo such
examinations [7, 8]. It is estimated that 50% or
more of patients with diabetes in various popula-
tions do not follow recommendations for regular
eye examinations [9]. Reasons for poor compli-
ance are numerous, and include lack of visual
symptoms in the early stages of the disease, so-
cio-economic factors, geographic restrictions,
and lack of patient and provider education about
the need for regular retinal examinations for dia-
betic retinopathy [10].

Diabetic retinopathy is readily detected by ex-
amination and retinal imagery is regularly used
to document retinal findings. In recent years,
digital retinal photography has been used as a
tool to assess patients with diabetic retinopathy
both in the clinical and research setting. Tele-
ophthalmology programs based on digital reti-
nal imaging show great promise to increase rates
of evaluation for diabetic retinopathy. Diabetic
retinopathy is an ideal model for telemedicine
initiatives, and evaluation for diabetic retinopa-
thy is one of the most common uses of telemedi-
cine in ophthalmology.

In the past decade, a plethora of diabetic reti-
nopathy assessment programs on both large and
small scales have been initiated. Many health
care providers are interested in utilizing such
programs to increase compliance with the rec-
ommendations for diabetic eye examinations.
Designing, building, and implementing a tele-
ophthalmology diabetic retinopathy program
may be challenging. In conjunction with the
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American Telemedicine Association (ATA),
Ocular Telehealth Special Interest Group (OT-
SIG), and the National Institute of Standards and
Technology (NIST), a working group formulated
a guide for leadership and staff to develop coher-
ent, effective, and sustainable ocular telehealth
diabetic retinopathy programs [11]. In this chap-
ter the Telehealth Practice Recommendations for
Diabetic Retinopathy will be reviewed.

11.2 Mission and Goals

When designing, building, and implementing
a teleophthalmology diabetic retinopathy pro-
gram, a clear mission statement and goals are es-
sential. No one single system can fill all the needs
and requirements of every program. It is less
important, for example, whether an individual
program uses a mydriatic or non-mydriatic cam-
era, stereo or non-stereo images, single field or
multiple fields, captures color or monochromatic
images, etc. More importantly, specifics regard-
ing the type of teletechnology to be used must be
tailored to each individual program’s needs.

The mission of a teleophthalmology diabetic
retinopathy program is typically to increase ac-
cess and adherence to established standards of
care among patients with diabetes. Goals specific
to diabetic retinopathy programs may include (1)
improving access to the diagnosis and manage-
ment of retinopathy, (2) reducing the incidence
of vision loss, (3) improving cost-effectiveness,
and (4) enhancing efficiency and clinical ef-
fectiveness of diabetic retinopathy diagnosis
and management. Programs may target specific
populations of patients, or be implemented on a
large scale, or over a large geographic area.

11.3 Requirements to Implement
Four Elements of Care

The Telehealth Practice Recommendations for
Diabetic Retinopathy divides diabetic retinopa-
thy telehealth programs into four elements of
care: image acquisition, image review and evalu-
ation, patient care supervision, and image and
data storage. Each of these components requires
personnel with specific duties and qualifications,

equipment and data transfer, legal requirements,
validation, and quality control.

11.3.1 Personnel

Image acquisition personnel who acquire retinal
images often are not licensed eye care profession-
als. In fact, images are frequently obtained in set-
tings where a licensed physician is not physically
available. Therefore, image acquisition personnel
must possess an appropriate knowledge base and
demonstrate necessary skills to allow indepen-
dent imaging. Such personnel must be able to
communicate with patients to obtain informed
consent, whether written or oral, and must be
able to provide basic patient education. If pupil-
lary dilation is utilized for imaging, the imager
should have an understanding of angle closure
glaucoma and appropriate actions to take if angle
closure is suspected.

Image readers review and evaluate images for
retinal lesions and to determine levels of diabetic
retinopathy. Any trained, non-licensed readers
must undergo in-depth training to acquire the
required knowledge and skills specific to the
needs of the ocular telehealth program, includ-
ing performing official gradings and interpreta-
tion of retinal images. Specific protocols for ini-
tial and recurrent training and certification need
to be established and documented. Such readers
should also be under the direct supervision of a
licensed eye care provider with expertise in the
evaluation and management of diabetic retinop-
athy. The licensed provider is ultimately respon-
sible for the image gradings.

Finally, telehealth programs for diabetic reti-
nopathy should include information specialists
who are image and data management specialists.
Such personnel should be responsible for the
integrity of stored images and data, and for the
coordination of system-wide maintenance.

11.3.2 Equipment and Data Transfer

Equipment requirements are directly related to
the applications they support, which, depend-
ing on the program’s goals, necessitates different
medical peripherals, communication technol-
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ogy, and support personnel. Hardware and soft-
ware are used for medical information capture,
transmission and display. Performance levels of
teletechnological equipment should match clini-
cal requirements.

11.3.2.1  Requirements

Equipment used in telehealth systems must con-
form to the requirements of local and federal reg-
ulatory agencies, such as the United States (US)
Food and Drug Administration (FDA). Teletech-
nology equipment specifications and needs will
vary widely depending on individual program
goals. The diagnostic accuracy of any imaging
system to be used must be validated (see Section
11.3.2.4 Validation) and the technology used
should adhere to standards of Digital Imaging
and Communications in Medicine (DICOM).

11.3.2.2 Data

Data compression is frequently used to facilitate
transmission and storage of large data files (such
as for retinal imagery). Compression algorithms
must undergo thorough clinical validation, as
well as periodic review, to ensure appropriate
image quality and diagnostic accuracy.

Retinal image analysis technology is emerg-
ing to enhance image quality and also to auto-
matically identify specific lesions of diabetic
retinopathy [12]. Any such image processing
algorithms, especially when used to assess levels
of diabetic retinopathy, must undergo rigorous
validation to ensure diagnostic accuracy. In the
US, such technology must also be approved by
the FDA before implementation in the clinical
setting is possible.

Data communication and transfer should be
individualized to each program’s requirements.
However, transmission systems should include
robust error-checking systems to preclude loss
of clinical information. Conformance with DI-
COM standards, and HL7 standards if interfac-
ing with other health information systems, is
recommended.

Computer display monitors for evaluation of
retinal images should be of high quality and ca-
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pable of high resolution. Display monitors used
for diagnostic purposes should also be validat-
ed for accuracy of clinical diagnosis, realizing
that display capabilities and characteristics may
change over time.

Other issues to consider include the need for
storage capacity, and policies on archiving and
retrieving digital images in accordance with any
applicable local or federal regulations. Similarly,
security protocols need to be clearly defined to
protect patient confidentiality, including 128-bit
encryption and two-point authentication tech-
nology to safeguard data integrity. In the US,
teleophthalmology systems must conform with
Health Insurance Portability and Accountability
Act (HIPPA) requirements. Finally, system and
data reliability and redundancy policies, as well
as a backup disaster plan should be considered.

11.3.2.3 Legal Requirements

Legal requirements relating to the practice of
teleophthalmology are generally similar to those
for other telemedicine modalities, with licensure
issues varying from state to state (and country to
country). Typically, all criteria must be met for
licensure in every state or region where a tele-
medicine program is implemented, as well as in
the location of the reading center where images
are evaluated. Patients should be informed about
the telehealth program and be allowed to decide
whether to participate. Asa part of informed con-
sent, patients need to be advised that a teleoph-
thalmology retinal examination does not replace
a comprehensive eye examination. Signature
consent is not necessarily a requirement, since
ocular telehealth procedures are considered low
risk and within commonly accepted standards
of practice [13]. However, program outcomes
should be continuously monitored to ensure that
they meet or exceed current standards of care for
retinal examination.

11.3.2.4 Validation

The Telehealth Practice Recommendations for
Diabetic Retinopathy considers validation of
diabetic retinopathy programs essential. ETDRS
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(Early Treatment Diabetic Retinopathy Study)
30°, seven-field, stereo color 35 mm slides [14]
are considered the gold-standard for evaluation
of diabetic retinopathy. Since currently there are
no widely accepted standard criteria for the use
of digital imaging for evaluation of diabetic reti-
nopathy, telemedicine programs for diabetic ret-
inopathy should demonstrate an ability to com-
pare favorably with ETDRS film photography.

Validation studies should include kappa val-
ues for agreement of diagnosis, false positive
and false negative readings, positive predictive
value, negative predictive value, and sensitivity
and specificity of diagnosing levels of diabetic
retinopathy, including macular edema. Classifi-
cation schemes other than ETDRS, such as the
proposed International Clinical Diabetic Reti-
nopathy Disease Severity scale [15], may also
be used for grading diabetic retinopathy. Ocular
telemedicine protocols should state the stan-
dards used for validation, as well as relevant data
sets for comparison.

In diabetic retinopathy telehealth programs,
inability to obtain adequate images should be
considered a positive finding, since the presence
or absence of disease cannot be determined.
Patients for whom adequate images are not ob-
tained or are unreadable should be referred for
evaluation by an eye care specialist.

Four categories of validation for diabetic reti-
nopathy telehealth programs using ETDRS 30°,
seven-field, stereo, standard, color fundus photo-
graphs as the reference standard are recognized
by the Telehealth Practice Recommendations for
Diabetic Retinopathy:
== Category I validation indicates a system that

can separate patients into those who have no

or very mild non-proliferative diabetic reti-
nopathy (ETDRS level 20 or below) and those
with more severe levels of diabetic retinopa-
thy (ETDRS level 35 or worse). Functionally,
this allows identification of patients with no
or minimal diabetic retinopathy and those
who have more than minimal diabetic reti-
nopathy. A Category 1 validated program is
designed so that all patients with greater than
minimal diabetic retinopathy are referred for
further evaluation.

== Category 2 validation indicates a system that
can accurately identify patients with sight-

threatening diabetic retinopathy and those
without sight-threatening disease. Sight-
threatening diabetic retinopathy includes
any level of diabetic macular edema, severe
non-proliferative disease (ETDRS level 53 or
worse), and proliferative diabetic retinopa-
thy (ETDRS level 61 or worse). Patients with
sight-threatening disease require prompt
referral for possible treatment such as laser
photocoagulation.

== Category 3 validation allows patient man-
agement with decisions that match recom-
mendations based on a dilated clinical reti-
nal examination. This category of validation
indicates a system that can identify levels of
non-proliferative diabetic retinopathy, pro-
liferative diabetic retinopathy, and macular
edema with sufficient accuracy to determine
appropriate disease management strategies.
Additionally, this level of validation also re-
quires the ability to detect clinically signifi-
cant macular edema.

== Category 4 validation indicates a system that
has been shown to match or exceed the abil-
ity of ETDRS photographs to identify lesions
of diabetic retinopathy in order to determine
levels of retinopathy and macular edema.
Functionally, Category 4 validation indicates
that a program can replace ETDRS photo-
graphs in any clinical or research setting. Al-
though the quality of digital imaging systems
is approaching that of film photography, to
date, no digital imaging system has been con-
clusively shown to match or exceed ETDRS
stereo fundus photographs for the detection
of diabetic retinopathy lesions. Currently this
is a theoretical rather than a practical valida-
tion category.

11.4 Quality Control

All telehealth programs should have specified
policies and procedures in place to monitor and
to continuously evaluate system performance
[16]. Various elements of the program that in-
clude - but are not limited to — image acquisi-
tion, image transmission, and image evaluation
functions, need to be re-evaluated at regular in-
tervals. Program outcomes also need to be regu-
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larly and formally reviewed to assure sustained
quality care. Outcome review and problem iden-
tification should be used to guide corrective in-
terventions.

Telehealth Practice Recommendations for Dia-
betic Retinopathy lists examples of quality con-
trol measures that include standardized training
for key personnel, such as imagers and readers.
Training can include structured self-study and
curriculum training with methods to assess
skills proficiency. Initial certification should be
considered provisional, followed by full certi-
fication, based on experience with a specified
number of clinical encounters over a specified
period of time. Levels of proficiency should be
documented with a formal quality assurance re-
view of a specified number of cases. Certification
should be time-limited, requiring re-certifica-
tion based on specified time periods, the num-
ber of patients, and proficiency as measured by
formal reviews.

Imagers and readers should have ongoing
performance reviews by random sampling of im-
age quality and image interpretations. Outcome
analyses can be used to assess proficiency, pro-
vide opportunities for program improvement,
identify the need for changes in training, or
identify the need for additional training.

Continuing education is an integral compo-
nent of any quality assurance program and is
considered a fundamental method to facilitate
current competency and recurrent training.
Continuing education programs do not need to
follow a specific format but should be geared to
achieve the desired outcome with maximal effi-
ciency and effectiveness.

11.5 Program Examples

A number of telehealth programs have been
validated against the gold-standard stereo seven-
field fundus photographs for detection of diabetic
retinopathy. Several of these programs have been
implemented on a wide scale, with large numbers
of patients with diabetes imaged to date. Two of
these programs will be briefly reviewed.
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11.5.1 DigiScope

An example of a diabetic retinopathy program
validated at a Category 1 level is the DigiScope
diabetic retinopathy risk assessment program
by EyeTel Imaging, Inc. (Columbia, Maryland
USA). This program is unique in that it utilizes a
proprietary semi-automated fundus camera, the
DigiScope [17] (Fig. 11.1), which is placed in the
offices of primary care physicians.

Patients with diabetes who have not been
evaluated by an eye care specialist in the past
year are imaged with the DigiScope by office
staff. Only minimal training is required to obtain
high quality images. The device captures multiple
high contrast images and estimates visual acuity.
Data is encrypted and automatically transmitted
overnight to a central expert reading center for
review by trained, certified readers under the di-
rection of a retinal specialist (Fig. 11.2).

The images are captured through a dilated pu-
pil to maximize the number of gradable images.
Referral is recommended for any level of diabetic
retinopathy greater than microaneurysms only
(modified ETDRS level 35 or worse retinopathy).
A report is returned to the primary care physi-
cian with recommendations for referral or re-
image in 12 months.

A validation study of 111 patients was per-
formed against seven-field stereo photographs

Fig. 11.1. The DigiScope, an Internet-based semi-auto-
mated fundus camera, is placed in primary care physi-
cians’ offices for diabetic retinopathy assessment
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Fig. 11.2. Reading center for evaluation of DigiScope
images by trained, certified readers with retina specialist
supervision

[18]. Agreement based on the ability of the Digi-
Scope to identify patients with diabetic retinopa-
thy greater than minimal non-proliferative dis-
ease was very good (K = 0.83, sensitivity = 0.84,
and specificity = 0.97) [19]. To date, more than
22,000 patients with diabetes have been imaged
with the DigiScope system.

11.5.2 EyeTel Imaging

The EyeTel Imaging, Inc. business model is based
on placement of the DigiScope in the offices of
primary care physicians for only a nominal set
up fee and monthly maintenance fee. Imaging
fees are based on the standard charge for fundus
photography with interpretation. Reimburse-
ment is shared between EyeTel Imaging, Inc.
and the primary care physician, who provides
the office space and staff for the imaging proce-
dure. Reimbursement has been successful, but
depends on agreements negotiated by EyeTel
Imaging, Inc. with individual health insurances
(including Medicare) and health maintenance
organizations (HMOs). A standard national re-
imbursement policy for diabetic retinopathy as-
sessment programs is not in place in the US, and

reimbursement issues remain a major hurdle to
successful implementation of these programs.

11.5.3 Joslin Vision Network
and Other Programs

The Joslin Vision Network has a diabetic reti-
nopathy assessment program validated at a Cat-
egory 3 level [19]. This system can be used to de-
termine the clinical level of diabetic retinopathy,
timing of the next appropriate retinal evaluation,
and necessity of referral to an ophthalmologist.
The Joslin system utilizes a commercially avail-
able non-mydriatic fundus camera optimized
for low-light-level retinal imaging with remote
image capture capability, and subsequent trans-
mission of data to a central reading center for
interpretation.

A validation study of 54 patients with diabetes
demonstrated substantial agreement (k = 0.65)
between the clinical level of diabetic retinopa-
thy assessed from Joslin Vision Network images
compared to seven-field stereo photographs [19].
Agreement was excellent (x = 0.87) for recom-
mended referral to an ophthalmologist [19].

The Joslin Diabetes Eye Health Care Model
is a program to facilitate diabetes management
and provide quality eye care for all people with
diabetes. The program is designed to assess the
retina and diagnose the level of diabetic reti-
nopathy in patients with diabetes every year to
ensure timely treatment as indicated, while also
managing diabetes medically and warehousing
data at the Joslin Diabetes Center for educa-
tion and population-based and clinical outcome
studies. The Joslin Vision Network telemedicine
initiative provides a technology platform for fa-
cilitating treatment and management of diabetic
retinopathy. The Joslin Vision Network diabetic
retinopathy assessment program has been imple-
mented in numerous locations across the United
States.

Other examples of diabetic retinopathy pro-
grams with Category 3 validation include Ino-
veons Diabetic Retinopathy 3-DT System [20]
and the northern Alberta community program
[21]. Both of these systems are described in
greater detail in other chapters in this book.
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11.6 Conclusion

Implementation of telemedicine systems for dia-
betic retinopathy surveillance has the potential
to significantly increase access to appropriate
retinal care. The Telehealth Practice Recommen-
dations for Diabetic Retinopathy provide guide-
lines for the design and implementation of a
diabetic retinopathy telemedicine care program,
and form the basis for evaluation of diabetic reti-
nopathy telehealth techniques and technologies.
Future studies are still needed to evaluate out-
come data to assess the effectiveness or limita-
tions in providing quality eye care with teleoph-
thalmology.
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Chapter 12

Diabetic Retinopathy Screening:
Which Model is Appropriate?

12

Chris J. Barry, Ian L. McAllister, Ian J Constable, Kanagasingam Yogesan

This chapter addresses the following

Key Concepts:

[l Diabetic retinopathy screening by
health professionals other than ophthal-
mologists is now an accepted adjunct
to standard clinical practice in many
countries world-wide.

B With the advent of affordable digital im-
aging technology, screening programs
can become more centralized, allow-
ing data auditing and automatic recall
systems.

[l Three separate governmental health
agencies supervise health delivery in the
one State in Austrailia, which can be a
deterrent to a unified screening service,
because cultural, bureaucratic, political,
and remuneration complications remain
hurdles to gaining a unified approach.

[ The rural and remote diabetic screening
model can also be applied to glaucoma,
amblyopia, trachoma and optometric
services.

B Telemedicine and digital screening will
play an increasingly vital role in the
delivery and assessment of screening
programs.

12.1 Introduction

Screening diabetics for retinopathy is now com-
monplace for optometrists, physicians special-

izing in diabetes, ophthalmic photographers,
ophthalmologists, and allied health profession-
als. Recently, there has been a major shift in
screening delivery, with fewer ophthalmologists
to more health professionals — a shift that is po-
tentially increasing the detection and treatment
of diabetic retinopathy. Non-mydriatic retinal
cameras, which are now in use in many coun-
tries as a screening tool, have become simple to
operate, requiring only limited training relative
to other screening modalities.

Diabetic retinopathy screening by health pro-
fessionals other than ophthalmologists, is now
an accepted adjunct to standard clinical prac-
tice in many countries world-wide. The screen-
ing methodology chosen is dependent on the
availability and experience of personnel, and on
whether the target population is metropolitan,
rural, or remote-based. Screening programs are
usually managed on a local or city-centric mod-
el. With the advent of affordable digital imaging
technology, screening programs can become
more centralized, allowing data auditing and au-
tomatic recall systems. These idealistic scenarios
are yet to realize their full potential, but are the
screening goals in many locations.

Not surprisingly, the latest information and
up-to-date discussion papers are Web-based
documents rather than scientific journal reviews.
In particular, the United Kingdom (UK) screen-
ing protocol evaluations are well underway in a
search for a nationwide approach for both met-
ropolitan and rural models, along with detailed
assessments of the various methodologies.

Following is an overview of diabetic reti-
nopathy screening models, with information ob-
tained from Web-based discussion documents,
the scientific and medical press, and our own
observations and experience, which covers three
decades of metropolitan, rural and remote dia-
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betic retinopathy screening programs in Western
Australia.

12.2 Rationale for Screening

The four World Health Organization (WHO)
principles for medical screening programs state
that (1) the condition should be an important
health problem with a recognizable pre-symp-
tomatic state, (2) it should be an appropriate
screening procedure that is acceptable both
to the public and health care professionals, (3)
treatment should be safe, effective and universal-
ly approved, and (4) the economic cost of early
diagnosis and treatment should be considered in
relation to total expenditure on health care.

Diabetic retinopathy is a complication of
both insulin dependent (type 1) and non-insu-
lin dependent (type 2) diabetes. The prevalence
of retinopathy is strongly linked to the duration
of diabetes. After 20 years of diabetes, nearly all
patients with type 1 diabetes and over 60% of
patients with type 2 diabetes have some degree
of retinopathy; up to a fifth of newly diagnosed
diabetics have been found to have some retinop-
athy.

Additionally, diabetics are 25 times more
likely to go blind than a person in the general
population [1, 2].

Following are other statistics on diabetes and re-

lated ailments:

== Estimates on the prevalence of diabetes vary
from 2-4% of the population, and are consid-
erably higher in some ethnic and indigenous
groups.

== Ten to fifteen percent are type 1 diabetics; the
remainder have type 2 diabetes.

== Ten years after diagnosis, the prevalence of
retinopathy is 40 to 50%.

== Twenty years after diagnosis, the prevalence
of retinopathy is 90%.

== Diabetic retinopathy remains the most com-
mon cause of blindness in the working age
population in many countries, including Aus-
tralia, the UK and the United States (US).

The Diabetic Retinopathy Study (DRS) [3] and
the Early Treatment of Diabetic Retinopathy
Study (ETDRS) [4] are two major studies that
have contributed to understanding the natural
course of diabetic retinopathy, as well as risk fac-
tors for visual loss; they also provide guidelines
for the management of diabetic retinopathy. The
DRS established that panretinal photocoagula-
tion could improve the visual prognosis of prolif-
erative retinopathy, while the ETDRS and other
studies established the benefit of focal laser pho-
tocoagulation in eyes with macular edema.

Several studies have reported the cost-effec-
tiveness of screening for retinopathy [5, 6], by
establishing that screening saves vision at a rela-
tively low cost, and that this cost is many times
less than the disability payments provided to
people who go blind in the absence of a screen-
ing program.

In 1983 the annual cost of treating a diabetic
at risk of blindness was estimated in the UK to
be £387 (GBP), compared with welfare benefits
paid to a blind person in the amount of £3,575
(GBP) per annum. Laser treatment facilities
for diabetic retinopathy are available in most
western countries and a screening program is a
suitable adjunct to treatment facilities with the
promise of reaching a far higher proportion of
the target population.

12.3 Screening Modalities

Many different types of screening programs
that are currently used are dependent on the
local availability of facilities. Variables include
the number of available ophthalmologists,
other trained healthcare professionals, geogra-
phy, equipment, and the resources available for
screening.

The gold standard for identifying and grading
retinopathy is a retinal examination that uses in-
direct biomicroscopy by an ophthalmologist or
seven field stereoscopic photographs of each eye
interpreted by experienced readers.
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Potential screening methods for diabetic reti-
nopathy are:

1. Ophthalmoscopy
a. Ophthalmologists
b. Optometrists
c. Diabetic physician
d. General practitioner
2. Photography
a. Large city centers
b. Mobile rural
3. A combination of ophthalmoscopy (1) and
photography (2)

12.3.1 Ophthalmoscopy

Mass screening for diabetic retinopathy by indi-
rect ophthalmoscopic fundal examination and
slit lamp biomicroscopy by ophthalmologists is
the preferred screening method, because it main-
tains a high level of sensitivity and specificity de-
tection rates. Treatment can be scheduled after
examination, reducing the number of patients
that do not receive appropriate management or
follow-up. However, the number of ophthalmol-
ogists per patient population varies dramatically
between countries, and with city, rural or remote
locations. Therefore, other screening modalities
may be used to supplement this lack of person-
nel.

Optometrists are generally accessible from the
patient’s home or workplace in a metropolitan or
rural setting. Facilities for slit lamp biomicros-
copy are available at most practices and some
optometrists are already performing indirect
ophthalmoscopy on a slit lamp. Others can easily
be trained to acquire this skill. It has been shown
that with appropriate training, they are able to
detect diabetic retinopathy and make the correct
decision about whether to refer the patient for
secondary care. Optometrist-based screening
schemes are successfully in operation in many
places [7].

Diabetic physicians can provide eye screen-
ing as a part of the total package of diabetic care;
they are experienced in this field and check the
patient at regular intervals. However a large pro-
portion (40-60%) of diabetics are not seen by a
diabetes specialist, but, instead, are cared for by

Chapter 12

their general practitioners. This is because gen-
eral practitioners (GPs) are easily accessible to
many patients, and thus are well-positioned to
do screening in communities — even though di-
rect ophthalmoscopy is the usual screening tool
of GPs, which may not be as sensitive as other
screening modalities [8, 9].

12.3.2 Photography

The gold standard of seven field 30° stereophoto-
graphsisnotpracticalin mass screening programs
due to cost and the time it takes to photograph,
collate, and read the images. Non-mydriatic reti-
nal cameras usually have a 45° angle of view, and
screening protocols use either a single image of
the posterior pole per eye, two images (macula
centered, disc centered), or stereo images either
in color or monochrome red-free.

Recording and archiving of images have tra-
ditionally been done using 35 mm photographic
slides or Polaroid prints. The role of newer tech-
nology in the form of digitally computerized
imaging offers the prospect of immediate high
quality images that can easily and quickly be
transferred from the screening camera to a cen-
tral reading center if sufficient band width tele-
communications are available.

12.3.2.1 Mobile Retinal Photography

Studies have shown that a mobile retinal photog-
raphy service can provide an acceptable screen-
ing service [10]. The photographs can be taken
by a mobile unit with a camera and a technician,
and are later assessed by a trained reader or an
ophthalmologist. Non-mydriatic retinal cam-
eras are now simple to operate and require only
minimal photographic training for successful re-
sults to be obtained (Fig. 12.1). As this method
is well suited to serve rural communities where
the number of diabetics may be small, trained
nurses, trainee doctors, photographers or trained
health workers can operate the camera (Fig.
12.2). Strangely, the promise of non-mydriatic
imaging from scanning laser ophthalmoscopy
has not been realized in any known major study
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Fig. 12.1. Comparison of screening images with clinic-  the same patient. Although more information is avail-
based investigation. a and b are Polaroid images taken able with conventional, clinic-based images, the screen-
by a health worker using a non-mydriatic camera. c-f  ing photographs are adequate for retinopathy assessment
were taken using a Canon 60UVi mydriatic camera of and treatment
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Fig. 12.2. Screening venues
may not always be perfect.
Here the camera travel case
is used as a table (photo pro- .
vided by Shelley Walters) 7 - Rl

Fig. 12.3. Good quality images (a—c), although b has scar tissue and previous laser are visible. e image is graded
some fall-off due to a small pupil. d image is graded as  as unacceptable, because artifacts on the front surface of
adequate, with eyelashes interfering with image; however,  the lens obscure the macula
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of rural screening, and may yet be an instrument
of interest in this process.

To achieve near universal coverage, the screen-
ing method has to be community-based and the
point of delivery must be within easy reach of the
population. A central database, in the form of a
diabetic register, which generates recalls is useful
to ensure that people at risk do not slip through
the net and is also valuable for auditing the ef-
fectiveness of the program [11].

12.3.2.2 Mydriatic Agents

The use of mydriatic agents to improve screen-
ing performance remains a contentious issue,
particularly with non-medical personnel. With
photography, the proportion of unusable images
is lowered when mydriasis is used. Studies re-
port the proportion of unclear photographs (Fig.
12.3) that cannot be assessed vary from 3 - 26%,
[12] although recent data suggests that a techni-
cal failure rate well within the 5% Diabetes UK
(BDA) Audit Standard is achievable in routine
practice when mydriasis is used [13].
Additionally, some patients resist being di-
lated, because they will be unable to drive after-
ward. However, if retinal images cannot be ob-
tained even with mydriasis, a fundal reflex (red
reflex) photograph can give the reader informa-

tion on of either lenticular or corneal opacities.
Combined with visual acuity (Fig. 12.4), the use
of red reflex photography decreases the number
of unusable images (Fig. 12.5).

12.4 Current Screening Provisions

In the following subsections we will describe
screening provisions in the UK, the US, and
Australia.

12.4.1 United Kingdom

and United States

There is inconsistency in service provision for
diabetic retinopathy screening in the UK, with
services ranging from centralized services that
utilize and offer the latest cost-effective technol-
ogy and recording program outcomes, to ad hoc
services with no central organization and no re-
cording of service outcomes [7]. The proportion
of people with known diabetes screened in a year
ranges from 38-85% across districts, and from
14% to 9% across general practices [13]. Similar
data has also been published from the US [14].
For instance, when 4410 diabetic adults in up-
state New York were studied, 34% of patients
were screened in 1993. The probability of screen-

Fig. 12.4. Visual acuity is

an important part of the
screening process, although
conditions may not be per-
fect. Note that an E chart is
used so that illiterates are not
embarrassed
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ing was significantly higher for older, female,
white patients, though only 16% of diabetic pa-
tients received an annual screening for two con-
secutive years (1992 and 1993). The low rate of
diabetic retinopathy screening raises quality of
life issues for patients with diabetes, and other
concerns such as long-term costs of caring for
them, and social costs due to lost productivity.

12.4.2 Australia

In Australia, three separate governmental health
agencies supervise health delivery in the one
State. This is not unique to Australia, and can be
a deterrent to a unified screening service. Sepa-
rate databases exist for the diabetic population,
dependent upon the delivery agency. Cultural,
bureaucratic, political and remuneration com-
plications remain hurdles to gaining a unified
approach. However, in some remote areas, bi-an-
nual attendance for retinal photography is higher
than city-based models.

Fig. 12.5. Section of a remote
area screening data sheet.
The fundus image has poor
quality although hemor-
rhages and exudates can be
identified. Visual acuity (OS)
was assessed as 20/200. A
red reflex photograph using
the non-mydriatic camera
identifies a presumed cortical
cataract, partially explaining
the reduced visual acuity

Chapter 12

Indigenous Health Workers ensure appoint-
ment attendance and that follow-up treatment
is similarly supervised. This model has many
benefits where non-compliance is considered
high. Locally based, culturally sensitive, trained
personnel are able to assist with all levels of in-
formation dissemination, transport and appoint-
ment attendance.

In addition, it is more appropriate that ethnic
and indigenous peoples feel at ease throughout
the screening and treatment process, particularly
where the prevalence of diabetes can exceed 25%.
The use of portable diode lasers in rural centers
with no resident ophthalmic services has greatly
improved attendance for treatment, and is cost-
effective where expensive patient travel can be
reduced. Ultimately, the availability of resources
and infrastructure together with local remu-
nerative practices will dictate the choice between
these screening modalities.
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12.5 Telemedicine

Telemedicine, or the exchange of medical data via
electronic communication, can encompass the
transfer of basic patient information, the trans-
fer of images, videos and patient interviews over
telecommunication networks. A major barrier in
ophthalmology is that high-resolution color im-
ages are required to capture the fine detail of the
eye. Image files can be large, and therefore trans-
mission of these high-resolution images can be
time intensive.

12.5.1 Advantages

With the store-and-forward method of image
transmission, images can be captured, com-
pressed, and stored in the computer for trans-
mission at a later stage. This is a cost-effective
mode that utilizes low bandwidth and can that
can send high-resolution images. Therefore, it
is more suitable for ophthalmology, particularly
eye screenings.

The advantages of digital photography and there-

fore of telemedicine include:

== Ease of image acquisition and storage

== Low running costs compared to film

== Patient-comfort with the lower flash intensity
of digital camera systems

== Ability to review images with patients, and
potentially educate them

= Immediate assessment of image quality, with
the option of re-taking the image, if neces-
sary

== Archiving, storing, manipulating, and trans-
mitting digital images to another location for
review

== Utilizing the potential for in-built audit
systems to help the systems evolve usefully,
while preventing treatable patients from be-
ing lost in the system

Several studies have been reported on the valida-
tion of digital non-mydriatic fundus cameras for
diabetic retinopathy screening [14-19]. Howev-
er, programs to date have been slow to realize the
potential of telemedicine technology, primarily

due to the lack of remuneration for reading and
referral services.

12.5.2 Digital Cameras

Digital cameras are useful in either rural or
city-based screening models, but remote digital
screening has been less successful to date. Digital
cameras add a greater degree of complexity for
unskilled operators. They have a greater chance
of breakdown (particularly the older video cap-
ture systems) where mobile services are required.
If good communication and transmission lines
are unavailable, Polaroid film remains a useful
alternative.

12.5.3 Remote Areas

We are currently assessing commercial digital
cameras attached to non-mydriatic cameras in
remote areas. Early trials suggest that this new
generation of digital cameras are capable of
crossing rough terrain and unsealed roads al-
though further remote trips will be needed to
fully trial all aspects of digital imaging in these
locations.

Screening remote indigenous Australian ab-
origines requires long distance travel over rough
terrain to communities with small populations.
However, diabetes is a major health problem
among aborigines, and maintaining ophthalmic
care is a high priority.

In Western Australia, both government and
non-government agencies carry out diabetic ret-
inopathy screening under the umbrella supervi-
sion of the Lions Eye Institute. The findings from
one group for 2004 are shown in Table 12.1 from
a mainly aboriginal population living in a rural
setting and were assessed by the same observer.
From Table 12.1 it can be seen that 26.2% of
those screened need ongoing ophthalmic follow-
up. This reinforces the need for the continuance
of screening programs. All images were taken by
Aboriginal Health Workers after a short training
program with Canon non-mydriatic cameras us-
ing mainly Polaroid film.
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Table 12.1. Results of diabetic retinopathy screening for 12.5.4 Implementation Studies
2004 by a rural-based aboriginal program

There are very few implementation studies on

NPDR grade 1 2.1% .. . . . .

NPDR grade 2 13.7% telemed1c1'ne screening of diabetic ret'lr?opathy
NPDR grade 3 2.1% reportt.ed in the .hterature [20-23]. Digital eye
PDR grade 1 2.1% screening in a prison has been suc;essfully test-
Maculopathy 1 0.6% ?d by our group [2'4—26]. Of note is one prison
Age-related macular degeneration 0.6% in Westerr.l Austraha., where fgur of six inmates
Cataract (requiring treatment) 0.6% w.1th hospital outpatient appointments coulq be
Cupped discs 13% diagnosed as not ne'efhng fOIIOW-qp appoint-
Old branch retinal vein occlusion 1.3% ments after te}emedmme consulta.tlons. There
High BP (copper wiring) 0.6% was a cost saving of 220 USD per inmate (year
Benign intra cranial hypertension? 0.6% 2000 values).

Unknown blood disorder 0.6%

Total 26.2%

Fig. 12.6. Glaucoma can be screened by imaging the optic disc (a-b) with a hand held non-mydriatic camera, fre-
quency doubling perimetry (c) and pneumatic tonometry (d).
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12.6 What Does the Future Hold?

Screening of known diabetics by non-ophthal-
mologists is now generally accepted as an alter-
native to conventional eye examinations for dia-
betic retinopathy. It can further be argued that
a similar approach can be applied to other eye
conditions, particularly in areas where resident
ophthalmic services are unavailable. The rural
and remote diabetic screening model can also
be applied to glaucoma, amblyopia, trachoma
and optometric services. Significant eye prob-
lems with a presymptomatic state will benefit
from improved access to screening programs,
and decreasing treatable blindness rates in re-
mote communities (Figs. 12.6, 12.7, and 12.8).
Coupled with the powerful and emerging tech-
nology of telemedicine, there are endless possi-
bilities for moving the primary eye examination
away from the office to locations where services
are less than adequate, albiet without large infra-
structure costs.

Telemedicine and digital screening will play
an increasingly vital role in the delivery and as-
sessment of screening programs. A significant

Fig. 12.7. Simple refraction test that can often improve
vision. This female (b) has had an intracapsular cataract
operation in the past without IOL insertion, requiring her

component of any screening program is that
it must be readily available to the entire target
group. Mobile screening services coupled with
telemedicine data transfer, and high quality con-
trol levels that ensure timely treatment are all
prime requisites.

12.7 Conclusion

Annual or bi-annual dilated fundus examina-
tion is desirable for screening diabetic retinopa-
thy. Although the importance of this schedule is
widely accepted, this objective continues to elude
about half the patients with diabetes mellitus. A
good start has been made in organizing diabetic
retinopathy screening, but in order to provide
a sensitive, cost-effective, and easily accessible
screening service that achieves universal cover-
age, more programs must be initiated, funded,
and audited.

Key issues in the future will be the training
of screening personnel, and finding funds for
screening. At the same time, newer technologies,
including digital imaging, may reduce the cost of

to wear thick corrective glasses that have literally been
sandblasted by the desert. A new pair of glasses returned
vision to normal



Fig. 12.8. Everting the
eyelid to look for trachoma,
a severe, chronic, contagious
conjunctival and corneal
infection often associated
with dry hot climates where
personal hygiene may be
restricted. Photo: Courtesy
West Australian

Diabetic Retinopathy Screening

screening. Nationwide diabetic registers will play
an important role in ensuring attendance, and
continuing audit will ensure further improve-
ments.
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Screening From an American Perspective

Lawrence M. Merin

This chapter addresses the following

Key Concepts:

B More than 40 million American citizens

have impaired glucose tolerance
(so-called pre-diabetes).

[l We face an unprecedented healthcare
crisis: a huge increase in people at risk
for the worst complications of chronic
illness, with too few specialists to
provide regular screening and timely
intervention.

B For many in underserved areas, or who
do not recognize the risks, or who do
not have the financial ability to pay for
care, diabetic retinopathy threatens to
deprive them of their vision.

[ Digital detection of diabetic retinopathy
uses high-resolution retinal imaging as
a technological means to reach patients
who would not otherwise obtain dilated
retinal examinations, and offers an
efficient method of shepherding those
patients with treatable diabetic eye
disease toward the ophthalmic specialist
care they need to preserve their sight.

13.1 Introduction

We live in dangerous times, caused by a unique
confluence of factors that include economic
stress associated with an increase in relatively
low-paying service industry jobs, health care sys-

tem breakdown caused in large measure by huge

increases in pharmaceutical costs, ethnic and

racial health disparities, increasingly sedentary

lifestyle, poor nutrition, increasing obesity [1],

and more than 43 million Americans who lack

health insurance. Thus, it is not surprising that
new cases of chronic illnesses like diabetes are
on the rise [2, 3]. Taken singularly, each of these
health issues represents a severe public health
problem. In concert, they form a perfect storm
that threatens millions of people with permanent
disability, and poses a great danger to the physi-

cal and economic well-being of society [4, 5].

In the case of diabetes, the following statements

are uncontroversial:

1. The longer a patient has diabetes and the
more severe the disease, the greater the
chance of developing diabetic retinopathy.

2. Diabetic retinopathy has a well-understood
natural history with a prolonged asymptom-
atic early stage.

3. Early treatment results in improved visual
outcomes.

Strategies to detect and treat diabetic retinopa-
thy have been proposed and subsequently vali-
dated by numerous multicenter clinical trials,
which have been translated into evidence-based
patient care. When applied rigorously, annual di-
lated retinal examinations combined with laser
photocoagulation reduce the risk of vision loss
and can preserve useful vision. However, the
recommended care standards are not universally
obtained by known diabetics. Education and af-
fluence are associated with better health, and pa-
tients who fit those metrics are more likely to be
examined and treated regularly. People who live
in major metropolitan areas have greater choice
of providers. Patients who are indigent [6], el-
derly [7], poorly schooled, members of an ethnic
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or racial minority [8, 9], or who live in a rural
area are less likely to obtain annual eye examina-
tions and thus are more likely to suffer the con-
sequences of untreated disease.

Remote detection of diabetic retinopathy
through the use of digital imaging and telemedi-
cine, is a useful addition to conventional physi-
cian-provided screening [10]. It overcomes time,
money and logistical constraints, improves ac-
cess, reduces disparities, provides equity of care,
and improves outcomes — and it may also be
beneficial even in light of today’s unprecedented
increases in newly diagnosed cases of diabetes.

13.2 Materials and Methods

In countries with a centralized health care au-
thority, programs that extend screening oppor-
tunities to most known diabetic patients have
already been established. For instance, both
England [11] and Scotland [12] have developed
extensive background documentation, program
descriptions, protocols, and quality assurance
schemes, and have made these documents read-
ily available on the World-Wide Web.

Several approaches to diabetic retinopa-
thy screening are evolving in the United States
(US), a country that lacks centralized health care
management and has a long history of ad hoc,
market-driven health care delivery approaches.
These vary in certain technical details, such as
angle of view, stereo or monoscopic imaging,
selected wavelength or full color, image resolu-
tion, use of dilating agents and the number of
recorded fields. The one important similarity is
that these programs offer screening opportuni-
ties in non-traditional (e.g., non-ophthalmologi-
cal) settings, most often a general health care or
primary care clinic.

This approach breaks with the historical mod-
el of eye care providers delivering specialty eye
care services to patients who visit them in their
own clinics. The new method consists of eye care
providers delivering care remotely to patients in
primary care clinics, with technology serving as
a surrogate for the usual face-to-face physician-
provided examination.

13.3 Vanderbilt Ophthalmic Imaging
Center (VOIC) Screening Program

The following sections describe the approach
used by the Vanderbilt Ophthalmic Imaging
Center (VOIC) screening program.

13.3.1 Venue

At present, the VOIC network is comprised
of five screening sites, four of which provide
screening as a component of direct patient care;
the fifth site acquires data for a research grant
funded by an outside agency. Two of the patient
care sites are community health centers, staffed
by primary care physicians, nurse practitioners,
residents, and allied health personnel. The other
two screening sites are located within Veterans
Administration medical centers, where they are
situated close to primary care clinics.

The full-time availability of both the cam-
era and screening personnel facilitates patient
screening. Some of the sites make appointments
for patients to return for screening at a later date,
while others offer on-demand screening.

13.3.2 Screening Staff

Each of our participating clinics provides screen-
ing staff to the program. These individuals do not
have ophthalmic photography backgrounds, but
rather, are trained to perform screening accord-
ing to the VOIC protocol. Our current screeners
include licensed practical nurses, medical assis-
tants, and research assistants. Training consists
of an initial didactic presentation and practical
demonstration, followed by continual monitor-
ing of technical quality.

13.3.3 On-Site Hardware
and Software

The screening encounter begins with visual acu-
ity measurement. In the often cramped and al-
ways busy internal spaces of a community health
center, we believed that the use of a wall-mount-
ed self-illuminated test chart and 20 feet of un-
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obstructed viewing space could not be reliably
obtained. Instead, we elected to use a desktop
visual acuity measurement device equipped with
an ETDRS test target (Optec 800, Stereo Opti-
cal Company, Chicago, IL), similar to the Log-
Mar unit in use in the UK and elsewhere (Fig.
13.1). This unit has a built-in illumination sys-
tem and is equipped with a pinhole attachment
to help overcome refractive errors. The results of
this measurement are entered into the patient’s
database and thus become part of the electronic
record.

13.3.3.1  Instruments

We use screening-type retinal fundus cameras,
designed to produce a moderately wide angle
view of the retina through a physiologically di-
lated pupil. These instruments are meant to be
used in a darkened room, where the patient’s pu-
pils are expected to dilate sufficiently to admit the
illuminating rays from the camera and to pro-
duce an artifact-free image. Screening cameras
typically utilize an infrared focusing beam and a
small video monitor. The screener adjusts com-
position and focus by watching the monitor, but
the infrared illumination is virtually invisible to
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the patient and does not interfere with the dilat-
ing process. We use Canon CR6-45NM cameras
(Canon Medical Products, Irvine, CA) in each
of our screening clinics (Fig. 13.2), although we
pharmacologically dilate all patients.

13.3.3.2 Images

The retinal images are captured on digital cam-
eras that are attached to the fundus cameras. The
first two camera sites were equipped with three
megapixel cameras (the highest quality cameras
then available in the so-called prosumer class.)
Since then, six megapixel cameras have become
affordably available and the more recent sites are
equipped with them. Images are held temporar-
ily in a laptop computer attached to the camera
stand. The Dell Latitude C-600 series (Dell Com-
puter Corporation, Round Rock, TX) is used
throughout our network.

The resolution, bit-depth, and playback char-
acteristics of the digital images are associated
with the ability of the process to identify patho-
logical conditions. As currently configured, our
equipment records images that are 8.5 Mb in
size. These large files are saved as portable net-
work graphic (PNG) files, a lossless compression

Fig. 13.1. Measuring device for optec visual acuity. This
self-contained desktop unit incorporates its own illumi-
nation and optics. We use a log-mar test target based on
the ETDRS target, providing measurements from 20/200
to 20/12. To overcome possible refractive errors, a pin-
hole attachment is inserted when the patient cannot read
better than 20/50

Fig. 13.2. Retinal screening camera in use. The screener
(L) is able to compose and focus the image by observing
the built-in monochrome screen attached to the camera.
Our network uses the Canon CR6-45NM camera with
pharmacologic dilation
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algorithm that preserves image detail but slightly
reduces the overall size.

The software for image acquisition and da-
tabase entry is designed exclusively for retinal
screening programs. The EyeQ Superlite pro-
gram (Digital Healthcare, Cambridge, UK, avail-
able in the US from Canon Medical Products,
Irvine, CA) is used at each capture station and
interfaces with its counterpart review software in
the VOIC Reading Center.

13.4 Telecommunications and Server

We use store-and-forward technology to trans-
mit the digital images from the screening sites to
our reading center. Because we do not need live
motion or real-time interaction, we store the im-
ages and patient identifiers in the laptop comput-
er temporarily, and then upload them at the end
of the day’s clinical activities. Each patient’s file is
at least 35 Mb in size and takes about 3.5 min to
upload over our T1 broadband connection. This
configuration is point-to-point (camera site to
computer) and is considered secure, because it
does not traverse the Internet.

T1 lines are affordable only within fairly short
distances. Alternatives include frame relay, vari-
ous DSL iterations, and the use of Virtual Pri-
vate Network (VPN) software and hardware
solutions. We established a strategic partnership
with our local telecommunications service pro-
vider (BellSouth Corporation, Atlanta, GA) to
facilitate the correct design and implementation
of this crucial component of our program. We
urge new programs to establish a close working
relationship with their local telecommunications
provider, and believe that such a relationship is
mandatory to ensure that data is handled safely
and efficiently. These vendors should also be ful-
ly aware of federal regulations mandated by the
Health Insurance Portability and Accountability
Act in the US.

We use a Dell PowerEdge server configured in
a Redundant Array of Independent Discs, which
offers the safety associated with multiple disc
drives. The server is configured so that incom-
ing images are held in a working directory. After
review and grading, the images are archived in
the same machine. We use digital data tape to

back up the server every day. As storage capacity
nears, we plan to consider off-site automatic data
backup using a Storage-Area Network (SAN).

13.5 Analysis and Grading

Our review stations are equipped with Mitsubi-
shi Diamond Pro 2060U 22 inch CRT monitors
(NEC-Mitsubishi Electric Visual Systems; Tokyo,
Japan), configured to display 2,048x1,536 pixels
(Fig. 13.3). We are thus able to display each im-
age in its entirety on the screen. Use of the re-
view software permits additional magnification
of either the entire image or selected portions as
needed.

The software also permits a variety of image
processing tools, including red-free viewing and
adjustment of contrast and brightness. These
tools help elucidate ambiguous lesions and en-
hance the viewing of retinal pathology when the
patient has media changes. None of these en-
hancements permanently alter the original file,
however. They are used only to improve our un-
derstanding of findings that may require referral
for more thorough analysis by an ophthalmolo-
gist.

We use a customized grading form that uses
checkboxes to denote the presence of a wide va-
riety of lesions customarily associated with dia-

Fig. 13.3. Image grading. Drs. Cynthia Recchia, left, and
Kamel Guentri right, use Mitsubishi CRT 22 inch moni-
tors, set at 2,048x1,536 pixels, to review screening im-
ages
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betic retinopathy. The form also includes boxes
for optic nerve cupping, hypertensive changes,
and text boxes for the entry of comments. It fea-
tures suggestions for referral exhibited as three
options: rescreen in one year, non-urgent refer-
ral, and urgent referral, each of which is based on
the severity of diabetic and other retinal lesions
detected upon review.

We use multiple graders that review images in
masked fashion. The first level grader reviews ev-
ery image and marks the grading form as needed.
The intermediate grader reviews all image sets
that exhibit any pathological changes as well as a
percentage of normal images. The senior grader
reviews a portion of all previously graded images
for quality assurance, and also adjudicates dis-
agreements that stem from ambiguous lesions,
or those in which a clear referral strategy is in
question.

