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Abstract

Purpose of Review—An update and overview of the literature on current telemedicine
applications in retina.

Recent Findings—The application of telemedicine to the field of Ophthalmology and Retina
has been growing with advancing technologies in ophthalmic imaging. Retinal telemedicine has
been most commonly applied to diabetic retinopathy and retinopathy of prematurity in adult and
pediatric patients respectively. Telemedicine has the potential to alleviate the growing demand for
clinical evaluation of retinal diseases. Subsequently, automated image analysis and deep learning
systems may facilitate efficient processing of large, increasing numbers of images generated in
telemedicine systems. Telemedicine may additionally improve access to education and
standardized training through tele-education systems.

Summary—Telemedicine has the potential to be utilized as a useful adjunct but not a complete
replacement for physical clinical examinations. Retinal telemedicine programs should be carefully
and appropriately integrated into current clinical systems.
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Introduction

Telemedicine involves the utilization of telecommunication and information technologies for
the transfer of clinical data, enabling remote clinical decision-making independent of
physical proximity to the patient. The application of telemedicine to the field of
Ophthalmology and Retina has been growing with advancing technologies in ophthalmic
imaging.[1] Technologies such as ultra-widefield fundus imaging, optical coherence
tomography (OCT), pediatric fundus imaging, and non-mydriatic fundus imaging systems
allow the efficient acquisition and storage of high quality retinal images. These imaging
systems can be effectively operated by trained ancillary healthcare personnel and
technicians.[2] Retinal images are subsequently transferred to a centralized reading center,
where the data is interpreted remotely and translated into relevant clinical assessments.

Telemedicine may alleviate the overwhelming demand for physical ophthalmic examinations
in diseases such as diabetic retinopathy and retinopathy of prematurity (ROP), and expands
access to clinical expertise to geographically remote and resource-limited locations. Despite
the potential benefits of telemedicine, adoption of such systems requires significant financial
and infrastructural investments initially. Nevertheless, telemedicine may prove to be cost-
effective in the longer term.[3] Implementation of reliable, accurate and dependable new
telemedicine systems additionally requires rigorous validation, standardization, and
regulation.

The main components required for a retinal telemedicine system include a digital fundus
imaging system, image management software, architecture and equipment for image storage
and transfer, trained imaging personnel, and ophthalmologists experienced with retinal
disease diagnosis and management.

In this review, we discuss the impact of telemedicine and its role in retinal diseases such as
diabetic retinopathy and retinopathy of prematurity, as well as ongoing developments in
image analysis, deep learning, and tele-education.

Diabetic retinopathy and other adult retinal diseases

Diabetic retinopathy

Vision loss from ocular complications associated with diabetes is one of the most common
causes of blindness around the world.[4] Given the increasing prevalence of diabetes
worldwide, diabetes-related vision loss has the potential to overwhelm the capacity of eye
care professionals. Vision loss occurs when complications such as vitreous hemorrhage and
retinal detachment develop as a result of uncontrolled diabetic retinopathy, or from diabetic
macular edema. Early detection and prompt treatment of ocular complications have been
shown to prevent vision loss and blindness in individuals with diabetes.[5, 6]

Early detection of diabetic retinopathy can be achieved through screening, which has
traditionally been performed with clinical eye examinations at the physician’s office.
Screening compliance has been reported to be significantly associated with visual outcomes,
[7] yet it has been reported that less than half of the total number of patients with diabetes
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mellitus receive recommended annual screening examinations.[8] Reasons for poor adoption
of screening examinations range from lack of patient awareness, delayed referrals from
primary care physicians, to various socioeconomic and geographical barriers to care.[9]

Advances in both mydriatic and non-mydriatic fundus imaging systems have facilitated
improvements in the ease of acquisition of fundus photographs. Retinal telemedicine may
have an important role in increasing the number of patients screened and monitored for
diabetic retinopathy. Telemedicine systems do not divert patients away from traditional care
settings, but instead increase the number of appropriate eye care referrals.[10] Improved
screening rates and less vision loss after implementation of telemedicine programs have also
been reported.[11] Importantly, diabetic retinopathy telemedicine screening programs have
been shown to be cost effective.[10, 12]

