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The cardinal principles of screening of
human diseases was defined by World
health organization in 1968 and diabetic
retinopathy fulfills all of them. Visual
impairment due to diabetic retinopathy is
a significant health problem; however, it
has a recognizable pre-symptomatic
stage.The Diabetes Control and
Complication Trial and the United
Kingdom Prospective Diabetes Study
established that intensive diabetes
management to obtain near-euglycemic
control can prevent and delay the
progression of diabetic retinopathy in
patients with diabetes. Timely laser photo-
coagulation therapy can also prevent loss
of vision in a large proportion of patients

with sight-threatening diabetic
retinopathy.®Screening for diabetic retin-
opathy saves vision at a relatively low cost,
which has been showed in various
studies. American Academy of
Ophthalmology recommends annual
dilated eye examinations beginning at the
time of diagnosis for patients with Type Il
diabetes. For those with Type | diabetes,
the recommendation is retinal exami-
nation 3-5 years after diagnosis, with
annual exams thereafter. The barriers for
successful screening are numerous and
include the high cost of care, poor
awareness levels, socio-economic factors
and poor geographical access to care.*
Current screening programs for diabetic
retinopathy are either Ophthalmologist
-based (with actual presence of ophthal-
mologist at the site of screening) or
Ophthalmologist-led (absence of actual
presence of Ophthalmologist at site of
screening). Table 1 summarizes the differ-
ences between the two models.
Telemedicine for retinopathy screening is
an ophthalmologist-led screening model,
which may be a logical potential alter-

Table 1: Differences between the Ophthalmologist led and Ophthalmologist based model

for screening of diabetic retinopathy

Ophthalmologist based

model (Telescreening)

Ophthalmologist led
model

Brief description Para-medical staff Screening is done by
acquire data/images, ophthalmologist
which are transferred
for interpretation by
ophthalmologist

Feasibility Yes with less human Needs trained expert
resource

Maintenance Required Not required

Capital expenditure More Less

Revenue expenditure Less More

Interobserver bias Less More

Digital photo archieval Yes No

Acceptance by Yes Yes

community
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How technology has brought care and
reduced cost in management of Diabetic

native for patients who have been
noncompliant with the traditional face-
to-face examination by an
ophthalmologist. Ophthalmology is
uniquely suited for telemedicine asitis a
highly visual and image intensive specialty
and digital imagery is easily transmitted
by electronic means. Remote assessment
for diabetic retinopathy provides an ideal
model for telehealth screening initiatives
and, in fact, has become one of the most
common uses for telemedicine in ophthal-
mology.

STEPS OF TELESCREENING §

In brief, patient enroliment is performed
after defining the data to be collected.
Since ocular telescreening services for DR
satisfy the criteria of low risk telehealth-
procedures and are within commonly
accepted standards of practice, signa-
tureconsent may not be required.
However, practitioners should provide
patients information about the
telescreening program they would
reasonably want to know, including differ-
ences between care delivered using
ocular telehealth and face-to-face, and
descriptionof what is to be done at the
patient’s site and the remote site. The
data collected includes fundus images,
along with patient examination (identifi-
cation, demographic and medical
information) and some morphological
information that is used to make a clinical
decision. Fundus images of the both eyes
of the patient are acquired under a fixed,
predetermined imaging protocol. These
images are taken by a trained technician
using a fundus camera. Due to various
factors, the acquired images can be below
the grading standard, thus not providing
any meaningful information for exami-
nation by the reader. This can be
addressed by employing an automatic
image guality assessment module. An
automatic image quality assessment
module will ensure that the images trans-
mitted for diagnosis conform to
prescribed gradable standards. During
the quality assurance, the gradable
images are selected for compression,
whereas the poor quality images can be
reimaged by the technician.The patient

I




data comprising the clinical data and the
fundus images are compressed to make
them suitable for low-bandwidth network
connectivity.Patient data are transmitted
to the servers via the Internet or satellite.
At the reading centre, the images are
graded forretinal lesions and determining
levels of DR; referred to ‘next level’
graders if necessary; and retinopathy
structured report is generated. Only
qualified readers should performretinal
image grading and interpretation. Ifa
reader is not a licensed eye care provider,
specific training isrequired. A licensed,
qualified eye care provider with expertise
in DR and familiarity with telescreening-
program technology should supervise the
readers. An adjudicating reader (an
ophthalmologist with special qualifica-
tions in DR by training or experience) may
resolve controversial interpretation.Image
processing algorithms should undergo
rigorous clinical validation.A report
comprising the findings, the results and
the medical advice given by the expert is
made available to the patient and the care
team at the remote site through their
interface.