Since the original design of our grading form,
we have incorporated a new grading scheme into
our program. The recently proposed internation-
al classification system for diabetic retinopathy
[13], derived from the various levels of severity
described in the ETDRS, is a streamlined meth-
od of description that facilitates communication
between ophthalmologists and primary care
physicians. As such, it is a boon to a program like
ours wherein the managing physician or nurse
practitioner prefers to receive a simple descrip-
tion of the patient’s current retinal status and
direct clinical management suggestions to opti-
mize patient care.

13.6 Reporting and Archiving

Unlike conventional physician-provided exami-
nations in which the patient is told about their
condition directly, our program conveys clinical
information directly to the supervising primary
care physician. In effect, this process gives the pri-
mary physician another tool with which to take
care of patients. Responsibility for the screening
encounter and the interpretation is delegated to
the screening program, and the results are then
conveyed back to the primary care physician. Re-
ferral for ophthalmic follow-up care is done by
the primary care physician, using local provid-
ers. In the case of Veterans Administration (VA)
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patients, the VA eye clinic manages patients who
need further specialist care.

Some of our participating clinics still use pa-
per charts, and for these we print out a copy of
the grading sheet, then we mail, fax, or hand-
deliver the report. For clinics using electronic
medical records, the grading form is used as
a worksheet in order to enter the findings and
recommendations as an electronic consultation
report. We do not include copies of the retinal
images with the report, but if a clinician requests
it, we can burn images to Compact Dics (CD) as
JPEGs or TIFFs.

Turnaround time is short. Typically, all pa-
tient images arrive at our server during the eve-
ning and are fully graded by noon the next day.
Thus, the final report is available within 24 h of
the screening visit.

After the report has been generated, we ar-
chive the image and data package in our server.
Archiving makes the images permanent and no
further changes can be applied to the grading
sheet. At present, we use digital tape to create
daily back up records of the archives; within the
next year we plan to outsource this function to a
company that provides an automatic data storage
and disaster recovery product.

13.7 Economic Considerations

A key attribute of effective population-based
screening initiatives is economic sustainability
[14]. The test must be affordable in order to be
used. By using a technology-based solution, and
staffing the program with screeners who func-
tion well but who lack in-depth ophthalmic and/
or imaging experience, we are able to deliver this
model of care for a unit price far below that of
conventional physician-provided face-to-face
care [15]. Funds thus saved may be re-allocated
to help defray the costs of laser treatments that
will be required by screen-positive cases.

13.8 Results

Our screening initiative has now been in opera-
tion for 24 months. It began with a single camera,
and has now grown to five units in metropolitan
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Nashville and Middle Tennessee. Participating
clinics include community health centers, pri-
mary care clinics and Veterans Administration
medical centers.

To date, we have screened more than 6,000
patients. Of all patients screened, approximately
60% were found to be within normal limits, or
with mild background diabetic retinopathy be-
low the threshold for referral. Each of these nor-
mals obtained the dilated retinal examination
recommended for all people with diabetes.

Aggregate data from all participating sites
shows that 30% were non-urgently referred for
evaluation of findings that may lead to vision
loss. Most of these were found to have vision of
20/50 or worse with pinhole correction. The next
largest number of non-urgent cases were people
whose optic nerves demonstrated a cup-to-disc
ratio of 0.6 or greater.

Finally, 10% were referred urgently, primar-
ily for presumed clinically significant macular
edema, appearing in these non-stereo images as
exudates within one disc diameter of the center
of the fovea. Other reasons for urgent referral
included optic nerve pallor or disc edema, pro-
liferative diabetic retinopathy with or without
high-risk characteristics, vitreous hemorrhage
and inflammatory lesions such as toxoplasmo-
sis. A small but significant subset of patients was
found to have retinal thromboembolic lesions,
and we immediately alerted their primary care
physicians so that appropriate medical evalua-
tion could be ordered without delay.

Although the primary reason for this screen-
ing initiative is the discovery of lesions associ-
ated with diabetes, we analyze every image for
the presence of any pathology whatsoever, even
if it is unrelated to hyperglycemia, and we dili-
gently report those findings so that the patient
can obtain proper follow-up care.

13.9 Discussion

There are many barriers to conventional physi-
cian-provided dilated retinal examinations, in-
cluding cost, geographic location, and the time
required to travel back and forth, as well as time
waiting for the provider. By placing the screen-
ing encounter within a familiar health care set-

ting, retinal imaging can occur during a routine
clinic visit. This simplifies the process for elderly
and infirm patients who may require public
transportation. For the working poor who may
not be given time off for multiple medical ap-
pointments, integrating the screening opportu-
nity into an already-scheduled visit reduces the
time away from work.

The use of visual acuity measurements and
the decision to refer patients who cannot read
better than 20/50 with correction produces a
significant over-referral, since many of these
patients may have amblyopia or simply need a
careful refraction. However, we believe that each
screening encounter could be a once in a lifetime
opportunity, especially when working with indi-
gent patients in safety net clinics. For this reason,
we would rather over-refer than ignore a prob-
lem that may have an easy remedy and would
enhance the visual capability of the individual.

13.9.1 Simple Implementation
Screening-type retinal cameras are designed to
be easy to operate, and they incorporate various
optical components that simplify alignment and
focus. By observing the image on the attached
monitor, these instruments provide an indica-
tion of the real image, rather than forcing the
screener to work through the challenge of aer-
ial image focusing customarily encountered in
clinical fundus cameras. This simple instrument
allows the use of screeners with non-traditional
backgrounds, and thus the labor costs associated
with this program are economically sustainable.

In our model, the actual salary and fringe
benefits are paid by the participating institution
rather than by us. This enables screeners to per-
form other tasks in the clinic when there are no
patients to be photographed. We usually train
two people at each site to perform screenings, as
this provides for lunch breaks, vacation and sick
time without incapacitating patient flow.

13.9.2 Digital Imaging

The specific acquisition and playback parameters
we use for digital imaging are based on the na-
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ture of diabetic lesions and the need for a robust,
easily replaceable instrument. The resolution of
the entire system (camera and review station)
should be sufficiently high to resolve very small
subject detail while simultaneously being com-
pact enough to be transmitted in a reasonable
interval over telecommunications links [16]. To
understand the morphology of an unknown le-
sion, we believe at least four to six pixels should
contribute to the image, providing an indication
of area and color variation. The minimum stan-
dards recommended by the UK National Health
Service stipulate 1,300x1,000 pixels. The least
sensitive camera in our system offers a resolu-
tion of 2,160x1,440, while the most sensitive
digital back provides 3,072x2,048 pixels. This is-
sue is essential to running an accurate screening
program, because higher image quality trans-
lates into greater opportunities to correctly iden-
tify subtle lesions that are important indicators
of the patient’s status. To understand whether a
yellowish spot is a drusen body or an exudate,
or whether a very faint reddish area on the optic
nerve is a tiny tuft of proliferative tissue, we must
use the highest level of technology.

13.9.3 Creating Quality Files

Furthermore, we must ensure that the integrity
of these large files is protected from the mo-
ment of exposure until they are archived. Loss-
less file compression is mandatory, and the PNG
algorithm provides us with a modest reduction
in non-essential background information while
simultaneously reducing total file size of each in-
dividual image to 8.5 Mb.

Our current telecom network uses T1 lines,
but even these high-bandwidth connections re-
quire lengthy uploads. For a typical patient set of
four images along with a small packet of patient
identifiers, the 35 Mb file takes 3.5 min to upload
to our server. Other telecom variants will result
in slower speeds (Fig. 13.4).

We dilate every patient with a short-acting
mydriatic agent. Tropicamide 1%, used alone, is
not associated with systemic side effects or an in-
creased risk of angle-closure glaucoma [17, 18].
However, it significantly improves the optical
performance of the camera by permitting uni-
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form retinal illumination even when the patient’s
iris is no longer capable of adequate physiologi-
cal dilation.

13.9.4 Stereoscopic versus
Monoscopic Imaging

One somewhat controversial aspect of retinal
screening concerns the issue of stereoscopic
versus monoscopic imaging. Clinicians who are
used to viewing clinical images in stereo may
question the effectiveness of a non-stereo image
in denoting macular thickening. However, we
have found high sensitivity with single image re-
cording, and rely on a combination of visual acu-
ity measurement [19] and the use of surrogate
markers (typically lipid exudates) within one
disc diameter of the fovea to represent presumed
retinal edema. It is also much easier to produce a
single high-quality image as compared to stereo-
scopic views, especially when the screener is not
a professional ophthalmic photographer (JDM
Gass, 2002, personal communication).

8.00+

B 256 kbps DSL
B 512 kbps Frame Relay
H 1536 kbps ATM (T-1) —

Fig. 13.4. Set of four full resolution retinal images is 35
Mb in size. Average upload times (in hours) for 25 screen-
ing studies @ 35 Mb. Although a simple DSL may be used,
upload times are shortened significantly with broadband
connections. We suggest that screening programs work
closely with local telecommunications service providers
to design a network that has adequate bandwidth and is
cost-effective
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13.9.5 Imaging Protocol

Our program uses a modified EuroDiab imaging
protocol [20], in which the first image is creat-
ed with the fovea in the center; the second im-
age centers the optic nerve in the recorded field.
While some believe that a single 45°, fovea-cen-
tered image should be sufficient for screening,
the large numbers of patients who may be at risk
for glaucoma necessitated the addition of the sec-
ond image [21]. Because our software can very
precisely calculate discrete anatomical areas and
thus compute cup-to-disc ratios, we elect to ac-
quire a centered, en-face view of the optic nerve
for each eye, thus providing a geometrically true
frontal image that does not exhibit any perspec-
tive distortion. We manually trace the on-screen
outlines of the disc and use color and vessel con-
figuration to approximate the edge of the cup,
and then the program calculates areas and ratios.

13.9.6 Demographic Considerations

Screening programs may change the demograph-
ics of the typical ophthalmic clinical practice.
Using typical numbers, about half of the known
diabetics in a service area obtain conventional
physician-provided examinations. Of these
(based on ethnicity, race, disease duration, and
hemoglobin Alc levels), most are normal, while
about a third require intervention for retinopathy.
For practices associated with a digital screening
program, normal diabetics may no longer attend
the clinic for routine screening exams. However,
many more patients will be screened in that geo-
graphic area, and proportionately more patients
will be referred to the practice for care. However,
virtually all of these will require fundus photog-
raphy, fluorescein angiography and laser photo-
coagulation, resulting in commensurately higher
third-party reimbursement as well as the appli-
cation of the physician’s expertise to many more
patients who require it.

Digital screening is not intended to be a re-
placement for a comprehensive eye examination.
Indeed, issues concerning any eye findings not in-
cluding the retina (such as motility, lids, cornea,
tear film, Intraocular Pressure (IOP), refraction,
lens opacities and the like) cannot be addressed

with fundus image-based retinopathy detection.
What these programs do most effectively, how-
ever, is to extend access to people who otherwise
would never obtain any ophthalmic care at all.

13.10 Economiclssues

For the most part, American health care is de-
signed and delivered according to market forces.
While the federal Department of Health and Hu-
man Services (DHHS) helps regulate reimburse-
ment of specific procedures through its Centers
for Medicare and Medicaid (CMS), the Bureau of
Primary Health Care supports a system of com-
munity health clinics for the underserved, with
the vast majority of care paid for by private in-
surance companies, along with copayments by
their subscribers.

For a variety of complex and historical rea-
sons, CMS does not have a national policy that
permits reimbursement for image-based reti-
nopathy screening. Because private insurers
look to CMS to provide policies and standards,
they too have been reluctant to provide fund-
ing. At present, much retinopathy screening in
the United States is funded either through grants
and philanthropy. For certain community health
centers and the Veterans Administration, fund-
ing is obtained through a re-allocation of monies
already assigned to primary health care or diabe-
tes care. possible remedy is through legislative
action; with this in mind, a bill has been drafted
that addresses this issue.

13.11 Summary

For many health care consumers, on-demand
screening in the primary care clinic saves weeks
or months of waiting for an appointment at an
eye care facility for a traditional physician-pro-
vided dilated eye examination; indeed, for some,
digital imaging is their first experience obtain-
ing ophthalmic health care. For those patients
found to have vision-threatening disease, digital
screening brings them one step closer to obtain-
ing the expert ophthalmic treatment they require
to preserve their vision and to remain productive
members of society.
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We believe that every patient screening en-

counter represents an improvement in health
care delivery. Each screening can overcome ra-
cial, ethnic and economic disparities. Each con-
tributes to equity of care. Each is a victory over
apathy, ignorance, and lack of access to high
quality health care - barriers that far too often
lead to blindness for people with diabetes.
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Improved Screening

for Retinopathy of Prematurity (ROP) -
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Demonstration of a Telemedical Solution

Heike Elflein, Birgit Lorenz

This chapter addresses the following

Key Concepts:

B Improvement in neonatal intensive
care has increased the survival rates of
premature infants world-wide.

Il Neonatologists and ophthalmologists
now have to face disorders due to im-
maturity, particularly retinopathy
of prematurity (ROP).

M In 2001, a telemedical program using a
digital retinal camera system was start-
ed that connected five neonatal inten-
sive care units (NICUs) with the reading
center at the Department of Pediatric
Ophthalmology and Opthalmogenetics
at the University of Regensburg, which
was designed to evaluate the potential
of telematics in ROP, and to improve
screening modalities of prematures at
risk for ROP.

14.1 Introduction

At present, approximately 5% of infants with a
birth weight below 1,250 g will develop thresh-
old disease [1]. Once threshold disease is
reached (ROP Stage 3+, Zone I or II), it will first
lead to retinal detachment in as many as 50% of
the children, and then to severe visual impair-
ment or blindness, if left untreated [2]. Zone I
disease usually presents in a more aggressive
way. Therefore, the recommendation from Ger-
many for treating Zone I disease is treatment at

an earlier stage (prethreshold disease in Zone I)
[3]. Timely laser photocoagulation will stop the
disease in at least 95% of infants [4]. The opti-
mum time for treatment, though, is a subject for
debate and discussion. Following the results of
the Early Treatment for Retinopathy of Prema-
turity (ETROP) Study, treatment at an earlier,
prethreshold stage — even in Zone II - might
improve anatomical and functional outcome [5].
Timely detection of treatment-requiring disease
is crucial. Ophthalmologists who have special-
ized in pediatric retina provide the best screen-
ing, with dilated binocular indirect visualization
being the current standard examination.

The cost of failure in screening or treatment is
very high. When an infant becomes blind in Ger-
many, direct pension costs can come to 300,000
EUR, based on the actual rates that have been
calculated for a period of 50 years. Consequently,
even a few failed screenings or treatments, when
multiplied by the high cost of failure, present a
compelling economic reason to support screen-
ing and treatment programs — apart from the
personal tragedy of the afflicted baby.

Providing ROP screening by expert pedi-
atric ophthalmologists or retina specialists for
repeated exams is not broadly feasible. The low
incidence of treatment-requiring stages also
makes it difficult to gain sufficient experience
with treatment-requiring ROP. For instance, of
the babies selected for screening, only about 5%
will need treatment [1].

Each child generally receives two visits or
more from an ophthalmologist, but the inci-
dence of the ophthalmologist prescribing treat-
ment after an examination is less than 3% of the
visits. This suggests that the screening process is
alow incidence activity, and that the challenge of
maintaining a high attention level during a dif-
ficult exam with low incidence is well known.
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Every ophthalmologist dealing with pre-term
infants and ROP is aware of late referrals, i..,
babies presenting with retinal changes that are
beyond the stage that offers the best chance for
inducing regression of disease with good ana-
tomical and functional outcome. Visual progno-
sis is then severely reduced with the risk of blind-
ness that could have been avoided.

14.2 The Bavarian ROP -
Telemedicine Project

With the advent of telemedicine, improved ROP
screening appears to be possible with the use of
hand-held (Fig. 14.1) and cart-based (Fig. 14.2)
digital wide field, and transmission of the im-
ages for expert evaluation. In 2001, the first au-
thor initiated the installation of digital widefield
cameras (RetCam 120) in five NICUs (Bayreuth,
Deggendorf, Passau, Regensburg, and Weiden)
in Bavaria over a distance of 200 km, connected
to the reading and treatment center of the De-
partment of Pediatric Ophthalmology and Oph-
thalmogenetics at the University of Regensburg,
Germany (Fig.14.3) [6, 7].

Informed consent is obtained from all parents
after explaining the examination method. Ac-
cording to the German screening guidelines [3],
images of all premature infants at risk for ROP
(gestational age <32 weeks; birthweight <1,500 g;
gestational age 232 weeks <36 weeks and supple-
mental oxygen >3 days) are taken with the Ret-
Cam 120, using the ROP nosepiece, which im-
ages 130° of the retina at once.

The children are imaged and examined by a
general ophthalmologist, as this is the conven-
tion in Germany. In other countries, imaging is
also performed by nurses or ophthalmic photo-

Fig. 14.1. Hand-held image capture unit for RetCam con-
tains optics, focusing motor, megapixel CCD, and con-
necting cable to cart

graphers [8, 9]. In order to document an eventu-
al, persisting, and dilated tunica vasculosa lentis
as an indicator of acute ROP, anterior segment
imaging is done in all instances with the RetCam
in non-contact mode. Thereafter, the ophthal-
mologists are advised to take nine images from
the retina of each eye using a coupling gel in con-
tact mode.

The images are sent electronically (appropri-
ately masked for confidentiality) to the reading
center for evaluation. Follow-up examinations
are recommended according to the stage of ROP,
image quality, pediatric data, and the German
guidelines for screening for ROP. Image evalu-
ations are based on the presence of a persistent
dilated tunica vasculosa lentis, extent of retinal
vascularization, and on the existence of vascular
dilatation and tortuositas at the posterior fundus
pole (Plus’ disease). Figure 14.4 shows a child at
threshold stage; Fig. 14.5 shows the same child

Fig. 14.2. Image
capture system

is cart based and
contains light
source for camera,
real-time display
system, and digital
capture means

Fig. 14.3. Fundus of premature baby without pathology;
GA: 30 weeks, birth weight 1,125 g. Postmenstrual age at
examination 36 weeks
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Fig. 14.4. Course of acute ROP, stage 3+ requiring DLC
in a premature baby, GA 27 weeks, birthweight 980 g.
This baby is at threshold disease in Zone II

Fig. 14.5. Same child after treatment, with complete reso-
lution of the acute ROP

after treatment, with complete resolution of the
acute ROP.

In the case of a possible treatment-requiring
stage, binocular indirect ophthalmoscopy (BIO),
which is the gold standard for ROP screening, is
performed by a staff member of the reading cen-
ter to verify the findings. Treatment, if required,
is performed onsite or at the reading center,
depending on availability of anesthesia in the
NICUs.

14.3 Screening and Treatment
Results

To date, we have examined more than 600 ba-
bies, with no incidents of missing treatable dis-
ease, nor have there been late referrals for exams
done through the RetCam. About 4% of the
babies were treated as a result of the RetCam
referral. According to the availability of pro-
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longed anesthesia, about half of the treatment
procedures could be performed onsite at the re-
spective NICUs, without high risk or expensive
transportation to the reading center that is also
the treating institution.

14.3.1 Overcoming Limitations
Retinal images with the RetCam are of lower
contrast and resolution than visualization using
BIO. About 5% of the imaging sessions do not
generate sufficiently high quality images to eval-
uate the actual risk. In cases of insufficient image
quality, we order the exam to be repeated within
a week or less, according to the disease severity.

Very small infants can be difficult to image
peripherally, but most of these — even the tiniest
babies - can be imaged posteriorly, which is gen-
erally sufficient for risk assessment if follow-up
examinations are advised until vascularization is
complete in peripheral Zone II.

Difficulties in imaging the more peripheral
parts of the retina are overcome only in part by
the slimmer nosepiece of the ROP lens compared
to the standard lens used in earlier studies [10,
11], but if the guidelines of screening for ROP
are followed, additional signs, such as dilation of
the retinal vessels at the posterior pole (Plus’ dis-
ease), will detect significant disease.

14.3.2 Interpreting Images
Interpreting the images is a finely honed skill. As
compared with BIO, a three-dimensional view is
not available. Being familiar with both the fun-
duscopic aspect and the RetCam image is cru-
cial for correct interpretation of the images. With
these precautions, the RetCam 120 is very well
suited as a screening tool.

The transmission of image data and pediatric
data usually causes no problems. Trouble in data
delivery generates an error message, making it
necessary to send the data a second time. Prob-
lems making data delivery impossible, even after
a couple of attempts, have never occurred.
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14.4 Using RetCam120 for Imaging

Several studies have investigated the benefits and
limitations of using the RetCam 120 for imaging
ROP.Inastudyby Schwartz, etal. [12], theauthors
compared conventional BIO evaluations and rec-
ommendations with telemedical evaluations and
recommendations from RetCam 120 images. All
but one set of the examined 19 pairs of eyes had
severe ROP at least at the prethreshold stage,
according to the international classification of
retinopathy of prematurity (ICROP) definition.
A weak aspect of the study is that the results par-
ticularly highlighted the intra-clinic differences
in treatment decisions. However, the main point
is that all children noted to have severe ROP by
the on-site group were also noted to have at least
pre-threshold ROP by the remote group.

Roth and coworkers also compared conven-
tional screening with RetCam 120 examinations
[11]. In this study, the sensitivity to stage one
or stage two ROP located in peripheral Zone
IT or III via RetCam images was low. However,
in those missed cases ROP regressed spontane-
ously. The authors stated that they were using
an early version of the camera nosepiece and a
broad-bladed lid speculum, and that these me-
chanical limits severely constrained the view of
the periphery. By using the special, smaller nose-
piece for preterm babies those problems can be
solved, at least in part. Looking at the results re-
garding detection of cases requiring treatment,
the success rate of the RetCam was 100%.

Yen, et al. [8, 9] reported that in a specific
screening design, i.e., only two examinations,
one at 32 to 34 weeks and one at 38 to 40 weeks,
the RetCam examination had insufficient sen-
sitivity to be recommended as a substitute for
indirect ophthalmoscopy in screening for ROP.
In contrast to the RetCam examinations, the in-
direct ophthalmoscopy screening was continued
at least every two weeks according to the actual
guidelines. Our recommendation of course is to
follow-up the infants with the RetCam accord-
ing to the guidelines, until retinal maturity or
complete resolution of any acute ROP stage is
documented.

In another study, a French group reported
on their results with RetCam screening for ROP
[13]. The study focused on one neonatal inten-

sive care unit (NICU), with RetCam images of
145 prematures at risk who were evaluated by
neonatologists and by ophthalmologists. The
authors stated an exact correlation between ob-
servers in all cases of acute ROP. In a Canadian
study [14], the sensitivity to detect severe ROP
was also shown to be 100% when comparing the
RetCam to binocular indirect ophthalmoscopy
in 44 prematures who were at risk.

14.5 Prospects

Our telemedical project has been operating
successfully for more than four years. Unfortu-
nately, a comparison of the RetCam images with
the findings from the gold standard for ROP
screening (BIO) is not possible in the peripheral
NICUs, since examinations are performed by a
single local ophthalmologist. Nevertheless, there
is no indication that treatment-requiring stages
were missed with the RetCam.

We did, however, compare BIO versus digital
imaging at the local NICU in Regensburg, where
more than 100 infants had received dual exami-
nations. Digital imaging using the RetCam 120
was successful in detecting all referral-warranted
ROP stages, with no false negative and no false
positive results, i.e., the sensitivity and the speci-
ficity to detect severe ROP that might require
treatment were both 100%.

Advantages of digital imaging of ROP include
better communication with parents and between
pediatric physicians or nurses, more uniform
evaluation, medical/legal documentation, rapid
training of junior ophthalmologists, and access
to expert assessment. From a scientific point of
view, digital examination allows objective evalu-
ation of the time course of the disease, which
gives new insight into the evolution and resolu-
tion of ROP, which will help evaluate actual and
future treatment modalities.

The authors do not have any financial interest
or proprietary interest in the digital RetCam120
camera system (Massie Research Laboratories,
Dublin, CA, USA), or in Massie Research Labo-
ratories, Dublin, CA, USA.
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Chapter 15

Visual Rehabilitation Consultations

through Telemedicine

15

Jade S. Schiffman, Gina G. Wong, Rosa A. Tang, Randy T. Jose

This chapter addresses the following

Key Concepts:

[ As the population ages, a growing num-
ber of people will require low vision or
visual rehabilitation services.

M An infrastructure and protocols have
been used for a low vision telemedicine
consultation pilot program.

15.1 Introduction

As the population ages, a growing number of
people will require low vision or visual rehabili-
tation services. In the United States (US) in 2000,
about 0.78% of those older than 40 years old
were blind, and 2.4 million or 1.98% had low vi-
sion [1]. The US definition of blindness is 20/200
or less, and for low vision it is less than 20/40
in the better-seeing eye. Based on studies in the
US, Europe and Australia, Congdon et al. predict
that by the year 2020, the number of blind people
older than 40 in the US will increase 70% to 1.6
million, and the number of people with low vi-
sion will be 3.9 million [1].

The leading causes of blindness are age-related
macular degeneration, glaucoma, and cataracts.
In people younger than 40 years old, the leading
cause of blindness is diabetic retinopathy; about
4.1 million Americans have diabetic retinopathy
[2]. Pollard et al. found that the barriers to ac-
cessing low vision service are the limited geo-
graphic distribution of clinics and transportation
to get services [3]. Visually disabled individuals
could function more independently if they had

access to visual rehabilitation, thus increasing
their quality of life.

15.2 Requirements for a Low Vision

Telerehabilitation Model

Access to low vision rehabilitation is often diffi-
cult for patients in rural areas; therefore, a model
for visual rehabilitation through telemedicine
was developed. In Houston, TX, in the US, the
Center for Sight Enhancement at the University
of Houston College of Optometry offers patients
visual rehabilitation and access to eye care spe-
cialists. Because the university also has access to
other specialists, such as neuro-ophthalmology,
a team approach is possible.

15.2.1 Access to Care Pilot Project

A Texas Infrastructure Telemedicine Board grant
was awarded to the University of Houston in 1999
to set up a pilot project to increase access to care
via telemedicine. The grant provided funding for
the infrastructure without providing funds for
people who would work with telemedicine.

A telemedicine model for visual rehabilitation
was developed to provide low vision consultations
at a rural hospital in Matagorda. Throughout this
chapter, we discuss expected reimbursement for
telemedicines or basic low vision consultation
visits, the infrastructure used, remote/consult
site paperwork requirements, protocol for a tele-
medicine low vision consultation, and we’ll give
an example of one case.
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15.2.1.1 Reimbursement

Telemedicine reimbursement generally uses the
same current procedural technology codes and
international classification of diseases (ICD-9)
codes used during normal eye exams or consul-
tation visits. At this time in the US, Medicare will
only reimburse for real time, face-to-face tele-
medicine consultation, and will not reimburse for
store-and-forward consultations, except in two
states: Alaska and Hawaii [4]. The telemedicine
remote site is able to bill for the visit and then the
consultant can bill when a real-time consultation
is completed. The Benefits Improvements and
Protection Act (BIPA) of 2000 allowed a facility
fee to be charged by the originating or remote
site of 20 USD or more [4]. If the telemedicine
site is in a hospital, an additional room fee can
also be billed. In addition, the patient can gener-
ally purchase the visual aids from the consultant
site.

15.2.1.2  Infrastructure

The infrastructure was selected after much re-
search and analysis. Telemedicine software capa-
ble of interfacing with electronic medical record
software was chosen. Both software companies
were flexible in trying to develop capabilities
that were not initially available. All software was
password protected, all activity within the soft-
ware was time and date stamped, and the data
was encrypted for transmission. The telemedi-
cine software allowed creation of episodes or
exam visits with patients incorporating paper
exam scanned data, video and audio clips, and
still images or photos. These episodes could be
accessed from the electronic medical record cre-
ated for each patient.

15.2.1.3 Paperwork and Protocol

Typewritten data also could be created and sent
from either the telemedicine software or the elec-
tronic medical record. The telemedicine software
was capable of real-time consultations or store-
and-forward transmission. Patient episodes of
video clips, audio, and still images create large

files. T1 lines were chosen as the fastest route to
transmit the large files and allow better quality
real-time consultations. A mobile telemedicine
cart with various peripheral devices was cho-
sen to increase flexibility and access to other
specialists via telemedicine. The computer, flat
screen monitor, flat bed scanner with automatic
document feeder, 8 mm camcorder with tripod,
microphone, speakers, and a projector were
mounted on the cart (Figs. 15.1a and 15.1b). A
non-mydriatic fundus camera was selected to al-
low visualization of the fundus by the low vision
specialists and potential use for diabetic screen-
ings. The projector on the mobile cart allowed
for tele-educational sessions. A mobile cart of
low vision aids such as magnifiers, telescopes
and low vision acuity charts was set up for the
remote site (Fig. 15.2).

The projectand consent forms created were re-
viewed by the University of Houston human sub-
jects committee and institutional review board,
and the rural hospital’s committee. Approval was
given by both organizations, although the rural
hospital developed its own consent form as well.

Eye care providers or specialists are required
to be licensed in any state to practice telemedi-
cine. As remote site telemedicine consultations
were done at the hospital, all practitioners had to
be credentialed at the rural hospital as well.

15.2.2 Data Gathering

A model of how exam data was to be gathered
and transmitted to the low vision specialist was
developed. The low vision specialists suggested
the details of the exam that would be helpful for
them to view and hear, so audio and video clips
of parts of the exam were captured.

15.2.2.1 The Exam

As the patient’s eye health diagnosis and retinal
or nerve status is considered when suggesting vi-
sual aids or devices, photos of the fundus were
to be captured for review. Flow charts outlin-
ing the basic low vision exam, and low vision
exam forms were created, so the initial low vi-
sion exam could be performed by an untrained
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Fig. 15.1. a Telemedicine mobile cart with flat screen monitor (left). b Peripheral devices such as flat bed scanner with
automatic document feeder, microphone, speakers, video camcorder with tripod, and projector (right)

Fig. 15.2. Low vision acuity
charts and assorted magnifi-
ers and near devices available
at the remote site

nurse or technical personnel at the remote site
(Fig. 15.3). These charts specified what devices
should be tried at distance and close up, and
what data was to be videoed and scanned for the
specialist. The exam findings with various devic-
es or acuity charts were gathered and parts of the
exam were simultaneously videotaped for review
by the specialist. Patients were scheduled for two
telemedicine visits over two weeks. The first visit

or pre-consultation exam was to gather exam
data and video clips for the low vision specialist.
This data was then sent via store-and-forward for
the consultant to review and make recommenda-
tions. A second visit allowed time for devices rec-
ommended by the specialist to be tried, followed
up by a real-time video consultation between the
patient and the specialist. (Table 15.1)
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15.2.2.2 Findings

Patients were referred for visual rehabilitation by
a local ophthalmologist or optometrist.

Local eye care providers were asked to send
copies of the most recent eye exam findings,
including visual fields. They presented the con-
cept of consultation via telemedicine, the con-
sent forms, and low vision questionnaire to the
patient. The eye care provider faxed or mailed
the forms and exam data to the remote site pre-
senter, who scanned the data into the telemedical
electronic file. An appointment was made with
the low vision remote presenter. Following the
flow chart, exam data, video clips with audio,
and scanned images were obtained and sent via
store-and-forward to the consultation site for re-
view. The telemedicine software was able to page
or e-mail the specialist when there was a patient
episode or electronic file for review. The tele-
medicine software could be accessed from any
location, so the consultant was not forced to go
to the designated telemedicine room. A review
version of the telemedicine software could also
be installed on the consultant’s computer. This
allows the consultant the convenience of review-
ing and making audio or written recommenda-
tions from any location.

15.3 Case Study

A patient was referred for visual rehabilitation
through telemedicine. He was legally blind due
to macular degeneration, and wanted to be able
to read again. He also wished to be able to help
his wife read signs in the distance, and watch his
grandson play baseball. This patient, who report-
ed problems with glare as well, was seen for the
initial telemedicine pre-consultation visit, and
store-and-forward data was sent for consultant
review. Next, the visual rehabilitation consultant
made recommendations to address the patient’s
visual goals. During the second visit, the patient
tried various devices for near and distance activi-
ties, after which he met the low vision consultant
via a real-time telemedicine video connection.
The initial part of the second visit allowed the
patient to try the visual devices recommended.
With a handheld illuminated magnifier, he was
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able to read small print again, although slowly,
and he was educated that with practice he could
improve. A hand-held monocular telescope al-
lowed him to help his wife spot distance signs or
watch his grandson. However, a head-mounted
Beecher telescope system was more comfort-
able and convenient for long periods of distance
viewing. Glasses with filters were recommended,
and helped to cut glare outdoors and increased
contrast.

During the second half of the consultation vis-
it, he was able to meet face-to-face with the low
vision consultant via telemedicine. The patient
and consultant were able to discuss any ques-
tions or problems with the devices tried, and any
additional visual goals not addressed that could
be addressed with another consultation visit.

This patient was very happy to be able to read
print again, and see the faces of his wife and fam-
ily. He and his wife no longer had to dread the
time required to drive hours to Houston and
then to fight the heavy metropolitan traffic. In
many ways, on many levels, they were both sat-
isfied with the telemedicine visual rehabilitation
project.

15.4 Summary

Telemedicine can be beneficial in providing ex-
cellent low vision care. Ideally, other specialists
could be consulted via telemedicine in the rural
hospital to increase the viability of telemedicine.
A dedicated telemedicine presenter-coordina-
tor would have been helpful. The grant did not
provide funding for personnel involved with the
telemedicine project, so the remote site presenter
and consultants had normal duties with the ad-
ditional burden of telemedicine activities. This
model has the potential to be self-sustaining. In
addition to reimbursement for the telemedicine
consultant services, there would be income from
visual aids purchased by the patients.
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Chapter 16

Teleophthalmology in Canada

Matthew T. S. Tennant, Chris J. Rudnisky,

Marie Carole Boucher, David Maberley

This chapter addresses the following

Key Concepts:

[l Canada is a country well suited for
teleophthalmology due to geography;,
burden of disease, and shortage of eye
care specialists.

I Teleophthalmology in Canada is cost-
effective when compared to the conven-
tional eye examination.

B Government funds are available for
teleophthalmology projects throughout
Canada, reimbursement for physician
services is provided in some provinces.

B Canadian teleophthalmology systems
incorporate:

1. Visual acuity

2. Intraocular pressure measurement

3. Mydriatic and non-mydriatic retinal
camera systems

4. Pupil dilation and no pupil dilation

5. Stereoscopic and non-stereoscopic
imaging.

1.1 Introduction

Canada is a country well suited to benefit by the
introduction and utilization of teleophthalmol-
ogy. Barriers to conventional delivery of eye care
can be overcome by the electronic capture and
transmission of eye photographs, as well as other
health information. The section addresses three
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key barriers to optimal ophthalmic care, geogra-
phy, burden of disease and shortage of eye care
specialists, and reviews how teleophthalmology
could bring benefits.

The majority of people living in Canada live
in large urban centers, located primarily in the
southern part of the country. The remainder of
the population (approximately 10 million peo-
ple) live in smaller rural communities spread out
across an area of some 10 million km? [1]. Many
communities are accessible only by air, with road
access that is limited during winter months when
ice highways are possible.

In northern Canada, people of Aboriginal,
Metis or Inuit ancestry make up a large part of
the population. In recent history, the prevalence
of diabetes has increased in each of these groups
[2-5]. The complications of diabetes, including
eye disease, are now becoming evident. For in-
stance, in one community in northern Alberta,
diabetic retinopathy was found in 47% of patients
who attended a diabetic eye screening clinic [6].
In another community in northern Ontario, 38
% of the diabetic population was found to have
some level of diabetic retinopathy [7].

Eye trauma is another cause of vision loss for
individuals living in northern communities. In
Nain, Labrador, 11% of the resident population
are legally blind from eye trauma [8]. Glaucoma
and macular degeneration are two other causes
of vision loss in people living in remote commu-
nities.

In urban populations, diabetic retinopathy
is also prevalent [9]. A recently implemented
diabetic retinopathy screening project in urban
communities in the province of Quebec found a
32% prevalence of diabetic retinopathy [10]. Fif-
ty-three percent of patients screened had never
had an eye examination, and 86% had not been
examined in the past two years.
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There is a limited number of eye care special-
ists in many parts of Canada [11]. In many com-
munities, residents must travel as far as 1,000 km
to be assessed by an ophthalmologist. This bar-
rier to eye care delivery has led to inadequate eye
care for those in need. In British Columbia (BC),
only 33% of First Nations individuals with dia-
betes living on reserves had undergone a yearly
retinal examination [12]. In Nova Scotia, only
14% of diabetics had undergone an annual eye
examination [13].

Although individuals living in the larger ur-
ban areas do not have to travel a great distance
to see an ophthalmologist, waiting times for an
eye exam can be lengthy. A study of a diabetic
population in a Montreal suburb revealed only
19.8% of those screened had undergone a dia-
betic eye exam in the last two-and-a-half years
while 10.1% of those screened had never had a
diabetic eye exam [14]. Fourteen percent of the
non-compliant group stated inaccessibility and
difficulty in obtaining an appointment as the key
reasons for not following up after a screening ex-
amination.

16.2 Teleophthalmology

Teleophthalmology provides numerous advan-
tages when compared to a conventional eye
examination. Digital imaging provides a per-
manent record of the eye, with the added ben-
efit of data storage and transmission. As part of
an electronic health record, teleophthalmology
reports can be viewed by different members of
the health care team at any location. In addition,
subsequent analysis of a teleophthalmology da-
tabase can assist in improving overall eye care.

Delivery of eye care by telemedicine is now a
reality for many Canadians. The growth of tele-
ophthalmology utilization has expanded from a
few research centers five years ago, to the suc-
cessful adoption of this technology in more than
100 communities across Canada today.

16.2.1 Reimbursement and Liability
Two provinces, Alberta and British Columbia,
now offer a consultation fee code to ophthal-
mologists for a teleophthalmology examination.
The fee code is on par with an in-person eye ex-
amination, but requires seven field, stereoscopic
digital capture and review to qualify for reim-
bursement.

Informed consent by the patient is required
for all teleophthalmology examinations across
Canada. These consents emphasize the current
shortcomings of mydriatic and non-mydriatic
retinal cameras to image anterior to the equator.

Canadian physicians examining patients by
teleophthalmology are covered by the Canadian
Medical Protective Association. This mutual de-
fense organization requires doctors to have liabil-
ity coverage in the province where their practice
is located, as well as in any other provinces where
they may be providing care by telemedicine.

16.2.2 Cost-Effectiveness

For those living in remote locations, screening
for eye disease by retinal photography is less
expensive than a conventional eye examination
by an eye care specialist. This is particularly true
for diabetic retinopathy [15]. The five-year per
person cost of a diabetic retinal examination in
James Bay, northern Ontario was found to be
$403 CAD for a retinal camera program as com-
pared to $842 CAD for an examination by a reti-
nal specialist [16].

16.2.3 Diabetic Retinopathy
Teleophthalmology Screening

Asthe prevalence of diabetic retinopathy increas-
es, more efficient methods are needed to identify
treatable eye disease. In addition to providing ac-
curate diagnosis and early treatment, the goal of
an effective screening program for diabetic reti-
nopathy lies in reaching as many at-risk diabetics
as possible, in a simple and cost-effective manner
as possible [17].
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16.2.3.1 Quebec Solution

To satisfy this goal, two different teleophthalmol-
ogy solutions have emerged within Canada. In
urban communities as well as some rural com-
munities, teleophthalmology screening systems
are utilized. In Quebec, non-mydriatic, non-
stereoscopic, three 45° field retinal photographs
are captured without pupil dilation. Referral to
an eye care specialist is based on the diabetic
retinopathy presenting with > ETDRS Grade 35
severity or with any diabetic retinopathy within
one disc diameter of the fovea, making the sensi-
tivity of these systems very high [10].

16.2.3.2 Rural/Remote Solution

In British Columbia, the First Nations on-re-
serve mobile diabetes project is a rural/remote
program that utilizes a non-mydriatic, non-ste-
reoscopic, digital, high-resolution (>3 Mb TIFF
files) system with three-field photography [18].

In other remote, rural areas, teleophthalmol-
ogy systems not only screen, but are able to diag-
nose treatable eye disease. These systems utilize
seven 30° field, stereoscopic (7SF) digital imaging
to identify ETDRS levels of diabetic retinopathy,
age related eye disease study (AREDS) levels of
macular degeneration, and cup-to-disc features
of glaucoma. Only those patients who need fur-
ther testing or treatment are referred [6].

16.3 Stereoscopic, Seven Field,

Digital Photography

In the following subsections we will discuss clin-
ical validation of stereoscopic, seven field, digital
photography, and successful projects.

16.3.1 Clinical Validation

The University of Alberta’s Department of Oph-
thalmology developed a novel teleophthalmol-
ogy digital stereoscopic imaging system and vali-
dated the technology in a pilot project between
Fort Vermilion, a small community in northern
Alberta, and Edmonton. One hundred and twen-
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ty-one patients with diabetes underwent 7SF ret-
inal photography with both digital and slide film
media. The digital photographs were then trans-
mitted by satellite to Edmonton to be read by a
retinal specialist, while the slide film traveled by
truck, to be developed prior to grading. All imag-
es were graded in a masked fashion with modified
ETDRS grading protocol [19]. Correlation was
high for severe NPDR (0.86), proliferative diabetic
retinopathy (1.00) and CSME (0.97) [6].

To further clarify the role of digital stereo-
scopic imaging in the identification of CSME, an-
other comparison study was performed between
stereoscopic digital imaging of the macula and
clinical examination with contact lens biomi-
croscopy. One hundred and twenty consecutive
diabetic patients were enrolled. All eyes under-
went a clinical examination, followed by digital
photography. Exact agreement between the two
diagnostic modalities was 84% when identifying
CSME [20].

16.3.2 Current Projects

The success of this pilot project led to the ex-
pansion of teleophthalmology within Alberta to
include all 44 First Nation Reserves (Fig. 16.1).
One of two mobile units travels to each commu-
nity with a photographer, nurse and nutritionist.
Eye testing includes visual acuity, IOPs and 7SF
retinal photography (Fig. 16.2) through a dilated
pupil. In addition, blood testing (hemoglobin
A1C, cholesterol, triglycerides, blood urea ni-
trogen, creatinine) and urinalysis are performed.
Education includes nutritional support, foot care,
and medication review. Retinal images are elec-
tronically packaged and encrypted, then trans-
mitted over the Internet to a secure web server
for review and ETDRS grading in stereo. Only
those patients in need of treatment are referred
to a tertiary care center. All other individuals are
followed-up with repeat photography.

Additional stereoscopic teleophthalmology
diabetic retinopathy screening projects are now a
reality in many locations across Canada, includ-
ing the provinces of Saskatchewan, Manitoba
and Ontario.

In the Northwest Territories, retina consul-
tation services are provided via the Internet. A
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general ophthalmologist who works in Yellow-
knife refers patients to Edmonton for stereo-
scopic digital imaging. All images are reviewed
by a retinal specialist. If laser treatment is re-
quired, patients are then transferred to Edmon-
ton by plane, where they undergo a fluorescein
angiogram prior to being seen in person by the
specialist.

16.4 Non-Stereoscopic, Three-Field,

Digital Imaging

In the following subsections we will discuss clin-
ical validation of non-stereoscopic, three field,
digital imaging, and successful projects.

16.4.1 Clinical Validation

The University of Montreal has been at the fore-
front of telemedicine screening for diabetic reti-
nopathy in urban and semi-urban areas. Barriers
to access have been reduced with this innovative
program that improves patient comfort and com-
pliance by utilizing non-mydriatic digital reti-
nal cameras. A validation study was performed
to demonstrate the effectiveness and safety of
screening for diabetic retinopathy with two
non-mydriatic digital images [21]. Additional
research was performed to identify the number

Fig. 16.1. Fort Chipewyan,
Alberta: A First Nations
community only accessible by
airplane or by ice road during
the winter

and positioning of fields necessary to screen for
diabetic retinopathy [22].

The effectiveness and safety of screening for
diabetic retinopathy with two 45° fields cen-
tered on the disc and the macula with a digital
non-mydriatic camera was evaluated. Screen-
ing guidelines for the identification of screened
patients needing referral to an ophthalmologist
were developed following the completion of a
prospective, masked, clinic-based cross-sec-
tional diabetic retinopathy severity comparative
study between digital images captured with a
non-mydriatic camera, 7SF captured with slide
film, and dilated ophthalmologic examination.
Substantial agreement was found between imag-
ing modalities by eye (k = 0.626 + 0.045) as well
as by patient assessment (k = 0.654 + 0.063).

Three levels of screening threshold for patient
referral to an ophthalmologist were chosen: very
mild diabetic retinopathy (ETDRS severity level
20), mild diabetic retinopathy (ETDRS sever-
ity level 35), and moderate diabetic retinopathy
(EDTRS severity level 43). Non-mydriatic cam-
era screening with two field photography had
a sensitivity 97.9%, 97.1%, and 53.3%, for each
of the three screening levels, respectively, with a
specificity of 81.3%, 95.5% and 96.9%. Chosen
thresholds of very mild or mild diabetic retinop-
athy both correctly identified 100% of eyes with
severe NPDR and/or proliferative retinopathy.
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Fig. 16.2. University of
Alberta Teleophthalmology
Capture System (Zeiss FF450
retinal camera linked to
Kodak DCS760 digital back)

In this selected population with a high preva-
lence (63.3%) of diabetic retinopathy, a two-im-
age, non-mydriatic camera screening strategy
with referral at mild diabetic retinopathy re-
duced the proportion of patients to be screened
for diabetic retinopathy by an ophthalmologist
from 100% to 55%.

The evaluation of the optimal number and
positioning of 45° photographic fields necessary
to screen for diabetic retinopathy was performed
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through a prospective, masked, cross-sectional,
comparative study, that graded diabetic retinop-
athy in 98 patients (196 eyes), using two, three,
and four non-mydriatic 45° fundus images, and
compared to grading with the ETDRS 7SF cap-
tured on slide film [22]. No significant improve-
ment in sensitivity or specificity was measured in
detecting diabetic retinopathy when greater than
two non-mydriatic 45° image fields centered on
the disc and the macula were used, while the ad-
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dition of fields resulted in diminished utility and
cost-efficiency.

16.4.2 Current Projects

In Quebec, the success of the pilot digital non-
mydriatic camera screening program has led to
the development of a larger scale diabetic reti-
nopathy screening project throughout Quebec.
In this project, 13 permanent image capture cen-
ters are located in rural and urban communities
—within pharmacies, optometrist offices, general
medical clinics, and an endocrinology clinic.

16.4.2.1  Mobile Units
One mobile unit travels to different communi-
ties with a photographer and a nurse, who takes
medical histories. A consent form explaining the
nature of the telemedicine examination and its
limitations is signed. Visual acuity is measured
in both eyes, and then three 45° retinal photo-
graphs are taken, which include non-stereoscop-
ic photographs of the disc, and capturing the
macula and superior temporal quadrant-with
an extra macular image taken to allow for stereo
evaluation if indicated. The photographer verifies
the quality of the images and repeats any photo-
graphs if necessary. Any inability to photograph
the retina leads to referral to an ophthalmologist.
At the same time, educational support is pro-
vided. Retinal images and clinical data are elec-
tronically packaged and encrypted, then trans-
mitted without compression over the Internet to
a secure Web server for review and non-stereo
ETDRS grading. Stereo images of the macula are
available and viewed if necessary. All images are
reviewed, with and without image enhancing, by
a retina specialist or a trained ophthalmologist.
Patients with diabetic retinopathy greater
than ETDRS 35, or with any diabetic retinopathy
within one disc diameter of fovea are referred to
the closest treating ophthalmologist. All others
are followed yearly with repeat imaging. After
screening, all patients are contacted for follow-
up and provided with a timely ophthalmologic
appointment if needed. A report of the screen-
ing results with a picture of each eye is sent to all

physicians involved in the care of the individual.
All data, which is archived for 10 years, is avail-
able for epidemiological studies. To date, overall
diabetic retinopathy was detected in 30% of the
screened diabetics, with 10% of all screened in
need of urgent referral. Screening provided a net
savings of 83% when compared to ophthalmo-
logic examination.