The American Telemedicine Association (ATA) classifies diabetic retinopathy telemedicine
programs into four categories that vary in the degree of stratification of disease severity.
(Table 1) [13] Category 1 programs distinguish no disease, very mild diabetic retinopathy,
and greater than mild diabetic retinopathy. Insufficient information is available to make
treatment decisions. Examples of category 1 programs include Ophdiat (Paris, France),[14]
EyePACS (California, USA),[15] and Digiscope (Baltimore, USA).[16]

Category 2 programs distinguish between vision-threatening (diabetic macular edema,
severe nonproliferative diabetic retinopathy, proliferative diabetic retinopathy) and non-
vision-threatening disease. Examples of Category 2 programs include Eyecheck
(Netherlands)[17] and the National Health Services (NHS) diabetic eye screening program
(United Kingdom).[11]

Category 3 programs stratify disease severity into defined levels of mild, moderate, and
severe nonproliferative diabetic retinopathy, proliferative diabetic retinopathy, and presence
or absence of diabetic macular edema. This level of accuracy and stratification enables
appropriate remote decision-making. Examples of Category 3 programs include the Joslin
Vision Network (USA)[18] and the University of Alberta (Canada) programs.[19]

Category 4 programs equal or exceed the ability of ETDRS photographs to identify
abnormal lesions. There are as yet no validated category 4 telemedicine programs for
diabetic retinopathy.

Dilated stereoscopic fundus photographs—In 1999, one of the first major studies
evaluating the use of fundus photographs in the detection of diabetic retinopathy was based
on fundus photographs from 3711 patients with diabetes enrolled in the Early Treatment
Diabetic Retinopathy Study (ETDRS).[5] Multivariate regression techniques were used to
identify the characteristics of retinopathy lesions within ETDRS seven standard field 30-
degree stereo fundus photographs that would form the basis for referral to eye care
professionals. Based on a single examination, the authors reported a calculated sensitivity of
87% for detecting proliferative diabetic retinopathy. Detection of moderate non-proliferative
diabetic retinopathy had a sensitivity of 81% and specificity of 93%. Presence of any hard
exudate of moderate or worse severity anywhere in the macular region (ETDRS field 2) had
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an 89% sensitivity and 58% specificity for the detection of clinically significant macular
edema.

A program utilizing dilated seven-field ETDRS photographs for remote interpretation for
diabetic retinopathy was started in 1997 in Alberta, Canada.[19] A large number of patients
live over 1000 kilometers from an ophthalmologist in Alberta, and the telemedicine system
had successfully screened and recommended referrals to thousands of individuals.

The NHS diabetic eye screening program in the United Kingdom commenced in 2003. In
this program England utilizes two 45 degree fields with mydriatic photography on all
individuals with diabetes aged 12 and over, while Scotland utilizes one 45 degree field
obtained with staged mydriasis, with dilation only if poor quality images are obtained.[11,
20] As a result of the program, it has been suggested that nationwide screening for diabetic
retinopathy has been at least partially responsible for the relegation of diabetes related
certifiable blindness behind inherited retinal disorders as the most common cause of
certifiable blindness amongst working age adults in England and Wales, although many
other factors may contribute to such a change.

Although rare, screening systems that utilize dilated fundus photography without prior
evaluation of iridocorneal angles may increase the risk of acute angle closure glaucoma
attacks.[21] Several telemedicine systems that do not require pharmacological pupil dilation
have been shown to be effective, and potentially minimizes the risk of iatrogenic acute angle
closure glaucoma attacks.

Non-mydriatic optical fundus photographs—Since 2001, the Joslin Vision Network
in the USA has developed several diabetic retinopathy telemedicine screening programs with
agencies such as the United States Veterans Administration, Indian Health Service, and other
health facilities in Boston, USA and Caracas, Venezuela.[18] The Indian Health Service
provides medical care for millions of Native Americans and Alaska Natives across the
United States. Initially utilizing a Topcon (Paramus, NJ) TRC-NW6S non-mydriatic retinal
camera interfaced with the MegaVision (Santa Barbara, CA) E1-i-RIC camera back, the
Joslin Vision Network validated their non-mydriatic technique of obtaining of obtaining
fundus photographs (three 45-degree and two 30-degree retinal fields) against the gold
standard ETDRS 7-standard fields 35mm stereoscopic color fundus photographs. The group
reported substantial agreement between clinical levels of diabetic retinopathy between non-
mydriatic images compared to mydriatic ETDRS images (k = 0.65).[22]

The Joslin Vision Network subsequently retrospectively compared non-mydriatic fundus
photography with clinical dilated retinal examination by a retina specialist.[23] The group
reported that the stage of diabetic retinopathy exactly matched in 72.5% of cases, was at or
within 1 stage level in 89.3% of patients. Telemedicine referral based on most severe
diagnosis in either eye matched clinical examination in 92.5% of cases, providing evidence
that a telemedicine system can compare favorably with clinical practice.