EVALUATING
TELESCREENING PROGRAMS

Efficacy

Telescreening has been shown to detect-
diabetic retinopathy and macular edema
with a reasonably high sensitivity and
specificity.?® Whited et al.* reviewed the
available literature and noted that the
sensitivity and specificity values ranged

from 50% to 93% for detection of DR.
Similar high efficacy was reported on
comparing teleophthalmologyto both gold
standards for macular edema detection,
slit-lamp biomicroscopy and stereoscopic
photography.*

Patient satisfaction
Since telescreening involves remote care
without in-person evaluation by the
doctor, there are concerns regarding lack
of satisfaction among the patients.
Studies have shown that it has equal, if
not better, satisfaction than in-person
evaluation by doctor.>®

Paul et al assessed patient satisfaction
levels and factors influencing it during
teleophthalmology consultation in India
using a patient satisfaction question-
naire.6 34% of the patients felt that
telescreening is more satisfying than
in-person evaluation, and 60% felt that
both models are equally satisfying. It was
also noted that patients who asked
questions during the screening were 2.18
times more likely to be satisfied with
teleophthalmology than those who did
not.

Cost effectiveness

Bjorviget al.”, in an economic analysis,
concluded that telemedicine was a less
costlyoption for screening in places with
higher patient workloads.Telemedicine
was also proved to be cost-effective in the
prison populations by Aoki et al.?, where it
may have special utility due to costs and
safety issues associated with transporting
the prisoners.

Rajiv Raman

Gomez-Ulla et al. did a comparative
cost analysis of diabetic retinopathy
telescreening versus standard ophthal-
moscopy, from both Public Healthcare
System (PHS) and patient perspectives.
The authors concluded that from the PHS
perspective, direct fundus examination is
less costly than telescreening due to
higher capital costs required by the
equipment needed to obtain the digjtal
image. However, from a global
perspective, the digital image alternative
is more convenient because the travel
cost and loss of income of the patient are
lower.

Recently, Jones et al. reviewed the
evidence available on cost-effectiveness.
They concluded that telemedicine is cost-
effective for retinopathy screening in
remote and rural communities and other
groups with difficulties and the cost-effec-
tiveness increases with an increase in
patient workload.

ADVANCES IN
TELESCREENING

Recent advances resulting in better and
faster telecommunication, miniaturization
of diagnostic equipments including digital
cameras, and automation of retinal image
analysis, offer good opportunity to drive
telescreening services in further remote
areas.

The shortage of manpower imposes a
limitation on the screening capability of
tele- programs serving the continuously
increasing diabetic population. Therefore,
an automated image analysis system able
to detect diabetic retinopathy is a vital
necessity, especially in the coming years.

Over the last decade, several attempts
have been made to either semi-automate
or fully-automate retinal image analysis.
Tools have been developed for analyzing
and enhancing the image quality
(correction of illumination, increasing
image contrast, histogram equalization,
vessel segmentation, edge sharpening,
image deconvolution);and for providing
automated identification of retinal
pathology lesions (neural networks,
region growing, morphological analysis
and classification algorithms).®
Automated identification of retinal lesions
can grade the absence or presence of
diabetic retinopathy based on the
detection of microaneurysms and dot
hemorrhages (dark lesions),'%or can
detect referable retinopathy based on the
detection of exudates (bright lesions) and
blot hemorrhages (dark lesions).'°
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We can do nothing about diabetes or
diabetic retinopathy (DR) unless we
know where to find people who have
diabetes.

Screening programmes are
expensive, and countries with limited
resources should not attempta
national screening programme for DR;
it would be too complex and expensive
to set up, administer, and manage.

It may be more cost-effective to work
closely with our colleagues who see
diabetes patients during the course of
their work, such as physicians, diabetol-
ogists, pharmacists, and health
insurers. We must encourage them to
look for eye disease in their patients, or
at the very least to refer their patients
for regular retinal examination
(provided that local treatment services
are available).

We should also look for diabetes
patients in our eye clinics, particularly
those patients with cataract, as
cataract can be a consequence of
diabetes. We must check patients’
blood sugar (if possible), carefully
examine their eyes, and refer
them for follow-up and/or further
investigation. We must also ensure
that they have accesstoa
service to help them manage
their diabetes.

However big or small our screening
programmes, it is important to focus on
more than the clinical and technical
aspects (such as camera vs. ophthal-
moscope or technicians vs.
ophthalmologists). The biggest
problems are administrative and
managerial:

» How do we identify the diabetes
patients we want to examine?

Winder et al.? conducted a structured
survey of algorithms for the automatic
detection of retinopathy in digital color
retinal images.The authors pointed out
the need of clear guidelinesin image
processing research to avoid producingre-
sults that are difficult to compare in terms
of the success of the algorithms or
techniques.