16.4.2.2  First Nations

First Nations communities in British Columbia
are unique. In comparison to the rest of Canada,
where a history of displacement to reservations
predominates, almost all pre-existing First Na-
tions villages in British Columbia (except for in
the North-East) were designated reserves in the
early 1900s. This has resulted in approximately
200 distinct First Nations communities in Brit-
ish Columbia, with an average band size of 250.
In comparison, Quebec has a total of 39 reserves
with an average size of approximately 1,000. Giv-
en the rugged geography of British Columbia,
smaller and more isolated bands are particularly
at risk for not receiving adequate health care.

The British Columbia First Nations On-Re-
serve mobile diabetes project addresses this issue
by providing tertiary diabetes care for all com-
munities in British Columbia north of Williams
Lake. A Canon non-mydriatic camera (CR6-
45NM) with digital Canon (D30) camera back
captures 3.0 megapixel TIFF color images. Four
45° field images are generated and stored on
compact flash card with back up to an external
hard drive on a laptop computer. An extra macu-
lar image is routinely taken to allow for stereo
evaluation as necessary.

If diabetic pathology is identified by the pho-
tographer, images are JPEG 3:1 compressed and
encrypted prior to being sent via modem to a
retinal specialist. All other images are not com-
pressed but are saved onto a CD for later trans-
fer to the reading center. Images are graded on a
21 inch CRT monitor with a stereo magnifier if
macular pathology is identified. Histogram con-
trast enhancement and brightness levels are ad-
justed to assist in the reading, but all images are
initially evaluated without processing.
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16.5 Age-Related Macular

Degeneration Teleoph-
thalmology Screening

AMD is a leading cause of legal blindness in
North America [23]. Early detection and treat-
ment has been shown to decrease the risk of
vision loss [24]. Teleophthalmology can assist
patients who might not otherwise have access to
specialist eye care.

16.6 Stereoscopic, One-Field,

Digital Imaging

In the following subsections, we will discuss clin-
ical validation of stereoscopic, one field, digital
imaging, and successful projects.

16.6.1 Clinical Validation

A clinical validation study was performed to test
whether or not stereoscopic digital imaging of
the macula was as sensitive and specific as ste-
reoscopic slide film. One hundred and three pa-
tients were consecutively enrolled. All eyes were
photographed with both digital (six megapixel)
and film photography through a dilated pupil.
Digital images underwent JPEG 16X compres-
sion and were uploaded onto a secure web server.
Both image formats were graded with a modified
AREDS classification. Correlation was found to
be high for AREDS level 4b or greater (x = 0.83
SE 0.05, PPV 0.81, NPV 0.98, Sensitivity 0.94,
Specificity 0.94) [25].

An ongoing multi-center study (Quebec, Brit-
ish Columbia) is currently evaluating macular
digital imaging through widely available digital
non-mydriatic fundus cameras (980x1,200 reso-
lution) for AMD. Using AREDS classification, it
is assessing stereoscopic and non-stereoscopic
digital imaging correlation with 35 mm film,
clinical examination and optical coherence to-
mography examination. This study follows ear-
lier work by Maberley et al., which looked at
the sensitivity and specificity of photographic
screening for age-related macular degeneration
[26].

Chapter 16

16.6.2 Current Projects

In Alberta, ophthalmic consultations for macu-
lar degeneration are performed by teleophthal-
mology. Optometrists send stereoscopic digital
images of the macula and disc captured through
a dilated pupil to retinal specialists located at a
tertiary care center. Patients with evidence of
choroidal neovascularization are then scheduled
for fluorescein angiography on the day of their
clinical examination. If clinical examination and
fluorescein angiogram confirm choroidal neo-
vascularization, laser treatment is provided that
same day.

16.7 Teleophthalmology Systems

This teleophthalmology system at the University
of Alberta is hardware independent. Currently,
three different retinal cameras are being utilized
at different sites across Canada (Table 16.1). Im-
ages are captured then transferred as encrypted
and compressed digital files to the password
protected secure web server. Patient files are pro-
tected with USB key two factor authentication.
Images are then reviewed in digital stereo with
LCD shutter glasses. Computer algorithms auto-
matically calculate levels of eye disease such as
ETDRS level, once images are graded by a retinal
specialist.

16.8 Camera Systems

The teleophthalmology camera system at the
University of Montreal (Table 16.2) can incor-
porate multiple retinal cameras. Currently only
one camera is utilized at the different sites. Im-
ages are captured then transferred without any
compression as encrypted and compressed digi-
tal files to the password protected secure web
server. Patient files are protected with USB key
two factor authentication. Images are reviewed
without, then with image enhancing, non-ste-
reoscopically, on a 19- or 21-inch high-quality
display monitor and, when indicated, in digital
stereo with LCD shutter glasses. The images are
graded manually by a retinal specialist.
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The teleophthalmology camera system at the

University of British Columbia (Table 16.3) cur-
rently utilizes a Canon non-mydriatic camera.
Images are captured in remote locations and sent
by modem in an encrypted format. Images are
not compressed except when sent via modem
(when a JPEG 3:1 compression is used). Images
are graded on a 21-inch CRT monitor with a ste-
reo magnifier if macular pathology is identified.
Histogram contrast enhancement and brightness
levels are adjusted to assist in the reading, but all
images are initially evaluated without process-
ing.
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Chapter 17

Internet-Based Electronic Eye Care

Consultations: Patient Perspective

Sajeesh Kumar, Kanagasingam Yogesan,
Beth Hudson, Mei-Ling Tay-Kearney

This chapter addresses the following

Key Concepts:

Il Patient satisfaction and attitudes toward
Internet-based eye care services are
evaluated.

[ Patients expressed a high degree of
satisfaction with Internet-based eye
examinations.

[ Lack of in-person contact with an oph-
thalmologist is not a major concern to
most patients.

[ In general, patients did not express
negative attitudes toward Internet-based
teleophthalmology services.

17.1 Introduction

As is typical in many large countries, Australia
has a large landmass with a low population den-
sity, and providing the population with specialist
eye care services is a major problem outside the
major cities. The state of Western Australia (WA)
(Fig. 17.1) has a land area of 2.5 million square
kilometers, which is equivalent to one-third of
the land mass of the United States (approximate-
ly two million kilometers).

Even though WA has a large land mass, 70%
of people live in and around the capital city of
Perth; the remaining 30% of the population lives
in rural and remote WA. Therefore, when spe-
cialist ophthalmic care is required for people in

Fig. 17.1. Map of Western Australia (WA)

remote areas, this need may remain unfulfilled
for some time.

The fees for a single patient’s eye care can run
into thousands of dollars, when travel and ac-
commodation for the patient (and usually a fam-
ily member) is included; in addition, there is the
intangible cost of taking people away from famil-
iar surroundings, work, and community [1].

Internet-based eye care services have been
proposed in WA as a means of improving ac-
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cess to specialist eye care [2]. A Web-based tele-
ophthalmology service (www.e-icare.com) has
been developed at the Center of Excellence in
e-Medicine,(e-Med) and the Lions Eye Institute
(LEI) in Perth [3]. This system, which stores and
transmits multimedia data to a secure, central
database, includes patients’ data, such as demo-
graphic information, medical history, images,
videos and audio files.

Before adoption into routine use, any new
medical technology must be proved to be secure
and acceptable to patients. Much is assumed and
little is known about patients’ acceptance of In-
ternet-based eye care settings. Given the lack of
data, e-Medicine undertook a study of patient
satisfaction, using a trained health care worker-
led Internet-based service in Carnarvon Region-
al Hospital (CRH) (Fig. 17.2), which is located
in the heart of the Gascoyne Region of WA. Car-
narvon is connected to the rest of Australia by
the North West Coastal Highway and, to a lesser
extent, by its airport. It takes about 2 h to fly or
11 h to drive from the nearest city of Perth (940
km). It has a population of 6,357 (1996). There
are no eye specialist services available in the Gas-
coyne region on a full-time basis. The current
practice is for an eye-specialist and a registrar to
visit the region for a week, two times per year for
consultations. In cases of emergencies, patients

are airlifted to a hospital in the city by the Royal
Flying Doctor Service (RFDS).

17.2 The Study

A trained teleophthalmology nurse-coordinator
takes retinal photos and external eye pictures of
patients at CRH with the equipment and technol-
ogy developed at e-Medicine [3-6]. The equip-
ment included (1) a portable slit lamp (e-Med),
(2) a portable air-puft tonometer (Keeler Pulsair
3000, Japan), and a non-mydriatic digital fundus
camera (Canon CR4-45NM, Japan).

These devices were connected directly to the
online eye care system (www.e-icare.com) to
transmit multimedia information to special-
ists in Perth. Each time a patient was screened
at CRH, an automatic e-mail was sent to alert
the specialist in Perth. The specialist reviewed
the data, recorded image quality, diagnosed eye
disease, and made recommendations for disease
management and subsequent care. Specialist ad-
vice was returned to CRH within 24 h.

Fig. 17.2. Image of Carnar-
von Teleophthalmology
Center
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17.2.1 Recruitment

The service was made available to patients re-
ferred from local general practitioners (GPs), as
well as and walk-in patients. Patient participa-
tion was entirely on a voluntary basis. No fee was
charged, and emergency cases were also seen.
Media announcements on local radio stations
and news services were also done.

In the meantime, a teleophthalmology pro-
tocol, which was primed for service, detailed
the consultation criteria, and the technical and
training requirements for people involved. It also
specified the rights and responsibilities of the
patients, prepared the patient for consultation,
privacy and confidentiality issues, screening,
referral and consultation procedures and other
relevant information.

17.2.2 Questionnaires and Forms

Questionnaires were used to collect patient
perceptions toward teleophthalmology. These
were sent along with a stamped, self-addressed
envelope to all patients after consultation. The
responses were collected and analyzed. The
questionnaire consisted of four closed-ended
questions and nine questions on rating of the ser-
vice (Fig. 17.3). The closed-ended questions were
on service satisfaction, lack of direct physical
contact with a distant clinician, privacy concerns
and future use of the teleophthalmology ser-
vice. The questionnaire asked the patient to rate
various aspects of the teleophthalmology service
such as physical comfort, psychological comfort,
convenience, duration and timeliness of consul-
tation, skills and attitude of consultant, skills and

Fig. 17.3. Teleophthalmology patient
rating with regard to service delivery

Convenience of Service

Duration and Timeliness

Skills and Attitude of Personnel . 1

Feedback Received B 1

Overall Satisfaction

Eye Clinic Comfort
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attitude of attending health care personnel and
overall satisfaction with the Internet-based ser-
vice. Samples of teleophthalmology protocol, pa-
tient information sheets, patient consent forms,
patient evaluation forms, clinician perception
forms, and the teleophthalmology service log
sheet are attached as Appendices 2-7.

17.3 Results

During the study period (February-November
2003), 110 patients were presented via Internet-
based teleophthalmology. Completed question-
naires were received from 45 patients (41%),
of which 42% were from men and 58% from
women (mean age 42 years, range 9-73 years).
More than half of these patients (53%) came to
the teleophthalmology center through local me-
dia announcements, while 36% were referred by
health professionals in Carnarvon . A few of the
patients (7%) became aware of the telemedicine
service through their family or friends. Four per-
cent of the patients used the service for consulta-
tions for eye disease treatment or care. Most of
the patients (94%) used the Internet-based ser-
vice for screening for eye diseases like glaucoma
and diabetic retinopathy, while, 2% of the cases
were for other purposes, including expert second
opinion and post-operative follow up.

A majority of patients (98%) expressed satis-
faction (Table 17.1) with Internet-based consul-
tation and observed it as a convenient form of
service. Lack of physical contact with the oph-
thalmologist was not a major concern to many
patients (74%). While 88% were not apprehen-
sive about privacy issues associated with tele-
ophthalmology services, 98% of patients would

0 10 20 30 40

—

——— S

HPoor M Satisfactory [ Excellent
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Table 17.1. Sample of patient comments about Internet-based teleophthalmology service

Patient Comments

== T am pleased to be provided with this service and would be happy for re-imagingmy eyes in January.

== A small room, rather than a curtained-off area would have been more suitable - mainly due to the light

requirement.

== [ was very happy to see the ad (advertisement) in the paper, as I would have to book in and wait for a GP

referral otherwise.

Was convenient and great use of technology, but still did not change anything in terms of treatment,

as specialist was unable to offer a conclusive diagnosis, so chose to travel to Perth.

The whole procedure was excellent and very friendly.
Poor clinic area
Personnel very helpful

Very friendly, convenient and helpful service

Quite happy with the service I received. Should be more of them

Excellent service, saved us having to go to an Eye Specialist in Geraldton or Perth
Unable to ask direct questions, as this was not a direct Telehealth service. Results took a week to come back.

prefer to use teleophthalmology in the future.
Opverall, the patients valued improved access to
specialist services but had clear views as to the
limitations of such a service.

The comfort level in the rural teleophthalmol-
ogy center was rated poor to satisfactory by ma-
jority of patients, while the skills and attitude of
the personnel at the telecenter were rated highly.
The results of the evaluation also showed that
trust between patients and treatment providers
was of major importance in engendering positive
attitudes.

GPs and other health care personnel in Car-
narvon spoke favorably about using teleophthal-
mology, because they were able to get advice from
colleagues and discuss alternative management
strategies. Practitioners at e-Medicine found the
experience informative and challenging.

17.4 Discussion

The evaluation of patient satisfaction is a com-
mon constituent of any health care service [1].
While there is speculation regarding the neutral-
ity of patient responses and debate around the
lack of understanding of how patients evaluate
services, it is a mechanism through which atti-
tudes of medical consumers can be usefully ob-
tained. It is a wholly subjective assessment of the

quality of service and, as such, is not a measure
of final outcome of the technology used.

17.4.1 Patient Satisfaction Issues
Earlier evidence has suggested that patient dis-
satisfaction is mostly associated with non-com-
pliance with instructions, delay in seeking fur-
ther care, and poor understanding and retention
of medical information [7]. This survey found
at least 2% of the patients were not satisfied and
may choose to refrain from future services. An-
other possible reason for dissatisfaction may be,
as one patient stated, “convenient and great use
of technology, but still did not change anything
in terms of treatment” The Internet-based con-
sultation was mainly used to provide diagnostic
options, and not as a new treatment modality.

Few of the patients (5%) found the store-
and-forward Internet-based service more time
consuming than the conventional face-to-face
method. It must be noted that, except in the
emergency cases, the outcome reports of the In-
ternet-consultation are sent by post to all patients
within 24 h. Perneger et al,, after comparing pa-
tient satisfaction in three treatment settings,
suggested that satisfaction also reflects patients’
characteristics and expectations, which are not
related to quality of care [8].
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Provider-Patient Communi-
cation Issues

17.4.2

In Carnarvon, patients had an opportunity to see
the distant specialist in person on occasions of
their regional visits once or twice a year. The In-
ternet-based service was used mainly for moni-
toring or screening, post-operative follow-up,
trauma and expert second opinion services. In
this survey, at least one patient expressed con-
cern about the inability to ask direct questions to
a specialist, and 23% of the patients still preferred
physical contact with the distant clinician. Data
security over the Internet represents another as-
pect of the process, which is often overlooked.
Seven percent of patients were concerned about
the privacy issues associated with the security of
information in an Internet environment.

17.4.3 Space Considerations

The Internet-based eye care system was deployed
in Carnarvon Regional Hospital by accommo-
dating the staff and equipment in the scarce space
available within the hospital. In the absence of a
dedicated room for telemedicine, a corridor area
was curtained off to use as a teleophthalmology
clinic. While this set-up was not comfortable for
many patients, convenience in receiving eye care
services in their familiar surroundings was per-
ceived as a positive aspect of teleophthalmology
(98%).

17.4.4 Perceived Benefits

Along with the convenience and cost savings as-
sociated with avoided travel to Perth, there were
also indirect benefits to the family, which includ-
ed increased access to clinical support, reduced
risk associated with travel, and reduced disrup-
tion to family life.

The patients’ response rate could have been
higher in this study. This highlights the impor-
tance of finding other ways of working and orga-
nizing the communication network in order to
increase the volume of response and follow-up
from isolated, rural and remote patients. It was
observed that a fair number of patients (7%) be-
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came aware of the telemedicine service through
their family or friends, while a greater number
of patients (36%) became aware through health
care professionals in the locality, such as their
general practitioners. Hence, general practi-
tioners, family and friends, and other patients
could be informed and encouraged to optimize
the number of patients using telemedicine facili-
ties and achieving better response rates. Despite
a low volume of response from the patients, we
may conclude that patients approve of Internet-
based services, which is in compliance with pro-
tocols, as a feasible eye care modality in remote,
rural areas. Patients surveyed during this study
show no negative general attitudes toward In-
ternet-based teleophthalmology services. From
the patient perspective, the success of teleoph-
thalmology has been overwhelmingly associated
with time and cost savings associated with travel,
convenience and increased access to services.
The implementation of teleophthalmology proj-
ects may therefore have a positive effect within
patient communities. As the use of Internet-
based eye care service grows, patient perspective
evaluations merit greater attention.
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Chapter 18

Teleophthalmology in India

Srinivasan Sanjay, V. Murali,
S. S. Badrinath, Rajiv Raman

This chapter addresses the following

Key Concepts:

[ A telemedicine system has been devel-
oped in India, linking eye hospitals in
Chennai and Bangalore, and providing
remote ophthalmological care via a
mobile bus.

¥ Rural patients undergo comprehen-
sive eye screening and diagnosis in
the remote bus, and receive awareness
education about eye care and common
eye diseases.

18.1 Introduction

Since 1990, India has made rapid strides in the
fields of communication and information tech-
nology (IT). An important application of this is
in the use of telemedicine to provide diagnostic
and therapeutic medical care to the large, under-
served areas of India. Telemedicine is most effec-
tive in India, which has a vast land area coupled
with varied topography, such as the mountain
regions of Himalaya, the desert of Rajasthan, far-
flung areas of the North East, and the offshore
islands of Andaman and Lakshadweep. With the
majority of the population living in rural areas
and most specialist doctors living in urban areas,
telemedicine gives benefits, such as improved ac-
cess, reduced cost, reduced isolation from doc-
tors, and improved quality of health care.

The Indian Space Research Organization
(ISRO) has played a vital role in providing the
communication link for telemedicine activities

18

in rural areas. Sankara Nethralaya, an Eye Hos-
pital and Medical Research Foundation. In the
city of Chennai was the pioneer in mobile tele-
ophthalmology practice in India [1].

18.2 Setting Up a Telemedicine Unit

Setting up a telemedicine unit is a complex pro-
cedure that involves meeting requirements for
hardware, software, communications, human
resources, and consultations. The central hub
requirements at Sankara Nethralaya included a
room with air-conditioning, adequate lighting,
comfortable seating, sound proofing to reduce
background noise and audio echo, electricity
with back-up, and the equipment necessary for
receiving data and video conferencing.

The mobile unit requirements included the
equipment necessary for comprehensive eye ex-
amination, facilities for equipment storage when
notin use, seating for the patients, a power source
for the equipment, and accessories like satellite
tracking equipment, data and image capturing
devices like digital cameras, scanners, etc.

The hardware requirements included a com-
puter, video conferencing equipment, scanner,
capture card, and color television.

The communications was through Local Area
Network (LAN), Wide Area Network, Plain Old
Telephone Service (POTS), or ISDN. Low-cost
business terminals with small antennas (gen-
erally less than two meters in diameter), often
termed Very Small Aperture Terminals (VSATS)
were also used.
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18.3 Sankara Nethralaya
Experience: How It Began

A pilot project was started by Sankara Nethra-
laya, linking two of its eye care centers that were
separated by a distance of 3 km. A junior oph-
thalmologist at the distant center examined about
100 patients, and had their medical information
transferred to the Sankara Nethralaya main hos-
pital by LAN over a fiberoptic cable. After look-
ing at the images, a senior ophthalmologist at
Sankara Nethralaya diagnosed and discussed the
treatment modalities with the junior consultant.

The next step, which was accomplished in
2002, was to link Sankara Nethralaya Eye Hos-
pital, Chennai, with Sankara Nethralaya Eye
Hospital at Bangalore. The Bangalore branch,
located 400 km away from Chennai, is headed
by a vitreo-retinal consultant. The Indian Space
Research Organization (ISRO) provided satellite
connectivity for this service. Patients who re-
quired secondary consultations were subjected to
routine examinations and their images were cap-
tured and sent to Sankara Nethralaya, Chennai.
The senior super-specialty consultant discussed
each case with the consultant and the patients in
Bangalore, and offered advice and suitable man-
agement guidelines [2].

Following this, another unique teleophthal-
mology project was started in the villages within
a 100 km radius of Chennai with a mobile bus
offering primary eye care. It was inaugurated by
Hon. President of India, Dr APJ] Abdul Kalam in
2003. The key to the project was a mobile bus, de-
signed by a team from Sankara Nethralaya with
assistance from the ISRO. The total cost of this
project, which was approximately 190,000 USD,
was provided by ISRO and Sankara Nethralaya.

18.4 ISRO and Telemedicine

Established by the government of India in 1969,
the prime objective of the ISRO has been to
develop space technology and its application
to various national tasks. The ISRO, which has
a separate budget for the application of space
technology for civilian purposes, started its am-
bitious telemedicine project in 2001 with a pilot

project that ran for two years in the state of Mad-
hya Pradesh.

The ISRO has initiated a number of tele-
medicine pilot projects that are very specific to
development needs in India. ISRO telemedicine
projects link hospitals in remote and inaccessible
areas with super-speciality hospitals located in
the city through Indian national satellite (INS).
The cost of a telemedicine unit and very small
aperture terminal (VSAT) communication is
around 25,000 USD per site. Hospital staff are
trained to utilize the telemedicine facilities by
the telemedicine system vendors.

18.5 The Sankara Nethralaya Rural

Mobile Teleophthalmology
Project

The team members of the Rural Mobile Teleoph-
thalmology project included one ophthalmolo-
gist stationed at Sankara Nethralaya, Chennai;
two optometrists (traveling with the bus); a driv-
er (who also doubled as a spectacle technician);
four social workers (for planning, fundraising,
enumeration, and counseling); and a technical
advisor/ administrator to take care of human re-
sources and equipment management.

The project currently serves seven districts
around the city of Chennai. When a village is
selected for screening, the social worker goes
to the village three months prior to lay out the
program details. Another visit is made to the vil-
lage one month prior to the camp, to finalize the
visit of the team, location, and the people who
would benefit from the camp. Patients are first
identified by the social worker who, by door-to-
door enumeration, informs them of the day and
date of the arrival of the bus. There are tando-
ras (drums) and auto rickshaw announcements
about the camp three days prior to the camp.
The day before the camp, awareness videos about
common eye diseases are played in local lan-
guages to motivate people in the village to attend
the camp. Patients at the camp site are registered
and their detailed ocular and systemic history is
noted. In the camp, patients undergo compre-
hensive eye screening by optometrists, and those
with eye problems who require a consultation
with an ophthalmologist are identified.
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18.5.1 Vehicle Design

The Sankara Nethralaya mobile bus (Figs. 18.1
and 18.2) has three parts. The front portion of
the bus is for the driver and staff during travel
to remote areas. The middle portion is the main
consultation room of the bus, which has oph-
thalmic and video conferencing equipment and
seats for patients who wait their turn for tele-
consultation. This part of the bus is fully air con-
ditioned for optimal performance of the equip-
ment. The ophthalmic equipment is mounted on
a refraction unit which can be slid to use either
the slit lamp or the non-mydriatic camera, and
also includes the seating couch for the patient
undergoing examination. There are storage com-
partments where the dismantled ophthalmic
equipment is placed during travel.

The rear portion of the bus is for storage of one
additional set of ophthalmic equipment, pam-
phlets, chairs, cleaning equipment and luggage
of the teleophthalmology team; it also houses the
generators (for captive power supply).

The satellite dish of the mobile bus is encased
in a protective metal covering to prevent damage
from natural causes, when not in use.

18.5.2 Ophthalmic, Teleconferencing,
and Accessory Equipment
Inside Bus

The ophthalmic equipment inside the bus (Figs.
18.3aand 18.3b) includes the following: video in-
direct ophthalmoscope, direct ophthalmoscope,
video slit lamp imaging system, refraction unit,
two portable slit lamps, three trial sets and vision
drum, non-mydriatic fundus camera, four mir-
ror gonioscope lenses, Schiotz tonometer, Nikon
2200 Digital Camera, and two battery operated
and wall mounted streak retinoscopes.
Equipment in the bus used for teleconferenc-
ing (Fig. 18.4) includes the following: IP satellite
console, antenna controller, P-4 computer with
512 Mb ram with flat bed scanner and ink jet
printer, Sony™ video conferencing camera, and
Vepro™ PACS cum tele-medicine software.
Accessories inside the bus include: a seating
arrangement for patients, an air conditioner, a
LCD projector, a laptop computer, a portable
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amplifier and cordless microphone, and an
awareness video and CDs about cataracts, dia-
betic retinopathy, glaucoma, and eye donation.

Equipment outside the bus includes a 3 m
dish antenna, two 5 KVA diesel generators, and a
VSAT facility on top (Fig. 18.5).

18.5.3 Teleophthalmology Procedure

The selected patients have their slit lamp ante-
rior segment, diffuse illumination, slit photos,
and usually their non-mydriatic fundus photos
taken inside the bus. Patients who subsequent-
ly have findings in the fundus are dilated and
photographs are taken again. Patients who have
squint or other extra-ocular problems are also
photographed with a digital still camera capable
of taking external photographs with zoom capa-
bility. Telecommunication between rural camp
and Sankara Netralaya, Chennai is achieved by
satellite connection through VSAT, which has a
bandwidth of 384 Kb/s.

The ophthalmologist at Sankara Netralaya,
Chennai examines the images received (Fig.
18.6) and comes to a provisional diagnosis. An
anterior segment video may be requested in spe-
cial situations. Demonstration of extra proce-
dures like eye movements may also be requested.
The ophthalmologist maintains electronic medi-
cal records of all patients, segregates interesting
cases, maintains a file for discussion with peers
or seniors, and is involved in the training of fel-
low ophthalmologists, paramedical ophthalmic
assistants, and nursing staff in rural and semi-
urban areas. During the course of the teleconsul-
tation, the ophthalmologist counsels the patient
about familial eye diseases, preventive aspects
and eye care.

18.5.4 Continuing Ophthalmic
Tele-Education

Each month, through interactive lectures via
video conferencing, the rural mobile teleoph-
thalmology unit also conducts continuing oph-
thalmic tele-education for the ophthalmologists,
physicians, nurses, and paramedical ophthalmic
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Fig. 18.1. Design of the teleophthalmology bus
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assistants involved in eye care in rural and sub-
urban areas.

The clinical ophthalmic grand rounds, which
are a part of the academic activities of Sankara
Nethralaya, Chennai, are beamed to different
parts of India and also to Sultan Qaboos univer-
sity, Oman for interactive sessions (Fig. 18.7).

18.5.5 Problems Associated with
Implementation of the Project

The main problems that occurred throughout the
entire project, which were mainly bus-related,

Fig. 18.3. a, b Ophthalmic
equipment inside the teleoph-
thalmology bus
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Fig. 18.6. Ophthalmologist during a teleconsultation

Fig.18.4. Teleconferencing
equipments inside
the teleophtalmology bus

Fig. 18.7. Continuing ophthalmic tele-education between
the Sankara Nethralaya team and a team from Tiruvallur
general hospital

were recorded in a register. The control system
for the satellite dish antenna malfunctioned due
to vibration caused by the generator inside the
bus, and the rough terrain of rural roads. There
was a loss of continuity in the power supply to
the antenna controller. The television used for
video conferencing in the bus fell during travel,
due to improper anchorage of the device. The
rural areas in India usually do not have sealed
roads and are very uneven. Proper stationing of
the teleophthalmology bus was not possible in
many camp sites. Hence, a hydraulic jack was
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used to provide support for the bus in rough ter-
rains.

18.6 Results

By March 2005, the teleophthalmology bus proj-
ect had conducted 213 camps in rural areas,
and had screened 15,043 patients for eye related
disorders. On the day prior to each of the 315
camps, the project also conducted an awareness
meeting in the village about common eye dis-
eases, such as cataracts, glaucoma, and diabetic
retinopathy. Since corneal blindness is the sec-
ond most important cause of preventable blind-
ness in India, emphasis was also given to eye care
and corneal donation. By interacting with local
doctors and directing patients to their clinics for
follow-up treatment, the local medical network
was strengthened.

Chapter 18

Sankara Netralaya teleophthalmology projects
were instrumental in screening a large number of
patients who were bereft of basic eye care facili-
ties. The patients who were screened by teleoph-
thalmology were segregated into those requiring
further tests and opinions from ophthalmolo-
gists, and those who required spectacles. A total
of 5,852 patients required further opinions from
ophthalmologists. About 820 patients were pro-
vided with spectacles at cost price.
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This chapter addresses the following

Key Concepts:

[ Ophthalmologists are accustomed to di-
agnosing disease asynchronously from
two-dimensional black-and-white and
color imagery.

[ For teleophthalmology, it is important
that examination and diagnosis of the
most common eye diseases seen in gen-
eral practice do not require specialized
equipment.

B Teleophthalmology is not yet a basic
tool for diagnosis and therapy in Brazil.

B Video consultations using standard,
low-cost equipment can be used to con-
nect primary health care personnel and
specialists, while providing a reliable
method of fulfilling the needs of general
practitioners, as well as their diagnostic
accuracy.

I Certain practices of asynchronous
teleophthalmology can achieve 73.5%
accuracy in comparison with traditional
consultation.

M Teleophthalmology may never replace
traditional hands-on eye examination,
but it is a new tool that has the potential
of enhancing the practice and distribu-
tion of ophthalmology services.

19.1 Introduction

Ophthalmology is a medical speciality with visu-
ally intensive dependence, as are other special-
ties, such as radiology, dermatology, and pathol-
ogy. Ophthalmologists are trained to interpret
images and are accustomed to diagnosing dis-
ease asynchronously from two-dimensional
black-and-white and color imagery. Therefore,
ophthalmology is impacted by new technologies
in health informatics, image analysis, and artifi-
cial intelligence. The importance of visual infor-
mation in ophthalmology makes it obvious that
telemedicine, supporting the transmission of live
or still pictures, offers benefits for ophthalmo-
logical consultations.

19.1.1 Communication

Medicine is based on communication between
patient and physician, and also between the
physician and members of the health care team.
Telemedicine maximizes the power of commu-
nication in health care.

Digital consultation (e-consultation) in ophthal-
mology has been able to achieve the following:
== Accurate diagnosis

== Low cost through the use of readily available
equipment

Extended effectiveness of the consultant
Benefit to patients

Educational objectives

Initial acceptance by partner ophthalmolo-
gists and their patients

A format for virtually unlimited expansion
after the recruitment of additional partner
sites and additional volunteer consultants
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Store-and-forward teleophthalmology systems
are well suited to sending photographs to spe-
cialists for review. Ophthalmologists also work
synchronously with real-time systems, diagnos-
ing and managing disease through hands-on pa-
tient examination. Teleophthalmology systems
with modified traditional ophthalmic peripher-
als add unique challenges, extra requirements,
and increased costs to telemedicine applications,
but with numerous possibilities [1].

Most telemedicine being practiced is in the
same place it was 10 years ago. It is a formida-
ble tool with relatively few applications to date,
but will be increasingly important in the future.
Telemedicine is regarded as a way of delivering
health care and exchanging health information
across distances, however it has not yet become
an accepted tool for diagnosis and current ther-
apy in Brazil.

19.1.2 Teleophthalmology Today

Currently, teleophthalmology can be practiced,
for example, between primary health care prac-
titioners and specialists, or between ophthalmo-
logical units, either in real-time through video
conferencing systems, or through store-and-for-
ward processes such as e-mail. Choosing the
synchronization model should always be moti-
vated by the needs of the users, reflecting their
processes’ requirements. Telemedicine is espe-
cially suitable for diagnosing and treating eye
diseases, since ophthalmologists are well-versed
in making diagnoses, prescribing therapy, and
designing treatment plans on the basis of visual
information obtained from the eyes of patients.

One of the first applications in teleophthal-
mology was a project done in 1987 to monitor
retinal vessels during space flights. A system
was developed at the Johnson Space Center in
Houston, Texas, in the United States, for real-
time transmission of retinal images acquired by
a portable video funduscope that was tested on
the space shuttle Columbia during mission STS-
50 [2, 3].

A survey of teleophthalmology projects in vari-
ous stages of development reveals innovative ap-
plications in ophthalmology [1], including:

Access to specialists for remote patients
Linking and sharing diverse medical res-
ources

== Ophthalmic disease screening, monitoring,
and management (astigmatism, glaucoma,
corneal diseases, and diabetic retinopathy)
Research and clinical trial collaboration
Distance learning and continuing education

19.2 Technical Issues

In teleophthalmology, it is important that ex-
amination and diagnosis of the most common
eye diseases seen in general practice should not
require specialized equipment. The diagnoses
most often confused by general practitioners
(GPs) are related to external eye diseases, for
which diagnosis requires no specialized diag-
nostic equipment. Thus, teleophthlamological
equipment requirements are relatively modest.
In most cases, a digital video camera that allows
for still photography is sufficient. In contrast,
eye examinations leading to more complicated
diagnoses such as iridocyclitis require special-
ized instruments and personnel who are trained
to use them. These factors limit the applicability
of sophisticated teleophthalmology to a certain
extent.

Based on our own experience, video con-
sultations using standard low cost equipment
can be used in consultations between primary
health care personnel and specialists. This type
of consultation provides a reliable method of
fulfilling the needs of general practitioners and
can improve their diagnostic accuracy. However,
clinical decisions in teleophthalmology are never
100% accurate, because teleconsultation in gen-
eral cannot surpass face-to-face examination in
terms of accuracy. All new telemedicine systems
should be based on open standards where appli-
cable. This is important because today’s technol-
ogy will be old tomorrow, and obsolete the day
after.

For example, if a camera system is built around
a proprietary camera, replacing the camera with
a better one will be very expensive. However, if
standard components are used, replacing them
is usually less expensive. Using open and clearly
defined interfaces between different components
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will also make upgrading and maintenance eas-
ier.

It is a common misconception to think that
proprietary systems are safer because they are
not publicly known. In practice, a highly secure
system has to be based on publicly known and
verified security concepts, rather than on what
are often unsafe proprietary systems. The use of
ordinary office equipment (digital cameras, desk-
top scanners, standard e-mail programs) should
also be encouraged. These may not be reliable
enough in critical applications, but the costs sav-
ings are very significant in non-emergency use.
In addition, the technology used in office equip-
ment is often more up-to-date than that used in
proprietary equipment.

19.3 Fundus Imaging
and Screening Studies

The importance of screening for diabetic reti-
nopathy has been established, but the best meth-
od of doing so has not yet been determined [4].
Telescreening for diabetic retinopathy, using an
assessment of two-field 50° non-stereo digital
images is a valid screening method [5, 6]. How-
ever, detection of CSME by biomicroscopy is
superior to detection by digital or standard non-
stereo photographs [7]. Viewing digitally recon-
structed photographic images of the retina on a
video display has caused some doctors to lose
confidence in their ability to make a diagnosis
[8]. This loss of confidence has also been noted
in other specialties, and serves as a safety fac-
tor in the process of teleconsultation. Although
small pupil cameras can be used, dilating the pu-
pils of patients has a positive effect on the quality
of photographs in screenings.

Teleophthalmological consultations have also
been performed in photo-refractive surgery [9],
corneal transplants [10], glaucoma [11-13], stra-
bismus [14-16], diabetes [17], macula and reti-
nal diseases [17-19], diabetic retinopathy [20,
21], ocular trauma [22], and cytomegalovirus
retinitis [23]. The possibility of making comput-
er-assisted diagnoses by using computer vision
algorithms may also provide interesting alterna-
tives [24]. There are no published studies on tele-
ophthalmology in Brazil.

Chapter 19

19.4 Brazilian Experience

In 2002, the Virtual Diagnostic Center was de-
veloped in cooperation with the Ophthalmology
Department and Health Informatics Department
(DHID) of the Federal University of Sao Paulo,
with the objective of creating a new way to offer
ophthalmological evaluation for patients as well
as for doctors with practices outside major cen-
ters of science and medicine (Fig. 19.1).

19.4.1 Background

After defining the project, the first actions were
to develop the group involved in the project
(doctors, nurses, and technical support team), to
define what equipment to buy, and to determine
how to develop the virtual diagnostic center.

An electronic file was created with the ob-
jective of receiving all the clinical history of the
patients, as well as receive their clinical pictures.
Clinical diagnosis and orientation for treatment
could be obtained, as well as second opinions in
ophthalmology.

19.4.2 The First Study

The first study focused on patients that presented
clinical manifestations of Acquired Immunode-
ficiency Syndrome (AIDS). Teleophthalmology

Fig. 19.1. Virtual diagnostic center: cooperation between
the Ophthalmology Department and Health Informatics
Department of Federal University of Sao Paulo
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has not yet become an accepted tool for diagno-
sis and current therapy in Brazil. Our experience
shows that certain practices of teleophthalmol-
ogy can achieve 73.5% accuracy in comparison
with traditional consultation [25].

This study evaluated the efficacy of teleoph-
thalmology as an auxiliary approach in the di-
agnosis of infectious and inflammatory ocular
diseases, in patients with AIDS and compared to
patients with infectious and inflammatory ocular
diseases without AIDS. Using an asynchronous
method of consultation, this study also evaluated
the main problems associated with the conclu-
sion of the consultation, i.e. the inter-observer
agreement, as well as standardization and valida-
tion of the method.

Two hundred and thirty three 35 mm slides
(retinography or biomicroscopy photos) were
digitalized and stored on compact disc, to be
subsequently viewed and analyzed on a comput-
er monitor by two consultants, both specialists in
uveitis and ocular inflammation. The consultants
answered a clinical file and a questionnaire, in-
dicating the probable diagnosis and suggestion
for treatment for all the analyzed cases. The main
difficulties found in the conclusion of the consul-
tation were also assessed by a specific question-
naire.

19.4.3 Results

The kappa statistic, a measure of change-correct-
ed agreement (reproducibility) among the con-
sultants, was calculated. Kappa values of > 0.7
indicate excellent agreement, values between 0.4
and 0.7 indicate fair to good agreement, and val-
ues of < 0.4 indicate poor agreement. We found
that the agreement between the consultants and
the definitive diagnosis was 73.5%. Treatment
suggestion or management was not possible in
8% of cases for consultant A, and 10.4% of cases
for consultant B.

When addressing the reasons that made di-
agnosis difficult, high concordance was found
among the consultants in relation to a lack of
clinical data and low quality of the images.

From this study the authors concluded that
teleophthalmology,  through  asynchronous
methods, is an efficient method for the diagnosis

of patients with infectious and inflammatory oc-
ular diseases, in patients with or without AIDS.

As observed in this study, the main problems
affecting the teleophthalmology consultation
were mostly about the lack of detailed clinical
data and the low quality of the images. This study
will allow the improvement of the consultant
form and the establishment of a teleophthalmol-
ogy service in the Ophthalmology Department
of Federal University of Sdo Paulo.

Cyber-ambulatory ophthalmology was cre-
ated with the mission to offer high quality oph-
thalmology consultation to doctors in areas
where there are few scientific resources and no
specialists in ophthalmology.

19.5 Future Directions

The development of modern information and
communication technology has occurred with
extraordinary rapidity, and is still growing.
Health care market information technology (IT)
spending is expected to grow at 8% annually be-
tween 2003 and 2008, thus offering significant
opportunities for hardware, software, and IT
service vendors [26]. Telemedicine is part of this
picture, involving the health care processes and
services in every institution, regardless of size.

Telemedicine holds great potential, especially
in rural areas, to greatly improve the quality, ac-
cess, and affordability of health care. It can re-
duce the need for travel in rural areas, and pro-
vide needed backup and access to specialists for
primary care health professionals in these un-
derserved areas. In particular, teleophthalmol-
ogy is in an experimental phase, and it is one
of telemedicine’s more challenging applications
[1]. The eye’s small size and the high degree of
training and skills required to provide adequate
eye care necessitates a steep learning curve for
remote presenters learning to use video ophthal-
mic peripherals to capture high-quality images.
The cost of converting ophthalmic peripherals
to digital is also a barrier, particularly for health
care units and services with precarious financial
support.

Teleophthalmology may never replace the tra-
ditional hands-on eye examination. However, it
is a new tool that can enhance the practice and
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distribution of ophthalmology services. Costs
and technical barriers will decrease as the tech-
nology advances. When that happens, compre-
hensive teleophthalmology will become a reality,
playing a critical role in the lives of health care
workers, patients, students, and the public at
large [27].

19.6 Health Care Workers

It is likely that in the future more medical inter-
ventions will take place at a distance. For some
disciplines, such as radiology, this has already
occurred to a substantial extent. But ophthal-
mologists have also become significant consum-
ers of technology, including image peripherals,
web systems, and mobile devices. Thus, they are
health care professionals with good acceptance,
and adaptable skills to include telemedicine ap-
plications in their consultation. During these
consultations new kinds of information will be
available, including three-dimensional eye rep-
resentations and enhanced computer vision.
Mobile devices are well accepted by ophthal-
mologists, allowing the development of multi-
modal systems that take into account the union
of patient record information, image analysis,
second opinion systems, medical decision sup-
port systems, telephone services, and internet
navigation.

19.7 Patient Care

From the patient’s perspective, it should always
be possible to receive medical care, whenever and
wherever it is requested. Without barriers in the
health care system, patients of the future will not
be dependent upon their own doctor; instead,
they may use their health care agent’s assistance
to choose the most appropriate health service. In
teleophthalmology, there is a lot of information
about vision care and related diseases available
to the public via the commercial and academic
internet. Moreover, it is possible to communicate
the vital signals automatically with monitoring
centers; patients can then be contacted for fur-
ther follow-up if necessary.

Chapter 19

A simple example of such a monitoring pro-
gram would be continuous monitoring of the
blood sugar concentration of diabetic patients.
Based on the results of such monitoring, oph-
thalmological care can be delivered. In fact, the
global availability and better access to health
care is likely to result in a complete restructur-
ing of how medical care is delivered. With a shift
away from health care being concentrated in
health care institutions, toward monitoring and
treating individuals in their own environments.
This, however, raises questions about how tele-
medicine services should be funded. In rural
areas, border regions and aboriginal communi-
ties, there are a lot of doubts about the impact
of telemedicine, considering the actual funding
model practiced, especially in third-world coun-
tries. Teleophthalmology seems to be a medical
specialty that presents good results in these cas-
es. However, teleophthalmology application and
evaluation in these areas will become more and
more a political and financial support decision
rather than a technological impossibility.

19.8 Tele-Education

The improvements in information and commu-
nications technologies have been influencing
education at all levels, and for all groups. The
public at large, however, is sometimes forgotten,
even though it is the group for whom informa-
tion is likely to result in the greatest changes in
health and how it is delivered. Currently, a sub-
stantial proportion of Internet access represents
consumer searches for health and medical infor-
mation.

With regard to health care professionals, tele-
education has been radically changing how edu-
cational organizations are structured and how
information is imparted within these organiza-
tions, with more interactive, multimedia-en-
abled, network-based educational sessions based
upon problem-based teaching.

Finally, teleophthalmology will contribute to-
ward the transfer of medical competence from
specialists to general practitioners [28]. Howev-
er, it is important to note that teleophthalmology
is not a replacement for traditional eye care. This
is because the quality of a telemedicine consul-

151



152

C. Muccioli et al.

tation is intrinsically linked to the remote pre-
senter’s expertise and their ability to use digital
diagnostic tools. Without the use of every instru-
ment normally available in an ophthalmologist’s
examination room to directly examine a patient,
evaluation of a patient’s visual systems is limited.
All aspects of telemedicine applied to ophthal-
mology in its broadest sense (remote assistance,
telecare, telehealth, teleconsultation, tele-educa-
tion, etc.) are likely to be rapidly affected by fu-
ture developments.
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Teleophthalmology as
a Service Delivery Model -
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An Experience from a Developing Country

R. Kim, R. D. Thulasiraj, K. M. Sasipriya, R. Vasantha Kumar

This chapter addresses the following

Key Concepts:

B Several teleophthalmic modes are avail-
able in India, including primary (patient
interacting directly with doctor),
secondary (ancillary eye care worker
interacting with patient and doctor) and
tertiary (specialists interacting to gain
second opinions or additional informa-
tion).

B Primary care through affordable
Internet connectivity has led to the
development of Internet kiosks, fa-
cilitating accessibility to information.
Kiosk operators are trained to screen for
preliminary general examinations, and
to take good ocular pictures with web-
cams, which enable patients to access an
eye care provider. A complete treatment
is not provided through this approach,
but adequate guidance is given regard-
ing further treatment.

W Secondary care through vision centers
provide care by trained ophthalmic
assistants who can take more appropri-
ate medical details (including pictures),
and help patients interact directly with
ophthalmic specialists at eye hospitals.

B Outreach screening, which uses a mo-
bile van with appropriate infrastructure
to achieve the same level of secondary
care in remote areas, is best suited for
retinopathy and glaucoma screening,
diabetic and creating awareness about
eye problems.

[ Teleconsultation through both video
conferencing and store-and-forward
modes allows general ophthalmologists
in remote settings to seek opinions from
ophthalmic specialists for complicated
conditions.

20.1 Introduction

For a country like India, with limited clinical ex-
pertise and resources catering to a select popu-
lation, creating equity and accessibility for the
entire population is a major challenge. In India,
there are approximately 12,000 trained ophthal-
mologists, of which a handful are trained to pro-
vide super-specialty care (in ophthalmology).
The limited number of eye specialists is further
aggravated by the uneven distribution of person-
nel, which is skewed toward urban regions that
cater to 10-15% of the population who require
such services.

Another major hurdle that further exacer-
bates the problem is the increase in eye problems
that lead to blindness, such as diabetic retinopa-
thy and glaucoma. Clearly, there are not enough
well-trained, mid-level ophthalmic personnel
who could be entrusted with at least 40% of ac-
tivities in an ophthalmic setting. Lack of person-
nel further reduces the productivity of the al-
ready scarce ophthalmic professionals.

Comprehensive and sustainable teleophthal-
mology services may become an alternate, vi-
able approach. Ensuring that quality care crosses
geographical borders, time zones, and personnel
shortages, and opening doors to economical,
widespread screening of diseases, and more ac-
cessible clinical service delivery systems. The po-
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tential inherent in teleophthalmology suggests
that no region of the world is too remote or poor
to receive high quality medical care [1].

20.2 Applications of Teleophthal-
mology in Different Sectors

We have broadly classified teleophthalmology
into three levels of eye care, depending on who
is accessing it: (1) primary, wherein the patient
interacts directly with doctors, (2) secondary —
when an eye health care worker is present who
interacts with both the patient and the doctor,
and (3) tertiary, wherein a doctor interacts with
another expert doctor for second opinions.

20.2.1 Primary Care: Creating Access
to Primary Eye Care for the
Rural Population through

Rural Internet Kiosks

Emphasis on primary health care is high on the
State agenda, and International organizations
such as the World Health Organization (WHO)
are also striving to provide such care. The avail-
ability of affordable internet connectivity has
lead health care organizations and businesses
throughout India to invest in setting up internet
kiosks that facilitate accessibility to information
at the mouse click - be it health care, agriculture,
market prices, or interaction with government
offices, etc. These kiosks are built on a viable busi-
ness model that nurtures entrepreneurial skills.
Kiosk centers provide primary eye care through
teleophthalmology, enabling patients to access
an eye care provider in real-time, or through the
store-and-forward mode of teleconsultation.

20.2.2 Consultation

Kiosk operators are trained to screen for prelim-
inary or general examinations that identify com-
mon problems such as mature cataracts. Train-
ing is also provided so operators can take qual-
ity ocular pictures using a standard webcam.
These pictures are sent to the ophthalmologist
in the nearest Aravind Eye Hospital along with

a description of the patient’s problems, either
through voice mail or as text (Fig. 20.1).
Consultations also happen in live mode,
where patients interact with trained staff using
webcams and voice chat. This happens at a very
low bandwidth, using specialized data and video
compressing software. The patient is charged a
nominal amount by the kiosk operator for the
internet usage. Patients are not provided com-
plete treatment through this approach, due to
the quality of the images received, but adequate
guidance is given regarding further management.
This way more patients access a medical doctor,
rather than ignoring the problem or using native
medicine, which often compounds the problem.
Kiosk centers are becoming an acceptable ap-
proach in rural areas as they help patients over-
come vital barriers, such as inaccessibility, fear,
loss of wages, and lack of support from people
who accompany them. These kiosk centers also
provide health education, creating awareness
through the content developed and uploaded on
the web by Aravind. Currently Aravind is work-
ing with more than 60 such kiosks that link with
Aravind centers. In 2004 alone, 1,170 patients
accessed rural kiosks seeking eye care services;
of this group, 920 patients were asked to come to
a base hospital for further treatment. As a result,
sixty-five patients underwent cataract surgery at
Aravind Eye Hospital who would not otherwise
have done so if such a facility was available.