Prospective evaluation of the Joslin Vision Network telemedicine system provided further
evidence for telemedicine as a potential alternative to annual retinal examination for patients
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with no or mild diabetic retinopathy and no DME.[24] Telemedicine evaluations for level of
diabetic retinopathy exactly matched clinical exam diagnosis in 89.8% of eyes, was within
one level of diabetic retinopathy in all eyes, and exactly matched clinical exam diagnosis for
the presence of diabetic macular edema in all eyes.

The Veterans Affairs telemedicine diabetic retinopathy screening program has adopted the
Joslin Vision Network protocol.[25] The Veterans Affairs is a federal agency of the USA
that provides healthcare services to eligible military veterans at designated medical centers
and clinics nationwide, as well as other non-healthcare services. The Veterans Affairs
screening program increased the number of patients with known diabetic retinopathy in
patients, increased representation of minority populations receiving screening, decreased the
overall age of patients who received screening, and distances traveled for screening eye
examinations, illustrating the positive impact of a diabetic telemedicine screening system.

Non-mydriatic ultra-widefield retinal imaging—More recent non-mydriatic 200-
degree ultra-widefield scanning laser ophthalmoscope fundus imaging systems such as
Optomap (Optos, plc, Dunfermline, United Kingdom) have facilitated acquisition of fundus
areas exceeding that of the ETDRS 7 standard fields, with reduced image acquisition time,
while comparing favorably with both dilated ETDRS photography and dilated clinical
fundus examination.[26, 27] The scanning laser ophthalmoscope design of the imaging
system additionally makes it less susceptible than traditional optical fundus cameras to
media opacities.[28] The Joslin Vision Network introduced non-myadriatic ultra-widefield
retinal imaging in October 2014, and compared the use of this imaging system against the
established non-myadriatic fundus photography system with the optical Topcon TRC-NW6S
non-mydriatic retinal camera.[29] The group reported an 81% reduction of ungradable eyes,
2-fold increased identification of diabetic retinopathy, and an additional 10% of patients
with peripheral lesions that suggested more severe diabetic retinopathy.[29] These findings
provide evidence supporting the use of non-mydriatic ultra-widefield retinal imaging
systems in a diabetic retinopathy telemedicine system.

Optical Coherence Tomography—Thus far, telemedicine systems screening for the
presence of diabetic macular edema have been based on the detection of retinal edema, or
markers for edema such as hard exudates, from two dimensional color fundus photographs.
High false positive rates of up to 86.6% have been reported with use of current diabetic
macular edema screening techniques with fundus photographs.[30] Non-mydriatic Spectral
Domain Optical Coherence Tomography (SD-OCT) commonly yields high quality three
dimensional images of diagnostic value,[31] and has the potential to provide highly sensitive
and specific information of the presence or absence of macular edema.[32] A clinical trial
evaluating the outcomes of diabetic macular edema identified by SD-OCT utilization at non-
ophthalmic diabetic care visits has been completed. (ClinicalTrials.gov identifier:
NCT01875783) Non-mydriatic SD-OCT may have an important role in the development of
an effective telemedicine screening strategy for diabetic macular edema.
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Non-diabetic retinal diseases