Conclusion:

The technology for point-of-care retinal
examination is approaching the point
where we will be able efficiently and
affordably screen our patients with
diabetes for retinopathy. This will allow for
interventions that may drastically reduce

Finding diabetes patients: thinking beyond the eye clinic

* How do we contact them to come for
an examination?

* What do we do if they don’t turn up?

* What do we do if a clear enough view
of the retina is not possible?

* How do we record the findings, and
how do we share that information? With
whom do we share it, and when?

» Where and how are patients referred?

* How many of the people needing
treatment actually attend and accept
treatment after referral?

» What is the outcome of treatment?

In order for our screening to succeed, it
isimportant to address these questions
asearly as possible in any planning
process.

Experiences in India

Dr Rajiv Raman and his colleagues in
India have reported that only 54% of
the general practitioners or physicians
they studied were aware of the need for
annual retinal examinations and
referral for patients with diabetes. Just
1.3% used direct ophthalmoscopes to
detect DR, of which only half dilated
patients’ pupils before examination.
The barriers they faced were lack of
time, lack of ophthalmoscopes and lack
of training.

According to Dr Raman, diabetes
patients in India also regularly visit
their pharmacists. Dr Raman recom-
mends creating awareness among
general practitioners and pharmacists
about their role in identifying and
referring patients at risk of DR. General
practitioners could also be trained in
the use of a direct ophthalmoscope
as part of their continued medical
education or continued professional
development.

the numbers of patients who suffer severe

vision loss. With a point-of-care system,
we would be able to reduce the amount of
travel time and lost work hours for
patients, ensuring that they are not lost to
follow-up because of inconvenience. We
could offer expert care in any geographic

location using technology, such as nonmy-

driatic cameras, that are easier for both
the technician and the patient.
Additionally, we will be able to utilize
automated systems that increase
efficiency and reduce staffing costs. The
drawbacks to telemedicine include a high
initial capital cost, reimbursement
issues,and the limitations of diagnosis for
non-diabetic retinopathy pathologies.
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Despite the drawbacks and potential
challenges, creating a system that will
overcome the barriers to screening is a
worthwhile task. This has the potential to
increase our chances of getting patients
screened with appropriate imaging and
referred for treatment that has been
demonstrated to reduce the overall
incidence of vision loss and blindness
from diabetes.

The developments in telecommunica-
tions over the last decade in India has
opened many new avenues of using
Telescreening for retinopathy, The trends
of increase in mobile brandband,
increasing use of social media and
increasing e commerce, increase the
potential of using information technology
for DR care in India.

References

1. Hazin R, Barazi MK, Summerfield M. Challenges “
to establishing nationwide diabetic retinopathy
screening programs.CurrOpinOphthalmol
2011;22:174-179.

2 Zimmer-Galler IE, Zeimer R. Telemedicine in
diabetic retinopathy screening.OphthalmolClin
2009 Spring;49:75-86.

3. Whited JD. Accuracy and reliability of
teleophthalmology for diagnosing diabetic
retinopathy and macular edema: a review of the
literature. Diabetes TechnolTher 2006;
8:102-111. ’

4. Luzio S, Hatcher S, Zahimann G et al. Feasibility
of using the TOSCA telescreening procedures for
diabetic retinopathy. Diabetic Medicine 2004;
21:1121-1128.

5. Paul PG, Raman R, Rani PKet al. Patient
satisfaction levels during teleophthalmology
consultation in rural South India. Telemed J E
Health 2006; 12:571-578. -3
6. Bjorvig S, Johansen MA, Fossen K. An economic
analysis of screening for diabetic retinopathy. J
TelemedTelecare 2002; 8:32-35.

7. Aoki N, Dunn K, Fukui T et al. Costeffectiveness
analysis of telemedicine to evaluate diabetic
retinopathy in a prison population. Diabetes Care
2004; 27:1095-1101.

8. Winder RJ, Morrow PJ, McRitchie IN et al.
Algorithms for digital image processing in diabetic
retinopathy. Comput Med Imaging Graph 2009;
33:608-622.

9. Philip S, Fleming AD, Goatman KA, Fonseca S,
McNamee P, Scotland GS, Prescott GJ, Sharp PF,
Olson JA. The efficacy of automated “disease/no
disease” grading for diabetic retinopathy ina

systematic screening programme.Br J Ophthalmol
2007;91:1512-1517.

10. Fleming AD, Goatman KA, Philip S, etal. The
role of haemorrhage and exudate detection in
automated grading of diabetic retinopathy. BrJ
Ophthalmol 2010; 94:706-711.