20.2.3 Business Model

These centers are promoted by n-Logue, a rural
Internet service provider who identifies a local
person who has the acumen to run this program.
Setting up a kiosk requires less than 1,000 USD
for connectivity, a desktop computer, and other
accessories. These kiosks need to earn between
70 and 80 USD per month to break even, which
in a village of about 1,000 people translates
roughly to seven or eight cents per person per
month. At this price, services are affordable to
the rural populace [2].
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Fig. 20.1. Process at the Internet kiosk
center
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Patient entry

Tele-consultation (through Internet connection) with
the ophthalmologist in base hospital

.

Reception of treatment advice

20.2.4 Secondary Care: Taking Eye
Care to the Doorsteps
of Rural Populations through
Vision Centers

Setting up eye care services in vision centers with
Internet connectivity at a low cost is increasingly
becoming an option that will better reach the ru-
ral and remote population at the right time. This
service is further aimed at changing the passive
health seeking behavior of the rural population.
The objective of vision centers (Fig. 20.3) is
to provide secondary care through well trained
ophthalmic assistants. These centers are always
connected to an Aravind center through low In-
ternet bandwidth and webcam, which has last
mile connectivity by wireless local loop, and

Refer to the nearby Aravind
centre

provides access to quality eye care for the rural
population. The bandwidth available through
this technology is around 36.5 kb/s, and the
compression software used enables video chat
requiring just 14-19 kb/s of bandwidth. Patients
interact directly with doctors at the hospitals
over video chat, who then give appropriate con-
sultations (Figs. 20a and 20b). Patients are only
asked to go to the hospital when interventions
such as surgery, or examinations for specialty eye
problems are required.

This model is a cost-effective way of providing
eye care services in rural areas. It also facilitates
easier access to eye care services that otherwise
would have required travel and loss of wages to
the patient and accompanying persons.

Fig. 20.2. a Patient from Vision center Ambasamuthiram village speaking to the b Medical Officer, Aravind Eye Hos-

pital
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| Examination by the paramedical staff

Tele-consultation (through Internet connection) with
the ophthalmologist in base hospital

v

| Reception of treatment advice |

Needs further
treatment

Fig. 20.3. Process at the Vision center

Refer to the Aravind
centre, Theni

20.2.5 Advanced Screening
on a Mobile Unit

Today teleophthalmologyapplicationsare notjust
confined to a specific location, they have become
mobile through advances made in space technol-
ogy. VSATSs are increasingly used to connect to
health care facilities from a remote location. The
ISRO has taken proactive steps to provide free
satellite connectivity to health care organizations
whose only objective is to reach remote areas.
Today remote areas in the northeast, Himalayas,
and Island States like Andhaman Nicobar are
connected to tertiary care centers through this
satellite connectivity using VSAT.

20.2.6 Set-Up

Outreach screening using a mobile van (Figs.
20.4a and 20.4b) with adequate infrastructure
(in terms of ophthalmic diagnostic equipment
and VSAT connectivity) is best suited for screen-
ing and improving awareness of eye problems
such as diabetic retinopathy and glaucoma. The
mobile van at Aravind is equipped with a Top-
con non-mydriatic fundus camera (NW100) and
a Topcon SLD7 digital slit lamp. Provisions are
made for teleconsultation by video conferencing
as well. The mobile van is managed by an oph-
thalmic technician who handles patients, and a
technician who handles VSAT operations.

Fig. 20.4. a Mobile van for advanced screening b Trained ophthalmic technician taking a retinal image in the mobile
van
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The mobile van, which is currently used to
screen for diabetic retinopathy, operates by go-
ing to collection points, such as a physician’s of-
fice. The local diabetologists give appointments
to their patients on a particular day when the
mobile van is deployed to carry out screening
for diabetic retinopathy. The ancillary eye care
worker in the van takes digital fundus images us-
ing specialized software. These images are sent to
the reading center located at the main Aravind
Eye Hospital using VSAT connectivity. The size
of each still image is around 6 MB and takes 6 full
minutes to send to the reading center. Here the
severity level is graded and management options
are generated by trained graders using special-
ized software. A report is sent back to the mobile
van containing the graded results and suggested
treatment protocol within an hour. This report
is printed for the patient, who is then counseled
about the eye condition. If necessary, teleconsul-
tation can be done through video conferencing,
where the doctor can directly interact with the
patient.

This system instills confidence both in the re-
ferring diabetologists as well as in the patients,
who are given comprehensive tertiary care treat-
ment. Between June to December 2004, 1,181
diabetic people were examined, and of these 237
(20.1%) had diabetic retinopathy. In this group,
105 (44.3%) were diagnosed for the first time.
The mobile van has made screening for these
diseases easier without the need for the specialist
to travel.

20.3 Tertiary Care: Extending Tertiary

Care to Remote Areas

Teleophthalmology allows a general ophthal-
mologist in a smaller setting to seek opinions
from a specialist for a complicated condition. It
also becomes a powerful learning tool to manage
similar cases in the future.

The consultations can happen in two modes—
live or store-and-forward. In our experience,
we find the need to do live consultations is very
low. As ophthalmic diagnoses are usually image-
based, it is often enough to get the case history
bundled with the relevant images and sent to the
expert for an opinion.

Chapter 20

20.3.1 Live Consultation

The hardware requirement for live consultation

increases the cost of this mode. Basically, the

equipment needed are:

== QOphthalmic: video slit lamp, fundus camera,
and a video indirect ophthalmoscope

== Communications: video conferencing equip-
ment, ISDN lines, and a computer

It is very important to have a minimum of
384 kb/s of bandwidth to view the ophthalmic
images (moving) clearly in this mode. Here
again, the consultants have the option of stor-
ing an image and viewing it and the resolution
is not lost. The advantage of this mode is that the
experts can directly interact with the patients
and the referring doctors, to clarify any doubts
instantaneously.

Disadvantages include (1) coordinating the
appointment between the two sides, (2) expense,
(3) time consumption, and (4) dependency on
bandwidth availability, which may not be avail-
able in all locations.

20.3.2 Store and Foreward
Consultations

The store-and-forward mode is more useful be-
cause it is easily accessible, does not depend on
bandwidth, both parties can view, send in their
own time and it is less expensive. Since in oph-
thalmology emergency situations rarely arise,
this mode becomes more practical.

There are many Web-based programs avail-
able for store-and-forward teleconsultation.
Aravind has developed and deployed software
called eyesTalk that is Microsoft Dot-Net based,
making it easier to use. Since the software resides
locally in the respective servers, Internet connec-
tivity is required only while sending or receiving
the electronic case sheets.

Entering the data and images to the case sheet
can be done off-line, unlike Web-based programs
where data entry can only be done on-line. It is
designed so that a referring doctor (called the
client) can send data to a hospital (called the
provider) after a licensing process is given by
the provider. The doctor can send data directly
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to any department (retina, uvea, etc.). Once the
case sheet is received at the specialist’s end, in the
specific department required, an alert is given to
the specialist for consultation. This almost acts as
an electronic medical record, and has provisions
to seek opinions or transfer the case sheet to
other sub-specialties in the system. If required,
an external opinion can also be obtained from
other centers without having to deploy the soft-
ware externally.

20.4 Setting up Teleophthalmology
in Developing Countries

Today many health care organizations across the
world are developing telemedicine systems that
meet their needs. Much should be attributed to
the rapid strides witnessed in the technology,
both in health care and in information technol-
ogy (IT). However a careful analysis for a sus-
tainable solution is required while proceeding
toward a structured teleconsultation process.
Teleophthalmology may in fact have a more pro-
found impact in developing countries than de-
veloped countries, if implemented appropriately.

20.4.1 Considerations

The following subsections address some issues
that need to be considered when setting up a
teleophthalmology unit.

20.4.1.1  Choosing the Technology

The availability of the communication network
very often determines the technology used. In
teleophthalmology, the diagnosis is dependent
on the quality of the images, so it is very im-
portant to have enough bandwidth when in live
mode. It is necessary to have a minimum of 384
kb/s of bandwidth to view a good quality video
image. In store-and-forward mode it is enough
to have reliable Internet access, which is now
becoming readily available in all countries. The
store-and-forward mode of teleconsultation is
the best mode to seek consultations. It requires
less bandwidth and hence a lower investment.

Chapter 20

20.4.1.2 Imaging in Ophthalmology
With the advent of digital imaging systems, it has
become easier and cheaper to acquire ocular im-
ages. Currently a range of imaging equipment,
both low-end and high-end in terms of cost and
quality, is readily available. The user can choose
based on the available budget. Work is continu-
ing to further reduce the cost of equipment, mak-
ing it more accessible. It is important to know if
the equipment complies with the standards set
for image transmission such as Digital Imaging
and Communications in Medicine (DICOM).

20.4.2 Protocols and Systems

Considering the paradigm shift occurring in the
way eye care is provided, developing and imple-
menting appropriate protocols is important to
ensure effective utilization of this technology.
This applies to any level of teleconsultation, be
it primary care or tertiary care. We have devel-
oped structured protocols and systems for each
level of care. This help to maintain and track the
system. The protocols helps to define the respon-
sibility of all involved, and the systems define the
process. For example, in primary care it is help-
ful to have a structured questionnaire to capture
relevant patient information.

20.4.2.1 Security

It is very important to safeguard the security of
patient information, particularly as the informa-
tion is sent over the Internet. At present, there are
no appropriate laws in developing countries such
as India to facilitate this process. Regardless, it is
possible to comply by following equivalent laws,
such as those delineated in the Health Insurance
Policy and Accountability Act (HIPAA) in the
United States.

20.4.2.2 Sustainability

The idea to seek consultations through teleoph-
thalmology is relatively new. A considerable in-
vestment has been made to provide teleconsul-
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tations in terms of equipment, manpower, and
other resources. At present, we are still develop-
ing this concept as an acceptable mode. But like
any other service, teleophthalmology services
should eventually become sustainable for both
the clients who seek services and for the service
providers who offer such services. It will be nec-
essary to develop appropriate payment proto-
cols.

20.5 Conclusion

In view of a developing country’s immense need
to deliver quality eye care service, teleophthal-
mology clearly emerges as an alternate service

delivery model, that will ensure accessibility to
quality eye care for rural and remote populations.
To ensure the successful adaptation of this tech-
nology, sustainable and affordable models should
be developed. The immediate challenges of costs,
security and protocols should be addressed by
policy makers to ensure effective adaptability of
the technology.

References

1. Li HK (1999) Telemedicine and Ophthalmology.
Surv Ophthalmol 44(1):61

2. Ashok J, et al. (2004) The story of a Rural Service
Provider in India. Commun Info Res Net 1:1:32-40



Chapter 21

An Overview of Telemedicine
Technology in the Russian Countries

Nikica Gabri¢, Petar Rastegorac

This chapter addresses the following

Key Concepts:

B Russian telemedicine has been shaped
by the space program, and is largely
driven by problems with access to medi-
cal expertise in rural areas.

B The Russian Republic and all of the
former Soviet states have weak telecom-
munications infrastructures, and do not
have the capital resources to improve
this situation, although several new
networks are under development.

B Development of telecommunications in-
frastructure is crucial for the advance-
ment of telemedicine.

[l The two major factors determining
growth over the next few years are
whether the federal government truly
decides to commit to health care as a
national priority, and whether the tele-
communications infrastructure is de-
veloped enough so that it can adequately
support reliable, timely transfer of large
amounts of medical data.

21.1 Background Information

Telemedicine began in the 1960s when the Na-
tional Aeronautics and Space Administration
(NASA) studied the physiological changes of
astronauts during their space journeys. NASA
scientists demonstrated successfully that physi-

21

cians on earth could monitor physiological func-
tions, such as blood pressure, heart rate, and
body temperature of astronauts in space. Other
early experiments also demonstrated that it was
possible to undertake remote diagnosis through
transmission of medical data [1].

21.2 Existing Teleophthalmology

Technology and Digital Imaging
in Russian Countries

There are some interesting similarities between
Russian and United States (US) telemedicine.
Both have grown up with and been shaped by
the space program, and both are to a great ex-
tent driven by serious problems about access for
medical consumers to medical expertise in rural
areas.

The technology developed for transmitting
medical information from space stations and
spaceships to earth was used extensively after the
Armenian earthquake of 1988, and after the Ufa
gas pipeline explosion in 1989, in which many
people were injured. Currently the Russian Cen-
ter for Space Biomedicine (which is in fact a tele-
medicine center), Moscow State University, and
the Institute of Medical Biological Investigation
are collaborating with NASA through an agree-
ment by the Gore-Chernomyrdin Commission.
Among other things, this collaboration includes
the creation of several Silicon Graphics work-
stations for medically related video sessions be-
tween hospitals in Russia and the US.

21.2.2 Infrastructure

The Russian Republic and all of the former So-
viet states have weak telecommunications infra-
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structures, and do not have the capital resources
to improve this situation. In 1992, an American
financier donated 100 million USD to support
science in the countries of the former Soviet
Union. One of the outcomes of this has been
the development of a university-based Internet
project, charged with creating a new generation
of Internet users. The first University Center
opened in June 1996 in Yaroslavl, the second will
open soon in Novosibirsk. In all, 32 regional uni-
versities will be linked.

21.2.3  South Moscow Supportive

Network

The South Moscow Supportive Network (SMSN)
is also being upgraded to fiberoptics, and will
support 100 Mb/s transmission. The SMSN is es-
sentially a Wide Area Network (WAN) that pro-
vides Internet access and computer networking
for leading medical, scientific, and educational
institutions in Moscow and St. Petersburg.

The SMSN is currently a hybrid network con-
sisting of four data channels. Two of these oper-
ate via satellite, which allows very high through-
put but suffers problems with dependability and
delay in signal passage; the other channels are
land based.

Access to the SMSN trunk is via regular phone
lines or via ISDN lines for higher-end users. An-
other network under development is the Russian
University Network, financed by the Ministry of
Science, that will presumably link with and ex-
tend the SMSN [2].

21.3 Low- and High-End Applications

The Russian telemedical community feels strong-
ly that development of telecommunications in-
frastructure is crucial for the advancement of
telemedicine. Not only does it support low-end
telemedicine applications such a Web-based
medical education, still image archiving, and dis-
tribution for modalities (such as telepathology,
and transmission of medical records), it also (1)
raises professional and public awareness of the
potential contribution of telecommunications to
patient care, and (2) opens the gates to perceiv-

ing the potential of high-end applications such as
interactive teleconsultations. Many Russian tele-
medicine applications are now POTS-based, but
even that is hampered by the fact that the quality
of many of these lines is poor, and cannot reli-
ably support high speed, unbroken modem data
links.

21.4 Satellite-Mediated Applications

Satellite-mediated applications that have been
piloted in Russia include international case con-
ferences via the International Telebridge. These
have typically run at 128 Kb/s, and have linked
the Department of Medical Science at Moscow
State University to Baylor College of Medicine
(Houston, TX) in the US, and to the University
Hospital of TromsZ in Norway. Other links have
been to telemedicine centers in Moscow, Novo-
sibirsk, and Ekaterinburg.

21.4.1 Challenges
While screen resolution for these conferences
was high, the low bandwidth made for poor
motion handling, and satellite transmission de-
lays of up to 3 seconds made true interactivity a
challenge. The screen resolution of transmitted
radiographs and pathology slides appears to be
adequate, at least for teaching purposes.
Elsewhere throughout the countries of the
former Soviet Union, telecommunications and
telemedicine infrastructure is being supported
by the American International Health Alliance,
which has the mission of improving ties between
medical systems in the US and in the newly in-
dependent states. For example, in the past year
there have been eight teleconferences between
the Boston University School of Medicine in the
US, and hospitals in Yerevan, Armenia, using
Winrad technology and VTEL (VideoTelecom)
equipment.

21.4.2 Local and International Links

A regular link that has been established between
Arkangelsk Medical Academy in northwestern
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Russia and Tromso Regional Hospital in north-
ern Norway, uses regular phone lines and mo-
dems, as well as periodic higher-bandwidth digi-
tal links. This has been used both for patient care
and for teaching. Telemedicine in this extremely
northern part of Russia is seen as a high priority,
because of the high costs of transporting patients
for specialty care, especially in winter.

On a more local level, the Moscow office of
Paragraph International is developing a new
kind of cardiac monitor which enables electro-
cardiogram transmission over regular phone
lines directly from patient homes, using palm-
top computers.

21.5 Significance of Telemedicine

An indicator of the perceived importance of tele-
medicine in Russia is the development of a new
curriculum and specialization in telemedicine at
the Arkangelsk Medical Academy.
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Russian telemedicine is at an important cross-
roads. The need is clear, and professional enthu-
siasm is high. There are two major factors de-
termining growth over the next few years: first,
whether the federal government truly decides to
commit to health care as a national priority; and
second, whether the telecommunications infra-
structure is developed to the point where it can
adequately support reliable, timely transfer of
large amounts of medical data.
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Chapter 22

Teleophthalmology in Lithuania

22
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This chapter addresses the following

Key Concepts:

I A telemedicine center was established at

Kaunas University of Medicine in 2002,

to initiate and guide telemedicine devel-
opments in the university and across the
country.

B Infrastructure is oriented toward tele-
consultations and second opinions for
clinical practice, distance education of
medical staff and the general popula-
tion, creation of international medical
databases, and research.

M An Internet web site and Internet-based
distance education course have been
created to facilitate training of medical
students and general practitioners.

I The telemedicine center took part in a
massive casualty training exercise, re-
sponding in conjunction with civil and
multinational military medical person-
nel to a simulated train crash.

[l Diagnostic information systems and
decision strategies are being developed
for clinical decision support.

22.1 Introduction

Modern technologies are widely used for the
early diagnosis and prevention of disease. The
resolution of the minister-level conference and

exhibition held in Brussels, European Union
(22-23 May 2003) urges the consolidation of all
information technology (IT) of experts and pro-
fessionals, to assure the availability of the highest
quality telemedicine health care to all European
Union (EU) residents [1].

Information technologies give an opportunity
for early diagnosis, treatment, and permanent
patient follow-up (home care). The mission of
the information society is to serve the people, to
make life easier and, of course, the highest prior-
ity is meeting peoples’ vital needs. Human health
is not only a vital need, it affects national wealth
as well [2].

22.1.1 Teleophthalmology as Priority

Teleophthalmology takes priority in this field:
ophthalmological diagnosis is usually based on
evaluation of anterior eye segment and fundus
images. Digital fundus image processing is very
helpful for the early diagnosis of diabetic reti-
nopathy, hypertensive retinopathy, atherosclero-
sis, and in laser ocular surgery.

The main ophthalmic services in Lithuania
are predominantly concentrated in the two big-
gest cities: Vilnius and Kaunas in particular,
where the Hospital of Kaunas University of Med-
icine and the Kaunas University of Technology
are located. These institutions carry most of the
human and technical resources and provide the
widest and most sophisticated services in Lithu-
ania. In rural areas eye care is limited to the basic
diagnostic and therapeutic levels due to a lack of
appropriate equipment and experience of local
personnel.
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22.1.2 Challenges

The increase in mean life duration increases the
number of visually impaired and blind people.
Patients, predominantly the elderly, are some-
times forced to travel long distances to centers
of ophthalmology, due to minor problems with
their eyes.

In addition, the costs of medical services in-
crease rapidly, diagnostic possibilities lag behind
West Europe, and Lithuanian medical reform
has just begun.

22.1.3 Collaborative Effort

Teleophthalmology in Lithuania started through
a collaboration between Kaunas University of
Medicine and St. Erik Eye Hospital in Stockholm
(Sweden) in 1997. A video conference between
the Eye Clinic of Kaunas University of Medicine
and the International Telemedicine Conference
in Visby, Sweden, was held in 1998. The first
Lithuanian-Swedish telemedicine project, Lit-
med 1, connecting the medical societies of Swe-
den and Lithuania, was founded in 2000 after
these presentations.

The Litmed 1 project started in three cities:
Kaunas, Lund and Stockholm, and which in-
cluded two medical specialities: ophthalmology
and otorhynolaryngology. The participants in-
volved in this project were: St. Erik Eye Hospital
(Stockholm, Sweden), Lund University Hospi-
tal (Lund, Sweden), Tieto Enator AB (Sweden),
Euromed Networks AB (Stockholm, Sweden),
Kaunas Medical University Hospital (Lithuania)
(Fig. 22.1), and Kaunas University of Technology
(Lithuania) [3, 4].

The infrastructure for common Swedish-
Lithuanian networking has been established un-
der the framework of this project.

22.2 Telemedicine Center

Telemedical infrastructure has been utilized for
the creation of high quality medical image data-
bases, and the development of clinical routines,
teleconsultations, second opinions, distant edu-
cation and clinical decision support (Fig. 22.3).

As a result of our telemedicine activities, a Tele-
medicine Center of Kaunas University of Medi-
cine (Fig. 22.1) was established (tmc.kmu.lt) in
2002 [4, 5].

22.2.1 Goals

The aim of the telemedicine center are to initiate,

guide and introduce the politics of telemedicine

development in the University and across the

country, and to prepare relevant recommenda-

tions for health care institutions and government

institutions.

These include the following:

== To provide methodical leadership for the
application of telemedicine technologies for
medical diagnostics, consultation, monitor-
ing, and scientific investigations in all stages
of the undergraduate and postgraduate stud-
ies, and to coordinate them

= To search for programs and sources of fi-
nance that stimulate the development of tele-
medicine

== To organize sessions and conferences on tele-
medicine

== To organize and participate in national and
international telemedicine and e-health proj-
ects

22.2.2 Patient-Oriented IT Solutions

Analysis of the problem showed the novelty of
these ideas in a world-wide context. All avail-
able teleophthalmological experience was gen-
eralized in the NetLit project and realized by
the Telemedicine Center of Kaunas University
of Medicine and Kaunas University of Technol-

ogy.

22.3 Infrastructure

The organizational and technical infrastruc-
ture for e-health in Lithuania, and for network-
ing with foreign countries, was prepared in the
Kaunas Medical University Hospital. Initial
connections were made using ISDN between
Kaunas Medical University Hospital, St. Erik Eye
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Fig. 22.1. Location of Tele-
medicine Center of Kaunas
University of Medicine

Hospital, Lund University Hospital, and Uppsala
University in Sweden.

The infrastructure created was oriented toward:

== Teleconsultations and second opinion for
clinical practice

== Distant education of medical staff and the
general population in Lithuania, using the
existing distance education facilities of the
telemedicine center

== Research and creation of international medi-
cal databases, and information exchange
on both medical and technological fronts

The Telemedicine Center of Kaunas University
of Medicine has rooms available for small (~10
people) and big (~140 people) video conferences
(Fig. 22.2)

The teleophthalmology service infrastructure
(Fig. 22.3) consists of the following items:
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== Computer net (one server, six computers)
Telemedicine workstation Eurotel I with Zyd-
acron video conferencing board: codec Z360
and ISDN communications Z280, two Sony
EVI-D3 robot video cameras, framegrabber,
video switcher
== Slit lamp Topcon SL8Z with Sony 3 Charge
Coupled Device (CCD) camera attached
= Digital fundus camera Canon C60UVi
(6.3 megapixels)
== Ultrasound diagnostic equipment (Mentor
Advent AB system)
== Video connection by three ISDN lines
(384 kb/s) or IP

The infrastructure includes software for:

== Video conferencing - Zydacron OnWan

== Image and database management — Olympus
Migra (Euromed AB, Sweden). Migra is a
software client with high-resolution picture
grabbing, live picture/voice (30 frames/s),
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Fig. 22.3. The system for teleophthalmology service

e-mail with compression functions, mi-
croscope measurement White Board (live
pointing and writing in the same picture)
and database storage (Open DataBase Con-
nectivity). Transmission of pictures during
a video conference session is possible (dy-
namic bandwidth)

Image management, processing and video
conferencing - MediPas. Medipas is MS
Windows Multiple Document Interface
based software for image management and
on-line telemedicine applications. It con-
tains a module for image acquisition includ-
ing a standard interface and Matrox Meteor
framegrabber. Images can be opened from
multiple picture formats or grabbed from

information. There are two database man-
agement systems supported: local database
(MS Access based) and a central database
(MS SQL server). The data entry forms and
user interface are easily customizable by us-
ers. The high performance hardware video-
codec Zydacron 360 is integrated in Medipas
to achieve the best video and audio quality in
on-line telemedicine applications. When vid-
eo conferencing hardware is not available, the
integrated software based video codec can be
used. The video conferencing session allows
sending and receiving of images, synchroni-
zation of desktops, drawing on the image and
adding the drawings into the database [8, 9]

analog and digital sources into a temporal This system is connected with the databases via
high speed buffer, into a workspace or di- LAN, ISDN and IP for international networking
rectly into a database. The database mod- (Fig. 22.4).

ule is for storage of images and related text
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The technical possibilities for storing, pro-
cessing, and accessibility (data exchange) of
ophthalmological information, and for the
creation of multi-objective analyses based on
clinical decision support strategies have been
established.

22.4 Distance Education

Distance education in ophthalmology started
with live lectures between St. Erik Eye Hospital
in Stockholm and Kaunas Medical University
Hospital in Lithuania in 2002. This experience
allowed us to develop new distance educational
programs in ophthalmology.

As a first step, the web site titled Digital Oph-
thalmology - Information System for General
Practitioners (Fig. 22.5) in English and Lithua-
nian, sponsored by the Open Society Fund Lith-
uania (bmii-www.tef.ktu.1t:8081/unrs/akys), was
created. The web site has been created in order to
promote and facilitate consulting and training of
medical students and general practitioners. The
web site contains a diagnostics-focused database

Transducers
7,5;12,5; 15 MHz
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built on differential diagnostic tables with com-
prehensive visual information (biomicroscopic
and ophthalmoscopic images). All visual materi-
als are original and are stored in the telemedicine
center of Kaunas University of Medicine and the
Institute of Biomedical Engineering of Kaunas
University of Technology. The internet applica-
tion for this site is based on Java Servlet tech-
nology, using the Velocity template engine and
Tomcat Servlet container [10, 11].

An internet-based distant education course
for general practitioners, including a dictionary
and films on Eye Diseases for General Practitio-
ners (72 h) was prepared in Lithuanian in 2004
(Fig. 22.6). It consists of the following topics:
== Acute painless visual loss (18 h)
== Red eye (18 h)
== Eye and systemic diseases (18 h)
== Eye trauma (180 h)

The program has been approved by the Lithua-
nian Ministry of Health as a continuing medical
education (CME) program.

Each course, which is held two times per year,
is available for 15-20 general practitioners; and

Eye Fundus Slit lamp
A scan radiofrequency Camera Topcon
A signal Canon SL8Z
UltrasonicA/B |~ Digital C60UVi
Scan Mentor Oscilloscope
Advent Tektronic 220
USB S video
S Video l l RS 232
PC Telemedicine Work Station
Videocard “Miro Video PCTV”, LAN Eurotel
software VidCon 32
Software Wawe Star p

Data base MediPas

Fig. 22.4. Structure of the teleophthalmological system

Data bases MediPas,
Migra

LAN, ISDN, IP T

Videorecorder
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about 20 cities are connected (multipoint) to this
source.

22.5 Teleconsultation
and Second Opinions

International consultations started in 2002. The
main ophthalmological pathologies include
eye trauma, ophthalmic oncology, ophthalmic
pathology, pediatric ophthalmology and rare
diseases.

The use of existing infrastructure in the tele-
medicine center allows live (on-line) and delayed
(off-line) international distance ophthalmologi-
cal consultations. Live consultations, are more
expensive and used for urgent situations only.
Use three ISDN lines (384 kb/s), with direct
transmission of images from a slit lamp Topcon
SL8Z to the consulting site.Off-line consultations
are more frequent, using anterior segment or eye
fundus images transmission via the Internet.

22.5.1 Possibilities re Telemedicine
Use in Massive Casualties

Situations

The facilities at the telemedicine center of Kaunas
University of Medicine (tmc.kmu.lt) allow for
live (on-line) distant consultations from high-
level medical specialists to rural areas. In order
to expand the use of distant consultation facili-
ties, telemedicine can be applied to mass casualty
events, decreasing the geographical isolation of a
casualty location.

22.5.1.1 RESCUER/MEDCEUR Project

On 23-28 July 2004, the Telemedicine Center
took part in a RESCUER/MEDCEUR project
exercise. RESCUER/MEDCEUR 2004 is a Unit-
ed States Army and Europe-led exercised called
In the Spirit of Partnership for Peace; it was de-
signed to train US, NATO, and Partner nations,
to respond to a disaster relief/mass casualty situ-
ation. Three hundred and twenty soldiers from
12 countries, namely Lithuania, Armenia, Azer-
baijan, Bulgaria, Estonia, Georgia, United States
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of America, Croatia, Latvia, Moldova, Romania,
and Ukraine, took part in the RESCUER/MED-
CEUR 2004 exercises, alongside six observers
from the Netherlands, Poland, Luxemburg, and
Germany.

The telemedicine center used appropriate
telecommunication devices (Satellite, ISDN, IP)
to help coordinate the joint activities of civil and
multinational military services in critical situa-
tions, such as mass casualty events. ISDN lines
and IP radio connections (Fig. 22.7) were used.

22.5.1.2 Simulated Emergencies

On 28 July, the final and most intensive day
of the anti-terrorism drills, the multinational
force of medics at the Kairiu Training Range in
Lithuania reacted to a large mass casualty event
- treating hundreds of victims from a simulated
train crash. The Telemedicine Center arranged
live, direct, high-level medical multispecial-
ist teleconsultations between Kaunas Medical
University Hospital and the crash location. The
most complicated initiated cases of eye trauma,
neurosurgical trauma, maxilloface trauma and
traumatic amputation of limbs were evaluated
and selected by Kaunas Medical University Hos-
pital specialists at the event location using tele-
medicine facilities. All those cases were then
transported to Kaunas and Vilnius Universities’
Hospitals by helicopter (200 and 300 km from
the event location) [12].

The use of existing telemedicine infrastruc-
ture highlights the military medical personnels’
capability to provide medical services for casu-
alties, as well as their ability to cooperate with
civil institutions during rescue operations. These
results show that the existing telemedicine infra-
structure needs further development into an In-
ternational Integrated e-Health Network for very
fast international exchange of medical informa-
tion, remote consultations of specialists from the
world’s best civil and military medical centers in
emergent, large mass-casualty events and distant
education.
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22.6 Clinical Decision Support

The program titled, Information Technologies
for Human Health: Clinical Decision Support (IT
Health), which is supported by the Lithuanian
State Science and Studies Foundation, started in
2003. Participants included the Kaunas Univer-
sity of Medicine, Kaunas University of Technol-
ogy, and the Vilnius Mathematics and Informat-
ics Institute. The proposed project aims are to
combine the efforts of experts and researchers
from both areas to improve health care quality,
by focusing attention directly on the needs of the
patient and the physician in supporting them for
individual patient diagnostic decisions.

The objectives and tasks of the project are ori-

ented into two interrelated clusters:

1. Development of clinical decision support
strategies, based on multi-objective analysis
methods using pilot databases of medical im-
ages and signals, and telemedicine networks.

2. Development and evaluation of information
systems for making preventive clinical deci-
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sions to decrease the risks of disability-caus-
ing diseases

One of the most important tasks is to evalu-
ate the qualitative and quantitative informative
parameters for clinical decision support, using
analog and digital analysis of nonlinear complex
systems, parameterization of ophthalmological
findings and images [13, 14].

Pilot databases of medical images and signals,
and telemedicine networks serve this purpose
(Fig. 22.8).

Development of IT technologies makes the
processing and systematization of large amounts
of different information, and assessment of the
subsequent data, possible.

The storing of ophthalmological images in
databases with integration to international tele-
medicine networks has been undertaken. The
data is used for parameterization (classification)
and training of the decision support algorithms.
Initially, ophthalmological image classification
by digital parameters and expert assessment
methods are developed.
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Fig. 22.8. Structure of distant
automated medical data
analysis

Clientn

Fig. 22.9. The ophthalmolo-
gist (user and expert) diag-
nostic-information system
for clinical decision support

PATIENT:
Complaints
History
Inspection data

Signals
Images

The sequence of eye fundus image parameteriza-
tion, following the logical eye fundus examina-
tion assessment, established:

1. Parameterization of the optic nerve head
Parameterization of the retinal focuses (de-
rivatives)

3. Parameterization of the retinal blood vessels

Examination data
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22.7

Future Development

The direction for future development and ad-
vancement of IT methods (mathematical meth-
ods, algorithms, computer network decisions)
helping in the formation of preventive and
clinical decisions were also developed (Fig. 22.9)
[14-17].

The connection between the ophthalmologist
(user and expert) and the diagnostic informa-
tion system for clinical decision support is based
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on the storage of patient data in a high capac-
ity ophthalmic and cardiologic data and digital
image base. After classification processing and
parameterization, the clinical and experimental
data will be stored and used for the creation of
new multi-criteria decision strategies for analyz-
ing patient-population data and the creation of
ophthalmological clinical decision support, with
links to internet information (e-library). The
ophthalmologist then makes a final diagnostic
decision.

According to our experience in developing
the infrastructure in Lithuania, a world-wide
teleophthalmology network could be created.
Development of telemedicine services in Lithu-
ania has great importance for the Lithuanian
health care system, as there is great potential to
reduce preventable disease, improve the quality
of health care and increase the professionalism of
doctors by using distant training, consultations
with modern telemedicine techniques and clini-
cal decision support.
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Chapter 23

Teleophthalmology in Japan

AKkitoshi Yoshida

This chapter addresses the following

Key Concepts:

[ Asahikawa Medical College has devel-
oped new standards in highly com-
pressed, high quality, three-dimensional
streaming video transmission to meet
the demands of ophthalmological medi-
cal treatment.

¥ International telemedicine conferences
have been developed between Asahika-
wa Medical College and Harvard Uni-
versity, and lectures have been broadcast
between Asahikawa Medical College
and the Affiliated Hospital of Nanking
University.

B These and other teleophthalmology
developments are discussed in detail.

23.1 Introduction

As the only telemedicine medical center in Ja-
pan, Asahikawa Medical College is presently
developing a revolutionary and innovative form
of medical practice. The following summary of
our efforts span the past 12 years, during which
time we have attempted to define telemedicine
research in the field of ophthalmology.

In 1994, Asahikawa Medical College Depart-
ment of Ophthalmology was the first in Japan
to successfully transmit moving images through
the transmission of video footage. A system was
constructed between the ophthalmology unit at
the Yoichi Association Hospital and the Depart-
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ment of Ophthalmology at Asahikawa Medical
College by incorporating transmission signals
over a distance of 200 km. Color video sequences
were transmitted via a single InterNet communi-
cation Settings (INS) Net 64 ISDN line.

The following year, with the cooperation of
Panasonic Corporation, our present system of
telemedicine, using an INS Net 1500 ISDN op-
tical fiber line, began delivering full-speed, full
quality, 30 frames per second streaming video.
The system transmits via Nippon Telephone and
Telegraph’s INS Net 1500 line (1.5 Mb/s) and
then the images are converted via a codec device.
Utilization of this telemedicine system in the field
of ophthalmology has made it possible to sup-
port remote diagnosis and operations. Following
our efforts in Yoichi, Kushiro, Sapporo and other
cities, the telemedicine system has continued to
expand (Figs. 23.1 and 23.2).

In 1996, the first practical use of an interna-
tional network was achieved when communi-
cations were set up between the Department of
Ophthalmology at Asahikawa Medical College

Fig. 23.1. Asahikawa Medical College’s Department of
Ophthalmological Medicine
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Fig. 23.3. First real practical demonstration of on-line
visual transmission

and the Stephens Eye Research Institute at Har-
vard University’s Faculty of Medicine (Figs. 23.3
and 23.4).

During the conferences, discussions regarding
diagnosis and treatment methods were discussed,
as well as live surgery in real-time for both par-
ticipants. For the innovation of this system, we
were awarded the Governor’s award by Governor
William E. Weld of the State of Massachusetts, as
well as the Global Interoperability for Broadband
Network award, which was chosen during a G7
Summit Meeting in 1994 (Fig. 23.5).
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23.2 Recent Activities

Between 1997 and 2002, we established a re-
search laboratory, and built a collaborative re-
search, manufacturing, and administrative proj-
ect team. We also developed high standards in
technological advancement that were aided by
the transmission of highly realistic, solid, three-
dimensional images to meet the demands of
ophthalmological medical treatment (Fig. 23.6).

Using an ophthalmic surgical microscope and
our imaging techology, high-resolution images
have been acquired, stored, compressed, and
transmitted to distant sites. The result is a new,
highly-compressed, high quality, three-dimen-
sional, ophthalmological streaming video trans-
mission, based on a new compressed algorithm
concept. A fixed quantity method was used to
deal with block distortion caused by compres-
sion in the doctor’s “Region of Interest” (ROI),
which is an important feature of the compres-
sion algorithms. These high definition images
have opened up areas that could not previously
have been reliably done with telemedicine, such
as endoscopic surgery, receiving more medically
accurate diagnostic images, and medical treat-
ment and decision support.

In 1997, the international telemedicine
achievements for Tertiary Telemedicine (Asahi-

Asahikawa Medical College

— _( Ophthalmological Medicine Dept

)

Harvard University

Video source selector

optical transmission

r Conference
i
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Fig. 23.4. Regional ophthalmological telemedicine network system
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Fig. 23.7. History and practice of telemedicine at Asahi-
kawa Medical College’s Department of Ophthalmology

>
>
Fig. 23.5. Charles Schepens inspecting and testing the
telemedicine system at Asahikawa Medical College
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Fig. 23.6. Structure diagram of research and development

kawa Medical College/Harvard University/Nan-
king Hospital) was launched.

Conferences that were set up have aided all
participants in comparing and learning the lat-
est treatment techniques, and in undertaking re-
search on retinal diseases, particularly macular

algorithm research and
developement station J

facilities

disorders. Through these conferences, it is pos-
sible to hold discussions about the rapidly in-
creasing occurrence of eye diseases in Japan and
to provide an avenue for sharing ideas and the
latest information regarding ophthalmic condi-
tions (Fig. 23.7).
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NTT (INS Net 64/single line)

Asahikawa Med. College, Ophthalmology Dept.

Yoichi Assoc. Hospital

Successful in transmitting moving - image data, however quality of color, detail insufficient

NTT (INS Net 64/three lines)

Asahikawa Med. College, Ophthalmology Dept.

Successful in raising quality of transmitted images (15 fps.).

Asahikawa Takasagodai
Hospital,

Ophthalmology Unit

NTT (INS Net 1500/optical fiber)

Asahikawa Med. College, Ophthalmology Dept.

Development of telemedicine system using full quality

Asahikawa Takasagodai
Hospital,
Ophthalmology Unit

streaming video (30 fps) achieved.

International ISDN

Asahikawa Med. College, Ophthalmology Dept.

Schepens Eye Research
Institute, Harvard Uni.,

Faculty of Med.

Transmission of surgery video footage, video conferencing achieved.

International ISDN

Asahikawa Med. College, Ophthalmology Dept.

Schepens Eye Research
Institute, Harvard Uni.,

Faculty of Med.

Successful transmission of live video footage ophthalmological surgery,

and joint conferencing between US - Japan.

International ISDN

Asahikawa Med. College, Ophthalmology Dept.

Begin to hold conferences on monthly basis.

Schepens Eye Research
Institute, Harvard Uni.,

Faculty of Med.

International ISDN

Asahikawa Med. College, Ophthalmology Dept.

Asahikawa Takasagodai
Hospital,
Ophthalmology Unit, etc.

Schepens Eye Research Institute,

Harvard Uni., Faculty of Med.

Beginning of trilateral telemedicine
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23.3 Time Savings

With the advent of the international telemedi-
cine system, the burdens of time and cost have
been greatly reduced for both health provider
and patient. In 1998, international telemedicine
visual transmissions between Asahikawa Medi-
cal College’s Department of Ophthalmology, and
the Affiliated Hospital of Nanking University
of Traditional Chinese Medicine were initiated.
Transmissions and lectures on vitreous surgery
and refractive surgeries have been broadcasted
from Japan. The use of the excimer laser, with
many examples of operations for correcting my-
opia, has been transmitted from China.

23.4 Telemedicine Center and
New Models for Cooperation

In 1999, to further promote international tele-
medicine, the Starr Center for Scientific Com-
munications was opened at the Schepens Eye
Research Institute at Harvard University. Pres-
ently this center, along with Asahikawa Medical
College, is networking between city hospitals
in countries world-wide. Asahikawa Medical
College’s telemedicine center is also linked to 34
facilities within Japan and two facilities outside
Japan. It is a base working at full capacity on both
national and international levels (Fig. 23.8).

23.4.1 Inside Japan'’s

Telemedicine Center

In the center, four separate rooms have been set
up for streaming transmissions for sensory or-
gans (ophthalmology, ears/nose/throat), diag-
nosis, streaming video transmissions for pathol-
ogy diagnosis, streaming video transmissions of
computerized tomography, magnetic resonance
imaging, endoscopy, ultrasound images, electro-
cardiograms, and electroencephalograms, each
of which can also be transmitted. Telemedicine is
continually improving the transmission of close-
grained detailed images and streamlined videos.

Fig. 23.8. Asahikawa Medical College Telemedicine
Center

23.4.2 A Growing Network

In 2000, a network was set up that linked all di-
agnoses, procedures, and treatment rooms be-
tween Asahikawa Medical College and Nemuro
City Hospital by the telemedicine center. In
2001, using a fiberoptic line at 64Mb/s between
the Asahikawa Medical College operating rooms
and Sapporo-Kosei General Hospital, for the first
time ever in real-time, a three-dimensional oph-
thalmology operation was transmitted. Further-
more, a completely new educational method for
teaching surgical techniques was verified when
both hospitals simultaneously used virtual real-
ity technology (a vitreous surgery simulator) to
conduct a simulated operation.

In 2002, a peer-to-peer style information cor-
respondence network for research was initiated.
Research is being conducted with the peer-to-
peer network, particularly for medical images
for three-dimensional (high definition) image
compression transmission algorithms and three-
dimensional vision. This aims to integrate data
between telemedicine and electronic medical
records, which is the first such medical system
for the world. This national project is presently
receiving attention from the governmental U-Ja-
pan strategic initiative. In addition, in 2005, the
Asia Broadband framework also began. Asahika-
wa Medical College and Singapore National Eye
Center are trying to initiate three-dimensional,
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high definition international telemedicine be-
tween the two sites.

23.5 Goals

Asahikawa Medical College aims to become the
key center for telemedicine practice with research
and electronic medical records. We propose to
provide all people, no matter where they live, the
chance to enjoy the world’s highest standard of
medical treatment. Our goal is to make telemed-
icine ubiquitous and for it to spread throughout
all countries, allowing it to function smoothly.
In this regard, Asahikawa Medical College is
working as an information center, and is being

Chapter 23

actively progressive in thinking of new medical
treatment strategies for the future.
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Chapter 24

ORBIS Telemedicine: Cyber-Sight

24

Eugene M. Helveston, Mohan J. Thazhathu, Lynda M. Smallwood

This chapter addresses the following

Key Concepts:

B A DCI10 flying eye hospital conducts
programs of two to three weeks dura-
tion in developing countries.

[ Hospital-based programs are carried
out in countries that are visited by the
plane.

M Digital images and the Internet are used
to maintain contact between partners
and ORBIS doctors when the plane
leaves or when the hospital-based pro-
gram concludes.

M Teleconsultations are answered in hours
or days.

[l A variety of teaching programs are
available on the ORBIS web site.

[ Cyber-Sight intends to reach those
ophthalmologists and eye health care
workers with the biggest job and the
fewest assets.

24.1 Introduction

ORBIS is an international non-governmental
blindness fighting organization with a history
of more than 25 years working in the field. Its
programs are best known for their used of a Fly-
ing Eye Hospital (FEH), the first used a DC8 and
since 1994, a DCI10 aircraft fully equipped with

classroom, operating room, procedure room, re-
covery room, and appropriate support areas, in-
cluding a fully functional audio-visual studio.

Recognizing the need for more program con-
tinuity, in the past several years ORBIS has spon-
sored in country hospital-based programs (HBP)
in addition to the FEH. These HBPs have pro-
vided ORBIS the ability to reach many partners
and patients who are in need but who, because
of a variety of conditions, are out of reach of a
traditional FEH program.

24.2 FEH and HBP Programs

FEH programs, which usually last three weeks,
consist of three one-week sessions. HBPs usu-
ally last one week. Each are conducted by one or
several ORBIS volunteer faculty (VF) who carry
out patient evaluations while providing clinical
teaching, performing surgery (mostly for dem-
onstration and teaching purposes), delivering
formal lectures, and providing other services
requested by their partners as long as they fit
within the guidelines of ORBIS programs.

Both FEH programs and HBPS have over the
years delivered the ORBIS message effectively.
This message stresses teaching doctors, and to
some extent those they serve, about methods for
both treating and preventing avoidable blind-
ness. At the individual level, ORBIS programs
strive to meet the unique needs of each partner,
helping that person to be the best health care
provider they can be.
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24.2.1 Communication Challenges
These initial efforts notwithstanding, and
in spite of attempts to stay connected, some
ORBIS programs have been frustrated by the
lack of ongoing communication between part-
ners and ORBIS mentors. The challenge to con-
tinuity is apparent: an ORBIS VF works with the
FEH or arrives in a small group at a hospital or
clinic (HBP), carries out an intense program for
three weeks (FEH) or one week (HBP) and then
departs. The time spent by ORBIS VF working
with partners is effective in most cases, enhanc-
ing the professional development of partner doc-
tors. At the same time, ORBIS VFs experience
the satisfaction of giving. But no student can
learn everything there is to know in one week,
and no teacher can teach everything he or she
knows in one week. In addition, new techniques
and understanding are always on the horizon. It
became apparent something should be added to
in ORBIS programs. This something was effec-
tive communication between VF and partners
dealing with a variety of issues both carried over
from the ORBIS visit and newly arising.

24.2.2 IT: Communication Rx

This started to change during the 1990s with the
advent of effective communication that became
widely available through information technol-
ogy (IT). Thanks to digitization, text and images
can be transferred by wire and through space via
satellite, effectively joining partner and VF in the
practice of medicine and linking teacher and stu-
dent in the quest for knowledge.

24.3 ORBIS’ Program Development

The first ORBIS effort in what is now universally
referred to as telemedicine started in Havana
Cuba in 1998. During a one week HBP it be-
came clear that a week was woefully inadequate
to launch an effective pediatric ophthalmology
program at the Ramon Pando Ferrer Eye Hos-
pital. This was so in spite of an intelligent and
eager young staff serving a varied and challeng-
ing patient population. To overcome the obstacle

of having a pediatric ophthalmology/strabismus
clinic in Cuba and a teacher in the United States,
a connection was established using e-mail and
attached images. This technique immediately
proved effective. Several hundred consultations,
mainly dealing with strabismus, were carried out
successfully. The concept was tested initially for
accuracy of diagnosis. This validation began with
10 experts agreeing on the diagnosis of a dozen
patients presented through e-mail consultation.

24.3.1 Cyber-Sight

In addition a mentor visiting the Cuban clinic
demonstrated that the in-person evaluation of
15 previously examined patients matched the
on-line consultation. After this, the program ex-
panded to Bucharest Romania, Tirana Albania,
Kakinada India and Santo Domingo in the Do-
minican Republic.

Based on the success of the e-mail based con-
sultation program and recognizing the limita-
tions of using e-mail as the method of communi-
cation, a corporate partner was sought. ORBIS,
the most logical partner, adopted the program
fully and the unique brand of ORBIS telemedi-
cine, Cyber-Sight was established. This program
now utilizes a server based in Flushing, New
York. This server supports a unique format for
managing the patient consultation process and
also provides the framework for an extensive
educational program.

24.3.1.1 TheTeaching Modules:

E-Consultation

Cyber-Sightislocated on the World-Wide Web at
www.orbis.org. Once there, the home page is ac-
cessed by clicking on ORBIS telemedicine. From
there, three main choices are available. These are
E-Resource, E-Consultation, and E-Learning.
Two of these are teaching modules available to
anyone accessing the site. E-Consultation, avail-
able only to qualified partners, will be described
first.

E-consultation is the patient care link of Cy-
ber-Sight. It is offered free of charge to qualified
partners anywhere in the world. Most partners
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are selected after personal contact has been es-
tablished by means of an ORBIS FEH program or
HBP. This personal contact can occur as a result
of a partner application or it can occur during a
FEH or HBP encounter. Once selected, partners
are given a digital camera, and when needed, a
computer. Some partners are also helped in ob-
taining an Internet connection. The digital cam-
era for external imaging is simple.