A telemedicine system intended for the screening of diabetic retinopathy was reported to
identify non-diabetic ocular abnormalities requiring referral in 25.9% of patients screened.
[23] Other studies have specifically applied telemedical techniques to the screening and
monitoring of non-diabetic retinal diseases such as age-related macular degeneration (AMD)
and cytomegalovirus (CMV) retinitis. The study on AMD evaluated teleophthalmology
screening against retinal-specialist based screening, and reported no significant differences
in referral-to-diagnostic imaging and diagnostic imaging-to-treatment times between both
groups.[33] The authors report longer wait times to treatment re-initiation when screening
for recurrence of neovascular AMD, suggesting that an AMD teleophthalmology system
might be better suited to screening purposes, while established AMD patients may be better
suited to receiving follow up care in the office with retina specialists. Remote diagnostic
screening for CMV retinitis in Northern Thailand achieved a sensitivity of 89-91% and
specificity of 85%—-88% amongst image graders.[34] However, a subsequent study in the
same region had a mean sensitivity of 30.2% between three image graders.[35] Small
peripheral lesions were noted to be significant contributors to the rate of false negatives.
Unlike diabetic retinopathy and AMD that have a significant proportion of disease manifest
in the posterior pole, a single peripheral CMV retinitis lesion missed on screening
examination may have larger negative consequences to the patient’s visual outcome.

Retinopathy of prematurity and other pediatric retinal diseases

ROP is a vasoproliferative disease of the retina in premature infants that can progress to
blindness. Clinical examination with bedside binocular indirect ophthalmoscopy is the
established standard for screening, diagnosis and management of ROP. Proficiency in ROP
management requires extensive training, which contributes to a shortage of skilled ROP
examiners worldwide needed to perform the numerous screening examinations in preterm
newborns. Low physician reimbursements, high medico-legal risks, and decentralization of
neonatal intensive care units (NICUs) exacerbate the lack ROP experts available.
Furthermore, numbers of preterm newborns at high risk for developing ROP are increasing
as a result of further advances in neonatal intensive care management and socioeconomic
factors such as increasing rates of teenage pregnancy.

ROP and telemedicine

ROP as a disease has several characteristics that make it amenable to the application of
telemedicine in clinical practice. Diagnostic and management decisions in ROP are made on
the clinical appearance of retinal disease, and there is a universally accepted, evidence-based
diagnostic classification standard.[36] Retinal appearance can be accurately captured with
imaging systems such as the RetCam3 (Natus Medical), PanoCam LT (Visunex Medical
Systems), 3nethra neo (Forus Health), and the Icon (Phoenix Clinical) handheld widefield
real-time retinal camera. The subsequent use of telemedicine utilizes technology to channel
remotely obtained clinical images to a centralized reading center for interpretation, reducing
the dependence on physicians’ physical proximity to patients and NICUs. Active ROP
telemedicine programs in the United States include the Focus-ROP[37] and SUNDROP[38]
programs. Internationally, ROP telemedicine programs are ongoing in Canada,[39]
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Germany,[40] New Zealand,[41] and India.[42] ROP telemedicine screening has additionally
been shown to be cost-effective in both developed and developing nations.[3, 43]

There have been a number of studies evaluating the effectiveness of telemedicine for ROP,
including the Imaging and Informatics in ROP research consortium (i-ROP) and the
Telemedicine Approaches to Evaluating Acute-Phase Retinopathy of Prematurity (e-ROP)
Study. A 2012 American Academy of Ophthalmology (AAQO) Ophthalmic Technology
Assessment Committee (OTAC) report on the use of wide-angle digital retinal photography
in ROP noted at least five independent level | original studies demonstrating high accuracy
(>90% sensitivity) for the detection of clinically significant ROP.[44] Further level 111
studies corroborated with reports of high accuracy without detectable complications. The
OTAC report concluded that wide-angle digital photography has the potential to complement
standard ROP care, as well as provide additional benefits through objective documentation,
improved monitoring of disease progression or regression, and as tools for education and
research.

A 2015 joint technical report by the American Academy of Pediatrics (AAP) and the
American Academy of Ophthalmology further reaffirmed earlier reports of high diagnostic
accuracy with the use of wide-angle digital retinal photography for the detection of clinically
significant ROP.[45] The joint technical report additionally outlined important practical,
pitfalls and risk management considerations with the implementation of an ROP
telemedicine system.

Currently, the joint policy statement, which was published in 2013, on the screening for ROP
by the AAO, AAP, the American Association of Pediatric Ophthalmology and Strabismus,
and the American Association of Certified Orthoptists, does discuss the use of digital
photographic retinal images for both documentation and remote interpretation and ROP
screening. Although ROP telemedicine may be an acceptable strategy for screening, care
must be taken to ensure successful implementation of such a model.