At this time we are employing the Nikon 2200
camera because it is low cost and has a suitable
macro lens (but many cameras can meet the
needs of the program). This Nikon camera can
be employed with a standard slit lamp by holding
it against an ocular. A better solution is the use of
a hand held slit lamp with a specially fashioned
camera adaptor. Posterior segment imaging is
more difficult to obtain, but a picture of a picture
can be useful. A digital fundus camera is ideal
but is very costly. Magnetic Resonance Imaging
and Computerized Tomography images can be
sent without difficulty. A sample of images sent
via Cyber-Sight are shown in Fig. 24.1.

Partner doctors, after training in the pro-
gram, are given a user name and password al-
lowing them to access a page that is suitable for
uploading patient information (Fig. 24.2). When
partners are accepted and given a username
and password they are also assigned to a men-
tor team. This mentor team consists of ophthal-
mologists who include all of the sub-specialties
in ophthalmology, with one or more experts in
retina, glaucoma, oculo-plastics, pediatric oph-
thalmology/strabismus, uveitis, retinopathy of
prematurity, ophthalmic genetics, retinoblasto-
ma, cataracts, and other disciplines.

When a partner doctor sends a patient for
consultation, a request is first made for timing of
the response - either routine, or one of two class-
es of expedited response (24 h or 12 h). Then a
drop-down box is used to select the appropriate
sub-specialty. For each mentor team a specific
doctor(s) will receive notification via e-mail that
a consultation request has been sent.

Upon receiving notification that this consul-
tation request is made, the mentor signs in with a
unique user name and password to gain access to
the patient information. The consult is answered
and submitted, at which time the partner is noti-
fied by e-mail. The partner looks at the mentor’s
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response, acknowledges or asks for more infor-
mation and sends the case back.

Before a partner submits a case, the partner
must click on a response stating that the patient
has given consent for the consultation and that
the pictures can be used for ethical teaching pur-
poses. Partners agree to download the consent
form, have the patient sign the form and keep it
on file. Mentors likewise acknowledge the dis-
claimer that they are taking responsibility for
sending a response to the partner. However, in
these combined forms it is clearly stated that the
responsibility for care of the patient rests solely
with the partner.

24.3.1.2 The Process

Several things are important in this process.
Some are mundane and technical and some are
far-reaching and philosophical. Digital images
should be obtained with the camera on the Jow-
est setting available, i.e., 640x480 pixels. How-
ever, the latest compression techniques enable
capture of high-resolution images, lessening the
problem of bandwidth. If it is anticipated that a
print of this picture will be made, especially with
an enlargement, a second picture at higher reso-
lution can be taken. High-resolution images are
of no value in the Cyber-Sight process, and only
result in delayed or even failed transmission.

The second, more philosophical, point is that
the Cyber-Sight consultation process is mostly
a teaching/learning experience/exercise. While
information about individual patient manage-
ment is imparted, the thrust of the program is
teaching. A large part of the dialogue tends to
include questions such as, “Have you done this
test?” What do you think of this option? Have
you looked at that piece of information?

243.1.3 Completed Consultation

A completed consultation contains the patient
information, digital images imparting the neces-
sary clinical information, the partner’s tentative
diagnosis, tentative treatment plans and any oth-
er questions or comments by the partner. Upon
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Fig. 24.1. The variety of images seen on e-consultation.
Top row: strabismus. Second row: congenital glaucoma,
uveitis, Hallerman-Strief. Third row: persistent supillary

membrane, proptosis, MRI. Fourth row: strabismus. Bot-
tom row: alignment with translucent occluder
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Fig. 24.2. Template for submitting a patient consultation

receiving this information/request, the mentor
studies the case and submits a response.

At this point the partner can accept the advice
and close the case or can ask another question.
This dialogue continues until the partner is sat-
isfied and closes the case. All cases are archived
and are periodically monitored.

As of 2005, more than 2,000 case studies and
approximately 6,000 communications have been
recorded in the Cyber-Sight program and reside
on the server. In addition, the archived material
has provided data for two scientific papers on the
process and a presentation on the clinical char-
acteristics and classification of Duane syndrome
[1,2].

24.3.1.4 Teaching Modules:
Education Components

In addition to the E-consultation part of the Cy-
ber-Sight Web site, two other parts make up the
educational component of the teaching modules:
E-Resource and E-Learning.

E-Resource includes a few components. Ques-
tion of the Week is a weekly quiz dealing with a
new subject each week. The format is that of a
case presented with images and history, and
multiple-choice question are posed. One week
later answers are given along with an explana-
tion. This feature has been in place since 20 Janu-
ary 2004. The Ophthalmology Minute is a series
of short lectures specially designed to be read on
the Internet. Sub-specialties with minutes include
strabismus, ophthalmic nursing, neuro-ophthal-
mology, and retinopathy of prematurity. The aim
is to eventually cover all ophthalmic sub-spe-
cialties. A book section has an algorithm-based
text book Strabismus: A Decision making Ap-
proach with the addition of several illustrations
not present in the book form. In the future other
printed material especially suited for the Internet
will be included.

On the E-Consultation segment a section in-
cludes featured cases. These are made up of a se-
ries of images followed by a listing of the medical
findings. Then one or more experts comment on
the case, imparting their own clinical experience.
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A series of Frequently Asked Questions is also in-
cluded. Throughout the site visitors are invited to
ask questions, comment, etc.

The E- Learning section provides the oppor-
tunity for students to enroll, for the purpose of
recording the amount of time spent studying on
the site. For example; if a student visits the site
and answers a question of the week or reads an
ophthalmology minute, the student can go to the
course activity page and record this activity. The
guide and the course activity recording site are
shown in Fig. 24.3. Students will also be awarded
one hour of credit for each consultation submit-
ted. Study of the material on the site, which is
free to all, earns Continuing Medical Education
attendance credit granted by the Indiana Univer-
sity of Indianapolis Indiana, USA. A certificate
suitable for framing is given with the Continuing
Medical Education award.

Selected students are enrolled in a restricted
part of E-Learning which uses the American
Academy of Ophthalmology Basic and Clinical
Science Course book set as a text. This 14 vol-
ume, approximately 5,000 page work covers all
of the recognized sub-specialties in ophthalmol-
ogy, in addition to featuring a volume on gen-
eral medical principles. Under an agreement
with the American Academy of Ophthalmology,
ORBIS purchases book sets and gives them to
students who would otherwise be unable to pur-
chase and/or have free access to this material.

Students receiving the books are enrolled in a
password-protected part of the site which con-
tains the approximately 900 work questions and
answers found at the end of each Basic and Clini-
cal Science Course volume. The tests taken and
successfully completed on-line are automatically
recorded. Upon completion of the tests, students
receive category I Continuing Medical Educa-
tion credit.

24.4 The ORBIS Philosophy

The philosophy supporting ORBIS Telemedicine,
Cyber-Sight is one of sharing. By our best esti-
mates there are 160,000 ophthalmologists in the
world who are at the front line meeting patients
and attending to their needs in support of bet-
ter vision, including the fight against preventable
blindness. It is estimated that half or 80,000 of
these ophthalmologists who are the best trained
and the best equipped care for between 5 and
10% of the world’s blind or potentially blind.
This leaves the daunting task of caring for up
to 90% of the world’s blind to the other 80,000,
who happen to have the least training and are
the poorest equipped. Such gross inequity can be
met in a variety of ways. This is being attempted
by several organizations world-wide. The special
role of ORBIS Telemedicine, Cyber-Sight is to
find ways to empower our partners through ca-
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pacity building so that those we assist can grow EHESEHENIEE

in their capabilities to both help those in need
and teach other caregivers. An important part
of capacity building is teaching, and that is what
Cyber-Sight is all about.
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(2001) Telemedicine: Strabismus e-consultation. |
AAPOS 5(5):291-296

Helveston EM, Kopecky G, Smallwood LM (2004)
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Chapter 25

Teleophthalmology in Spain

Francisco Gonzalez, Adrian F. Castro

This chapter addresses the following

Key Concepts:

M An increasing number of telemedical
techniques applied to ophthalmology
are being used in Spain, with virtually
all of them aimed at detecting diabetic
retinopathy or retinal diseases.

B The authors present a short analysis
and results of a teleophthalmology link
between two primary care centers and
a tertiary hospital.

@ A bibliographic search on publication
output in teleophthalmology in Spain
shows that most teleophthalmology
projects were not published in scientific
publications.

25.1 Introduction

The Spanish National Health System is a public
health care insurance system with universal cov-
erage for the population of 41 million people.
The country is politically and administratively
divided into 17 autonomous communities and
the cities of Ceuta and Melilla (Fig. 25.1), with
autonomous regional governments that are re-
sponsible for their own public health systems,
and which are largely independent of each other.
However, they are coordinated by the national
government and fully financed by the general tax
fund.

Virtually all hospitals and primary health
care centers (PCCs) belong to this system and

25

are publicly owned. All the autonomous com-
munities have at least one university, and most
universities have agreements with the local pub-
lic health systems to share their resources for
teaching and research purposes. It is within this
framework that most telemedical projects take
place in Spain.

A recent study of publication output in tele-
medicine in Spain shows that, as in many other
countries, telemedicine activity evolved along
with the proliferation of the Internet [1]. If we
assume that publication output is related to
telemedical activity, this study shows that tele-
medicine in Spain started in 1988, with a sudden
increase from 1995 caused by the massive expan-
sion of the Internet. The time course of research
activity in telemedicine in Spain is similar to that
reported by Moser et al. [2] world-wide, and is
in accordance with the previously reported rapid
growth in telemedicine during the 1990s [3].

In the Spanish National Health System, gener-
al practitioners (GPs) at the PCCs play a critical
role in reducing waiting lists to access specialized
care because they act as gatekeepers. Therefore
every effort to help GPs select patients who actu-
ally need to be referred to a specialist is supported
by the public administration. In ophthalmology,
image inspection is a key factor for diagnosis;
therefore, sending ocular images from PCCs that
would be inspected by an ophthalmologist to
hospitals, would certainly reduce the number of
referrals [4]. In such an environment, ophthal-
mology teleconsultation techniques are helpful
for this purpose. In this chapter, we report on the
results obtained after performing a search for ac-
tivity in teleophthalmology in Spain.
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25.2 Search Methods

To assess the activity in teleophthalmology in
Spain, we performed a search that included the
Medline database, Internet search engines, and
direct contact with key people or institutions by
e-mail, regular mail or phone calls.

25.2.1 Medline Search

We used several combinations of words related
to telemedicine and ophthalmology (i.e., tele-
ophthalmology, telecare, teleconsultation) to-
gether with the word Spain linked by means of
the and logical operator. The results were exam-
ined to exclude those documents not related to
teleophthalmology.

25.2.2 Internet Search

We also performed a search using the Google
search engine on the Internet by using several
queries that included similar words as those used
for searching in the Medline database, but in this
case in Spanish. The hits were examined to de-
tect those web pages that genuinely provided in-
formation about teleophthalmology projects or
activities.

25.2.3 Direct Request of Information

To gain a more detailed account on activity in
teleophthalmology in Spain that could not be
identified by the previous search, we requested
information by means of regular mail or e-mail
from the Departments of Health of every com-
munity, and from the ophthalmology services of
50 major hospitals and eye-care related institu-
tions in all the communities and autonomous
cities. Some additional information was also
gathered by direct phone calls to key individu-
als whom we expected to have direct or indirect
relationships with this activity.

25.3 Search Results

The search in the Medline database showed five
studies addressed teleophthalmology activity
[4-8]. Most of these documents focused their at-
tention on retinal images taken with non-mydri-
atic funduscopic cameras. However it is possible
that more studies have been reported that were
not found in Medline, either because of an in-
adequate query, or because they had been pub-
lished in journals that are or were not indexed in
the database at the moment of publication. This
is the case, for instance, for two articles reporting
on the potential use of telemedicine in ophthal-
mology [9] and on a teleconsultation system for
ophthalmology [10] published in journals not
indexed in Medline.

From direct requests made by e-mail, regular
mail and phone calls, we obtained a total of 12
answers reporting either activity or no activity
on teleophthalmology.

25.4 Community Activity

We derived the information in this section from
the hits found in our search on the Internet. Here,
we summarize all the information gathered on
teleophthalmology activity in Spain, grouped by
communities (Fig. 25.1).

25.4.1 Andalusia (Andalucia)

The Hospital Regional Universitario Carlos Haya
of Malaga began a project at the beginning of
2005, designed to obtain eye fundus images with
a non-mydriatic camera in three PCCs, and to
send them to a hospital where an ophthalmolo-
gist could make a diagnosis (personal commu-
nication).

Currently the project is in an initial phase,
in which several technicians are learning how
the images can be obtained. It is predominantly
aimed at detecting diabetic retinopathy, but data
about visual acuity and IOP is also included in
the transmission.

In Sevilla and Huelva several pilot projects
have recently started by which seven hospitals
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Fig. 25.1. Map showing the
autonomous communities
(dotted) where we were able
to find activity in teleophthal-
mology

Catalonia

£ Balearic Islands
[)

Melilla

and the PCCs of eleven districts are to be con-
nected by a teleophthalmology system (personal
communication). The main purpose of these
projects is the early detection of diabetic reti-
nopathy.

25.4.2 Aragon

In 2000, the Fundacion para la Diabetes and the
Hospital Universitario in Zaragoza started a pilot
project for diabetic retinopathy screening using
a non-mydriatic funduscopic camera in an en-
docrinology out-patient clinic [11, 12].

25.4.3 Basque Country (Pais Vasco)

The Hospital de Cruces, in Barakaldo, started
a teleconsultation link with two PCCs in 2004
(personal communication). Digital eye fundus
images are taken with a non-mydriatic fundu-
scopic camera at the primary health care cen-
ter (PCC) by a technician and sent via Internet
to the hospital where they are examined by an
ophthalmologist. This system is predominantly
intended to detect diabetic retinopathy.

Canary Islands

7

s e

25.4.4 Canary Islands

In 1998, Ferrer-Roca et al. [5] reported a study
on telemedicine using regular telephone calls in
several medical specialties in the Canary Islands.
In ophthalmology, 84 calls from patients were
registered in 24 days. The call failed to solve the
problem in 36% of cases, which required face-to-
face consultation.

A paper published in 1999 [10] reported the
results of a system for teleconsultation in oph-
thalmology running from August 1997 to Janu-
ary 1999. Teleconsultations could be freely re-
quested by any person by means of a web page.
The response was given via e-mail. Within this
period of time 71 consultations were made, most
of them related to refractive surgery and retinal
diseases. Consultations originated predominant-
ly in Spain, but teleconsultations from Central
and South America were also made.

Since 1999, the Hospital de la Candelaria in Te-
nerife has used two funduscopic cameras located
in two PCCs to collect digital retinographies to
be inspected by an ophthalmologist at the hospi-
tal (personal communication). The cameras are
moved periodically to different PCCs to access a
larger population.
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25.4.5 Castille-Leon (Castilla-Leon)

The possibility of making computer-assisted
diagnoses by using computer vision algorithms
may provide interesting alternatives in teleoph-
thalmology [13-15]. In Spain, the Instituto Uni-
versitario de Oftalmobiologia Aplicada (IOBA)
in Valladolid has developed a software tool that
is able to detect lesions associated with diabetic
retinopathy in digital retinal images. The pro-
gram was tested with 20 images and showed a
sensitivity of 79.6% with a mean three false posi-
tives per image [8]. Seven hundred copies of this
software were freely distributed among general
practitioners.

In 1999 the same institution started a pilot
project for diabetic retinopathy screening in ru-
ral areas of Spain to improve the ability of GPs
to detect diabetic retinopathy [16, 17]. For this,
the GPs were trained to obtain mydriatic fundus
photographs in diabetic patients and send them
in real-time or store-and-forward mode through
a private ISDN network using standard e-mail
software to be reviewed by an ophthalmologist
at the IOBA.

A teleophthalmology project linking the
IOBA and the Instituto Oftalmologico Nacional
of Angola has been announced in the web page
of this institution (last updated about four years
ago). However, we were unable to find further
published information on this project.

25.4.6 Galicia

Since 1999 in Galicia, there has been a direct
teleophthalmology link between the Complejo
Hospitalario Universitario in Santiago de Com-
postela and a PCC where a non-mydriatic fudu-
scopic camera is used to capture retinal images.
A second PCC was included in 2002. The images
are sent via intranet to the hospital to be inspect-
ed by an ophthalmologist, who sends back the
diagnosis to the general practitioner at the PCC
[4, 6]. This experience is reported in more detail
below. A similar system has recently been used
between the Instituto Gallego de Oftalmologia
in Santiago de Compostela and a PCC located in
the northern part of Galicia. In addition, a proj-
ect to validate teleophthalmology for diabetic

retinopathy screening was carried out in 2002 at
the Complejo Hospitalario Universitario in San-
tiago de Compostela [7].

25.4.7 Valencia

The Fundacion Jorge Alio in Alicante developed
a screening program for ocular diseases includ-
ing anterior and posterior segments using digital
image techniques. The images were stored for
later analysis. However, the images of those cases
which were considered to have a severe problem
were sent to an ophthalmologist for inspection
using regular e-mail [18].

25.5 Teleophthalmology Between

a Primary Care Center and
a Reference Hospital

Since 1999 there has been a teleophthalmology
link between a PCC (Centro de Salud de Vite)
and a reference hospital (Complejo Hospitalar-
io Universitario de Santiago de Compostela) in
the Community of Galicia [6]. Three years later
a second PCC (Centro de Salud de Muros) was
also linked to the hospital. In the Centro de
Salud de Vite, located in a suburban area, five
GPs delivering medical care to a population of
about 9,000 adults (older than 14) participated in
the program. In the Centro de Salud de Muros,
located in a rural area, six GPs delivering medi-
cal care to about 7,500 adults participated in the
program.

25.5.1 Diabetes and Hypertension
Eye fundus images are obtained with a non-
mydriatic fundus camera, compressed as JPEG
files and sent for diagnosis to an ophthalmologist
at the hospital using a store-and-forward mode.
For this, specific software was built by the Com-
puting Department of the local public health
system (SERGAS) of the Community of Galicia
(Fig. 25.2).

In 2004, 391 teleconsultations were made
involving 346 patients. The reasons for request-
ing a teleconsultation were focused on reaching
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Fig. 25.2. Computer window available for teleconsultation
in ophthalmology as seen by the general practitioner who
requests the consultation (fop) and the ophthalmologist
(bottom). This software uses a store-and-forward mode of

transference and automatically controls the transferring of
information between the appropriate doctors. It also meets
the legal requirements for preserving the confidentiality of
the data. The system is being used by several specialties
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diabetics with concurrent systemic hypertension
(31%), only systemic hypertension (41%), only
diabetes (25%), and other reasons (3%). The large
number of patients with systemic hypertension
occurred because a study on hypertensive reti-
nopathy was also being carried out.

25.5.2 Diabetic Patients

The estimated direct cost of diabetes in 2002
ranged from 2.4-2.67 billion EUR in Spain [19].
Since screening for diabetic retinopathy is one
of the most cost-effective health interventions
[20], this system was predominantly intended to
assess this condition. The reliability of teleoph-
thalmology for detecting and grading diabetic
retinopathy has been demonstrated in a recent
study [7].

The prevalence of known diabetic patients
in the population served by the two PCCs is
6%, which is similar to that reported for the
adult population in Spain by the 1997 Spanish
National Health Survey [19, 21]. About 55% of
diabetic patients do not have retinopathy [22]. In
the Spanish National Health System the patients
with known diabetic retinopathy are transferred
directly to an ophthalmologist [4] who schedules
the subsequent follow-up appointments.

We targeted patients without known retinopa-
thy should have at least one eye fundus examina-
tion per year [23, 24] using our teleconsultation
system. In 2004, 36% of these patients under-
went fundus examinations with our system. A
recent study showed that in a rural area in Spain
similar to ours, 73% of diabetic patients had not
received ophthalmology care the preceding year
[25]. Therefore our teleophthalmology system
was able to increase the number of diabetic pa-
tients who received eye fundus examinations.
We expect that in the near future teleophthal-
mology systems such as ours could provide a full
coverage for eye fundus examination in diabetic
patients.

25.6 Conclusions

Telemedical techniques in ophthalmology are
currently being used in Spain. Our search shows

that virtually all projects and settings are based
on non-mydriatic cameras that obtain digital
retinal images, which are then transmitted in
store-and-forward mode to be examined by an
ophthalmologist. The aim in most cases is to de-
tect diabetic retinopathy in known diabetic pa-
tients.

Despite the number of projects carried out on
teleophthalmology in Spain, there are still too few
published studies to reach general conclusions.
However, we believe that teleophthalmology is
a useful and feasible technique, at least for dia-
betic retinopathy screening. In Spain, as in many
other countries, this disease fuels the implemen-
tation of teleophthalmology as a tool to manage
ocular diseases. Unfortunately, although early
treatment of diabetic retinopathy is of proven
value in reversing or preventing visual loss, the
infrastructure to detect appropriate patients for
treatment is not yet universally available.
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Chapter 26

Telemedicine to Improve the Quality
and Cost Efficiency of Providing

Eye Care

Vladimir Kazinov

The following key concepts about just-in-time
telemedicine and physicians interaction and
communication are covered in the chapter:

This chapter addresses the following

Key Concepts:

[ Every physician in charge of treatment,
diagnosis, or decision making and
surgery should receive relevant medical
consultation in the workplace, and on
an as needed basis.

B Physicians can consult with and train
distant colleagues.

M Medical data is available in a form that
is quite similar to that derived from
face-to-face interaction with the patient,
or with the medical equipment.

B A simple user interface, high usability
rate, and ease of learning, is available.

I It is possible to receive relevant data
from diverse equipment and transmit it
over varied communication channels.

M An entirely new level of interaction can
be established between physicians of
various specialities.

26.1 Introduction

Public health reforms aimed at improving the
quality and cost-efficiency of disease prophy-
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laxis, diagnosis, treatment, and surgery are un-
derway in almost every country. In developing
countries, these efforts are noted by a focus on fi-
nancial expenditure for public health in the bud-
get. Improved health care in such countries is
ultimately the result of high standards of medical
care combined with rational and well conceived
financing of the public health service. The grow-
ing percentage of middle-aged and aged citizens
whose health care needs are greater than those of
the younger generation should also be taken into
consideration.

Public demand for improvement in the qual-
ity and timeliness of medical aid can present an
insurmountable obstacle for the budgets of de-
veloping countries with limited ability to finance
the public health service. Without changing the
structure of which services the health budget
currently covers, further increases are impracti-
cal. Just-in-time telemedicine may be an effective
tool for improving the quality, timeliness, and
cost-efficiency of medical care.

26.2 Telemedicine Just-in-Time

The major principles of telemedicine just-in-

time operation include the following ideas:

1. Every physician in charge of treatment, diag-
nosis, or decision making and surgery should
obtain relevant medical consultation, at the
workplace, in the just-in-time format. This
means that the information should come nei-
ther before nor after it is required, but rather,
when it is needed, in the required amount,
and at an appropriate quality. Only under
those conditions will the effectiveness of
those providing medical care be maximized,
without adding unnecessary labor for physi-
cians and other care providers. Additional
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efforts of physicians to obtain or provide tele-
medicine consultations would unnecessarily
increase their labor.

The expert physician should consult and
train distant colleagues, making use of the
availability of acquired medical data. Medi-
cal data should be available in a form that is
as similar as possible to that gained in face-
to-face interaction with the patient or the
medical equipment. Even slight deviations in
the quality or quantity of transferred medical
data may dramatically increase the workload
of expert medical consultants.

The cost of telemedicine systems used by
physicians and consultants should not exceed
10% of the cost of medical instrumentation at
diagnostic centers or surgical suites.
Telemedicine systems to be used by phy-
sicians, specialty consultants, and public
health service managers should offer a simple
user interface, high usability rate, and ease of
learning. If a system is designed correctly,
health care providers will realize that tele-
medicine does not need to add to their work-
load. Rather, it can ease their patient-care
duties, and should be as familiar as ordinary
medical equipment.

Every medical institution should be equipped
with local telemedicine networks linking
doctors’ workplaces. Local telemedicine net-
works should be set up in a staged program,
with a gradual increase in the number and
variety of workplaces. A local telemedicine
network should become a symbol of progress
in hospital-based medical information sys-
tems. The process of setting up telemedicine
networks at clinics must be accompanied by
adaptation of the telemedicine systems to
individual doctors and management require-
ments at specific medical institutions.
Telemedicine systems should be structured
so they are capable of receiving relevant data
from diverse medical equipment, and trans-
mitting it with appropriate quality over var-
ied communication channels.

Everylocal telemedicine network should have
the capacity to access global telemedicine
networks using appropriate communication
channels. The global telemedicine network
should be constructed based on the telecom-

munication and information infrastructure
established by leading communication pro-
viders.

8. Telemedicine centers at local and regional
clinics should perform mainly dispatching
and technical functions within the telemedi-
cine operation. They should also be respon-
sible for record keeping of telemedicine ses-
sions. Data on telemedicine consultations
and other events using telemedicine technol-
ogies should be easily available to insurance
or other public health companies or agencies
that finance public health services.

9. Insurance companies and agencies that ad-
ministrate or financially support clinics
should undertake continuous financial anal-
ysis of the telemedicine clinic network opera-
tion. Such oversight is necessary in order to
inform decisions for further development of
the telemedicine system.

26.3 Telemedicine Just-in-Time

in Ophthalmology

Local telemedicine networks at ophthalmology
clinics should be available at the workplace of
various subspecialties. This allows the construc-
tion of an entirely new system of interaction
among such medical staft.

26.3.1 System of Interaction

In order to assess the advantages of this system
of physician interaction, the existing system in
most ophthalmologic clinics should be analyzed.
The current system of interaction between physi-
cians and patients in a clinic implies a succession
of non-intersecting (or minimally intersecting)
actions made by physicians of various specialties.
This succession of actions with the patient im-
plies that the patient moves sequentially in time
from one physician to another.

The case history, accompanied by relevant and
accumulating data, produces the base of interac-
tion between each physician and the patient. The
interaction begins with the registration office,
moves through time from one analysis to an-
other, and from one treatment method or surgi-
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cal operation to another. Ultimately, the patient
should arrive at the last action, i.e., discharge
from the clinic.

26.3.2 Colleague Consultation

Normally, every physician performing a given
action with the patient is guided by the results
of their own interaction with the patient, as well
as occasionally by the results of interactions with
previous doctors. Prior to formulating their re-
sults, however, ophthalmologists of various spe-
cializations sometimes consult with other doc-
tors who have previously had interaction with
the patient. For instance, prior to performing
surgery, a physician may consult with the person
who performed an ultrasonic examination of the
eye. However, these consultations are suspended,
in that they are held after the ultrasonic diagnos-
tic physician has performed all the tests with the
patient and formulated a conclusion; typically,
this opinion is given without a repeated ultra-
sonic test or lengthy re-examination of results.
Similarly, a pathologist consults with the sur-
geon who performed a tumor removal, but the
consultation is usually held after completion of
the operation, and often nothing can be changed
without additional surgery.

26.3.3 New Level of Interaction

If the ophthalmologic clinic is equipped with a
telemedicine network (Fig. 26.1), an entirely new
level of interaction is established among physi-
cians of various specialities. This provides an op-
portunity to establish a system of direct mutual
consultations of physicians, during their interac-
tion with the patient. This can be done without
any movement of physicians from their work-
place. For example, while conducting a relevant
ultrasound test, the physician should be able to
contact another doctor through the telemedicine
terminal and network of the clinic. They could
show these diagnostic results to the operating
surgeon in real time.

Although watching the diagnostic study from
another workplace, the surgeon is still directly
involved in the session, and can record, store
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images and sequences of interest, and exchange
opinions with the ultrasound technician or oph-
thalmologist. Thus the surgeon can affect and
understand the results prior to surgery. If the
patient is later directed to the specialist surgeon,
that person has already encountered the ultra-
sonic diagnostics, and has more accurate and
jointly developed information for the forthcom-
ing surgery. Likewise, similar interactions with
the ophthalmic surgeon and pathologist can be
arranged for conducting intraoperative histo-
logical or cytological consultations.

26.3.4 Provider-Patient Interaction

The illustration in Fig. 26.1 presents the exist-
ing scheme of interaction among physicians in
an ophthalmologic clinic when every physician
performs actions with the patient (blue line il-
lustrates the actions of each doctor) and formu-
lates the results of their actions (red line shows
the result of each performing physician’s action).
The second scheme shows that within the tele-
medicine network of an ophthalmologic clinic
an opportunity may arise, and in some cases a
real necessity, to consult other physicians in the
just-in-time mode. In this latter scheme, the re-
sult of the physician—patient interaction is gener-
ated with the participation of other physicians.
The results of such interaction are made available
at an earlier stage to those physicians to whom
the patient will be directed at a later time.

26.4 DiViSy Telemedicine Systems

for Providing Just-in-Time
Consultations

DiViSy TM21 (manufacturer DiViSy Group
- www.divisy.com) (Figs. 26.3 and 26.4) tele-
medicine systems belong to a third generation of
telemedicine systems.

Their capabilities and characteristics take
into account the operating experience of the two
previous generations, DiViSy PM1 and DiViSy
TM2000. The newest system offers the following
features:
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1. Medical data communication via five chan-

nels simultaneously - two parallel channels
for medical video information, one channel
for communicating medical telemetry data
and signals from local and remote medical
instruments, a duplex audio channel, and a
channel for text data communication. The
number of data transmission channels can be
optionally increased. The channels themselves
have the following characteristics (a-d):

Two channels for medical video data trans-
mission provide entry, digitization and trans-
mission of medical video images having reso-
lution up to 768x576 bits (for analog video
cameras), and up to the maximum resolu-
tion of digital video and photo cameras (see
Fig. 26.2). Two parallel channels for medi-
cal video data transmission and display are
required. This allows the remote consulting
physician or trainee in the remote medical
learning system to simultaneously see the
main image, as well as additional informa-
tion. For example, this system allows some-
one to be able to see not only the image of
the surgical field, but also the image of the
operating room and actions of the surgical
team as well. Similarly, while conducting an
ultrasonic investigation, such a technological
framework makes it possible for the remote
physician to not only see the image transmit-
ted from the ultrasonic scanning device, but
also an image showing the layout of the ultra-
sonic sensor on the patient’s body. This effec-
tively allows the consulting physician to not
only provide consultation, but also to modify
the diagnostic process to provide the most
useful information. From an engineering
viewpoint, both channels are equivalent and
provide medical imaging data from 768x576
bits resolution (for analog sources of medi-
cal video images) to the maximum possible
resolution of digital sources of medical video
images. Video codecs for medical images can
be selected from a menu of formats including
MJPEG, H.263, MPEG4, and MPEG2.

The channel for communicating medical tele-
metric data and signals controlling remote
medical instruments is capable of connecting
medical equipment having digital outputs for
telemetric data. It can also be used for the

administration of local and remote medical
instrumentation (controlled through video
cameras, robotic microscopes for pathologi-
cal consultation, and in the future, robotic
remote surgery).

The duplex audio channel is intended for au-
dio exchange among remote participants of
telemedicine consultancy or remote learning.
High quality audio is provided by the addi-
tion of audio compression rates 8, 16, 32, 64,
128 KB/sec such as G.711, G.728, and G.723
into the telemedicine systems.

. 'The channel for text data communication is

intended for real-time text dialog between
participants of telemedicine sessions.

The DiViSy TM21 telemedicine system of-
fers a desktop feature through which joint
analysis and medical image processing can
be done. At the discretion of any partici-
pant of the telemedicine session, the image
currently of most interest is placed on the
desktop. Using digital pointers, with each
participant choosing their own color, partici-
pants of a telemedicine session can illustrate
specific areas on the image of greatest inter-
est. Using such integrated digital features, the
consultant doctor can show the boundaries
of a tumor, or the curve along which a resec-
tion is needed. A record of images with all the
pointers can be stored by each participant of
a telemedicine session.

The DiViSy TM21 telemedicine system al-
lows consulting and remote medical learning
not only for a single remote doctor or patient,
but also for many, performed in video confer-
encing mode. To that end, there is a DiViSy
TM21VS telemedicine server. The telemedi-
cine server controls data flow during the ses-
sions, and runs video conferencing sessions
among several remote users.

Telemedicine systems such as DiViSy TM21
are intended for operation with virtually any
communication link, including telephone,
radio, cellular, fiberoptic, satellite, and in-
corporate data encryption. The medical
data transmission rate is limited to the data
transfer rate in the communication links. The
minimum rate at which data is transmitted
through the DiViSy TM21 telemedicine sys-
tem during tests is 9,600 bit/s (Global System
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for Mobile Communication (GSM) cellular
channels), with the maximum rate being 20
Mbit/s. The system offers some operational
settings to select the quality of video and au-
dio information, depending on the real data
transfer rate through the channel.

26.5 Financial Model of Just-in-Time

Telemedicine Operating
at Ophthalmology Clinics

Figure 26.2 represents a financial model of the
just-in-time telemedicine operation at an oph-
thalmologic clinic or a hospital.

The upper part of the figure presents the ex-
isting model of diagnostics, treatment, surgery
and rehabilitation of the hospitalized patient.
This model depicts the existing system not using
modern telemedicine technology.

26.5.1 Description of the Model

of Existing Treatment Process

The following describes stages of the existing

treatment process:

1. First stage: primary inspection and appoint-
ment for hospitalization

2. econd stage: laboratory and clinical analyses,
and making a diagnosis. This procedure is
prone to medical errors for various reasons
(complex disease, atypical for the given re-
gion, outdated medical instrumentation,
poor quality of consumables, breakdown in
the procedure of running analyses and diag-
nostic processes, etc.). When a medical error
arises or is suspected, an inadequate treat-
ment plan is constructed or incorrect data is
sent to the surgeon, ensuring an inadequate
surgical plan.

3. Third stage: treatment or surgical operation.
With inadequate data analysis and over-
sight, the probability of undertaking optimal
treatment or surgical operation is quite low.
Indeed, the probable need for conducting
repeated analyses or surgical operations in-
creases.

4. Fourth stage: remedial action, during which
these analyses or surgical operations will
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be conducted, either at the same or another
medical institution. Real costs therefore in-
crease.

5. Fifth stage: making a decision of disability,
the probability of which in the case of medi-
cal errors is rather high.

6. Sixth stage: rehabilitation process under dis-
ability

7. Seventh stage: legal action and defrayal

Based on the above stages, the costs for treatment
and rehabilitation would be as follows:

N = A (cost of analyses, including the cost of
surgical operation) + B (cost of repeated analyses
and repeated treatment, including repeated sur-
gical operation) + C (cost of analyses at the diag-
nostics center) + M (invalidity benefit) + L (cost
of legal action). The number of components in
this formula can only increase.

The lower part of the Fig. 26.2 presents a finan-
cial model of diagnosis, treatment, surgical op-
eration, and rehabilitation of the patient with the
use of DiViSy just-in-time telemedicine systems.

26.5.2 Description of the Model
of Treatment Process Making
Use of Telemedicine

The following describes stages of the treatment

process using telemedicine:

1. First stage: primary inspection and appoint-
ment for hospitalization to the admission of-
fice

2. Second stage: laboratory and clinical analy-
ses, making a diagnosis. Within the proce-
dure, necessary telemedicine consultations
increase the probability of making the cor-
rect diagnosis.

3. Third stage: treatment or surgical operation.
With adequate data analysis, the probability
of undertaking the optimal treatment or sur-
gical operation is very high. In the course of
treatment or consideration of surgery, tele-
medicine consultations are also held, which
further increase the probability of a favorable
outcome.

4. Fourth stage: normal process of rehabilita-
tion
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5. Fifth stage: discharge of the patient, with the
disability minimized

6. Sixth stage: missing

7. Seventh stage: missing

Based on the above stages, the costs for treatment
and rehabilitation would be as follows:

N1 = A + a (cost of analyses and treatment,
including the cost of surgical operation, where a
is the cost of telemedicine consultations, which is
significantly lower than the cost of A) + C (cost
of scheduled rehabilitation) + T (cost of in-house
monitoring to accelerate the process of final re-
habilitation).

26.6 Findings

Comparative analysis of the two models shows
that N1 is significantly lower than N. In addition,
the duration of a patient’s stay at the medical in-
stitution is shorter, and the rate of bed turnover in
the hospital increases. The costs for sick-list pay-
ment also goes down; the patient also achieves a
better clinical result sooner, and returns to the
workplace within the shortest possible time.

Even at ophthalmology clinics using advanced
medical technologies, the difference between N1
and N can be at least 15% of the clinic’s total bud-
get.
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Cataract and Refractive Surgery

Post-operative Care:

27

Teleophthalmology’s Challenge in Argentina

Giselle Ricur, Roberto Zaldivar, Maria Gabriela Batiz

This chapter addresses the following

[ Post-operative follow-up care is as cru-
cial and decisive as the surgery itself.

M In many countries where access to
health care, cost inflation, and uneven
geographic distribution of quality care
are common problems, adequate post-
operative care is becoming an issue.

[ A teleophthalmology service was set up
at Instituto Zaldivar, an ophthalmic am-
bulatory surgical center, to enhance its
outreach to patients who had difficulty
visiting the Institute for post-operative
eye care.

M A video conference system was estab-
lished with a remote branch to evaluate
the efficiency of post-operative follow-
up care through teleconsultation.

[ Teleconsultation service was subse-
quently expanded to include first con-
sultations, pre-operative screening, and
regular eye care follow-up visits.

I Camera resolution and high speed con-
nections were crucial factors in assess-
ing adequate post-operative control.

27.1 Introduction

Key Concepts: Post-operative follow-up care in any medical

discipline is as crucial and decisive as the surgi-
cal act in itself; if this were not so, successful sur-
geries may result in undesired and complicated
outcomes. To ensure quality care, follow-up to
surgery requires programmed visits, strict fol-
low-up protocols, and ad hoc medication, as well
as experienced examining physicians [1].

In many countries where access to health
care for large segments of the population, cost
inflation, and uneven geographic distribution of
quality care and physicians, are common facts,
adequate post-operative care is becoming an is-
sue. Most patients make an effort to reach high-
end or sophisticated surgical centers in search of
treatment for their afflictions, but rarely comply
with short- and mid-term follow-up visits, much
less for the long-term. How often have we heard
patients complain or say: I feel great, so why do I
have to go back? It’s too far and I don’t have time
to go by your office; I can’t leave work again. It’s
too expensive to travel back for follow-up, etc.

Effective follow-up is probably one of the ma-
jor challenges that telemedicine has to overcome.
As Rashid L Bashsur clearly described in one of
his editorial comments in the American Tele-
medicine Association’s official journal, “access
to care has been a direct effect of telemedicine.
In fact, to date the presumed increase in ac-
cess to care for remote population has been the
cornerstone of telemedicine development” [2].
Consequently, the use of electronic information
and telecommunication technologies to provide
or support long-distance clinical health care has
been rapidly extending.

While not all of the medical specialties have
found their place in this new field, Ophthalmol-
ogy greatly benefits from it, due to its high vol-
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ume of diagnostic and follow-up digital imagery
[3-5]. Telemedicine offers almost endless possi-
bilities for transmitting imagery, whether still or
real-time, depending on the network and com-
munication infrastructure available.

Many reports have been published concern-
ing teleophthalmology models that focus mostly
on posterior segment assessments with asyn-
chronous, or store-and-forward, models for dia-
betic retinopathy or glaucoma screening. Little
has been written, however, about synchronous,
or real-time consultations, especially in cataract
and refractive surgery [6-16].

At the Instituto Zaldivar, an ophthalmic am-
bulatory surgical center located in Mendoza,
Argentina, a teleophthalmology service (focused
mainly on phaco-refractive patients) was estab-
lished in 2001. The initial objective was to en-
hance its outreach to patients, who, due to the
economic and social crisis of the time, had dif-
ficulty visiting the Institute for proper post-op-
erative eye care.

27.2 Teleophthalmology Models

in Cataract and Refractive
Surgery

At first, an asynchronous (store-and-forward)
model was implemented by means of an insti-
tutional web site (www.institutozaldivar.com)
where patients could access standard on-line
platforms for booking post-operative follow-up
visits. Afterward, the system was upgraded to al-
low for routine appointments, second opinions,
and the possibility of sending ophthalmic im-
ages (JPEG, TIFF etc.) over the Internet. Patients
could also access and print educational resources
concerning comprehensive eye health care.

The second phase of the telemedicine project
contemplated the use of a synchronous (real-
time) model, via a video conferencing system
over a VPN set up between the Institute in Men-
doza and its branch in Buenos Aires.

At first, the purpose of this project was to
evaluate the efficiency of short-term laser-as-
sisted in situ keratomileusis (LASIK) post-op-
erative follow-up care through video conference
consultations or teleconsultations with real-time

imagery transmission. Two main issues were

emphasized:

== Physicians’ concern regarding imagery reso-
lution and the high-speed connections as
crucial factors in assessing adequate post-
operative controls

== Physician-patient satisfaction in a non-tradi-
tional virtual environment

Due to the acceptance of this new consultation
modality by both the attending physicians and
patients, the service was expanded shortly af-
terward to include initial consultations, pre-op-
erative screening, and regular eye care follow-up
visits, all by means of a hybrid model, i.e., real-
time video conferencing was complemented by
still imagery and diagnostic images sent previ-
ously by e-mail (Fig. 27.1).

27.2.1 Sites

The central hub and spoke sites were established
in Mendoza and Buenos Aires, Argentina, re-
spectively, in September 2001. The central hub,
Instituto Zaldivar, is the ambulatory surgical eye
center, and is located in the city of Mendoza in
the central west part of Argentina. The periph-
eral examining office or remote site lies 1,100 km
away on the east coast of the country, in the city
of Buenos Aires (Figs. 27.2 and 27.3).

27.2.2 Telecommunication
and Information Network

Both sites have their own private information
technology (IT) network (intranet) with LAN-
based (Local Area Network) workstations (100
Mb/s) that are currently linked to the VPN by
six ISDN lines (Integrated System Digital Net-
work: digital telephone lines) supplied by Tele-
fonica Argentina, the local telecommunications
company. There are also analog telephone lines
(POTS) for voice and fax, and auxiliary commu-
nications are carried by a private radio frequency
tracking network, called Movilink (a BellSouth
mobile communication service).

A scheduler, clinical file and follow-up charts
were developed in-house, based on pre-existing
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Fig. 27.1. Teleophthalmology hybrid model: the hub
in Mendoza (left), and the remote site in Buenos Aires
(right). ISDN: three digital telephone lines (384 kb/s),

ones. Although all these touch-screen electronic

medical records have their databases on-line, by

means of workflow applications software called

Netpack 5.0 (Symbolic System SRL, Buenos Ai-

res, Argentina), they are also stored as a hard

copy, due to local regulations requiring that all

medical files be kept on paper and signed-in by

hand (Fig. 27.4). Therefore, patients’ records can

travel back and forth from the sites through four

different channels:

== On-line access (VPN - intranet)

== E-mail (scanned or forwarded)

== Shipped by private courier in order to com-
ply with federal regulations

== Faxed, for backup reasons or non-program-
med emergency consults

27.2.3 Teleconsultation Examining
Rooms

The examining and consultant’s offices were in-
tentionally designed in the following ways:

point-to-point IP connectivity (512 kb/s), private radio
frequency tracking network, facsimile, private courier

Fig. 27.2. Instituto Zaldivar central hub: Instituto Zaldi-
var SA. Mendoza, Argentina. Ophthalmic Surgical Am-
bulatory Center
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== The examining room in Buenos Aires was
furnished with all the necessary equipment
for routine eye examinations (visual acuity
chart and projectors, slit lamp and accesso-
ries, etc.). A workstation with access to phone
and fax lines, two digital video cameras (one
for the slit lamp and the second on the wall
for recording the surrounding environment),
and finally, a Tandberg 1000 video conference
system were also installed. Environmental il-
lumination was assured with overhead fluo-
rescent tube lights and pale office walls, and
in order to ensure quality audio and privacy,
the walls were sound-proofed.

== In Instituto Zaldivar, the consultant’s office
was equipped with a LAN-based workstation,
a Tandberg 500 video conference system, and
analog phone and fax lines. The consultant
can easily access phone and fax lines as well
as the workstation while seated in front of the
reading station’s monitor. The background
wall was painted blue-gray, while the others
are pale. Since the consultant’s image is al-
ways viewed by the patient on the monitor at
the spoke site, the background wall was dark-
ened in order to avoid an overexposed image
due to the colors of the physician’s lab coat or
surgical scrubs (Fig. 27.5).

Fig. 27.3. Buenos Aires spoke site: Instituto Zaldivar SA.
Buenos Aires, Argentina. External Clinic

27.24 Project Team and Protocols

Specialized staff personnel were selected and
trained to take part in this pilot project: two co-
ordinators, one at each site, the intervening phy-
sicians, and support staff that included a full-time
IT engineer and video production consultant .
Standard operating procedures with each team
member’s duties are described in Table 27.1.
Protocols were designed ad hoc to make them
quick and easy to comply with and were given
out as surveys, together with the consent forms

Fig. 27.4. Electronic medical record system, with touch-
screen technology, based on workflow applications

Fig. 27.5. Anterior segment video-captured image with
the Tanberg 500 video conference system. Both the pa-
tient’s eye and the consultant’s site can be visualized simul-
taneously on the monitor. The color of the wall behind the
consultant was darkened in order to enhance contrast
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(Figs. 27.6 and 27.7). Their objectives were to
structure the teleconsultations and gather as
much data (feedback) as possible for future re-
vision. From the physicians’ point of view, the
slip lamp’s digital camera resolution and the
high-speed connections were crucial factors in
assessing adequate post-operative control, so the
protocols included questions regarding both fac-
tors. A patient satisfaction survey was designed
to essentially probe their feelings concerning
this new virtual modality of physician/patient
relationship.

27.3 Results and Discussion

Large-scale access to health care is scarce world-
wide. Argentina, affected by a prolonged po-
litical and economic crisis, has suffered over the
past years a profound impact on its health care
system. Not only have costs, salaries, reimburse-
ments, and import restrictions become crucial
issues in medicine, so, too, have health care in-
surance coverage, transportation, and commu-
nication costs, as well as patient access to health
care systems.

With 36 million people living in Argentina,
an uneven geographic distribution of its patient
and medical population have only made things
worse. While the World Health Organization
(WHO) states that there should be one oph-
thalmologist per 15,000 inhabitants, in Argen-
tina, estimates drawn from the latest survey per-
formed in March 2001 calculate that Argentina
has 4,000 ophthalmologists, 1,700 more than
required [17]. The distribution is unequal, with a
ratio of ophthalmologist per patient in the urban
areas much greater than in rural areas.

Avant garde technology in ophthalmic surgery
is also only available on a small scale. High-end
ambulatory surgical centers can only be found
in the larger metropolitan cities, and health in-
surance coverage usually falls short of cover-
ing these services. For this reason, the Instituto
Zaldivar designed a teleophthalmology program
to benefit its patients.

Prior to launching the on-line consultation
service, ophthalmic consults - other than regular
office visits — were limited, and made by regular
mail, fax, or by a cost-free telephone. Through
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the on-line consult or booking service, the re-
sponse was overwhelming, with a significant in-
crease in the number of consultations, i.e., 4,860
new consultations were performed between De-
cember 2001 to December 2004 (Fig. 27.8).

Since the implementation of the real-time
model in December 2001, 349 patients have been
examined under the video conference or tele-
consultation model, of which 79.9% were refrac-
tive and cataract surgery patients (Fig. 27.9). All
patients originally attended at Instituto Zaldivar
for surgery, and had their follow-up visits at the
Buenos Aires spoke site.

When relying on non-traditional methods
or techniques to evaluate or diagnose a medical
condition (and in this case, based almost entirely
on patient imagery), image resolution and fidelity
must be of the highest order. Some of the draw-
backs encountered in telemedicine deal with
these issues. Many physicians argue that face-
to-face assessments simply can not be replaced
by a remote consultation.” Many detractors base
their claims on the lack of direct interaction with
the eye and poor image qualities for properly di-
agnosing or assessing the patient’s eye condition,
as well as the lack of direct physical contact with
the patient, and consequently dissatisfaction of
one or both intervening parties. Another critical
issue under the spotlight is the sustainability of
current telemedicine programs.