Telemedicine system structure

The vast majority of infants suitable for inclusion in a retinal telemedicine screening
program reside in NICUs and newborn inpatient units within hospitals. Establishing the
infrastructure needed in a pediatric retinal telemedicine system differs from that for adult
diseases, which requires a focus on different imaging systems and patient locations.

Non-ROP abnormalities and universal newborn screening

A telemedicine system intended for ROP may uncover other incidental retinal and ocular
pathology other than ROP that may be independently clinically significant. Patients with
such abnormalities should be identified for repeat imaging or on-site examination. Several
pilot studies have additionally evaluated the expansion of a telemedicine screening system to
encompass universal newborn screening.[46—49] Universal newborn screening has
uncovered new information on the incidence of fundus abnormalities such as fundus
hemorrhages.[47, 48] The long-term significance of such findings remains unclear, with
many fundus hemorrhages resolving spontaneously within 1-2 weeks without clinically
significant visual impairment, and other hemorrhages persisting longer with unknown
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effects.[50] Universal newborn screening has been reported to identify abnormalities such as
posterior uveitis, salt and pepper retinopathy, significant retinal hemorrhages, and
retinoblastoma, which would not have otherwise been identified from current screening
protocols.[47, 48] When factoring in the effects of a lifetime of blindness that may be
prevented, universal newborn screening has the potential to be cost effective.[47-49]

Image Analysis

Recognition of known clinical patterns enable a retinal specialist to analyze and stratify a
patient’s clinical risk for vision loss based on retina appearance on ophthalmoscopy or
fundus images. A computer-based image analysis system similarly analyzes predetermined
image characteristics and parameters and generates a customizable output report.

In ROP, determination and intergrader agreement for the subjective presence of plus disease
is particularly poor.[51] Computer-based image analysis systems for ROP objectively
quantify retinal vascular parameters like arterial tortuosity and venous dilation. Examples of
such systems include ROPtool, Retinal Image multiScale Analysis (RISA), Computer-aided
Image Analysis of the Retina (CAIAR), VesselMap, and the i-ROP system.[52-54]
Computer-based automated image analysis systems for ROP have been reported to be
comparable to ROP expert image interpretation in the detection of plus disease.[55-57]

As imaging-based telemedicine systems develop and improve, increasing numbers of fundus
photographs need expert review and interpretation. Automating a computer-based image
analysis may potentially increase the efficiency of a telemedicine screening system through
an initial triage of low risk images, decreasing observer fatigue, and reducing bias.[58]

Automated image analysis begins with segmentation, or identification, of normal anatomy
and reference structures such as the optic nerve, fovea and large retinal vessels. Subsequent
exclusion of these normal structures allow for analysis of the remaining image and selection
detection of predetermined abnormalities such as microaneurysms, hemorrhage, exudates,
cotton wool spots, venous beading, and intraretinal microvascular abnormalities. Large
ophthalmology data sets such as EyePACS and the Methods for Evaluating Segmentation
and Indexing techniques Dedicated to Retinal Ophthalmology (MESSIDOR) database have
been used to optimize and validate semi-automated and automated image analysis systems.
[59, 60]

Automated retinal image analysis systems currently in use for the detection of diabetic
retinopathy include iGradingM (Medalytix Group Ltd, Scotland, United Kingdom), TRIAD
Network (Hubble Telemedical, Inc., Tennessee, USA), lowa Detection Program (IDx, LLC,
lowa, USA), RetmarkerDR (Retmarker Ltd, Coimbra, Portugal), Retinalyze System
(Retinalyze AJS, Horsholm, Denmark), and EyeArt (Eyenuk Inc, Woodland Hills,
California, USA). Sensitivity for the detection of referable diabetic retinopathy across the
various platforms was upwards of 96%, appropriately high for a use in a screening system.
Reported specificities ranged from 52% to 71%.[58, 60-62]
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The application of automated retinal image analysis to retinal telemedicine systems
potentially provide a feasible technique to appropriately triage and manage the significant
numbers of images generated by a widely used telemedicine system.