27.3.1 Image Quality

Adequate image resolution is crucial when it
comes to diagnosing or assessing any condi-
tion, whether at a clinical, surgical or post-op-
erative stage. DICOM is the global standard
for exchanging biomedical imaging and image
information and efforts are being made jointly
by the American Academy of Ophthalmology
(DICOM Working Group 9) and the ophthalmic
vendor community in search of standards-based
approaches to facilitate the use of digital imag-
ing in ophthalmology, an essential factor for tele-
ophthalmology [18, 19].

In this particular study, we analyzed the qual-
ity of real-time imagery of the external and ante-
rior segment of the eye, particularly the cornea,
under slit lamp examination, and transmitted via
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Fig. 27.6. Physician/pa-

% tient satisfaction survey
forms

ZALDIVAR
VIRTUAL CONSULT

CONSULT

VC Duration |

Referring Physician [

|
Patient | |
|
|

Consulting Physician[

27 MOTIVE

OBSERVATIONS

Good Regular Inadequate
SPOKE SITE
Transmission '
Audio '
[
[

Images
Others

HUB
Transmission
Audio
Images
Others

INDICATIONS

NEXT VISIT

a video conferencing consultation mode. Sever-  27.3.1.1 Image Acquisition

al important issues must be taken into account

when deciding which application or tool is best  The following issues must be taken into account

for dealing with these types of images: image when considering image acquisition:

acquisition, transmission (bandwidth and com- == Ophthalmic peripherals and their accessories

pression), and reception. are valuable tools used in our daily practice,
which enhance our view of the eye and its
internal components. The slit lamp permits
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Fig. 27.6. Continued
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i

ZALDIVAR

VC PATIENT SATISFACTION SURVEY

I. DOCTOR-PATIENT INTERACTION

1- Did you feel comfortable during the VC?

2- In general terms, how was your experience?

Yes [ No O

consult?

3- Would you repeat the VC, or do you prefer a face-to-face

Yes[] No [

II. TECHNICAL & PHYSICAL ASPECTS

1- Were you able to see well the Consultant?
2- Were you able to hear clearly?

3- Were you comfortable in the VC room?

Yes[] No [
Yes[] No O

Yes[] No [

III. CONVENIENCES

2- Why?

1- Was it convenient to have a VC?

[J Easy Access to the Consultant

[0 Saved Money in traveling to see the Consultant
[0 saved Time (work, school, etc)

O others (please specify)

Yes[] No O

IV. SUGGESTIONS

Would you like to add or suggest something?

Yes[] No [J

a biomicroscopic view of the eye with dif-
ferent magnifications (x5, x10), which may
be further enlarged with the additional use
of contact or non-contact diagnostic lenses
(X57, x78, %90, etc.). Although the resolution
of the images is usually good, glare artifacts
are very common and require skill and ex-
perience to overcome in order to capture a

high quality image for diagnostic purposes.
Underexposed or overexposed pictures are
unsuitable, especially if transmitted remotely
where other limiting factors such as compres-
sion ratio, frame grabbers, and monitors play
an important role in the final viewing of the
image by the consultant stationed at the hub
[3,4].
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VIRTUAL CONSULT

INFORMED CONSENT

Date : 'rime|:|

Fig. 27.7. Teleconsulta-
tion consent form

Medical Record :

Patient |

Referring Physician [

Consulting Physician [

MOTIVE

OBSERVATIONS

You have solicited or you have been advised to perform a Virtual Consult, with one of
the Consulting Physicians of the Instituto Zaldivar S. A. in the city of Mendoza,

Argentina.

This innovative service utilizes video-conferencing equipment (monitors with
incorporated microphones) installed in ophthalmic examining rooms designed
specifically for these purposes, and linked to Mendoza thru a secure —private- digital

telephone network (ISDN).

You will be able to see, hear and talk with the Consultant. You will also be
accompanied at all times by your Referring Physician, who will coordinate and present

your eye exam to the Consultant.

Although remote diagnoses equipment will be used in your exam, your consult will be
as private and secure as it would be face-to-face. The only personnel authorized to be
present during your examination are the Referring and Consulting Physicians.

I have read and fully understood the above explanation.

Signature | |

== Other variables affecting acquisition are the

splitters and the cameras used for captur-
ing the images. The digital era has blessed
us with new, but costly, digital technology.
Both photographic and video cameras have
undergone intense development enabling
high resolution and low noise digital images.
Three-chip CCD video cameras have demon-
strated excellent performance in our experi-
ence and are considered very appropriate for
these purposes. With the aid of beam split-
ters, depending on the type used, the amount
of light going into the photographic or video

Date

camera is enhanced or reduced and therefore
improves or degrades the quality of the image
capture [3, 4, 20].

Our project involved capturing images from
the corneal surface, which is relatively trou-
ble-free due to its simple visual access when
compared to funduscopic imaging. Since we
decided to implement a real-time mode for
the teleconsultation, we used video cameras
attached to the slit lamp as our primary ac-
quisition tool. These enabled the consultant
to actually view the motion of the slit lamp
as it crosses the corneal surface and thickness
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Table 27.1. Standard operating procedures for duties and responsibilities

Buenos Aires
project coordinator

Instituto Zaldivar
project coordinato

Referring
physician

Consulting
physician

Scheduling appointments one month post-op, unless anticipated

or specified by the referring physician

Confirming to Instituto Zaldivar’s project coordinator, via e-mail

or private radio network, the time frames for the teleconsultation
Ensuring the pertinent medical files have been scanned, sent by courier,
or faxed to Instituto Zaldivar before the teleconsultation
Accompanying the patient to the examining room, while briefly going over
the instructions and explanations required

Notifying the referring physician that all is set to go

Troubleshooting with the technicians, if any problems are adverted
before beginning the teleconsultation

Making the opening call to Instituto Zaldivar

Scheduling the next follow-up visit as indicated at the conclusion

of the teleconsultation

Plotting all the proceedings on the protocol sheet and recollecting

the patient satisfaction surveys

Inputting all the data collected in an Excel Spreadsheet,

and e-mail copy to Instituto

Verifying, via e-mail or private radio network, the scheduling

of the virtual appointments made previously in Buenos Aires
Allocating the pertinent medical files in the consultant’s office
Setting up the connections in Instituto Zaldivar and waiting

for the opening call

Ensuring that the patient is sitting at the slit lamp

with the Buenos Aires physician, before the consultant is notified
Troubleshooting with the technicians, if any problems are adverted
before beginning the teleconsultation

Cross-checking all the data that arrives from Buenos Aires

after the teleconsultation has concluded

Once the patient is in the examining office, the referring physician proceeds
with visual acuity verification, automated keratorefactive readings,

and corneal topography (Orbscan II)

Concludes the eye examination under slit lamp and authorizes the opening
call to the central hub Instituto Zaldivar

Aids the consultant through the examination and takes notes

of the indications or prescriptions if performed

All the proceedings are plotted on the protocol sheet

and the patient satisfaction survey is given to the patient

The consultant is advised of the time frames for the teleconsultation

by the project coordinator

Once the teleconsultation has initiated, he/she will go over the slit lamp
examination with the aid of the referring physician and discuss

the progress made with both the patient and the physician

New indications or prescriptions are made at this point

and the next follow-up visit is agreed upon mutually
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27.8. Consultations made through the institutional
web site, from December 2001 to December 2004. n =
4,860 online consults

6,9%
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O Comea & Glaucoma @ Others

27.9. Teleophthalmology consultations performed

with the hybrid teleophthalmology model. n = 349 tele-
consults

27.3.1.2

with optimum contrast and spatial image
resolution. Otherwise, digital photographic
cameras provide excellent still images, which
are best for store-and-forward consultations.

Image Transmission:
Bandwidth and Compression

The following issues must be taken into account
when considering image transmission:

High speed telecommunications (large band-
width) with low rate compression permit
high quality information transmission, es-

sential for proper diagnostic purposes, espe-
cially when analyzing moving images. When
choosing high speed services, a wide variety
of options are currently available (asynchro-
nous transfer mode (ATM), T1, cable mo-
dem, ADSL, ISDN), and the choice should
depend on the type and quality of images
that will be transmitted, as well as on the cost
of transmission. The use of ISDN lines offers
many benefits, primarily high bandwidth and
interoperability with analog phone and digi-
tal services, capability to improve the speed
of Internet access, and a wide geographical
distribution at a relatively low cost. There-
fore, it has proved its cost-effectiveness as a
telecommunication tool in telemedicine [3,
4,21-23].

Considering the compression algorithms
coded into current hardware, most reports
have established a minimum bandwidth of
384 Kb/s as a crucial requirement for real-
time telemedicine consultations. The video
quality provided at this bandwidth has been
proven adequate for most telemedicine ap-
plications, including slit lamp examinations
but not cine-angiograms and ultrasounds
[21-26].

Although much progress has been made,
standardization of all these parameters still
needs to be developed and endorsed glob-
ally.

In our case, the use of a VPN linked by six
ISDN lines (International Telecommunica-
tion Union Standard H.320) permitted an
adequate transmission of video-captured
corneal biomicroscopy images (NTSC video
format) at a relatively low compression rate
at 30 frames per second. While most of the
common post-operative conditions were as-
sessed correctly, (e.g., in refractive surgery
post-operative management: dry eye syn-
drome, flap displacement or misalignment,
folds, epithelial ingrowth, intraocular contact
lens vaulting), larger bandwidth is necessary
to adequately capture subtle changes such as
striae or minor corneal edema (Figs. 27.10,
27.11, and 27.12).
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Fig. 27.10. Anterior segment video-captured image with
the Tanberg 500 video conference system at the consul-
tant’s site. Epithelial ingrowth on the upper edge of the
corneal flap of a LASIK case

Fig. 27.11. Anterior segment video-captured image with
the Tanberg 500 video conference system at the consul-
tant’s site. ICL = Intraocular Contact Lens, V = Vault,
L = Crystalline Lens
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Fig. 27.12. Physician-patient encounter. This graphic re-
flects how the patient felt during the teleconsult. Three
basic questions were asked: Were you comfortable? Was it
a pleasant experience? Would you repeat the experience?

27.3.1.3 Image Reception

The use of CRT monitors versus LCD will not
be discussed here since our project utilized only
CRT video and television monitors for the re-
ception of images transmitted via the Tandberg
video conferencing system.

The following issues must be taken into account

when considering image reception:

== In order to ensure proper color management
(essential for diagnostic purposes), monitor
calibration was accomplished by the audio-
video technicians at both sites.

== A standard color placard was created with
the aid of the digital video camera, and the
monitors were calibrated using this placard,
taking the precaution of warming up the dis-
play before performing the calibration, and
avoiding shining lights or glare reflecting on
the monitor [25, 26].

== All colored diagnostic charts, such as corneal
topographies and wavefront analyses, were
also scanned and forwarded as JPEG images
by e-mail.

== Attention was also paid to the frequency of
the monitor (+85 Hz) in order to enhance the
optical perception of the image and avoid vi-
sual fatigue.

27.3.2 Physician-Patient Satisfaction

Another milestone in real-time telemedicine ap-
plications is the physician/patient satisfaction
issue. Innovative consultation modalities imply
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the need for open-minded actors. Both the phy-
sicians’ and patients’ perception of this new en-
vironment is crucial when it comes to adopting
emerging technologies that will eventually facili-
tate the usual means of consultation [27].
Regardless of the tools used, however, the
basic fundamentals of the physician-patient re-
lationship have not changed. Privacy, confiden-
tiality, and security must be assured in order to
sustain a healthy relationship. One must bear in
mind that face-to-face consultations offer a tra-
ditional emotional experience for all intervening
parties. When facing non-traditional settings,
the advantages and disadvantages must be taken
into account, in order to avoid dissatisfaction of
one or both parties, as summarized in Table 27.2.
Teleconsultations are ordinary consultations,
physically different, but ethically the same.
Overall, a review of the literature reveals high
rates of satisfaction with telemedicine encoun-
ters, due to clear advantages, such as improved
access to health care and cost reduction of both
time and money [28-30]. In our model, satisfac-
tion surveys were given out during the first year
of implementation to both the physicians and
patients. An easy-to-fill-in questionnaire was
provided together with the consent form, and

Table 27.2. Physician and patient satisfaction

Traditional consultations offer:

To the physician

Face-to-face interaction

Possibility of hands-on examination

Privacy, confidentiality

User friendly language (verbal and body language)
Non-dependent on time frames

Virtual consultations offer:

Advantages

patients completed the surveys voluntarily. A to-
tal of 107 surveys were completed and processed,
revealing general acceptance of this innovative
consultation modality (Figs. 27.12, 27.13, and
27.14). Therefore, physician/patient satisfaction
in a non-traditional consultation scenario (tele-
consultation) can be used as one of the indica-
tors of quality of care and acceptance of this new
consultation modality.

27.3.3 Sustainability

Sustainability is one of the key issues to any suc-
cessful enterprise. Health care costs are not the
only ones soaring. In the Latin American region,
telecommunications, hardware, software and
overheadsareall costlimiting, and they constitute
one of the most important impairments when it
comes to planning a sustainable telemedicine
program [31]. With time, as the market demand
increases, prices will eventually decrease and ac-
cess to these technologies will be universal, a key
success factor in telemedicine [32, 33].

In our case, private funding was used to de-
sign and implement the program. Once the pa-
tient population was educated and accepted this

To the patient

Face-to-face interaction

Privacy, intimacy
Confidentiality, sense of security
Traditional emotional experience

Disadvantages

Increased access to highly qualified medical services
Possibility of seeing and speaking remotely to the
specialist (consultant)

Costs less time and money

Enthusiasm in adopting emerging technologies

Nervousness when using new technologies
Difficulties in expressing themselves in front of a
television monitor

Tendency to be less spontaneous during the exam
Distant emotional experience
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Fig. 27.13. Physician-patient encounter. This graphic re-
flects how the patient felt, concerning the technical and
environmental aspects of the teleconsult. Three basic
questions were asked: Could you see well the consultant?
Could you hear him/her well? Was it a comfortable ex-
perience?
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Fig. 27.14. Physician-patient encounter. This graphic re-
flects how the patient felt, concerning the conveniences
of accepting a teleconsult instead of a face-to-face con-
sultation

new consultation modality, their demand for it
increased substantially, making it possible to of-
fer it as a pay-per-view service. At present, our
service is paid for by our patients privately, since
health care insurance companies have not yet ad-
dressed the reimbursement issues.

27.4 Conclusions

From the physician’s point of view, high speed
connections were crucial when adequately as-
sessing eye conditions, thus avoiding unneces-
sary pre-operative services at the hub site, saving
both time and money. Although the new digital
era allows for faster communications and digi-
tal imagery, enhancing the possibility of remote
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diagnoses, it also presents a new scenario with
new challenges: insufficient bandwidth, noisy
transmissions, hackers, electrical faults, un-
known or equivocal users, etc. Therefore, there is
a real need for standards and legislation to pro-
tect a teleconsultation and to help guarantee the
proper use of medical information, as well as its
adequate transmission, safe processing, storage,
and timely delivery.

From the patient’s point of view, it has turned
out to be an innovative physician-patient rela-
tionship. The majority expressed their satisfac-
tion at being able to see and talk with their at-
tending surgeon. Time-consuming and costly
expenses of traveling back and forth to Mendoza
were avoided.

From both the physicians and patient’s point
of view, teleconsultations demand privacy, con-
fidentiality, and security. These parameters are
essential and mandatory in any type of consul-
tation. Although a teleconsultation is performed
in a virtual environment, in essence it represents
an ordinary consultation. Therefore we must all
strive toward a satisfactory physician/patient re-
lationship. This is a key factor for all successful
consultations, whether virtual or not.

What does the near future hold? Perhaps it has
already arrived. At present, the Instituto Zaldi-
var has designed a full-scale integration project
called Focus that will include a high speed (E1)
VPN with on-line electronic medical records be-
tween all its affiliated centers (including its new
center in Asuncion, Paraguay), Wi-Fi connectiv-
ity within each facility, a new mobile clinic, and is
opening its doors in search of new international
collaborative projects.
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United States Army or Department of Defense.

This chapter addresses the following

Key Concepts:

[l Teleophthalmology has the potential to
increase access to medical care, extend
valuable resources, and decrease the
cost of care, allowing a limited num-
ber of ophthalmologists to better serve
a geographically diverse beneficiary
population.

M In a military environment, bandwidth
is a finite resource that is allocated
based on the needs of the mission and
the organization.

B Given bandwidth and logistical support
constraints while deployed, straightfor-
ward, non-resource intensive solutions
are the key to smooth implementa-
tion, quick acceptance, and productive
results.

[l Teleophthalmology screening and
remote diagnosis of anterior segment
pathology and diabetic retinopathy is
reliable and reproducible.

M To be clinically useful, these systems re-
quire a minimum level of sophistication,
including high resolution, stereopsis,
and magnification, as well as outcomes
that must be validated.

M Ophthalmic robotic microsurgery is
possible, and could ultimately serve as a
helpful adjunct, as well as provide new
functionality while performing ocular
microsurgery.

M Digital image manipulation can en-
hance pre-operative planning to better
guide the surgeon and inform the
patient.

28.1 Introduction

The United States (US) Army Medical Command
employs 60 active duty Army ophthalmologists
in 26 locations world-wide, whose primary mis-
sion is to provide state-of-the-art eye care to our
troops in garrison, in the field, and in the theater
of combat. This currently includes ophthalmolo-
gists deployed in Afghanistan, Kuwait, and Iraq
in support of Operations Enduring Freedom and
Iraqi Freedom. Moreover, Army ophthalmolo-
gists provide care for a beneficiary population
of over 8.1 million people located in 59 different
countries and territories around the globe [1]. In
addition to soldiers serving on active duty, this
population includes their spouses and children,
and retired service members and their spouses.
Unlike the widely dispersed beneficiary popu-
lation, ophthalmic resources are predominantly
located at a limited number of medical centers
and regional hospitals in the continental US, Eu-
rope, and Asia. Approximately 30% of eligible
beneficiaries are located greater than 40 miles
(65 km) from one of these facilities [2]. This
number continues to grow as US military bases
are closed or consolidated as a result of the end
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of the Cold War. In fact, during the decade from
1987 to 1997, 35% of US Department of Defense
medical facilities closed [3].

These expanding distances between patient
and hospital and the resultant travel-related ex-
penses become prohibitive, preventing many
beneficiaries from seeking health care in the
military system. Instead, they must rely on civil-
ian medical care, which increases cost. For active
duty patients, this cost is paid for by the govern-
ment. For family members and retirees, a portion
of the cost is subsidized by the government. The
remainder is the responsibility of the patient in
the form of deductibles and co-payments. Simi-
lar challenges arise when providing care for our
deployed population.

While a robust medical system accompanies
units in the field, it is not feasible or preferable to
place all medical assets in far-forward positions.
Likewise, some military units must operate at
great distances from their nearest medical sup-
port. Therefore, an evacuation system is required
where patients in need of specialized diagnostic
or therapeutic care are evacuated to other facili-
ties when not available locally. This places a fi-
nancial and logistical cost on the organization as
a whole, and a cost in manpower to the unit los-
ing a soldier. For both the deployed soldier in the
field and the family member or retiree located
in the US, strategically implemented and easily
accessible teleophthalmology services could im-
prove their ability to obtain care while decreas-
ing the cost to them and our tax payers. The fol-
lowing discussion outlines a number of the US
Army ophthalmology initiatives currently in use
or in development to advance those goals.

28.2 Teleconsultation in Practice

During past military operations the ability to
provide medical support has necessarily been
constrained by logistical realities. Moving man-
power and military supplies is of paramount
importance to be successful on the battlefield.
Medical care is well supported by the command
structure and considered an essential element to
a successful military, but it will not supplant tac-
tical or strategic considerations in the resource
intensive environment of military activities. In

effect, those resources are competed for, and al-
located based on the needs of the organization
and its mission. During today’s deployments,
whether they are to the battlefield, or in support
of humanitarian missions, an additional resource
is competed for - bandwidth. In operational
terms, this is also a finite resource and is allo-
cated to support the group as a whole. Our task
therefore, is to make the case for our need of this
resource and to maximize the amount given to
its full effect. This necessitates an approach that
focuses on easy to use, resource efficient technol-
ogy that provides what the user needs in a timely
fashion.

28.2.1 The Kosovo-Bosnia

Experience

One such system is e-mail based consultation.
In a deployed environment, the typical civil-
ian referral paradigm is often unfeasible. Due
to mission requirements, excessive distances,
limited transportation assets or hostile action,
patient transport for specialty evaluation may
not be practical. E-mail consultation eliminates
these challenges and in fact can speed health care
delivery. Since the early 1990s, e-mail equipped
computer systems have been readily accessible
in military theaters. From the Kosovo-Bosnia
conflict, enterprising deployed providers began
sending the first e-mail consultations to distant
ophthalmology sub-specialists located in Ger-
many and the US (Fig. 28.1). Responses could be
sent back in time to help manage patients or rec-
ommend evacuation to larger medical facilities.

28.2.2 Teleconsultation

Since that time a formal e-mail consultation sys-
tem has been designed and implemented, the
Tele-Ocular Consultation system. It is a secure
e-mail communication system deployed world-
wide. Military providers anywhere on the globe
can consult an ophthalmologist by e-mailing a
single e-mail address. The system is monitored
by both a clinical and technical manager. Spe-
cific ophthalmologists are identified to respond
to consultation requests. Due to the global na-
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Fig. 28.1. E-mailed images from Kosovo. a The patient
is a 28-year-old local Albanian ground MEDEVAC after
a diesel fuel spill, complaining of burning and decreased
vision. b Slit lamp photograph shows diffuse punctate

ture of the Army mission, deployed providers
may not be in the same time zone as consultants.
These differing time zones were considered in
the design of the system. Ophthalmology consul-
tants are located in various locations around the
world ensuring that whenever a consult is initi-
ated a consultant is available. The local provider
obtains history and other pertinent data from
the patient. Digital images are captured focusing
on the area of interest. Since consultation infor-
mation is de-identified by the local provider to
ensure patient confidentiality, a unique patient
code is generated and maintained by the submit-
ting provider. The information and images are
sent as an e-mail to a central e-mail address. The
date and time of the consult are recorded by the
technical manager and reminders sent if the con-
sult is not responded to in 24 h.

The system began accepting consultations in
July 2004. From July through to December of
that year, 13 consultations were addressed. In the
first quarter of 2005, 11 consultations were re-
viewed. The majority of these consultations have
originated in Iraq and Afghanistan. Five patients
were recommended for evacuation out of the
country. The remainder were managed by the
consulting physician or referred to local eye care
assets. Calculating an exact cost of an evacuation
is difficult at best, but rough estimates suggest
approximately 20,000 USD per patient. The non-

epithelial staining. Based on these images and the history
given, the ophthalmologist recommended treatment with
topical lubricants and antibiotics with successful resolu-
tion of the condition

monetary expense of losing a soldier to evacua-
tion and the resultant unit degradation, however,
cannot be underestimated.

28.2.3 Screening and Remote
Diagnosis

The following subsections provide insights into
treatment teleconsultation technology.

28.2.3.1 Ocular Trauma

Ocular injuries comprise approximately 13% of
all injuries during combat, and the first treatment
available may be given by a non-ophthalmologist
[4]. Technology that allows teleconsultation with
an ophthalmologist can enable the first respond-
er, a front line medic or general medical officer, to
assist in triage and determine who needs evacu-
ation and with what priority. To evaluate the role
of teleophthalmology in the assessment of ante-
rior segment and ocular adnexal trauma, Army
ophthalmologist Dr David Simon and colleagues
evaluated the ability of four camera systems to
image eight ocular injuries created in an animal
model [5]. The images were transmitted via the
Internet and reviewed by 83 ophthalmologists
masked as to the injury, camera and photog-
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rapher. The correct diagnoses were made most
consistently for full-thickness eyelid laceration
(96%), corneoscleral laceration with uveal pro-
lapse (92%), partial-thickness eyelid laceration
(86%) and hyphema (80%), and less frequently
for intraocular foreign body (10%) and corneal
foreign body (46%). Dr Simon’s group felt that
while teleophthalmology offered the potential
to remotely diagnose certain ocular injuries, im-
provements in technology would be necessary
before the diagnosis of most intraocular injuries
would be possible on a consistent basis.

28.2.3.2 Anterior Segment

The slit lamp is one of the primary tools of the
ophthalmologist, and is essential for examina-
tion and diagnosis of patients with disorders of
the anterior segment. Understanding that the ac-
quisition of high resolution stereo images would
be essential for successful remote diagnosis and
management of anterior segment problems, the
John A Moran Eye Center at the University of
Utah partnered with the Army’s Telemedicine
and Advanced Technology Research Center
(TATRC) and the Walter Reed Army Medical
Center (WRAMC) Ophthalmology Service to
develop and test a prototype high-resolution
digitized stereo slit lamp for use in teleophthal-
mology. In a study comparing the clinical diag-
nostic performance of the stereo video slit lamp
with in-person examination, 64 adult patients
(127 eyes) with common anterior segment find-
ings were recruited from the patients presenting
to the ophthalmology clinics at the University of
Utah and WRAMC. The digital exam protocol
used a set of 16 high-resolution digital still im-
ages (Fig. 28.2) and 16 fields of dynamic stereo
imagery. With the reviewers at both institutions
masked to all patient history and in review-
ing only the standard set of images, this system
proved effective in screening for common ante-
rior segment pathology. Using the face-to-face
exam as the gold standard, the sensitivity of
the digitized exams ranged from 60% (anterior
chamber findings, n = 5) to 92% (lens findings, n
= 27). Specificity of diagnoses made from digital
exams ranged from 76% (lens findings, n = 27)
to 100% (anterior chamber findings, n = 5). This

particular system provides some of the best im-
agery available in teleophthalmology to date, and
is the first that we know of to provide dynamic
stereo imagery.

28.3 Diabetes Mellitus

Diabetes mellitus (DM) is the leading cause of
new cases of blindness in the US among adults
aged 20-74 years with diabetic retinopathy caus-
ing as many as 40,000 new cases of blindness
per year. Currently only 54% of the Army health
care beneficiaries with DM receive annual reti-
nal examination. Barriers to a regular eye exam
are multifactorial and include lack of transporta-
tion, lack of clinic availability, and a shortage of
eye care professionals. Teleophthalmology could
assist in this area of critical need. To that end,
Army ophthalmologists are exploring the poten-
tial use of digital retinal imaging to overcome
some of these barriers.

In a technology evaluation for diabetic screen-
ing, researchers at WRAMC assessed the level
of agreement between dilated fundus examina-
tion by a retina specialist and 45° non-mydriatic
digital fundus photographs taken using a Canon
CR6-45NM OIS system (Ophthalmic Imaging
Systems, Inc., Sacramento, CA) with video cap-
ture via a Sony DXC390 3CCD video camera
(Sony Electronics, Inc., New York, NY). In a pro-
spective, comparative, observational case series
in 231 eyes of 120 patients, the level of agreement
between digital photos and dilated fundus exam-
ination was moderate for diabetic retinopathy (x
= 0.44), macular edema (x = 0.60), and recom-
mended follow-up interval (k = 0.38). Our inves-
tigators concluded that due to its low sensitivity
and relatively low level of agreement with clinical
exams, remote review of a single 45° non-myd-
riatic digital fundus photograph cannot be relied
upon as the sole modality for diabetic retinopa-
thy screening at this time. However, there may
be a role in populations where ophthalmoscopy
by an experienced ophthalmologist is not an op-
tion.

In a separate but related project in collabora-
tion with the Joslin Diabetes Center of Harvard
Medical School and the Joslin Vision Network, a
disease management program was established in
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Fig. 28.2. Video slit lamp 16-field photo protocol. The
examination is performed in a standardized fashion with
consistent magnification and illumination. The sequence

the Walter Reed Health Care System in 2000 to
improve compliance with the process and qual-
ity measures established by the Diabetes Quality
Improvement Project. As part of this program,
patients underwent Non-Mydriatic Digital Ste-
reoscopic Retinal Imaging (NMDSRI) at the
time of their routine diabetes clinic appointment
at four locations in the metropolitan Washing-
ton, DC area. The image acquisition system used
in the study has been previously described [6].
In brief, a Topcon TRC NW6S non-mydriatic
stereoscopic digital camera was used to obtain
three 45° retinal fields images that collectively
encompass a significant portion of the retina
imaged by the ETDRS seven standard field ste-
reoscopic retinal photography. Images were typi-
cally compressed to 15:1 before sending via local

allows examination of the ocular surface, tear film, lids,
lashes, conjunctiva, sclera, cornea, anterior chamber, iris,
and lens

area network to a central reading location in the
Ophthalmology Service at WRAMC, where they
were diagnosed and graded by a single retinal
specialist. Images of 484 eyes from 244 patients
were evaluated, and of the 313 eyes considered
gradable there was an 85% agreement in the
grading between NMDSRI and dilated fundus
examination. All of the NMDSRI gradable im-
ages were either exactly or within one grade of
the dilated fundus examination, though retinal
thickness could not be assessed in 21% of the
eyes with diabetic retinopathy. There was 100%
agreement for macular edema in the gradable
eyes. Investigators concluded that the Joslin Vi-
sion Network imaging system is a sensitive and
specific method for screening and diagnosis of
diabetic retinopathy and may help improve com-
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pliance with the standards of eye care for patients
with DM. Its simplicity and convenience make
this technology suitable for incorporation into a
diabetes disease management program facilitat-
ing improved compliance with the standard care
for retinopathy screening in diabetics.

28.4 Robotic Eye Surgery

Since 1990, SRI International, Inc has conducted
an active program in the development of re-
motely operated surgical robotic systems. These
systems consist of a master console where the
surgeon sits and a slave station, a surgical robot
that follows the movements of the surgeon. The
motivation for developing these systems was to
provide surgeons with an interface that enhances
their surgical abilities yet remains intuitive and
easy to use. One of the systems developed is the
Telepresence Microsurgical System (Fig. 28.3),
which was designed to enhance the performance
of surgeons during microsurgery operations.
Among other features, the system allows scal-
ing the surgeon’s movements and tremor filter-
ing. With TATRC funding from 2000-2001, SRI
adapted the system for remote ophthalmic mi-
crosurgical operations and developed the Robot-
ic Slave Micromanipulator Unit (RSMU), which
is currently deployed at the Uniformed Services
University of the Health Sciences in Bethesda,
Maryland.

In a recent protocol we demonstrated the fea-
sibility of using the RSMU to remotely repair a 5
mm central full-thickness corneal laceration in
enucleated rabbit eyes. Ability to complete a wa-
tertight surgical repair, leak pressure, repair time,
and histological analysis of wounds repaired with
the RSMU were compared to eyes repaired with
a standard by-hand surgical technique. All eyes
in both groups maintained an IOP of 25 mm Hg
without leaking. Mean repair time was 80 min
(range 50-130 min) with the RSMU, compared
to 10.8 min (range 7-35 min) by hand [Mines,
unpublished data]. A watertight repair was then
successfully performed in an anesthetized goat
eye. We concluded that remote robotic surgery
to repair a corneal wound is possible using the
RSMU. In enucleated rabbit eyes, RSMU closure
took longer, but surgical times trended lower as

familiarity with the device developed. Corneal
wound closure is also possible in a live animal
model. While limitations currently exist, this
technology holds promise and warrants further
exploration.

A newly funded project will serve as a natu-
ral progression of this work with the RSMU. The
da Vinci Surgical System, developed by Intuitive
Surgical Inc., is a commercially available robot-
ic surgical platform that is approved by the US
Food and Drug Administration for various sur-
gical procedures including laparoscopy, thoraco-
scopically assisted mitral valve surgery and atrial
septal defect repair. It incorporates many engi-
neering advances beyond previous technology,
including increased degrees of freedom, an im-
proved imaging system, and enhanced surgeon
interface. This study will evaluate the impact of
these technological advances on a surgeon’s abil-
ity to robotically close a corneal laceration and
will hopefully provide critical information about
the impact of technologic advances on ophthal-
mic microsurgical robotics. We also anticipate
that it will help identify strengths and weakness-
es of existing technologies and provide direction
for future work that will be required to make ro-
botic ophthalmic microsurgery a reality.

28.5 LaserTissue Welding

Laser tissue welding techniques present a prom-
ising alternative to microsutures and have been
used by various researchers in ophthalmic as
well as in other surgical applications. Most of the
current techniques use a solder medium, which
can be composed of fibrin, albumin or collagen.
The strength of the repair is dependent upon
reaching a precise temperature, determined by
the choice of laser and the solder composition, to
obtain protein polymerization at the solder/tis-
sue interface with minimal damage to peripheral
tissue. In fact, temperature feedback control on
the laser has been demonstrated to improve the
outcome of bonds.

In ongoing research, WRAMC ophthalmolo-
gists are collaborating with SRI, Inc and Conver-
sion Energy Enterprises to investigate the use of
robotic assistance to more precisely guide laser
tissue welding. Development of custom robotic
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end effectors to appose tissue and to deliver and
cure the solder aims to improve the quality and
consistency of the laser tissue welding bonds.
Incorporating laser tissue welding into the Tele-
presence Microsurgical System platform would
allow greater precision of tissue apposition, ac-
curate solder delivery and consistent laser power,
all important parameters that are critical for a
successful outcome of the bonds.

28.6 Digital Images in Evaluation
and Management

As imaging and information technology contin-
ue to improve, digital photography is becoming
more popular in eye care offices. Digital imaging
allows convenient documentation and tracking
of diseases. Photographs provide not only a bet-
ter qualitative documentation of eye conditions
than hand drawings, but images can now be used
to compare quantitative aspects of ocular pathol-

Telepresence surgeon's workstation (TSW)
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Slave surgical
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ogy with greater accuracy and reproducibility.
WRAMC ophthalmologists use image process-
ing software such as Adobe Photoshop” to accu-
rately measure the surface area of lesions and to
compare the lesion at each visit over time. This
is routinely used in clinical practice as well as in
research protocols where precise measurements
are important.

Moreover, digital imaging can be used to as-
sist in preoperative planning. For example, we
have employed this in an 18-month-old child
with a central corneal scar who underwent a
corneal rotational autograft with the objective of
moving the scar out of his visual axis. This was
accomplished through eccentric trephination
and 180° rotation of the central cornea. An im-
age of the patient’s cornea was manipulated digi-
tally using Adobe Photoshop prior to surgery
(Fig.28.4). This allowed for accurate prediction
of the needed trephine size to within 0.2 mm,
and greatly assisted in planning the best location
for trephination. Digital imaging has many uses
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in ophthalmology. Although it is most common-
ly used in diagnosis and clinical monitoring, we
demonstrate here another use — as an important
tool in preoperative surgical planning.

28.7 Information Management

The following subsections review key systems for
managing e-information.

28.7.1 Electronic Health Record

Since the advent of computer systems in main-
taining clinical information, the development of
an eflicient electronic medical record has been a
goal. One such system developed and in use in
the US Army is a secure Web-based electronic
medical record (EMR), Health e Forces. It began
as an electronic documentation system utilizing

the standard subjective, objective, assessment,
plan (SOAP)format.

Army optometrists began adapting the elec-
tronic note for ocular examination documenta-
tion. The utility of a combined ocular electronic
medical record with specific optometric and
ophthalmic sections quickly became evident,
and Army ophthalmologists and optometrists
collaborated in refining the system for each spe-
cialty. Common aspects of the system include
documentation of visual acuity, manifest refrac-
tion, ocular deviations, IOP, anterior and poste-
rior segment examination and documentation,
common diagnoses, and clinical plans.

Specific ophthalmic areas include means to
document neuro-ophthalmic, oculoplastic, pe-
diatric ophthalmic, corneal, glaucoma, and vit-
reo-retinal examinations. The system also allows
for importing, storing, and viewing electronic
images, updating the current visit note with in-
formation from prior visits including history,

Fig. 28.4. Digital images are used in pre-operative plan-
ning for corneal autograft. The pre-operative digital im-
age shows a vascularized corneal scar running through
the visual axis (a left). The digital cornea is trephined
using the free transform tool on Adobe Photoshop 7.0
(a center). The selected section is then rotated approx 180°

showing a clear visual axis (a right). Intraoperatively, the
appropriate corneal trephine is selected, the corneal but-
ton removed and sutured into place with the scar rotated
superiorly out of the visual axis (b). The digital post-op
used in preoperative surgical planning (c top) compares
nicely to the six month post-op results (¢ bottom)
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visual acuity, refractions, IOP, pachymetry, and
incorporating pre-formatted patient education
files in patient records. A current limitation of
the system is the lack of color drawing capabil-
ity organic to the application. This is an ongoing
area of research and evaluation and refinement
continues to occur.

An enterprise-wide electronic medical record
solution is also being fielded. Called the Com-
posite Health Care System II, it was created to
provide secure, Department of Defense-wide
interoperability for patient record management.
This system is expected to be fully fielded in
2005.

28.7.2 Refractive Surgery
Information System

The Army Warfighter Refractive Eye Surgery
Program (WRESP) was established to reduce
the limitations posed by corrective eyewear in
combat arms soldiers. Between May 2000 and 30
September 2003, 32,068 eyes of 16,111 soldiers
were treated, and the program currently plans on
treating 12,000 or more new soldiers each year
[7]. Optimal operation of the WRESP requires
the ability to analyze outcomes and track com-
plications and adverse events.

The Army has a rapidly mobile, geographi-
cally diverse population at risk of becoming lost
to follow-up, despite the best of efforts. This is
especially true in the current era of conflict with
the global war on terrorism. The Army has re-
cently completed beta testing of a Web-enabled
database system for the WRESP, and is working
to develop robust data mining and outcomes
analysis tools. This refractive surgery informa-
tion system will provide a complete database
for all WRESP patients located world-wide, as
well as an electronic record that will follow them
throughout the Army. In this way Army ophthal-
mology can improve the efficacy and safety of
the program and continue to provide the highest
quality of care to our soldiers.

Chapter 28

28.7.3 WRESP Web Portal

Currently in development is a web-enabled por-
tal that will allow potential and current WRESP
patients to access informational services describ-
ing the application process, eligibility criteria,
Army WRESP policies, and supporting educa-
tional material. The initial release will query the
user’s basic military occupational status through
a simple graphical interface. These data are pre-
sented to an appropriately structured database
that will allow applicants to immediately es-
tablish their eligibility in the WRESP. Qualified
candidates will be presented with downloadable
registration forms and given additional informa-
tion concerning the likely treatment timetable
and scheduling requirements should they decide
to proceed with surgery.

The second phase of web portal development
will fully automate the application process. It
will automate the management of pre- and post-
surgical patient communications and track the
timeliness of post-operative patient examina-
tion. A personal, password protected, page for
each qualified candidate will include their ap-
pointment schedule, preoperative requirements,
medication regimen and other relevant infor-
mation. In addition, health care professionals
distant from WRAMC who are providing post-
operative follow-up care will be able to obtain
information on the current state of the art treat-
ment protocols supported by an extensive image
library of material specific to the management
of post-operative outcomes following refractive
surgery.

28.8 Multimedia Repository

and Remote Education

Army ophthalmologists, like their civilian coun-
terparts, complete an internship and a three-year
residency program accredited by the Accredita-
tion Council for Graduate Medical Education
(ACGME). Over 90% of Army ophthalmologists
are trained in one of the three Army GME pro-
grams, where approximately 50% of staft time
is directed toward GME activities including
lectures, conferences, grand rounds, specialty
courses, and presentations at local, regional and
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national meetings. These, as well as most peer-
reviewed publications, have transitioned or are
transitioning to an electronic format.

To support diagnosis and documentation of
disease, most ophthalmology training programs
are equipped with ophthalmic photography de-
partments. These departments, however, likely
began before digital imaging was possible. As a
result, a vast amount of archived material cur-
rently exists on file, primarily as 35 mm transpar-
encies or photographic prints, necessitating con-
version of analog sources to digital files. Newer
digital technologies address this shortcoming;
however, while these images may exist in digital
image format ready for multipurpose use, they
are not archived for easy accessibility.

One solution being explored is MedPix".
Hosted by the Uniformed Services University, it
is a fully Web-enabled cross-platform database
that integrates images and textual information.
Its primary target audience includes physicians
and nurses, allied health professionals, medical
students, graduate nursing students, and other
postgraduate trainees. The content material is
organized by disease location (organ system),
pathology category, patient profiles, and by im-
age classification and caption. MedPix™ can be
searched through multiple internal image and
text search engines. MedPix™ search formula-
tions may be linked directly to PubMed and
other outside search engines with a single click.
Additional features, including Category 1 Con-
tinuing Medical Education (CME) and Continu-
ing Nursing Education (CNE) credits, quizzes,
uploading, and editing, are available to regis-
tered users.

We have also proposed an archive of ophthal-
mic images, illustrations, and videos that will be
accessible via the World-Wide Web for educa-
tional purposes, and that will serve as a resource
to medical personnel. A primary objective is to
provide controlled access to archived images in a
searchable, relational database with well-defined
metadata, standardized multimedia file formats,
and HTML and XML content.

This metadata will adhere to Department of
Defense sharable content object reference mod-
el specifications [8], and allow resources to be
repurposed for a variety of digital and traditional
media publishing efforts. Consequently, the re-

pository will serve not only ophthalmologists,
but other audiences as well, such as emergency
medical personnel and training organizations.
Such a repository would have significant added
value in remote ophthalmic consultation, i.e.,
providers faced with a challenging patient would
be able to review images of similar findings to aid
in diagnosis and management.

28.9 Conclusions

Delivering timely, cost-effective, quality care to
beneficiaries and consultation partners is the goal
of all health care systems. The particular chal-
lenges of distance, geography, and logistics faced
by US Army ophthalmologists as they deliver
this care attest to the ever-increasing relevance of
telemedicine. Research and implementation of
teleophthalmology solutions are providing op-
portunities to improve care, expand knowledge
through training and distance learning, and pro-
vide services that were not possible a few short
years before. Many of these applications, which
are in use today, enable Army ophthalmologists
both to assist other health care providers, and
to deliver care directly to a geographically di-
verse beneficiary population. US Army ophthal-
mologists continue to develop and research new
technologies in an effort to shorten the distance
between the injured soldier or ill retiree and the
ophthalmologist’s exam chair, thereby speeding
interventions to preserve ocular health.
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Chapter 29

Digital Imaging to Characterize
Retinal Vascular Topography

Niall Patton, Tariq Aslam

This chapter addresses the following

Key Concepts:

M Digital image analysis has transformed
the ability to obtain more accurate and
reliable measurements from retinal
photographs.

[ The majority of techniques used to
quantify retinal vasculature rely on
accurate measurement of retinal vessel
widths and vessel branching angles.

I Digital (and automated) imaging analy-
sis can be used to quantify different
aspects of retinal vasculature.

M Associations identified with the arte-
riovenous ratio include hypertension,
atherosclerosis, diabetes, risk of stroke,
cardiovascular mortality, risk of coro-
nary heart dise ase, and smoking.

[ In the future, digital image analysis
of retinal photographs may offer an
independent marker of risk for systemic
disease for any individual.

29.1 Introduction

Fundal examination offers a unique opportu-
nity to non-invasively visualize, photograph,
and subsequently analyze images of the retinal
vasculature in vivo. Technology has developed
rapidly, permitting retinal digital image analysis
to be readily accessible to both researchers and

29

practicing clinicians via commercial software.
Over the past five years, large epidemiological
studies have utilized retinal image analysis to
help to characterize the influence of cardiovas-
cular disease on retinal vascular topography.

In this chapter, we describe the use of imaging
analysis to measure blood vessel widths using
microdensitometry. We provide an overview of
the concept of optimization of a branching vas-
cular structure, and the evidence that retinal cir-
culation conforms to such optimization princi-
pals. We review how researchers have employed
digital image analysis to characterize retinal vas-
culature in terms of these optimization princi-
ples, and how this has proved useful in providing
quantitative measurements from retinal images
that are more objective and less observer-driven
than previous manual techniques. We speculate
on a future application of telescreening of fundal
images for individual cardiovascular risk stratifi-
cation based on retinal vascular topography.

29.2 Measuring Retinal Blood Vessel
Widths From Retinal Photo-

graphy

The majority of techniques that have been used
to quantify retinal vascular topography, such as
the (original and revised) arteriovenous ratio
(AVR) junctional exponents, and optimality pa-
rameters, rely on an accurate measurement of
retinal vessel widths. No other measurements are
recorded and the only difference between these
entities is what vessels’ widths are measured, and
how they are formulated to measure different as-
pects of vascular topography.

Retinal arterioles are often small, and require
high-resolution images to obtain accurate mea-
surements (which may be as small as 10 to 15
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pixels). In addition, to enhance the contrast be-
tween the retinal arteriole and the background,
red-free images are often preferred to color fun-
dal images. Alternatively, the green channel from
the RGB image can be used. Further image pro-
cessing can be used to enhance contrast between
the vessels and background retina, such as adap-
tive histogram equalization.

29.2.1 Micrometry

Originally, before the widespread use of digital
imaging systems, micrometric techniques were
used to measure retinal vessel widths. Retinal
photographs were taken using conventional film
processing techniques. After processing, the
films were projected onto a screen with some
entity of known dimension. Using this as a ref-
erence, calculations using micrometric screws or
calipers were performed in order to determine
measurements of individual blood vessels. In-
deed, micrometric techniques were originally
used by Parr and colleagues to develop the Cen-
tral Retinal Artery Equivalent (CRAE) measure-
ment [1]. However, with the development of
digital imaging systems, newer techniques based
on intensity profiles of retinal blood vessels (mi-
crodensitometry) and edge detection programs
have superseded micrometric techniques.

29.2.2 Microdensitometry

Digitalized image analysis techniques are more
reliable than previous micrometric techniques
[2-4]. In addition, they are subject to less ob-
server bias and are less time consuming. How-
ever, microdensitometry techniques are semi-
automated, requiring some observer input to
designate what cross-section of blood vessel to
measure. A cross-section of a retinal blood ves-
sel will have a typical intensity profile, resulting
from its grey level at each pixel point. The loca-
tion of each pixel can be identified with spatial
coordinates and each has a defined intensity, also
known as its grey value. This profile typically has
a similar configuration to a Gaussian profile, and
can be described by the equation,

(=%

f(x) =ase % 4a,

where a; is the amplitude of the peak of the pro-
file, a, is the position of the peak, a; is a specific
parameter of Gaussian function that controls the
width of profile, and a, is the background retinal
intensity.

The profile can also be expressed as a double-
Gaussian function, with a smaller central Gauss-
ian curve subtracted from the main profile to ac-
count for the central bright reflex.

The Gaussian profile (or double-Gaussian)
can then be analyzed using image analysis tech-
niques to obtain a measure of the width of the
corresponding arteriole. The most common
technique for acquiring the vessel width is to es-
timate the width of the vessel at half the height
of the peak of the intensity profile of the double-
Gaussian curve (half-height method) (Fig. 29.1).
This strategy minimizes any effect of de-focusing
at image acquisition [5], which may be caused by
medial opacities, such as cataracts.

29.3 OtherImage Analysis
Techniques

Other techniques of automated vessel width
measurement have included the use of edge de-
tection masks [6], and sliding linear regression
filters [7, 8]. Rassam et al., [9] have used kick-
points on the image histogram, which, although
appearing to be more accurate in determining
vessel width for good quality images, are more
prone to errors due to de-focus.

Chapman et al. [7] compared three different
automated strategies to measure retinal vessel
widths (double-Gaussian intensity profiles, Sobel
edge detector, and sliding regression linear filter)
with manual measurement in red-free images.
The Sobel edge detector uses a pair of 3x3 convo-
lution masks, one estimating the gradient in the
x-direction (columns), and the other estimating
the gradient in the y-direction (rows). The slid-
ing linear regression filter method is based upon
the fitting of a line by linear regression, relating
image intensity against distance across the vessel
cross-section. They found the most reliable of the
three techniques was the sliding linear regression
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Fig. 29.1. Estimation of vessel width at
half-height of the peak of the intensity
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filter. Sobel edge detection was found to be the
most inconsistent, possibly due to the program
identifying the central light reflex from the blood
vessel as an edge. The Canny edge detection pro-
gram has been used in neural networks to auto-
matically localize retinal blood vessels in fundal
RGB images [10].

Using the algorithms described above, digi-
tal image analysis allows us to record individual
measurements of retinal vessel widths and par-
ticular features of vascular junctions. However,
to be able to obtain measures of overall retinal
topography that can be compared from one in-
dividual to another, researchers have combined
vessel measurements based on the principles of
an optimized retinal vascular network.

29.4 An"“Optimized” Branching
Vasculature

While accepting the inevitable random scatter in
any biological tissue with over a billion vascular
branching points, it has long been known that a
vascular structure in a healthy state conforms,
to a degree, to an idealized optimal structure in
order to minimize the costs involved across the
vascular network. These costs include the shear
stress experienced by the blood vessel due to
vascular blood flow, volume of the vascular tree,
power across the vascular network, and surface

Distance

area. An optimal circulation can be considered
when these costs are minimized. Features of a
branching network that will determine the de-
gree to which it is optimized include the angle
between daughter blood vessels as they branch
from the parent vessel, and the relationship be-
tween the widths of the trunk and branch ves-
sels.

29.4.1 Branching Coefficient

One of the first parameters of vascular junctions
to be considered was the branching coefficient.
This was first considered by Young in 1809 [11]
as a means of expressing the ratio of the area of
the blood circulation before and after a vascular
dichotomous junction:

Branching coefficient (w) = (D, + D) /
Dy?, where D;is the width of branch vessel 1, D,
is width of branch vessel 2, and Dy is the width of
the trunk vessel (Fig. 29.2).

Young (1809) [11] produced a value of 1.26
for the theoretical optimum value for w, although
the origin of this derived value is unclear [12].
However, the value of 1.26 was later explained
by Murray (see Section 29.3.2, below) in 1926,
in his seminal work on the relationship between
parent and daughter vessel widths at vascular
junctions [12].
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Fig. 29.2. Calculation of branching coefficient at a vascu-
lar dichotomous junction

29.4.2 Junctional Exponent

In 1926, Murray published his work on the de-
sign of an optimal branching vascular system
[12], which minimizes the power required to
overcome viscous drag in a fluid and the energy
metabolically required to maintain the volume
of blood and vessel tissue involved in blood flow.
Murray’s law relates the diameter of the trunk
and branch vessels at a vascular junction in an
optimal circulation, such that the cube of a di-
ameter of the trunk vessel equals the sum of the
cubes of the branch diameters. This can be ex-
pressed as Dy® = D;* + D,’, where Dy is the di-
ameter of the trunk vessel and D; and D, are the
diameters of the branch vessels. For a derivation
of Murray’s law, see Sherman [13]. For the situa-
tion where D; = D, (a symmetrical, dichotomous
junction), this can be reduced to Dy® =2D;? and
it can be shown that the area ratio of

(D + D% / Dy* =2 (=1.26)
(The value of the optimum branching coefhicient
as given by Young [11]).
29.4.3 Vascular Bifurcation Angles
In addition to junctional exponents fitting theo-
retical values in an optimized vascular network,

the angle subtended between two daughter ves-
sels at a vascular junction has also been found

to be associated with an optimal value, approxi-
mately 75°, depending on which costs (surface,
volume, drag or power) [14, 15] are considered,
and the degree of asymmetry between the two
daughter vessels [16].

29.4.4 Image Analysis to
Characterize Retinal

Vascular Topography

Image analysis has been able to quantify differ-
ent aspects of retinal vascular topography by
measuring retinal vessel widths and angles at
bifurcations, and employing the concept of an
optimal circulation to obtain measures of gener-
alized arteriolar attenuation and idealized vessel
junctions. In order to obtain quantitative mea-
surements from retinal photographs, any magni-
fication effect resulting from retinal photography
must be considered. The effect of magnification
relates to both camera and ocular factors, and
complex and simplified formulae based on Gull-
strand’s schematic eye exist in order to calculate
true object size from image size [17]. However,
the most common approach in quantifying reti-
nal vascular topography has been the use of di-
mensionless measurements that are independent
of any magnification effect. The most commonly
performed measure used in large epidemiologi-
cal studies has been the AVR.

29.4.5 Arteriovenous Ratio (AVR)

First considered by Stokoe and Turner in 1966
as representing a good dimensionless measure of
generalized arteriolar attenuation [18], the AVR
has been frequently employed to examine the
relationship between the retinal vasculature and
systemic disease. It was developed as a general
measure of the ratio between the average diam-
eters of the arterioles with respect to the venules
and comprises two components, the CRAE and
the Central Retinal Vein Equivalent (CRVE), ex-
pressed as a quotient. Rather than measuring a
single retinal blood vessel, the AVR incorporates
a measure of the width of all retinal blood vessels
(arterioles and venules), usually measured at half
to one disc diameter from the optic disc margin.
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This location has been chosen as it is felt that at
this location, the vessels have arteriolar rather
than arterial properties, and thus may better re-
flect small vessel changes related to systemic fac-
tors such as blood pressure, age, etc. The AVR
is felt to be a good measure of generalized arte-
riolar attenuation, as there is evidence that arte-
rioles are much more affected by narrowing in
response to cardiovascular disease than corre-
sponding venules [19, 20].

29.4.5.1 CRAE and CRVE Calculations
The calculations used to derive the CRAE and
CRVE were developed by Parr et al. in 1974 [1]
and Hubbard et al., in 1992 [22], respectively.
Both groups examined retinal photographs from
a young, healthy normotensive population. By
calculating the widths at numerous vascular
junctions in this population, they employed a
least squares method to calculate a formula that
would minimize the differences between that ob-
served and calculated for the width of the trunk
vessel from the widths of the two branch vessels.
The AVR was the ratio of the CRAE/CRVE.

Although in the original Parr technique, in-
dividual blood vessels were carefully traced out
until all blood vessels were incorporated into the
CRAE, Hubbard et al., used a process whereby
the largest and smallest arteriole (or venule)
were paired, followed by the second largest and
second smallest, and so on. Thus the pairing all
blood vessels in this arbitrary fashion were con-
tinued as an iterative process. If there were an
odd number of vessels, the residual vessel was
merely carried over into the next iteration. In
such a fashion, values for the CRAE and CRVE
could be calculated with greater speed and with-
out the need for careful tracing of each individu-
al blood vessel course.

29.4.5.2 AVR Calculation

The AVR requires a calculation of the width of
individual arterioles and venules from retinal
photography. When Parr and colleagues devel-
oped the calculations for the CRAE in 1974, digi-
tal image analysis was not yet available, and they
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relied on using micrometric techniques to formu-
late their calculations. This relied on the projec-
tion of fundal images onto illuminated screens
and the use of micrometric screws to calculate
projected widths. However, digital image analy-
sis has transformed the ability to obtain more
accurate and reliable measurements from retinal

photographs.

29.5 AVR and Systemic Disease

The AVR has proved to be of great use in studies
exploring generalized arteriolar attenuation as a
marker of systemic vascular changes in a variety
of conditions, and has been used in a large num-
ber of epidemiological studies, such as the Ath-
erosclerosis Risk in Communities Study (ARIC),
the Blue Mountains Eye Study (BMES), the Wis-
consin Epidemiologic Study of Diabetic Retinop-
athy (WESDR), the Cardiovascular Health Study
(CHS), the Beaver Dam Eye Study (BDES), and
the Rotterdam Study (RS). Ailments identified
with the AVR from these studies include hyper-
tension [19-26], atherosclerosis [21, 25, 27-30],
diabetes [22, 31], risk of stroke [32], cardiovas-
cular mortality [33], risk of coronary heart dis-
ease [27, 29], and smoking [21, 28].

However, while the AVR has proved an ex-
tremely useful tool to explore the influence of
systemic factors on retinal vascular topogra-
phy, it has several limitations. For instance, the
Parr-Hubbard formula contains constants that
necessitate using measurements scaled only in
micrometers. Therefore, to be able to use this
formula, a conversion from pixel to micrometers
needs to be performed, which will be an inex-
act summarized conversion. For example in the
ARIC study, a value of 1850 um was assumed to
represent the average diameter of the optic disc,
and therefore the mean width (in pixels) of the
optic disc was used to derive this conversion ra-
tio. In addition, the value of the AVR is depen-
dent on the number of vessels measured. Thus, to
overcome these difficulties and to try to improve
the AVR as a measure of generalized arteriolar
attenuation, in 2003, Knudtson et al. [34] de-
vised a revised formula for the AVR.
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29.6 Revised AVR

Knudston et al., returned to the concept of the
branching coefficient mentioned previously to
devise a new model for AVR [34]. They sought
to find a technique that would incorporate mea-
suring only the major arterioles and venules in
the same predefined concentric zone around the
disc, and to find a calculation that would be in-
dependent of the number of vessels measured.

In addition, by omitting any constants in the
equation, they sought to make the formula in-
dependent of any scale. Based on the previous
formula for the branching coefficient, they cal-
culated the observed branching coefficient in a
young normotensive healthy population (against
a theoretical value of 1.26 for arterioles). Mea-
suring a total of 187 arteriolar junctions, the
branching coefficient was found to be 1.28 (95%
confidence intervals from 1.25-1.32). From 151
venular junctions, the branching coeflicient was
calculated as 1.11 (95% confidence intervals
from 1.08-1.14). Thus, by placing the calculated
values into the branching coefficient formula,
they calculated that:

For arterioles:
D() =0.88* (D12 + Dzz)
[0.88 = V(1/1.28)]

For venules:
D() =0.95* (D12 + Dzz)
[0.95 = V(1/1.11)]

The revised AVR is independent of the number
of vessels measured, based on the fact that a to-
tal of 12 vessels are measured for all individuals.
In addition, the absence of any constants allows
measurements to be recorded at any scale, in-
cluding a direct measurement of pixels. Also,
greater accuracy in calculating the revised AVR
may be expected from measuring only the six
major arterioles and venules, as smaller vessels
can be difficult to measure. Knudston et al. [34]
undertook reanalysis of some of the previously
published analyses using the revised formulae,
and noted overall associations were still detected
but with tighter confidence intervals. Based on
these findings, the revised Parr-Hubbard for-

mula should be regarded as the new reference
standard for the measurement of AVR.

29.7 Junctional Exponent

and Optimality Parameter

Image analysis is used to calculate junctional ex-
ponents by measuring the widths of the trunk and
branch vessels as described previously. An itera-
tive technique is then used to calculate the value
of the junction exponent. The use of calculated
junctional exponents to characterize retinal vas-
cular topography is limited, as it is unclear how
many vessel junctions are to be measured and
how to summarize these individual exponents
into a value that represents an individual. How-
ever, using the median junctional exponent from
the five most proximal major arteriolar junctions
on fluorescein angiography, Stanton et al., have
shown that junctional exponents decrease with
increasing age, but are similar in normotensive
and hypertensive populations [35, 36].

Another limitation of junctional exponents
is that a true value cannot be calculated if the
diameter of the trunk vessel is less than either
of the two branch vessels, which is a not-infre-
quent event in diseased circulations. In addition,
the junctional exponent has been calculated to
be extremely sensitive to small measurement er-
rors, which may be expected to occur with small
peripheral blood vessels. Hence, Chapman et
al. [37] developed the optimality parameter as a
measure of how much the junctional exponent
deviates from an optimum value of three. This
new calculation was found to be less sensitive
to errors in vessel measurement than calculat-
ing the junctional exponent. In addition, for cir-
cumstances where the diameter of either of the
branch vessels is greater than the diameter of the
trunk vessel, a value for the optimality parameter
can still be calculated. Using this new optimality
parameter, Chapman et al., found that there was
a significant difference in the optimality of retinal
vascular junctions between healthy individuals
and those with peripheral vascular disease [37].
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29.8 Retinal Vascular Bifurcation
Angles

Image analysis has been used to calculate the
angles between branch retinal arterioles at vas-
cular junctions. A Region Of Interest (ROI) can
be selected to highlight and magnify the vas-
cular junction. Plotting a line continuous with
the trunk vessel, mapping the line of one of the
branch vessels so that it intersects the trunk ves-
sel at the junction and marking one other point
on the other branch vessel will enable calcula-
tion of the total bifurcation angle between the
two branch vessels using the cosine rule. Retinal
arteriolar bifurcation angles are known to be
reduced with hypertension [36], increasing age
[35] and low birth weight males [38]. Reduced
angles at vascular junctions are associated with
less dense vascular networks [39]. In addition,
vascular responsiveness to high oxygen satura-
tion leads to a reduced angle at retinal vascular
junctions, but this responsiveness is known to be
reduced in hypertensives [40]. No relationship
was reported between vascular bifurcation an-
gles and peripheral vascular disease, compared
with normal healthy controls [41].

29.9 Vascular Tortuosity

The degree of tortuosity of a vessel can be sum-
marized as the ratio between the distance a ves-
sel travels from A to B, and the shortest distance
between points A and B drawn by a straight line.
Indices of vascular tortuosity have been used as
a measure of retinopathy of prematurity (ROP)
[41-43]. Freedman et al., [44] used computer-
aided analysis of fundus photographs from eyes
with a wide range of ROP severity, and traced the
posterior pole blood vessels’ diameter and tor-
tuosity. Swanson et al. [43] describe a semi-au-
tomated retinal vascular image analysis system
(retinal image scale-space analysis) to measure
retinal diameters and tortuosity in preterm in-
fants. The authors point out some potential ad-
vantages of using such a system rather than regu-
lar clinical examination in the screening of ROP.
Visualizing the posterior pole alone with the aim
of diagnosing plus disease would considerably
reduce the duration and trauma of examination
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and may allow health care professionals other
than ophthalmologists to undertake screening.
They point out the potential of telescreening
to further improve the cost-effectiveness of the
scheme, and the future potential of automated
diagnosis (or grading) based on the captured
fundal images.

29.10 Fractal Geometrical Analysis
of Retinal Vascular Tree

The idea of using fractal geometry to describe
branching patterns was first proposed by Man-
delbrot [45, 46]. Fractal patterns exist when they
exhibit self-similarity over a range of scale or
magnification. Thus, a magnified view of a third
of fourth order division of an arteriole would
have a similar branching pattern to a first order
arteriolar junction. Fractal patterns can also be
considered as a measure of how well branching
patterns fill the available two-dimensional space.
Thus fractals are described in terms of a fractal
dimension, which is a non-integer value between
one and two. A value of two indicates that the
fractal almost completely covers the available
space.

Diffusion Limited
Aggregation Model

29.10.1

Different models for the formation of fractals
have been developed, but the one most com-
monly used to describe vascular branching pat-
terns is the diffusion limited aggregation model,
developed by Witten and Sander [47]. The basic
principal involves a particle that moves in a ran-
dom fashion until it gets close to part of the ex-
isting structure, at which point it becomes an ad-
herent component of the structure. Such a model
predicts a fractal dimension (D) of approximate-
ly 1.7, and studies of the retinal vasculature have
found values for the fractal dimension remark-
ably close to this predicted value [48-52].
Performing fractal analysis of retinal vascu-
lature is now possible using commercially avail-
able software. Initial studies utilized fluorescein
images which clearly delineate the vasculature.
However, modern imaging analysis using vas-
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cular segmentation and thresholding to produce
a binary vessel/non-vessel image can be used to
give a branching-analyzable image from conven-
tional digital photography, and hence does not
require angiography.

29.10.2 Clinical Studies

There are few clinical studies using retinal vas-
cular fractal analysis. Quantitative region-based
fractal analysis has been used in diabetic reti-
nopathy [53, 54]. Non-proliferative diabetic reti-
nal vasculature has been found to have a lower
fractal dimension than normals within the mac-
ular region, using a region-based fractal analysis
of retinal fluorescein angiograms.

It is currently unclear what the role of frac-
tal analysis in characterizing retinal vascular
topography is. Panico and Sterling [55] have
questioned whether retinal vascular patterns
are true fractals. Global fractal analysis of the
retinal circulation may be too insensitive to de-
tect subtle pathological changes of early disease
[56]. Zamir has pointed out that fractal analysis
of vascular systems must take into account the
variability inherent within the arterial system
[57]. This variability may be masked by a simple
fractal dimension that is unable to differentiate
two vasculatures that have the same space-fill-
ing properties, but widely different structures in
their fluid dynamic design and function [58].

29.11 Future Directions

The use of digital image analysis of fundal imag-
es has allowed researchers to determine accurate,
reliable measurements of retinal vessel widths
and angles at retinal vascular junctions, and thus
obtain measures of generalized arteriolar attenu-
ation (AVR), optimal vascular junction branch-
ing patterns (junctional exponents, optimal-
ity parameter and angles at vascular junctions)
and measures of how well the retinal vascular
branching patterns fill the available two-dimen-
sional space (fractal analysis).

While the AVR has been extensively used in
studies, the other parameters of retinal vascular
topography have been under-utilized, and fur-

ther studies are needed to fully evaluate their
contribution to retinal topography as markers
of systemic factors. Other applications of retinal
image analysis include image-based techniques
to develop quantification of drusen area in age-
related macular degeneration. New imaging mo-
dalities such as fundus autofluorescence offer
further opportunities to employ digital image
analysis for the objective, quantitative measure-
ments of fundal characteristics [59].

Having characterized retinal vascular topog-
raphy, digital image analysis of retinal photo-
graphs may offer in the future an independent
marker of risk for cardiovascular disease for any
individual, particularly for cerebrovascular risk
[60]. For this potential to be realized requires
further studies to show that retinal microvas-
cular changes have additional predictive abil-
ity above current standardized clinical methods
[61]. Also, techniques involved in characterizing
retinal vascular topography are currently semi-
automated, requiring significant observer input.

Further development of automated techniques
used in image-based automated diagnostics may
offer even faster, more practical strategies for
widespread screening using store-and-forward
methods. Digital compression of images may not
be a realistic possibility for vessel measurement
techniques, in view of the size of the vessels (15
to 20 um). However, image compression algo-
rithms are currently still evolving and with im-
proved technology, it may be possible to transmit
sufficiently high-resolution images to enable dig-
ital image analysis via teleophthalmology for the
more widespread use of screening to determine
individual risk stratification for systemic disease
from retinal vascular topography.
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Chapter 30

Emergency Telemedicine in Eye Care

Sotiris Pavlopoulos, Ilias Maglogiannis

This chapter addresses the following

Key Concepts:

[l Wireless telemedicine systems and ser-
vices are expected to enhance tradition-
al emergency care provision, not only in
the emergency department, but also in
a variety of pre-hospital emergency care
situations where geographically remote
consultations and monitoring can be
implemented.

B Although an emergency teleophthal-
mology system is not yet commercially
available, one could take advantage of
the experience gained from different
emergency telemedicine systems and
services and apply it to the ophthalmol-
ogy sector.

[l A potential application of telemedicine
eye care is with emergency case man-
agement, and we propose that it would
be effective for emergency teleophthal-
mology systems and services.

B The requirements of such a system are
mobility, user friendliness, minimum
user technical involvement, secure op-
eration and reliability.

30.1 Introduction and Literature
Review

The main focus of modern health care systems
is to improve the health of the populations they
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serve. At present, there is a trend for decentral-
ization of health care institutions with a move
from institutional health care to primary and
home care, and from inpatient care to outpatient
settings. This results is an increased need for spe-
cialized care in outpatient settings and out-hos-
pital environments.

Recent advances in telecommunications and
information technologies have had a significant
impact on health care service provision, and the
emergency health services have been one of the
sectors that have significantly benefited from
these advances. In this chapter we present poten-
tial applications of telemedicine in eye care with
an emphasis on emergency case management,
along with a proposal for an emergency teleoph-
thalmology system and service.

The term emergency teleophthalmology de-
scribes the real-time provision of medical eye
care to patients who are at a distant location
from specialized physicians (ophthalmologists)
in accident and emergency conditions. The phy-
sicians use patient data that are acquired and
transmitted by on-line telemedicine systems
that utilize telematics technologies to assess the
patient’s condition and suggest appropriate pre-
hospital patient care. Furthermore, using video
conferencing with the transmission of images of
the eye, specialists are able to provide secondary
advice to general health practitioners at remote
sites where transportation is not possible.

Since 1998, teleophthalmology has been used
in trial sites within several countries and re-
search centers to provide outreach services to
primary care, support accident and emergency
departments, and assess referrals. Two modes
of eye image transmission may be found in the
literature, namely, real-time interactive video
conference mode and store- and-forward mode.
Store-and-forward systems are simpler, cheaper
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and do not require synchronous communication
between the two stations participating in a tele-
ophthalmology session. Due to the asynchronous
transmission of data, network delays are less im-
portant and thus lower bandwidth networks can
be used. Furthermore, the examination proce-
dure is quite easy to program, due to the fact that
both sides (ophthalmologist and patient) can in-
teract with the system independently. However,
the majority of the surveyed applications found
in the literature run in real-time mode. This is
due to the inability of store-and-forward systems
to cover emergency and accident situations, and
the fact that real-time mode better simulates the
clinical examination, because it allows the spe-
cialist to ask questions of the patient or general
health practitioner - or even to request addition-
al eye images and relevant medical data.

30.2 Telecommunications and
Remote Consultation Models

An important part of teleophthalmology systems
is the telecommunications infrastructure. Data
transmission through the public telephone net-
work is quite attractive due to high availability
and low cost, but it suffers from low bandwidth
and thus is inappropriate for the large amount of
image and sound data that have to be transmit-
ted.

30.2.1 ISDN Protocol

Many systems described in the literature use the
ISDN protocol for the data link layer, while the
introduction of faster DSL technologies is ex-
pected to improve the efficiency of such systems.
For instance, Camara et al. [1] discussed how
telemedicine technology may support real-time
telemonitoring to teach ophthalmologists oph-
thalmologic surgical procedures in remote areas.
To do so, they performed several tests over an
ISDN line conveying information at a rate of 128
Kb/s. For the purpose of the tests, an endoscopic
laser-assisted dacryocystorhinostomy, as well as
live surgical and endoscopic images, were trans-
mitted in real-time from the St. Francis Medical
Center in Honolulu, Hawaii to ophthalmologists

at the Makati Medical Center in Manila, Philip-
pines.

30.2.2 Video Conferencing

In 1998, Moorfields Eye Hospital pioneered the
use of video conferencing with the transmission
of real-time slit lamp images at 384 kbits/s to
support an outreach clinic [2].

Furthermore Holle and Zahlmann [3], after
introducing a four-phase evaluation process, pre-
sented the results of that process obtained from
the ophthalmological teleconsultation network
established by the European Union (EU) project
OPHTEL and the Bavarian state government.
Medical data were exchanged through synchro-
nous (ISDN video conferencing equipment) and
asynchronous (encrypted e-mail) transmission
modes. Their research proved that ophthalmo-
logical teleconsultations are very valuable, cost-
effective and time saving, and that the learning
effort required to handle the new technology is
rather low.

30.2.3 TCP/IP Protocol

Many teleophthalmology applications also run
over Internet-based transmission through the
TCP/IP protocol with enhanced security fea-
tures. Chew et al. [4] presented OphthWeb, a
project related to a Web-based ophthalmic Elec-
tronic Medical Record implementation that can
be accessed locally via the Internet. The paper
reported a successful ophthalmologic data trans-
mission trial between remote diagnostic centers,
improving the holistic care of ophthalmic pa-
tients. All the text and image entries associated
with a complete ophthalmic examination are
stored in a database and forwarded at a subse-
quent stage. The system allows flexibility in the
preparation of ophthalmic records, thus the phy-
sician may choose from the main categories of
ophthalmic examinations available. Electronic
Medical Record input is semi-automated; thus
digital images are directly captured into the da-
tabase; data entry is assisted by using pull-down
screens; default descriptions of normal examina-
tion elements can be user-defined; and an entry
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from a prior examination can be accessed and
edited. The presented store-and-forward imple-
mentation does not require high bandwidth and
uses a PSTN/ISDN network.

30.2.4 Networking Image and Data

Warnicki et al. [5] describe a system of network-
ing image and data acquisition areas in an oph-
thalmic department. These data are accessed
throughout the local Internet or intranet from
different working areas such as satellite offices
and homes. The system presented collects and
stores ophthalmologic data from many sources,
and displays them in a common format. These
data are accessible by anyone, in the form of
World-Wide Web pages viewable by a web
browser. The system offers immediate access and
its ease of operation encourages its use. Further-
more, by using data encryption methods and
password protection, the system achieves a sat-
isfactory security level.

30.3 Screening for Diabetic
Retinopathy

The transfer of still images has been studied in
the context of screening for diabetic retinopathy
[6, 7]. A plethora of studies also exist in the lit-
erature regarding the value of digital images in
teleophthalmology. Bursell et al. [8] evaluated
the ability to determine clinical levels of diabetic
retinopathy using stereoscopic non-mydriatic
digital video color retinal images. Their results
validated that this imaging technique may be
an effective telemedicine tool for remotely de-
termining the level of diabetic retinopathy, sug-
gesting timing of the next retinal evaluation, and
identifying the need for prompt referral to oph-
thalmology specialists.

30.3.1 Fundus Digital Image

and Clinical Examination

Sabtia et al. [9] assessed the correlation between
fundus digital image and clinical examination
for diabetic retinopathy. They also described
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a screening program for the early detection of
sight-threatening diabetic retinopathy using
a camera. In order to assess fundus digital im-
age and clinical examination, they based their
study on patients who had not been treated for
diabetic retinopathy previosly. All patients un-
derwent digital fundus photography, and the
photographs were evaluated and compared with
the clinical findings as recorded by retinal spe-
cialists. Diabetic retinopathy and macular edema
were analyzed separately, and the correlation was
measured statistically.

They concluded that digital images provide an
efficient method for diagnosing and classifying
sight-threatening diabetic retinopathy, particu-
larly proliferative diabetic retinopathy (PDR).
However, agreement between the digital fundus
camera and clinical examination by an ophthal-
mologist for diabetic maculopathy detection,
though statistically substantial, was not very sat-
isfactory.

30.3.2 Video Conferencing Pictures

Lamminen et al. [10] proposed an estimate of
the quality of video conferencing pictures in a
real-time environment by means of resolution,
contrast sensitivity, and color discrimination
tests. Furthermore, a panel of different tests
related to those three parameters was carried
out via a PictureTel video conference system at
ISDN line speed. Based on the results, it is ar-
gued that much still has to be done in the field
of teleophthalmology, because although teleoph-
thalmology is exceptionably valuable during di-
agnosis and treatment, many parameters, such as
the system’s quality and user’s ability to use the
equipment in an appropriate manner, have to be
considered in order to achieve high quality tele-
consultation services.

30.3.3 Artificial Intelligence Tools

Artificial intelligence tools, such as fuzzy logic
applications, are used in conjunction with tele-
ophthalmology systems. Taleb et al. [11] evalu-
ated the patient’s visual acuteness without the
physicians actual presence, using Web-based
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medical advice. In order to achieve this, a num-
ber of tests were performed during which letters
of different sizes were presented to the patient’s
screen.

The authors also proposed an algorithmic
treatment of the binary answers, based on the
use of fuzzy set functions, in order to eliminate
the different mistakes that can be incurred. The
application uses an automatic method for the
medical examination. The examination is carried
out directly by a system, so verification is auto-
matic and assisted by computer. The patient an-
swers the questions from the system, which then
processes the results and asks new questions if
necessary. The target of this project was to imple-
ment a ophthalmologic telemedicine network to
handle several incidents, including emergency
cases [12].

30.3.4 Assessment of Strabismus

Research effort is also concentrated regarding
the assessment of strabismus via teleophthal-
mology systems. Helveston et al. [13] described
a store-and-forward telemedicine program that
uses digital imaging and e-mail transmission
of medical images for consultation for patients
with strabismus. The medical images captured
by digital camera are sent to the consultant via
e-mail, and the diagnosis and treatment are sent
back to the doctor via e-mail. The authors dem-
onstrated that the diagnosis and treatment plan
determined by an ophthalmologist for several
patients after the study of digital images sent by
e-mail was the same as the diagnosis and treat-
ment plan determined by the same doctor after
an in-person examination of the patients.

Cheung et al. [14] assessed the quality of
strabismus examinations using the audiovisual
telecommunications of a telemedicine system in
term of reliability and adequacy to permit assess-
ment of typical ocular motor disorders.

Two studies were conducted: the first assessed
the level of agreement of strabismus examina-
tion by telemedicine with standard face-to-face
examination, and the second assessed the level
of agreement of examination in person with a
second independent examination in person. The
authors concluded that a considerable level of

agreement exists between telemedical and stan-
dard strabismus evaluations, indicating the po-
tential application of telecommunication tech-
nologies for strabismus consultations. They also
noted reduced reliability in the detection of small
vertical deviations by inspection and in evaluat-
ing oblique muscle actions.

30.3.5 Performance of Telesurgical
Operations

An emerging aspect of teleophthalmology is the
performance of telesurgical operations. Camara
et al. [15] demonstrated the feasibility of proc-
toring a complex ophthalmologic procedure
from a distance with appropriate instrumenta-
tion and video conferencing technology. The
teleophthalmology surgery session took place in
real-time and was completed successfully via a
384 kb/s ISDN line. The success of the surgical
procedure was comparable to traditional hands-
on orbital surgery.

30.3.5.1 Telesimulation Service
Similarly, a prototype of a telesimulation ser-
vice that can be used for training ophthalmolo-
gists performing phacoemulsification surgery
has been described [16]. The system considers
the network as a vital element for collaboration
in virtual educational environments and is user
friendly, as it can display graphic interaction ele-
ments, such as a stereoscopic visualization ele-
ment, or educational aids, such as a video. Many
tasks, including detailed implementation, and
performance and usability measurements, are
stated as future work in this article.

30.3.5.2 Transmission of Eye Images

While the technology is changing rapidly, the
basic principles of the transfer of video, audio,
and other data at high speed in either real-time
or store-and-forward modalities in teleophthal-
mology remain applicable. The transmission of
eye images has been shown to be effective in
several studies. Johnston et al. [17] discussed the
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cost-effectiveness of teleophthalmology. The au-
thors presented the cost-effectiveness and prac-
titioner benefits associated with a technology
transfer project using teleophthalmology to pro-
vide specialist advice to practitioners in South
Africa. Although the technology transfer project
itself was cost-increasing, it led to patient ben-
efits and therefore to a reduction in the burden
of eye disease.

Clearly from the above survey, an emergency
teleophthalmology system and service are essen-
tial. Although such a system is not commercially
available today, one could take advantage of the
experience gained from different emergency
telemedicine systems and services and apply it to
the ophthalmology sector. In the following sec-
tion such a system is proposed and presented in
more detail.

30.4 AnEmergency Teleophthal-
mology System

In a report prepared by the American College
of Emergency Physicians in 1998 [18] there are
specific references to current and future applica-
tions of emerging technologies in the practice
of emergency medicine [19]. More specifically,
it is anticipated that wireless communication
technologies will greatly impact emergency care
provision in the near future. It is also evident
that wireless telemedicine systems and services
are expected to enhance traditional emergency
care provision, not only within the emergency
department, but also in a variety of pre-hospi-
tal emergency care situations where geographi-
cally remote consultation and monitoring can be
implemented. The existence of high bandwidth
mobile communication links can ensure use of
telemedicine resources to facilitate acute and
non-acute care provision in the field, and to pro-
vide a direct link between field personnel and
medical direction [20].

Many studies have demonstrated the poten-
tial benefits, based on patient survival, of early
and specialized pre-hospital patient manage-
ment [17, 19-23]. Emergency care requires that
services are provided anywhere and any time;
thus systems designed for emergency care should
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meet some very crucial requirements [24-26].

Specifically, it should:

== Be transportable, in order to be carried at the
emergency site by a single person. In prin-
ciple, if such a system were to be used by
paramedics, it should not weigh more than 5
kg, including the image capturing device, the
computing device, and the communication
components. This is achievable, considering
that a laptop, portable computer should not
exceed 2.5 kg, with a camera around 0.5 kg,
and the rest being consumed by the carrying
cases and batteries.

== Be easy to use, ideally requiring minimum
hand operation, in order to enable medical
and paramedical personnel to handle the
case. To meet this requirement, the applica-
tion software should have automatic mecha-
nisms to establish communication with the
consultation unit, and to allow data collec-
tion and transmission without the need of
complex operation. If for any reason the com-
munication is interrupted, the system should
enable automatic re-connection procedures,
while data are stored locally (if needed) to be
transferred when communication is re-estab-
lished.

== Be secure in operation, especially under diffi-
cult environmental conditions. It is conceiv-
able that there may be cases where the system
would be used in outdoor environments or
during patient transportation. This require-
ment indicates that at least the computing
device should be designed for outdoor use
(e.g., rugged case, operation on the move,
etc.).

= Be implementing wireless technologies, thus
enabling operation outdoors and in other
environments where wired communication
links are not available. This is in line with the
current trend in health care provision where-
in the “any where-any time” concept applies.

In Fig. 30.1, the architecture of an emergency
teleophthalmology service is depicted. The ser-
vice is implemented with the use of two sepa-
rate systems, namely, the mobile system used at
the emergency site, and the consultation system
used at the emergency coordination center. It is
clear however, that the system worth presenting
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Fig. 30.1. Schematic representation of the proposed emergency teleophthalmology system

in more detail is the mobile system, which is re-
sponsible for collecting patient information at
the emergency site.

30.4.1 Mobile Teleophthalmology

Unit

The mobile unit is used to collect the ophthal-
mology study data, and to transmit them to the
consultation center for the purpose of telemedi-
cine support. Transmission could be done syn-
chronously or asynchronously, depending on the
clinical protocol and of course, on the available
communication infrastructure. The mobile unit
consists of three main subunits:

1. Image capturing subunit. In a teleophthal-
mology application, the image capturing
subunit should be an ophthalmoscope. Of
course, if the system is designed to be used
outdoors (or on the move), a hand-held
ophthalmoscope should be used, such as an
AMD-2500p general examination camera
(www.amdtelemedicine.com/).

2. Computing subunit. This subunit is respon-
sible for digitizing, encoding, displaying, and
storing the image data. Although a desktop
personal computer could be used in cases
of general purpose telemedicine, in cases of
telemedicine on the move a tablet personal
computer or a rugged portable computing

device would be recommended. Examples
can be found in www.getac.com.

3. Communication subunit. This subunit is
responsible for transmitting the collected
data to the coordination center. The com-
munication subunit may be included in the
computing subunit in the form of a modem.
To maximize the potential use of the sys-
tem, wireless communication means should
be supported, such as GSM/GPRS (Global
System for Mobile Communication/General
Packet Radio Service), Wi-Fi, satellite com-
munication links, etc. The TCP/IP protocol
has been used in many cases to provide in-
teroperability across communication links,
given that the majority of currently available
links support it. Furthermore, TCP/IP can
support secure and reliable data transmis-
sion, which is usually a major requirement in
medical data handling.

Currently third generation (3G) mobile commu-
nication technologies can be extremely useful for
emergency telemedicine applications, since they
provide high data rates (384 Kb/s or higher) on
the move as well as an automatic switch to GPRS
links when 3G is not available. In addition, 3G
allows concurrent voice and data calls thus en-
abling vocal communication between the emer-
gency site and the consultation site together with
data exchange (images and medical data trans-
mission).
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30.4.2 Consultation Unit

The consultation unit is used to receive the study
data and to provide the consulting physicians
with the required tools and data to support the
emergency case. Typically, it provides viewing
stations to visualize the received images and
data. The consulting physician is able to review
the received case information, to assess the case
severity, and to give instructions to the physician
who is handling the case on how to deal with the
case.

30.4.2.1 Communication

Most often, together with the data exchanged,
the two practitioners also have vocal (telephone)
communication. Furthermore, if such an option
is available, consulting physicians would like to
have access to the electronic patient record (EPR)
through connections to a hospital information
system (HIS). Usually such connections are im-
plemented via standardized messaging schemes
like the HL7 protocol (www.hl7.org). Additional
functionalities provided to the consultation unit
include the option to remote control the image
collection process (e.g., magnification, rotation,
etc.), provided that such options are supported
by the image capturing device. Furthermore,
the consultation unit should store all collected
information, both for reporting needs and for
legal purposes. The latter is considered a major
issue in telemedicine, since many concerns arise
around responsibilities when telemedical servic-
es are provided [27].

30.4.2.2 Potential Application

Although a system like the one described above
has not been used in the past for teleophthalmol-
ogy applications, it is evident that its use may
have a significant impact for emergency ophthal-
mic care applications. Similar systems used in
other emergency telemedicine application have
demonstrated significant clinical benefits. Stud-
ies performed in Greece and Sweden using mo-
bile telemedicine devices for emergency cardiol-
ogy cases demonstrated that patient treatment
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(with supervision by specialists) can be initiated
25 to 35 min, on average, before patient arrival
at the hospital [26]. This is extremely significant
since in many emergency cases the golden hour
rule applies, i.e., if proper treatment is provided
within the first hour, then the case outcome is
substantially improved. Since no relevant clini-
cal studies have been performed for emergency
ophthalmic care, it is essential that such concepts
are first validated in practice. It is however, very
important to note that no significant technology
barriers presently exist to implement such a solu-
tion.

30.5 Conclusions and Suggestions

In this chapter we have (1) provided a state-
of-the-art review on telemedicine applications
in eye care with emphasis on emergency case
management, (2) discussed the corresponding
technologies, and (3) proposed an emergency
teleophthalmology system, based on experience
from other emergency telemedicine applications.
The benefits of teleophthalmology for patients
include (1) speed and accuracy of eye disease
diagnosis, (2) avoidance of unnecessary trans-
portation (and therefore low cost/high quality
eye care services), and (3) efficient handling of
emergency incidents. This is important for coun-
tries with dispersed populations in isolated areas
(such as Greece, Sweden, Australia, etc.), where
there are many regions where it is difficult to ac-
cess medical services, and where there is unequal
demographic distribution. Thus emergency tele-
ophthalmology may be considered as an essen-
tial service.

The requirements of an emergency teleoph-
thalmology ystem, as discussed above, are mo-
bility, user friendliness, minimum user technical
involvement, and secure operation and reliabil-
ity. However, it remains necessary for such sys-
tems to be tested by expert ophthalmologists and
relevant medical personnel in order to assess not
only user acceptance and satisfaction, but also
the impact on the quality of the provided eye
care services, along with health economics. Also
of significant importance are issues related to
organization of such services, training, and the
legal and ethical issues linked to telemedicine
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applications. The fact, however, that emergency
telemedicine has proved very successful in other
health care areas is very promising for the oph-
thalmic care areas.
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Chapter 31

Transcontinental Robot-Assisted
Remote Telesurgery, Feasibility

31

and Potential Applications

Jaques Marescaux, Francesco Rubino

This chapter addresses the following

M Technical limitations related to the
problem of time delay for transmission
of digitized information had prevented
the development of remote surgery.

[ Tests and research performed by our
group suggest the use of a high speed
terrestrial network (ATM service),
rather than satellite connections to
reduce the time lag for transmission of
data.

[l Through the use of ATM technology,
our group demonstrated the feasibility
of performing surgery across transoce-
anic distances by safely carrying out a
laparoscopic cholecystectomy.

M Using ATM technology, the mean time
lag for transmission of data and images
was 155 ms, despite a total roundtrip
distance of 14,000 km.

B Remote surgery ensures availability
of surgical expertise in remote loca-
tions for difficult operations, and may
improve surgical training world-wide.

[ Several limitations remain, including
the need to render ATM networks avail-
able to hospitals, the costs of technology,
ethical and liability issues, and possible
conflicts of jurisdictions between coun-
tries involved.

31.1 Introduction

Key Concepts: The introduction of computer technology in sur-

gery has made it possible to digitize images and
surgical gestures. Digitized information can be
transmitted to a distant location, within the same
operating room or in another country.

Robot-assisted remote telesurgery was first
developed by the United States (US) Department
of Defense to allow performance of operations
on wounded soldiers on the battlefield [1, 2].
However, technical limitations have for many
years limited the application of remote surgery
to interactive teaching of techniques, or to basic
tasks rather than to the actual performance of a
full surgical operation.

Remote transmission of simple manipulations,
such as control of a robotically held laparoscope
from a separate room [3] or of an electrocautery
instrument between the US and Austria [4], as
well as instruments for kidney biopsy between
the US and Italy [5], were the first attempts to
develop a real remote surgical operation, but
technical limitations were still a major issue. In-
deed, whereas an average delay of 1 s may not
compromise execution of simple tasks, the com-
plex manipulations required during any surgi-
cal operation are more difficult to carry out. For
this reason, it had been suggested that remote
surgery could be applied safely only for telemen-
toring rather than for the performance of a full
surgical operation [6].

Some investigations, including our experi-
mental experience, suggest that the maximum
time delay acceptable for performance of a safe
surgical operation should not exceed 300 ms [7],
a time delay that is unfeasible if using satellites
for transmission of information between the two
sites. Using terrestrial ATM telecommunications,
our group at the European Institute of Telesur-
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gery was able to decrease the time lag across
transoceanic distances to less than 160 ms [7].
This allowed the performance of laparoscopic
cholecystectomy on six pigs in July 2001 and, on
7 September 2001 the first long distance remote
operation on a human being [8].

31.2 Technical Issues
of Remote Surgery

Remote surgery requires the use of robotic
systems. The robotic systems currently avail-
able consist of a surgeon’s console wherein the
surgeon’s input is digitized and compressed in
transmissible information, and a robot subsys-
tem (located at the patient’s side) wherein the
information is translated into actual instrument
manipulation and endoscopic camera control.

31.2.1 Time Lag

For the transmission of information, video im-
ages must be compressed with algorithms that
require significant time and processing power
[9]. The time lag is defined as the delay for an
instruction to be locally encoded, propagated
over a transmission line to a remote machine,
decoded and executed. The propagation of data
through a busy network with limited bandwidth
may significantly increase time lag [10, 11] and
deteriorate performance [12]. The speed of
transmission and the issue of latency are influ-
enced by three factors: the distance, the intrinsic
speed of the transmission system and the speed
of computer interfaces in compressing and de-
compressing data. Using satellites for teletrans-
mission would cause delays of around 600 ms or
more, which are definitely unsuitable for remote
surgery.

31.2.2 Digital Phone Lines

Although low altitude satellites may potentially
reduce this delay, digital phone lines appear more
useful. At the European Institute of Telesurgery,
we investigated the effect of using asynchronous
transfer mode (ATM) networks as the commu-

nication link across transoceanic distances. ATM
technology can merge robot commands, audio
and video images in a single stream of ATM data
packets and can allocate bandwidth on demand,
enabling a guarantee of a certain and predefined
quality of service.

31.2.2.1 Robotic-Assisted Laparoscopic

Cholecystectomy

In an experimental study our group attempted re-
mote robotic-assisted laparoscopic cholecystec-
tomy in pigs between New York, NY (USA) and
Strasbourg (France) for a 14,000 km roundtrip.
The operator site was in New York and the ani-
mals in Strasbourg. The two sites were connect-
ed through an ATM network (France Telecom/
Equant). A bandwidth of 10Mb/s was reserved
through the network. Round trip delay by ATM
transport ranged between 78 and 80 ms, which,
adding 70 ms for video coding and decoding and
a few milliseconds for rate adaptation and Ether-
net to ATM packet conversion, accounted for a
total roundtrip time delay of 155 ms.

Laparoscopic remote robotic cholecystectomy
was successfully performed in all six pigs of the
experiment with a mean operative time of 45 min
(26-78 min); with no complications. In addition
to cholecystectomy, other complex surgical tasks
were tested during the experiment. During the
operative procedures, reproduction of image de-
tails on the video monitor in the operative site
was highly accurate, resulting in perfect visu-
alization of structures with no interruptions or
degradation of video signals. The short time lag
facilitated adaptation of surgeons, as evidenced
by the short operative time.

31.2.2.2 The Lindberg Operation

Based on the findings of the above experiment,
we performed the first clinical application of
remote surgery on a human being. The project
was symbolically named Lindberg, based on the
name of the first aviator traveling across the At-
lantic Ocean. The patient, a 68-year-old female
with a history of symptomatic cholelithiasis un-
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derwent a remote robotic-assisted laparoscopic
cholecystectomy on 7 September 2001 [8].

We used the ZEUS robot system (Computer
Motion, Galeta CA). The operator site was in
New York City, and the patient’s subsystem in
Strasbourg. The telecommunication system was
set up as described before. Camera movements
were directed from the computer in New York,
according to the operating surgeons instruc-
tions. The laparoscopic cholecystectomy was
performed in 54 min without complications, the
post-operative course was uneventful and the
patient discharged from the hospital within 48 h
from the operation.

These two studies were the first demonstra-
tion of the feasibility and safety of perform-
ing a complete surgical operation from remote
locations. In March 2003, Doctors Anvari and
MacKinley also successfully performed a series
of robot-assisted remote operations, including
Nissen fundoplication and right colectomy, in
Canada, across 400 miles using ASDN telecom-
munication lines.

31.3 Current Limitations
of Remote Surgery

Although an ATM fiber network is present in
more than 200 countries world-wide, most hos-
pitals are not equipped with ATM technology.
ASDN lines may be easier and cheaper to use,
but, so far, their reliability has been tested only
within a few hundred miles. The costs of remote
surgery are still formidable as they include the
price of robotic machines, telecommunication
lines, and human resources. However, if remote
surgery will increase access to health care, im-
prove training, and enhance outcomes, it may
prove less costly than expected.

Other important issues include legal aspects,
such as whether the surgeon should be liable for
errors related to delays in transmission or equip-
ment failure, and the impact of state and interna-
tional borders, differences in legislations as well
as in medical licensing. Until new international
standards for licensure, reimbursement and oth-
er regulations are developed, remote surgery is
unlikely to be performed by surgeons residing
in one country on patients residing in another
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Fig. 31.1. The operator site in New York with the Zeus
Surgeon’s console

‘ %
Fig. 31.2. The Zeus’ robotic arms during the experimen-
tal Lindberg operation in Strasbourg

country. Moreover, the traditional surgeon—pa-
tient relationship is revolutionized due to the
lack of direct contact between the patient and
clinician, with potential implications for mal-
practice actions.

31.4 Potential Benefits
of Remote Surgery

The most evident benefit of remote surgery is
its ability for providers and patients to avoid the
impact that geographic constraints might have
on the type of treatment the patient receives. In-
deed, the availability of expert assistance from
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outside local and/or rural and remote areas can
overcome the lack of surgical expertise locally,
especially for infrequently performed operations
or new minimally invasive techniques.

As suggested by Ballantyne, an expert surgeon
from a state university may perform operations
for an entire region, or in areas with shortages of
specialist surgeons [13]. In developing countries,
where health care is often provided by volunteers
that do not necessarily have expertise in all fields
of medicine and surgery, this might be particu-
larly valuable.

Besides benefits for patients, remote surgery
might also prove beneficial for surgeons. In fact,
real time assistance from an expert might help
reduce errors related to the early phase of the
learning curve of surgeons for new procedures,
and encourage surgeons to embark themselves
on learning and practicing new minimally inva-
sive techniques.

31.5 Future Applications
of Remote Surgery

Further developments in robotic and computer
technologies may possibly expand the potentiali-
ties of remote surgery. Implementation of virtual
reality technologies into robotic-assisted proce-
dures may have the most significant impact. Pre-
practiced surgical procedures based on a virtual
three-dimensional model of a specific patient
may reduce the issue related to the lack of physi-
cal contact between the surgeon and the patient.
Virtual reconstructions can be easily transmitted
via Internet and allow real-time consultations.
The operating surgeon may therefore have reli-
able information about the patient’s anatomy as
well as participate in the diagnostic process and
discuss indications to surgery. Furthermore, the
remote surgeon could train for the procedure in
a virtual environment, using the patient’s spe-
cific anatomical reconstruction, thus anticipat-
ing possible problems and perfecting solutions
ahead of time.

Use of low-altitude satellites could overcome
the limitation associated with the use of terres-
trial cables, and enable performance of opera-
tions on ships or on space stations.

31.5.1 Telesurgery in Ophthalmology
An emerging aspect of teleophthalmology is the
performance of telesurgical operations. Camara
etal. [14] demonstrated the feasibility of proctor-
ing a complex ophthalmologic procedure from a
distance with appropriate instrumentation and
video conferencing technology. The teleophthal-
mology surgery session took place in real time
via a 384 kb/s ISDN line and was completed suc-
cessfully. The success of the surgical procedure
was comparable to traditional hands-on orbital
surgery.

31.5.2 Telemonitoring
as a Teaching Tool

Camara et al. [15] also discuss how telemedicine
technology may support real-time telemonitor-
ing to teach ophthalmologists ophthalmologic
surgical procedures in remote areas. To do so,
they performed several tests over an ISDN line
conveying information at a rate of 128 kb/s. For
the purpose of the tests, endoscopic laser-assist-
ed dacryocystorhinostomy with live surgical and
endoscopic images was transmitted in real-time
from the St. Francis Medical Center in Honolulu,
Hawaii to ophthalmologists at the Makati Medi-
cal Center in Manila, Philippines.