Deep Learning

Machine learning is the most recent automated computational technology being applied to
image analysis in telemedicine systems. It is the latest form of artificial intelligence that
when compared to conventional image analysis systems, does not require manual
engineering of features to be extracted from raw data, also known as ‘feature engineering’.
[63] In other words, in the context of retina image analysis, there is no explicit expert input
for the identification of representations such as microaneurysms in diabetic retinopathy, or
retinal vessel tortuosity in ROP. Instead, the algorithm automatically discovers from within
the raw data the representations needed for detection of abnormalities or classification of
images into different disease stages.

A deep learning algorithm incorporates multiple levels of representations, transforming the
representations at each level of pattern recognition starting from the raw data, all the way to
the final complex function. For the purposes of retinal image analysis and classification,
particular patterns of pixels represent the presence or absence of edges, particular
arrangements of edges represent the presence or absence of motifs, and particular
arrangements of motifs correspond to parts of identifiable clinical abnormalities, from which
the clinical classification of images may be achieved.

Development of an efficient deep learning system requires a large set of ‘training’ images,
from which the system can be optimized with a backpropagation algorithm.
Backpropagation refers to the backward propagation of errors, which indicates how the
machine system should change its internal parameters to compute the representations of
each level. With each training image, the severity grade given by the system is compared
with the known grade, and the parameters are slightly modified to decrease the error on that
image. The training process is then repeated for each image in the set until the system
accurately classifies images based on the severity of pathology. The optimized learning
system can then be validated against a separate set of images to determine its efficiency, with
the ultimate goal to compute severity on new images.

Abramoff et al reported significantly improved performance of automated detection of
diabetic retinopathy when deep learning was integrated into the lowa Detection Program
system of automated fundus image analysis.[64] When compared to the lowa Detection
Program without integrated deep learning, sensitivity was not significantly different (95%
confidence interval: 93.3%-98.8% with deep learning vs. 94.4%-99.3% without deep
learning), while specificity was significantly improved (95% confidence interval: 84.2%—
89.4% with deep learning vs. 55.7%-63.0% without deep learning).

Using large optimization image data sets (n=128,175 images), Gulshan et al reported high
sensitivities and specificities in two separate test image sets. Sensitivity was 97.5% and
specificity was 93.4% for the detection of referable diabetic retinopathy in the EyePACS

Curr Ophthalmol Rep. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chee et al.

Page 10

image set (n=9963 images), and sensitivity was 96.1% and specificity was 93.9% in the
MESSIDOR data set (n=1748 images).[65] Gargeya and Leng reported similar high rates of
sensitivity (94%) and specificity (98%) using a separate deep learning algorithm optimized
with 75,137 publicly available fundus images.[66]

Deep learning algorithms have similarly been applied to SD-OCT images in the detection of
retinal disease. With optimal cutoffs, Lee et al reported peak sensitivity of 92.64% and
93.69% for the detection of AMD.[67] In this study, 80,839 images (41,074 from AMD,
39,765 from normal) were used for optimization, and 20,163 images (11,616 from AMD,
8547 from normal) were used for validation.

Deep learning has recently been applied in ROP and has demonstrated promise for the
classification of plus disease using fundus photographs.[68] (Figure 1) There are two
potential roles that a deep learning-based classifier could play in ROP screening. First, as
part of a telemedicine program, the algorithm could provide a preliminary diagnosis, which
would be based on objective features, which could complement the clinical grader’s
diagnosis to add an element of objectivity. Second, since plus disease presents on a
spectrum, the output of the deep learning algorithm could be a continuous severity score,
rather than a diagnosis of plus disease. This would have several advantages: (1) a continuous
score would objectify the diagnosis of plus disease and allow different observers to compare
the same level of disease in clinical care and clinical trials,[68] (2) it could be placed in the
clinical context of the overall disease course and risk factors without compelling the
clinician to respond to a computer-based diagnosis,[69] and (3) be incorporated into
screening programs to identify and refer neonates with clinically significant ROP for
ophthalmoscopic exam and treatment.[70] This would further complement the efficiency of
human resource utilization with telemedicine by adding an element of objectivity to the
diagnosis, reducing human error, a limiting feature of any physician supervised telemedicine
system.