31.6 Conclusions

Remote robot-assisted telesurgery is feasible
and safe using terrestrial telecommunication
lines, even through transcontinental distances.
In addition to several potential benefits for the
patient, remote surgery might improve surgical
training and education. Future developments of
computer technology and their surgical applica-
tions, particularly in the field of virtual reality
three-dimensional reconstructions of patient’s
specific anatomy and pathology, are the pos-
sible solutions to overcome the lack of direct
patient-surgeon contact. Indeed, virtual reality
systems may not only improve surgical perfor-
mance by allowing preoperative simulations and
rehearsal of surgical procedures ahead of time,
but may also allow, thanks to real-time Internet
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teleconsultations, active intervention of the op-
erating surgeon in the diagnostic process and in
the evaluation of indications and contraindica-
tions to surgery.
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Chapter 32

Non-Invasive Monitoring

of Ocular Health in Space

Rafat R. Ansari, J. Sebag

DISCLAIMER: The views and opinions ex-
pressed in this article are those of the authors
and not those of NASA or the Government of
the United States of America.

This chapter addresses the following

Key Concepts:

M Vision is the most relied on of the hu-
man senses, and one of the most critical
tools used by astronauts in the perfor-
mance of mission duties.

B The absence of gravity in space affects
human physiology in a number of
ways. Deep space travel will also expose
astronauts to high levels of radiation for
extended periods of time.

[l The needs of astronaut health can be
met by effective, non-invasive miniatur-
ized systems for monitoring health via
telemetry.

[ The eye represents a useful site for non-
invasive access to the body. It also con-
tains structures that are representative
of nearly every tissue type in the body,
enabling broad-spectrum monitoring
of ocular and systemic health.

B A head-mounted apparatus equipped
with several non-invasive optical diag-
nostic technologies, and technologies
based upon skin contact and proximity
to the brain, is under development at
NASA.

32.1 Introduction

Interest in space travel and planetary explora-
tion is gaining momentum. On 13 October 2003,
China successfully launched a man into space
and it seems that Japan and India are not too far
behind. On 4 October 2004, a non-governmental
American civilian rocket (Space Ship One) en-
tered the edge of space (100 km above the Earth’s
surface) for a short duration, winning the 10 mil-
lion USD Ansari X-Prize [1].

On a larger scale, on 14 January 2004, United
States President George Bush announced that the
National Aeronautics and Space Administration
(NASA) would revive efforts to send a manned
mission to the Moon and Mars. It should be
noted that a round-trip mission to Mars will take
approximately three years to complete. This in-
cludes from nine months to one year travel time
from Earth to Mars, a one-year stay, and anoth-
er nine months to one year for return travel to
Earth.

Maintaining good ocular health is essential
to the completion of this mission. In spite of ad-
vanced automation in manned space exploration,
vision is the most relied upon of all the human
senses and one of the most critical tools used by
astronauts in the performance of mission duties.
For example, astronaut pilots land space shuttles
with exacting precision nearly completely de-
pendent upon vision.

32.2 Ocular Health and the Harsh
Environment of Space

Both the Moon and Mars have extreme condi-
tions for human survival. For example, the Moon
has no atmosphere while Mars’ atmosphere is
highly rarefied (1/150th of Earth), with a com-
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position of about 95% carbon dioxide, 3% nitro-
gen, 1.6% argon, 0.15% oxygen, and 0.03% water
vapor. The surface temperature on the Moon can
be as low as —-240°C in the shade, with the aver-
age temperature on Mars around -60°C.

32.2.1 Environmental Factors

The amount of ultraviolet light on Mars is about
800 times greater than that on Earth. The gravity
on the Moon is one sixth, and on Mars it is one
third that of the Earth.

Recently the martian rovers Spirit and Op-
portunity recorded dust storms on the martian
surface with wind speeds in excess of 100 miles
per hour. Fine dust particles have been found to
irritate the eyes and lungs of astronauts on the
lunar surface during the 1970s short walks [2].

32.2.2. Gravity Concerns

In addition to these harsh environmental fac-
tors, the absence of gravity in space affects hu-
man physiology in a variety of ways. Immedi-
ately upon entering this environment, astronauts
experience shifts in fluid distribution to upper
parts of the body, and in the elimination of
weight-bearing forces. This causes head conges-
tion, face puffiness, and leg shrinkage. The only
reliable way to sense motion is via the eyes since
the otoliths in the inner ear respond differently
to fluid motion. This altered sensory input con-
fuses the brain, causing disorientation. Since
weight-bearing forces are eliminated, the bones
and muscles deteriorate and the kidney filtration
rate increases, causing kidney stones.

32.2.3 Radiation

Lastly, but perhaps most importantly, deep space
travel will expose astronauts to high levels of ra-
diation for extended periods of time. As a result,
long-duration space travel will likely prove to be
rigorous for the human body. The long-term ef-
fects, which are hitherto unknown, may involve
changes at the cellular and molecular levels due
to all of the aforementioned conditions. Thus

important systems such as the vestibular, cardio-
vascular, renal, musculo-skeletal, brain, and eye
could be affected. Table 32.1 lists potential ocu-
lar risk factors. In two recent studies, relatively
low doses of space radiation were found to cause
an increased incidence and early appearance of
cataracts in astronauts [3, 4].

32.24 Aging and Health

In the absence of effective countermeasures, the
untoward effects of space travel could accelerate
aging as well as introduce new pathologies. As-
suring astronaut health is thus a major priority
in planning missions to the Moon, Mars, and
beyond. Constraints in available room onboard
vessels such as the International Space Station
and deep space voyage crafts, as well as limita-
tions in the availability of in-flight medical ex-
pertise, add to the challenge of meeting health
care needs during missions that will last years.
These needs can, however, be met by effective,
non-invasive miniaturized systems for monitor-
ing astronaut health via telemetry.

32.3 Using the Eyes as a Window
to the Body

The eye is a unique part of the body in that it
is largely transparent and therefore represents
a useful site for non-invasive access to the body
using light that readily enters the eye. Since in-
cident light is scattered back out of the eye, this
organ represents a location where analysis of the
back-scattered light could provide useful infor-
mation regarding internal structures, fluids, and
tissues.

The eye is further unique in that this relatively
small organ contains structures that are represen-
tative of nearly every tissue type in the body. The
cornea is a typical extracellular matrix composed
primarily of collagen. Aqueous is an ultrafiltrate
of blood, containing most of the molecules found
in serum at concentrations that are reflective of
systemic levels. The lens is a highly organized ar-
ray of crystalline proteins. Vitreous is very simi-
lar in nature to fluid found in joints. The retina
and optic nerves are in fact part of the central




Non-Invasive Monitoring of Ocular Health in Space

Chapter 32

Table 32.1. Potential ocular risk factors in long-duration space flight and on the Moon and Mars

Cataract
Ocular hypertension

and glaucoma

Transient vision
changes of unknown
etiology

Macular degeneration

Keratoconjunctivitis

Photopsia

Choroidal engorgement
Macular nutrition
(decrease in caretonoids
levels)

Ocular ischemia

Trauma or physical
injury

Radiation

Reduced gravity

Reduced gravity

Radiation (free radicals)
Air quality

Fine dust

Radiation (retinal light
flashes)

Reduced gravity
Radiation and reduced
gravity

Reduced gravity

Foreign objects hitting
or imbedded in the eye

Yes, particularly with
borderline/pre-glaucoma
astronauts

Yes

Possible
Yes (depending upon
proper functioning

of air-filtration systems)

Yes (but no known dangers
on short-duration flights)

Likely

Possible

Possible

Possible (bungee cord inju-
ry has occurred previously
with serious consequence)

Likely

Not known
but likely

Possible

Yes

Likely

Likely

Possible

Possible

Possible
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Likely

Not known
but likely

Possible
Likely
Likely
Likely

Possible

Possible

Possible

Fig. 32.1. Concept of a
head-mounted goggles-like

teleophthalmology apparatus
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nervous system. Within these two structures are
neurons and blood vessels that can be directly
visualized, the only place in the body where this
can be done. Thus, neurophysiology and circu-
latory (blood flow, oxygenation, etc.) physiology
can be evaluated non-invasively at this point, as
well as in the conjunctiva, in the case of blood
vessels. Because of these unique features, the eye
can be considered a microcosm of the body that
enables broad-spectrum monitoring of systemic
and ocular health.

32.3.1 Head-Mounted, Goggle-Like

Teleophthalmology Apparatus

A head-mounted apparatus equipped with sev-
eral powerful non-invasive optical diagnostic
technologies, as well as technologies based upon
contact with skin and proximity to the brain, is
under development at NASA. The concept shown
in Fig. 32.1 has been discussed earlier [5]. Table
32.2 shows some of the capabilities that are being
integrated into this apparatus to scan the various
structures within the eye and skin. Other sensors
mounted on the portion of the device in contact
with periocular tissues will enable monitoring of
body temperature, heart rate, electrolyte levels in
sweat, and other health indices. One unique de-
sign feature is to integrate basic systems (lasers,
detectors, correlator, spectrum analyzer) com-
mon to various technologies into a single unit
that will subserve the technical requirements of
all the different technologies. Due to space limi-
tations, these technologies will not be discussed
in detail here, but are cited in the pertinent refer-
ences [9-15] in Table 32.2.

In terms of telemetry, the data transmission
capacity from the Moon and Mars for a human
mission is still a topic of further discussion and
development. At present, a high rate downlink
goes through the ku band on the international
space station via a single access antenna, and is
limited to 50 Mb/s. It may be upgraded to 150
Mb/s in the future. This data capacity is sufficient
to download the ocular data from the apparatus
back to Earth for evaluation by physicians.
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Fig. 32.2. NASAs KC-135 zero-gravity airplane and the
parabolic flight trajectory

32.3.2 Changes in Vision

Over one third of astronauts who have flown
in space have reported changes in their vision.
The nature of these changes and the underlying
cause(s) are yet to be determined. To do so will
require the use of advanced non-invasive tech-
nologies in preparation for the use of such tech-
nologies during long-duration flights in space.

32.3.2.1 Proof-of-Concept Experiment
A proof-of-concept experiment, using a head-
mounted compact laser Doppler flowmeter, was
recently conducted on-board NASAs KC-135
airplane. This wide-body airplane, dubbed the
vomit comet or weightless wonder, creates con-
ditions of weightlessness or zero gravity during
freefall lasting 25 to 30 s, and about twice the
Earths gravity during the climb phase of the par-
abolic flight trajectory shown in Fig. 32.2.

In this experiment, we measured choroidal
blood flow in 25 volunteer human subjects.
The experimental setup onboard KC-135 is
shown in Fig. 32.3. The preliminary results can
be found in previous papers [6, 7]; addition-
ally, the detailed study is about to be published.
The goal of this study was to evaluate choroidal
blood flow in response to changing fluid levels

Fig. 32.3. Laser-Doppler flowmetry measurements in the
choroid on-board KC-135

in weightless conditions to help find the etiol-
ogy of changes in vision of astronauts in orbital
flight.

32.3.2.2 Choroidal Blood Flow

Choroidal blood flow plays a major role in the
regulation and supply of nutrients to the pho-
toreceptors and pigment epithelium since every
20 min, 100% of the body’s blood volume flows
through the eye, while 85% of that blood flow
goes to the choroid and only 4% to the retina.
We found that mean systemic blood pressure de-
creased by about 19% but choroidal blood flow
increased by about 22% in zero gravity, com-
pared to Earth’s gravity. Future studies will con-
firm if the blood flow and volume will stabilize
and self regulate in long-duration missions.

32.4 Conclusions

The eye is a window to the body. Fully utilizing
the opportunities provided by this fact prom-
ises insights into easily and accurately assessing
health, and diagnosing departures from health
early in the natural history of disease. Regarding
the rigors of deep space travel, this capability will
create opportunities to detect a number of po-
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tentially debilitating diseases before the onset of
irreversible damage.

We have presented the concept of an advanced
instrument that integrates several non-invasive
optical techniques that have been successfully
demonstrated, or are currently under develop-
ment in clinical and/or laboratory settings. These
techniques are readily interfaced with the com-
puter technology that by transmitting informa-
tion from remote sites makes celestial teleoph-
thalmology a reality.

Early diagnosis and prevention (rather than
just cure) of disease is a critical direction for
medicine in the 21st century. Technologies that
are found to be useful in monitoring astronaut
health in space may have great utility and value
on Earth. In addition to the celestial teleophthal-
mic applications described above, it is possible
that our compact, non-invasive, and multi-pur-
pose diagnostic devices will be used for regular
health monitoring by today’s health-conscious
consumers in settings of their choice, such as
homes, offices, gymnasiums, drive-throughs,
and shopping malls. Governments and health
care agencies may further find useful applica-
tions for using such devices to extend health care
to under-served areas of the world. This form of
terrestrial teleophthalmology will also provide a
powerful device for use in identifying diseases
not adequately diagnosed and/or treated (e.g.,
diabetes in the US) in so-called advanced care
settings.
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Postscript

Kanagasingam Yogesan, Sajeesh Kumar,
Leonard Goldschmidt, Jorge Cuadros

While teleophthalmology is not yet a mainstream
activity in eye care, the perspectives and activities
presented in this book have demonstrated that it
is not only feasible, but is an effective and sus-
tainable way to provide eye care in diverse health
care environments. Eye-care providers are now
looking at teleophthalmology as a model for im-
proving patient care.

In this book lie the guides and blueprints for
widespread eye-care programs that are yet to be
developed. By building on the experiences of the
pioneers whose work is presented here, others
can develop programs to provide eye care in ar-
eas that were previously unreachable. Programs
were described in this book for providing eye
care in such diverse environments from real-
time consultations in remote towns in Argen-
tina and villages in India, as we have seen in the
Zaldivar and Aravind clinics, to intercontinental
surgery and telemetry in space as was described
by Drs. Marescaux and Ansari. These programs
were developed for their particular situations,
however, the methods that were created in all of
the programs described in this book will increase
timely and appropriate care not just for special
populations but for everyone, regardless of their
circumstances, ultimately contributing to the re-
duction of preventable blindness.

This book elaborates on many aspects of
telemedicine in eye care, particularly its mani-
festations in various countries and its ability to
provide images of high quality in the diagno-
sis of remote eye care. Authors in this volume
have shown teleophthalmology to be practical,
safe and effective. The technology depends on
transfer of text, reports, voice, images and video
between geographically separated locations. Suc-
cess often relates to the efficiency and effective-
ness of the transfer of information and translates

to improved or enhanced patient care than would
otherwise be possible.

The lessons learned in the development of
these projects are valuable assets in the develop-
ment of larger eye-care information systems. The
future will surely bring a synthesis of telemedi-
cine with other informatics endeavors, as store-
and-forward telemedicine becomes as com-
monplace as email. Similarly, teleconferencing
coupled with information sharing will become
central elements in any clinical setting, just as it
will in our day-to-day lives. The experiences that
have been shared in this book will serve not only
to develop new ways to care for patients, but also
new ways to disseminate knowledge in the form
of concepts, methods, clinical trials, and infor-
mation. The author contributions in this book
will help to form the next generation of solutions
as many health care systems look for answers to
what sometimes seems like intractable problems.
These are professionals who have embraced
evolving technologies, surely falling into the cat-
egory of early adopters. The validation, assimila-
tion, complementary innovations, and evolution
associated with these methods will turn telemed-
icine simply into the routine practice of health
care in the future that may seem unrecognizable
to most of us now. In this context, the practice of
“telemedicine” and “telehealth” simply becomes
the practice of “medicine” and “health care”

We have reviewed many levels of technology,
from simple Web-based image transmission in
sparse technological environments, to the most
sophisticated settings in outer space. In each of
these settings it is clear that the major challenges
faced are not only technological, but are also or-
ganizational and behavioral. Teleophthalmology
may be viewed as a new tool, much like the kera-
tome or laser that has the potential to transform
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the daily practice of eye care. The difference,
however, is in the interactive nature of this new
tool. Without interaction among colleagues and
patients, teleophthalmology would be meaning-
less. It is because of the rapid increase in the de-
mands for communication and interaction that
teleophthalmology creates a rich and promising
environment for new ways to communicate.

Available  teleophthalmology  technology
still has considerable room for improvement.
Rather, the challenge is why, where and how
to implement which technology and at what
costs. Asking the right clinical questions will
drive the technologies. A needs assessment is
critical before implementing a teleophthalmol-
ogy project. Sometimes the technology drives
the care model, rather than patient need taking
precedence. Teleophthalmology as delineated
in these pages may appear novel, butis rap-
idly coming into common and mundane usage
through multiple applications.

The significance of the work that has been
presented in this book should not be under-
stated since these are the first steps toward the
evolution of a new model for patient care deliv-
ery. The infrastructure that has been formed for
the execution of the projects in this book will
continue to form the basis for the realization of
decades of theoretical work in computers and
cognition as we remove the extraneous layers of
traditional practice to arrive at the true nature of
the health care encounter. The health care en-
counter can be viewed as the interaction of three
components: data-gathering, decision-making,
and patient communication (Fig. 33.1). The use
of telemedicine allows health-care workers to
provide expertise in the component where they
are most effective. For example, highly trained
experts may not need to gather data if someone
else can provide it for them, and they may not be
the most effective communicator to impart this
knowledge to their patients.

Data gathering can be done by local individu-
als that are available where the patient is located

s> Decision-
Gathering

Data-
Making

Fig. 33.1. Components of a health-care encounter

and communication with the patient can be pro-
vided by patient educators or clinicians whose
expertise lies in face-to-face intervention and
interaction with patients. Communicators may
be local primary care clinicians who are well-
acquainted with the patient’s complete health
picture or they may even be community-based
individuals with a deeper understanding of the
social context in which they are interacting with
the patient. Through telemedicine there is a po-
tential to increase the efficiency of each compo-
nent of the health care encounter, since they are
no longer bound by time and location.

We may find that the doctor-patient relation-
ship can evolve into a more communal activity
involving doctors and patients as well as their
families, allied health workers, educators, public
health workers, and numerous others tightly wo-
ven into a matrix of information gatherers, infor-
mation processors, and communicators.

Meanwhile, there is much work to be done
in the allied areas of legal and policy making,
reimbursement, image processing and knowl-
edge management, decision support systems
and information abstraction. Image processing
for automated and human interpretation of im-
ages and data has been an active area of research
and development. Research teams all over the
world are developing computerized algorithms
to extract meaning from digital images with in-
creasing success. Similarly, systems that can ab-
stract information from varied sources, such as
laboratory data, clinical observations, and gen-
eral patient health information are beginning to
provide guidance to clinicians, from pop-up re-
minders on their computerized medical records
to diagnostic interpretations that combine data
that is too complex for a human to process. Our
challenge will be to blend enhanced computa-
tion provided by image processing and decision
support systems with enhanced communication
provided by telehealth.

Time will tell whether teleophthalmology (to
paraphrase Neil Armstrong) is: one small step

sl Patient
h

Communication
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for information and communication technology
but one giant leap for eye care. However, from
the pages of this first book on teleophthalmol-
ogy, the future promises to be exciting. Optimist

Chapter 33

ically, the journey towards improved patient care
will be well worth the wait for those benefiting
from these technologies.
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Appendix 1

Country Institute Contact details
Argentina Instituto Zaldivar www.institutozaldivar.com
Australia Center of Excellence in e-Medicine. www.lei.org.au
Lions Eye Institute www.emedicine.com.au
Brazil Vision Institute/Ophthalmology Department, =~ www.unifesp.br
Federal University of Sao Paulo(UNIFESP) http://www.oftalmo.epm.br
Canada Department of Ophthalmology http://www.ualberta.ca/~ophthalm/eye html
University of Alberta
Finland University of Tampere www.uta.fi
France IRCAD-European Institute of Telesurgery www.eits.org
EITS Institute www.websurg.com
Germany Department of Paediatric Ophthalmology, www.uni-regensburg.de/
Strabismology and Ophthalmogenetics.
University of Regensburg
Greece National Technical University of Athens, www.biomed.ntua.gr
School of Electrical and Computer
Engineering
India Aravind Eye Hospitals & Postgraduate Institute www.aravind.org
of Ophthalmology
India Department of Teleophthalmology, www.sankaranethralaya.org
Sankara Nethralaya
Japan Asahikawa Medical College www. asahikawa-med.ac.jp
Telemedicine Center
Lithuania Telemedicine Center of Kaunas University http://tmc.kmu.lt
of Medicine
Spain Department of Physiology, School of Medicine ~ www.usc.es/fspaco
Singapore School of Electrical http://www.ntu.edu.sg
and Electronic Engineering
Nanyang Technological University
UK Institute of Ophthalmology www.ucl.ac.uk/ioo/
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Country Institute Contact details
USA Inoveon Evaluation Center http://www.inoveon.com
USA Vanderbilt Ophthalmic Imaging Center www.retinopathyscreening.org
USA University of California www.berkeley.edu
USA ORBIS http://telemedicine.orbis.org/bins/home.asp
USA Ophthalmology Service, www.wramc.amedd.army.mil
Department of Surgery,
Walter Reed Army Medical Center
USA Wilmer Eye Institute, http://www.hopkinsmedicine.org/wilmer/
Johns Hopkins University
USA University of Texas Medical Branch, www.uth.tmc.edu
Department of Ophthalmology
and Visual Sciences
USA United States Department http://wwwl.va.gov/
of Veterans Affairs (VA)
Palo Alto Health Care System
USA University of Southern California www.usc.edu/
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The Lions Eye Institute Teleophthalmology Protocol

Store-and-forward/Videoconferencing teleconsultation

I. Introduction

This protocol gives the medical officers, coordinating health care professionals and nurses clear
direction on how to make use of the teleophthalmology service provided by the Lions Eye Institute.

Il. Aim

To provide specialist advice and a second opinion to health care providers in remote and rural
areas.

lll. Definitions

Teleophthalmology Store-and-forward or interactive, real time television for eye care
purposes.

Teleconsultant Ophthalmologist whose expertise is requested via a teleophthalmology
transaction.

Teleconsultation Remote patient evaluation and consultation via a telecommunications
system.
Originating Site/Remote Site Site where the patient is located at the
time of the teleconsultation. A medical officer and/or a co-ordinating
nurse also present here.

Consulting Site Site where teleconsultant providing the teleconsultation is located at

the time the service is provided via a telecommunications system.

Site Coordinator Person designated to coordinate teleophthalmology activities.
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IV. Teleophthalmology Consultation Criteria

The main service will be provided via store-and-forward techniques using a Web-based system.
However, videoconferencing is also available for any emergency or acute ophthalmic conditions.

V. Requirements

A. Technical Requirements:

Store-and-forward

Slit lamp

Fundus camera

Desktop personal computer or laptop

Internet connection

Access to www.e-icare.com

E-icare software CD for image capture and advance imaging
Video conferencing

Video conferencing equipment

ISDN connection (128 kbps for face to face interview and 384 kbps for image reviewing
from a slit lamp)

B. Training Requirements:

Training to operate the imaging device

Training on disease grading and image quality
Training to use the e-icare software package
Training to use the video conferencing equipment

C. Other Requirements:

Medical officers at the remote/originating site should be informed of the teleophthalmology
and its benefits

VI. Responsibilities of the Originating/Remote Site Coordinating Nurse

A. Prior to Teleconsultation

1. Scheduling teleconsultation and connection time

2. Determining special needs or room arrangements

3. Contacting patient and referring provider with teleconsultation appointment time and location
4. Training users in the use of telemedicine equipment

5. Preparing patients for teleconsultation
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During Teleconsultation

Setting up and operating telemedicine equipment
Ensuring privacy and confidentiality of the patient
Ensuring comfort and safety of the patient

After Teleconsultation
Distributing and collecting telemedicine evaluation forms

Logging telemedicine activities
Reporting telemedicine activity to the LEI

VII. Responsibilities of Teleconsultant(s)

Prior to Teleconsultation

Communicating special peripherals or room arrangements needed during teleconsultation to
consulting site coordinator

Obtaining signed consent forms or medical records if applicable

Determining if interactive video teleconsultation is an appropriate means for providing the
necessary services

During Teleconsultation

Ensuring privacy and confidentiality of the patient

Ensuring comfort and safety of the patient

Determining if the teleconsultation is of sufficient quality to diagnose or evaluate the patient
appropriately

Determining if the teleconsultation is of sufficient quality to adequately convey necessary infor-
mation to the patient and the referring Medical Officer

After Teleconsultation

Document teleconsultation and process resulting records appropriately

VIIl. Rights and Responsibilities of Patients

Before Teleconsultation

Right to informed consent to use telemedicine
Responsibility to arrive on time for the teleconsultation
Responsibility to have identity information available
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During Teconsultation

Right to terminate teleconsultation and request other mode of consultation
. Right to have additional family members present during teleconsultation
Right to privacy and confidentiality

After Teconsultation

Right to have medical records or stored images maintained in a confidential manner

IX. Referral and Scheduling Process

o

Scheduling of video consultation — by originating site coordinating nurse

. Scheduling information is recorded — by manual entry in a logbook
Information to be recorded in the logbook - beginning and ending time of teleconsultation,
date, description of teleconsultation, individuals participating in teleconsultation

Hours during which video consultations scheduled - to be determined by coordinators at

both locations

Contacting the consulting site at Perth — originating site coordinating nurse
Maintaining list of Perth consulting site contacts — Perth consulting site ophthalmologist/
teleconsultant.

X. Type of Referrals/Consultations

hed

. Ophthalmic Accident and Emergency

. Coordinating nurse to collect relevant history from the patient or accompanying persons. Use

the table below for relevant questions
Use video conferencing to consult an ophthalmologist or an ophthalmic registrar (on call) at
Royal Perth Hospital before sending the patient to Perth

. Or coordinating nurse can image the eye and send the high-resolution images to an ophthal-

mologist via the Web-based system. Then the specialist can be called for diagnostic advice and
first aid based on the images/videos and history

Patient Referrals to Go to Perth for Any Ophthalmic Conditions

Medical officers to send the patients to the coordinating nurse for imaging

. The coordinating nurse will image the eye and send the high-resolution images

to an ophthalmologist via the Web-based system

Diagnostic advice/second opinion will be received within 24 h

Coordinating nurse to inform the patient and medical officer regarding the advice/second
opinion received
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C. Post-Operative Reviews, e.g., Cataract and Trabeculectomy

1. Medical officers to send the patients to coordinating nurse for imaging

Coordinating nurse will image the eye and send the high-resolution images/videos to an

ophthalmologist via the Web-based system

Diagnostic advice/second opinion will be received within 24 h

4. Coordinating nurse to inform the patient and medical officer regarding the advice/second
opinion received

w

D. All Diabetic Retinopathy, Glaucoma and Other Eye Screenings

1. Coordinating nurse to image the eyes and send the high-resolution images/videos to an
ophthalmologist via Web-based system

2. Diagnostic advice will be received within 24 h

3. Coordinating nurse to inform the patient regarding the diagnostic opinion received

XI. Preparation of the Patient

Originating site coordinating nurse is responsible for preparing the patient for the teleconsultation.
Preparation includes:

1. Informing patient, participating family member(s), or their legal guardians, about the tele-
ophthalmology technology, capabilities, risks, benefits, and confidentiality issues

2. Reviewing patient rights and responsibilities, including informing participants that they
may terminate the teleconsultation at any time

XIl. Privacy and Confidentiality

1. Introduce all persons present at the originating and consulting sites during video consultation
Ensure privacy for patients by providing a private room for the teleconsulation and putting a
“session in progress” sign on the door to the room

3. Obtaining patient consent form

Obtaining patient records if applicable

5. Archiving/protecting patient records or stored images if applicable

=~

Xlll. Documentation
1. Patient consent forms
2. Patient medical record
3. Teleconsultation logbook

XIV. Quality Control/Evaluation

Periodic review and evaluation of this protocol and teleconsultation for quality control.
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Consent to Tele-imaging for Ophtalmology

Study Title: Tele-imaging for ophthalmology
in Rural and Remote Western Australia

Specialist: DrX
DrY

Health
Providers: The Lions Eye Institute

Name of the Patient:

I (the participant) have read or have had read to me the information concerning teleimaging and any
questions I have asked have been answered to my satisfaction. I agree to participate in this activity,
realising that I may withdraw at any time without reason and without prejudice. (Or where applicable
- without prejudice to my future medical treatment).

I understand that all information provided is treated as strictly confidential and will not be released
by the investigator unless required by law.

I understand that this programme is being developed to increase the efficiency of treatment in rural
areas. I agree that research data gathered for the study may be published provided my name or other
identifying information is not used.

Date Name of Patient Signature

Date Name of Health Representative Signature

The Human Research Ethics Committee at the University of Western Australia requires that all par-
ticipants are informed that, if they have any complaint regarding the manner, in which a research
project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human
Research Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway,
Crawley, WA 6009 (telephone number 9380-3703). All study participants will be provided with a
copy of the Information Sheet and Consent Form for their personal records.

The Lions Eye Institute is an independent, non-profit organization established for the investigation,
prevention and cure of eye disease.

Participant’s Initials
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Information Sheet for Patients

Study Title: Tele-imaging for ophthalmology
in Rural and Remote Western Australia

Specialist: DrX
DrY

Health
Providers:  The Lions Eye Institute
The Health Department of WA

Many of the common diseases that affect the eyes and the teeth and gums can be readily analysed
from photographs or digital pictures. Where eye specialists and dentists visit country areas rather
than being present all the time, it is often difficult to make an appointment with them and particu-
larly to have treatment carried out in an efficient and timely manner.

This programme allows medical support staff resident in your area to take images of your eyes trans-
mit them securely and have the visiting specialist design the treatment and schedule it prior to vis-
iting your area. This means that you will be treated where possible in a much more organised and
efficient way with savings in time and cost to the whole system.

The images can only be read by authorised medical specialists involved in the programme and can
only be transferred either back to you as a potential patient or your doctor.

You do not have to agree to have your eyes imaged and the records can be destroyed at any time if
you change your mind.

This is not a clinical trial. Your records will be kept totally confidential and you will have access to
them at any time. Your name and the digital records will only be released to authorized health per-
sonnel who will be looking after your treatment.

Your participation in this study does not prejudice any right to compensation, which you may have
under statute or common law.

You are free at any time to withdraw consent to further participation without prejudice in any way.
You do not need to give any reason nor justification for such a decision. In such case, your records
will be destroyed, unless otherwise agreed by you.
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The Human Research Ethics Committee at the University of Western Australia requires that all par-
ticipants are informed that, if they have any complaint regarding the manner, in which a research
project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human
Research Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway;,
Crawley, WA 6009 (telephone number 9380-3703). All study participants will be provided with a
copy of the Information Sheet and Consent Form for their personal records.

The Lions Eye Institute is an independent, non-profit organization
established for the investigation, prevention and cure of eye disease.
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Clinician Perception Evaluation

Excellent | Satisfactory | Poor

1. | Clinician rating of the | a) | Level of comfort with equipment
following with regard & procedures
to the application:

b) | Scheduling convenience

¢) | Physical arrangements

d) | Location

e) | Timeliness of consultation

f) | Technical quality of service

g) | Patient/consultant communi-
cation level

h) | Functionality of equipment

i) | Overall satisfaction with the
telemedicine session

2. | Was the clinician satisfied with the telemedicine application
compared to the alternatives? Yes O No O

O
O

3. | Did the clinician have patient privacy concerns? Yes No

Did the clinician believe the application made a positive

4. | contribution to patient care? Yes O No O
5. | Was real-time visual contact with the other site essential? Yes O No O
6. | During the session a) | Full motion video Yes O No O
was it more useful
to have: b) | Still images Yes O No O
7. | Would the clinician use the telemedicine service again? Yes O No O

8. | What was the alternative
to the use of the telemedi-
cine service?

9. | Outline future care for
the patient eg. Referral,
admission...

The Lions Eye Institute is an independent, non-profit organisation established for the investigation,
prevention and cure of eye disease.
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Teleophthalmology, Western Australia

Patient Questionnaire

Please fill out this form for any single Telehealth session.

Patient participation in this evaluation is completely voluntary.

If you need more space, please use the back of the questionnaire to continue.
Part A: General Information

1. Site name (please circle): Carnarvon / Exmouth / Onslow / Burringurrah / Shark Bay

2. Date of Telehealth session : / / (dd/mm/yy)

3. Starting time am/pm (estimate if not sure)

4. Ending time

am/pm (estimate if not sure)
5. Person filling out questionnaire (1 = individual, 2 = health care provider, 3 = family)

6. Demographic data (please tick)

a. Sex: O male O female
b. Age: O < 1-year O child O adolescent O adult O elderly
7. a. Type of service: O screening O treatment/care [ other

b. If “other”, please specify:

8. Individual became aware of this Telehealth service from (** Tick as many as apply):
O Advertising (TV, Radio, Newspaper) O Health professionals (GP, nurse, midwife etc)
O Another patient O Family or Friend

O Other
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Part B. Satisfaction Information

Self assessment having completed a Telehealth session Yes No* N/A

This Telehealth service has given me access to health care faster than a traditional
service

This Telehealth service has provided a more convenient method for receiving this
health service

I am satisfied with the quality of service received for this Telehealth session
compared to the alternatives

I would choose to use Telehealth for future health services

Did you have privacy concerns?

Was the lack of direct physical contact with the distant clinician acceptable?
(for videoconferencing only)

*If “No”, please explain why in space provided below

Patient rating of the following with regard to the service:

The comfort in the Eye Clinic area was

The convenience of this service was

The duration and timeliness of the consultation was

The skills and attitude of attending personnel was

The information provided was explained in a way that was

The feedback I received about the consultation was

The overall satisfaction I feel with the telemedicine session is

* Comments / explanations:

Thank you for your participation in this survey — your comments will help improve our service.
Please place this questionnaire in the envelope provided (no stamp required) and return to the
nominated address.
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Teleophthalmology Logsheet

(see next page)
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Technical Difficulties - please provide a brief explanation of the difficulty experienced and action,
if any taken

2)

3)

4)




Glossary

Adnexal. Attachments, such as arms or legs,
which are appended to the body.

Amblyopia. Reduced vision in one eye that
otherwise appears to be normal. Also called
lazy eye.

Anaglyphs. Stereoimages that present mono-
chromatic images to each eye, with different
colors used for each image.

Angiography. Procedure used to image blood
vessels, typically involving the administration
of a contrast material and imaging the blood
vessels. The contrast material is typically deliv-
ered into the body through a catheter placed
into an appropriate blood vessel.

Arterioles. The smallest arterial vessels (about
0.2 mm or 1/125 inch in diameter) resulting
from repeated branching of the arteries. They
conduct the blood from the arteries to the
capillaries.

Atherosclerosis. Hardening of the arteries, in
which cholesterol and other deposits build up
on the inner walls of the arteries, limiting the
flow of blood.

Biomicroscopy. The examination of tissues on
a microscopic level. Can refer to the specific
examination of the cornea or lens of the eye,
using a corneal microscope and a slit lamp.

Cardiovascular. Pertaining to the heart and
blood vessels.

Cataract. Opacity or cloudiness of the crystal-
line lens, which may prevent a clear image
from forming on the retina.

Cerebrovascular. Pertaining to the blood ves-
sels of the cerebrum or brain.

Cholecystectomy. The surgical removal of the
gallbladder.

Cine-angiogram. In an angiograph, as the dye
travels down the branches of the coronary
artery itself, continuous images are exposed

onto movie film. The composite roll of images
is known as a cine-angiogram.

Cytomegalovirus. A virus of the herpes family
that, in the ophthalmic context, causes infec-
tion and inflammation of the retina in patients
with AIDS (CMV Retinitis).

Conjunctiva. A thin, clear membrane that lines
the inner surface of the eyelids and the outer
surface of the eyeball, except for the cornea.

Cornea. The transparent, convex, anterior por-
tion of the outer layer of the eyeball.

Current procedural terminology (CPT). Co-
des a systematic listing and coding of proce-
dures and services performed by physicians.
Each procedure or service is identified with
a five-digit code maintained and copyrighted
by the American Medical Association, and
adopted by the US Department of Health and
Human Services.

Cytology. The branch of science that deals with
the structure and function of cells.

Diabetes Mellitus. Disorder that occurs when
the body is not able to use sugar for growth
and energy for daily activities. There are two
main types of diabetes mellitus: insulin-de-
pendent (Type 1) and noninsulin-dependent
(Type 2).

Diabetic Retinopathy. Spectrum of retinal
changes accompanying long-standing dia-
betes mellitus. Early stage is background
retinopathy. May advance to proliferative reti-
nopathy, which includes the growth of abnor-
mal new blood vessels (neovascularization)
and fibrous tissue.

Diabetologist. A doctor who sees and treats
people with diabetes mellitus.

Dithering. The process of juxtaposing pixels of
two colors to create the illusion that a third
color is present. A simple example is an image
with only black and white in the color palette.
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By combining black and white pixels in com-
plex patterns a graphics program can create
the illusion of gray values. Dithering is the
most common means of reducing the color
range of images down to the 256 (or fewer)
colors seen in 8-bit GIF images.

Drusen. Tiny, white hyaline deposits on Bruch’s
membrane (of the retinal pigment epithe-
lium). Common after age 60; sometimes an
early sign of macular degeneration.

Edema. Accumulation of fluid in organs and
tissues of the body resulting in swelling.

Endophthalmitis. Inflammation of the interi-
or of the eye, typically caused by an infection
from eye surgery or trauma. Endophthalmitis
is an ocular emergency. Symptoms include
floaters, light sensitivity, eye pain or discom-
fort, a red or pink eye and vision loss.

Endothelium. The inner layer of cells on the
inside surface of the cornea.

Esotropia. Cross-eyes. Eye misalignment in
which one eye deviates inward (toward the
nose) while the other fixates normally.

Etiology. A branch of knowledge concerned
with the causes of particular phenomena, spe-
cifically a branch of medical science concerned
with the causes and origins of diseases.

Exotropia. Wall-eyes. Eye misalignment in
which one eye deviates outward (away from
the nose) while the other fixates normally.

Exudation. The escape of fluid, cells, and cellu-
lar debris from blood vessels and their deposi-
tion in or on the tissues, usually as the result
of inflammation.

Fluorescein. A harmless yellow dye used to
outline the vessels of the eye.

Frequency doubling perimetry. Targets low
redundancy ganglion cells; because these cells
are sparsely populated, there is less compen-
sation available to mask cell damage. By tar-
geting these cells, these perimetry can detect
glaucomatous damage early in the disease
process.

Fundus. The larger part of a hollow organ that
is farthest away from the organ’s opening. The
bladder, gallbladder, stomach, uterus, eye, and
cavity of the middle ear all have a fundus.

Funduscope. Devices for examining the
interior of the eye, permitting the clear

visualization of the structures of the eye at any
depth.

Gaussian. The bell shaped curve that is used
to describe the distribution of quantities
around some normal value. The distribution
is uniquely determined by its mean and vari-
ance.

Ghosting. A shadowy or weak duplication
of the original image. It can be the result of
transmission conditions where secondary sig-
nals are created and then displayed earlier or
later than the original.

Glaucoma. Group of diseases characterized by
increased intraocular pressure resulting in
damage to the optic nerve and retinal nerve
fibers. A common cause of preventable vision
loss. May be treated by prescription drugs or
surgery.

Glaucomatous cupping glaucoma. Causes
nerve fibers to die and this results in loss of
vision. As nerve fibers die, the neuro-retinal
rim of the optic nerve head thins and the optic
cup enlarges.

Gonioscopy. Examination of the anterior
chamber angle through a goniolens (special
type of contact lens).

Hemoglobin Alc. A blood test for diabet-
ics that reveals the average blood sugar val-
ues over the past 3 months. This test is used
to monitor patients with diabetes and assess
their level of disease control.

Histology. The study of the structure of cells
and tissues; usually involves microscopic ex-
amination of tissue slices.

Hyperglycemia. A condition caused by greater
than normal levels of glucose in the blood.
Symptoms include thirst, frequent urination
and fatigue.

Hypertensive. 1. Causing or marking a rise in
blood pressure. 2. Denoting a person suffer-
ing from high blood pressure.

Hypertropias. One eye deviates upward rela-
tive to the opposite eye.

Hyphema. Bleeding into the interior chamber
of the eye.

Informatics. The field of computer manipula-
tion of scientific or medical data. Informatics
is the part of the process that uses computer
programs to capture, analyze, and transport



data for the appropriate processing and analy-
sis.

Interoperability. The ability of software and
hardware on multiple machines from multiple
vendors to communicate meaningfully.

Intraocular. Within the eye.

Iridocyclitis. Inflammation of the iris and of
the ciliary body, anterior uveitis.

Keratitis. Inflammation of the cornea.

Laparoscopic. Performed using a laparoscope,
a thin fiber-optic scope introduced into a body
cavity for diagnostic and surgical purposes.

Laser-Assisted in situ Keratomileusis
(LASIK). A surgical procedure intended to
reduce a person’s dependency on glasses or
contact lenses.

Laser photocoagulation. Procedure in which
a surgeon uses a laser to coagulate tissue, usu-
ally to seal leaking blood vessels and destroy
new ones in diseases like macular degenera-
tion and diabetic retinopathy.

Lenticular. Pertaining to the crystalline lens of
the eye.

Licensure. The legal authority or formal per-
mission from authorities to carry on certain
activities which by law or regulation require
such permission. It may be applied to licen-
sure of institutions as well as individuals.

Macula. A small, highly sensitive part of the
retina responsible for detailed central vision.

Macular degeneration. Degeneration in the
macular region of the retina that results in de-
creased central vision and sometimes blind-
ness.

Maculopathy. Any pathological condition of
the macula lutea.

Metadata. About data, or information known
about the image in order to provide access
to the image. Usually includes information
about the intellectual content of the image,
digital representation data, and security or
rights management information.

Microdensitometry. A procedure utilizing a
densitometer.

Micrometry. The art of measuring with a mi-
crometer.

Miosis. Constriction of the pupil.

Monochromatic. Light of a single wavelength.
A color scheme that uses one color and all of

Glossary

the tones, tints, and shades that can be de-
rived from it.

Monoscopic. When we normally look at ob-
jects, our two eyes see slightly different images
(because they are located at different view-
points). Our brain puts the images together to
generate a stereoscopic viewpoint. For stereo,
the left and right eye views need to be generat-
ed independently. Choosing only right or left
eye produces only a right/left eye viewpoint
(monoscopic).

Motility. The ability to move spontaneously.

Mydriatic. Dilating the pupil.

Mydriasis. A long-continued or excessive dila-
tation of the pupil of the eye.

Neovascularization. Abnormal formation of
new blood vessels, usually in or under the
retina or on the iris surface. May develop in
diabetic retinopathy, blockage of the central
retinal vein, or macular degeneration.

Neuro-ophthalmology. That branch of medi-
cine concerned with the neurological aspects
of the visual apparatus.

Normotensive. Characterized by normal tone,
tension or pressure, as by normal blood pres-
sure.

Nystagmus. Involuntary rapid movement of
the eyes in the horizontal, vertical or rotary
planes of the eyeball.

Pterygium. A fleshy growth that invades the
cornea. It is an abnormal process in which
the conjunctiva (a membrane that covers the
white of the eye) grows into the cornea.

Ocular. Pertaining to or affecting the eye.

Oculoplastic. Deal with a wide variety of re-
constructable disorders affecting the eyelids,
eye sockets, and tear drainage systems.

Oculoplasty. Surgery to deal with a wide vari-
ety of reconstructable disorders affecting the
eyelids, eye sockets, and tear drainage sys-
tems.

Ophthalmology. The branch of medicine that
deals with the anatomy, functions, pathology
and treatment of the eye.

Ophthalmoscopy. The examination of the in-
terior of the eye with the ophthalmoscope.
Optic Disc. A small region of the retina where
the fibers of the ganglion neurons exit from
the eyeball to form the optic nerve, also called

the blind spot.
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Optometric. A specialty focusing on the diag-
nosis and nonsurgical treatment of disorders
of the eye and vision care.

Otorynolaryngology. The division of medical
science that includes otology (ear), rhinology
(nose), and larynology (areas of the throat).

Otoliths. Small calcium carbonate crystals lo-
cated within the maculae of the inner ear’s
utricle and saccule. The otoliths move in re-
sponse to head movements, shifting their
mass which distorts the hair cell processes. As
a result, nerve impulses are generated to the
brain for interpretation as head movements
for static equilibrium.

Photocoagulation. Using a strong beam of
light (laser) to seal off bleeding blood ves-
sels such as in the eye. The laser can also
burn away blood vessels that should not have
grown in the eye. This is the main treatment
for retinopathy.

Phacoemulsification. Also called “phako,” this
in-office cataract surgery procedure involves
using a device with a vibrating, ultrasonic tip
to break up the cataract, then suctioning the
pieces out with a tiny needle.

Phaco-refractive. A procedure where refrac-
tive corrections are made at the crystalline
lens inside the eye.

Photorefractive surgery. Is performed using
an excimer laser in an attempt to correct re-
fractive errors such as short-sightedness (my-
opia), astigmatism, and more recently long-
sightedness (hypermetropia).

Pixel. Picture element. The smallest unit (point)
of an image displayed on screen. The quality
of an image depends on the number of pixels
per inch that make up the image.

Pneumatic tonometry. The use of a puff-air
device to measure the pressure within the
eye.

Prophylaxis. Treatment that helps to prevent
a disease or condition before it occurs or re-
curs.

Proximal. Nearest to, closer to any point of ref-
erence, opposed to distal.

Refraction. The bending of light rays as they
pass from one medium (i.e., air) to another
(i.e., glass), each with a different index of re-
fraction.

Renal. Pertaining to the kidney, nephric.

Retina. Light sensitive nerve tissue in the eye
that converts images from the eye’s optical
system into electrical impulses that are sent
along the optic nerve to the brain. Forms
a thin membranous lining of the rear two-
thirds of the globe.

Retinitis. Inflammation of the retina. Symp-
toms include blurred vision, metamorphop-
sia, floaters and vision loss.

Retinoblastoma. An eye cancer that most of-
ten occurs in children younger than five years.
It occurs in hereditary and nonhereditary
(sporadic) forms.

Retinopathy. Any disease or disorder of the
retina; usually refers to damage to the retina
caused by high blood pressure or diabetes
mellitus.

Stereo photograph. Has two images, one for
each eye, that when viewed together provide
three-dimensional information about the
subject.

Stereopsis. Ability to see objects as three-di-
mensional and to judge their relative distance
in space by putting together images from
both eyes.

Stereoscopic. Relating to a stereoscope, or giv-
ing the appearance of three dimensions.

Strabismus. A misalignment of the eyes: they
don’t point at the same object. Crossed eyes
are one type of strabismus.

Striae. Stretch marks on the skin with a silvery-
white hue.

Systemic. Pertaining to or affecting the body as
a whole.

T1line. A telecommunications line made out of
fiber-optics or copper. A T1 line can carry 24
digitized voice channels, or data at a rate of
1.544 Mb per second.

Telematics. Refers to the broad industry related
to using computers in concert with telecom-
munications systems. This includes dial-up
service to the Internet as well as all types of
networks that rely on a telecommunications
system to transport data.

Telemedicine. Use of telecommunications
technology for medical diagnosis and patient
care and education when the provider and cli-
ent are separated by distance.



Thromboembolic. An acute septicemic dis-
ease characterized by fever, severe depression,
ataxia, blindness, coma, and rapid death.

Tomography. Technique used to study the hu-
man body through the imaging of radiologi-
cal slides of the organs.

Tonometer. Instrument used to measure inter-
nal eye pressure.

Topography. The accurate and detailed de-
scription or drawing of places or items and
their surface details. Used to determine the
corneal profile in order to program the com-
puter for refractive correction as well as for
post-operative corneal analysis.

Tortuositas. Abnormal twists or turns of reti-
nal blood vessels.

Toxoplasmosis. A disease caused by the para-
site Toxoplasma gondii; An infection that can
cause inflammation of the retina.

Trachoma. A severe, chronic, contagious con-
junctival and corneal infection.

Trephination. Isa form of surgery where a hole
is drilled or scraped into the skull, leaving the
membrane around the brain intact. It ad-
dresses health problems that relate to abnor-
mal intracranial pressure.

Glossary

Tunica vasculosa lentis. Blood vessels form-
ing a network around the developing lens in
the fetus (unborn child); a normal stage of
development.

Uvea. The blood vessel-rich pigmented layers
of the eye. It includes the iris, ciliary body and
choroid. It contains the majority of the eye’s
blood vessels.

Uveitis. An inflammation of the uvea, the pig-
mented layer of the eye. Inflammation may
occur suddenly, remain chronic, or recur.
Symptoms include eye pain, sensitivity to
light, blurred vision, tearing, and redness.

Vascular. Pertaining to blood vessels or indica-
tive of a copious blood supply.

Vendor. Any individual, firm, or corporation
from whom purchases are made.

Venules. Small veins that carry blood from
the capillaries and join to form larger vessels
known as veins.

Vestibular. Pertaining to the vestibular system
in the middle ear and the brain which senses
movements of the head.
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