A potential limitation of deep learning image analysis systems include the uncertainty of
exact “learned” features, as the algorithm may possibly be using patterns unknown to trained
ophthalmologists.[71] Further research into the understanding of the patterns used to make
predictions by the deep learning function is an active area of research that may not only
allow for an opportunity for refinement of the function, but may also provide further
understanding of previously unknown manifestations of clinical disease. Additionally, deep
learning systems may not be optimized to detect lesions that may not be comprised in the
majority of the training image set, leaving possibility of false negatives when applied to new
images. Continued learning with real life data may be important to allow for further
refinement and optimization of the deep learning function. Furthermore, a deep learning
algorithm optimized to identify abnormalities of one particular disease may not be able to
identify other abnormal incidental findings that warrant referral. In a telemedicine system
dependent on expert grading, other clinical abnormalities may be easily flagged for further
evaluation. Incorporating the ability to detect other important clinical abnormalities may be
an important step prior to replacement of expert graders in a telemedicine system.
Nevertheless, deep learning systems have already shown great potential in the ability to
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efficiently interpret an enormous number of images, which may increase screening rates and
improve visual outcomes for particular diseases.

Tele-Education

Telemedicine systems help overcome geographical and socioeconomic barriers through the
use of technological infrastructure. Telemedicine is not limited to the clinical evaluation and
provision of care to patients. The Global Education Network for ROP (GEN-ROP) has
utilized web-based systems with thousands of validated fundus images to improve education
on retinal diseases in the United States and internationally.[72, 73] Such systems have the
potential to standardize training through assessment of image grading competency, and is
especially important in diseases like ROP, which has a significant shortage of experts, and
diabetic retinopathy, which has widespread prevalence. As retinal telemedicine programs
become more commonplace, tele-education systems may also be optimized to incorporate a
certification process to ensure a consistent level of grading prior to involvement in a
telemedicine screening program.

Conclusion

Clinical diagnosis and management of retinal diseases is heavily dependent on pattern
recognition of fundus appearance. Advances in imaging techniques with fundus photography
and OCT imaging have facilitated the development of retinal telemedicine systems, where
remote acquisition of images containing important clinical information is interpreted in a
centralized location. Telemedicine systems have been shown to improve screening rates in a
range of adult and pediatric retinal diseases by overcoming geographical and socioeconomic
barriers to access. A growing body of evidence has shown that retinal telemedicine systems
are reliable and cost-effective. Further developments in computational techniques have led to
the development of automated image analysis systems and application of deep learning
artificial intelligence algorithms, which further increase the speed and efficiency of
telemedicine systems. Telemedical retinal image systems have additionally been shown to be
of educational value.

Importantly, telemedicine-based techniques have the potential to significantly reduce but not
eliminate the necessity of on-site examinations, especially in individuals who require
treatment, or are at high risk for disease progression. In such cases, retinal telemedicine
should be utilized as a useful adjunct and not a complete replacement for physical clinical
examinations. To maximize the potential benefits, retinal telemedicine programs should be
carefully and appropriately integrated into current clinical systems.
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Figure 1.
Image of plus disease processed by the Imaging and Informatics in Retinopathy of

Prematurity (i-ROP) deep learning algorithm.
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Table 1

The American Telemedicine Association (ATA) classification of diabetic retinopathy

CATEGORIES STRATIFICATION OF PROGRAMS
DISEASE SEVERITY

Ophdiat* (Paris)
Category 1 No DR vs. very mild DR vs. greater severity than mild DR EyePACS!® (California)

Digiscope!® (Baltimore)

Eyecheck!” (Netherlands)
Vision-threatening disease (DME, severe NPDR, PDR) vs. Non-vision-

Category 2 threatening disease NHS diabetic eye screening program?!
(UK)
i Visi 18
Category 3 No DR vs. mild NPDR vs. moderate NPDR vs. severe NPDR vs. PDR, and Joslin Vision Network™ (USA)
presence or absence of DME University of Albertal® (Canada)
Category 4 Equals or exceeds the ability of ET;ESD;’)\;\Etographs to determine levels of DR No validated programs for DR

telemedicine programs, and examples of telemedicine programs within each category.

Abbreviations - DR: Diabetic retinopathy. DME: Diabetic macular edema. NPDR: Non-proliferative diabetic retinopathy. PDR: Proliferative
diabetic retinopathy. ETDRS: Early Treatment Diabetic Retinopathy Study
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