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Background

While teleophthalmology is not a novel technique or
method of care, its application is set to undergo a trans-
formation due to the implementation of artificial intelligence
(AI). The field of AI has recently experienced significant
advancements in image recognition due to a technique
called deep learning, and is increasingly being investigated
in ophthalmic image segmentation, analysis, and clinical
decision making [1–5].

Review and challenges

For teleophthalmology to be successfully adopted on a
larger scale, it must address a need. This can be accom-
plished by either a substantial improvement in the quality of
care, or by increasing access to timely care. The number of
ophthalmologists is growing at half the rate of our popu-
lation aged over 60 years, and there are 23 countries with
less than one ophthalmologist per million population [6].
The rate of prematurity in the United States has increased to
13% but only 54% of eligible retina or pediatric specialists
are willing to manage retinopathy of prematurity (ROP) [7].
Regarding screening for diabetic retinopathy (DR), 58% of
patients with diabetes fail to obtain follow-up dilated fundus
exams [8]. Understandably, in its current state tele-
ophthalmology has found the most use in DR and ROP
screening to address these significant shortages of care.

Notably, the Joslin Vision Network (JVN) has participated
in one of the largest clinically validated studies employing
teleophthalmology. The group demonstrated a method to
triage and grade DR in a non-ophthalmic setting for further
referral and management, and achieved “high concordance
between management decisions based on JVN imaging,
clinical examination, and fundus photography” [9, 10]. The
English National Screening Programme for DR managed to
screen and triage 83% (over 2,000,000) of the eligible
patients with diabetes in England, and has significantly
contributed to DR no longer being the leading cause of
blindness in England and Wales [11]. Additionally, in a
large prospective multicenter study, Biten et al. showed no
difference between telemedicine and ophthalmoscopy in
overall accuracy for detecting clinically significant ROP
[12]. Such validation studies will be increasingly important
as teleophthalmology continues to expand.

Developments and future potential

AI-assisted triage and clinical decision-making holds great
potential for increasing efficiency and access to care.
However, in order to use these technologies effectively, a
modification of clinic flow may be necessary. Korteum et al.
demonstrated a proof-of-concept, rapid-access, virtual
medical retina clinic providing care for over 1700 patients.
These referrals had optical coherence tomography (OCT)
and color fundus imaging, basic undilated eye exams, and
histories taken by trained nursing staff, with subsequent
image evaluation by qualified graders. The virtual clinic
model was successful in reducing costs and increasing
space in “face to face” clinics [13]. Similar virtual clinics
have been successfully established for low-risk glaucoma
screening, and had relatively low clinically significant false
negative rate of 4% when reviewed by an ophthalmologist
“face to face” audit [14].
The application of AI to home-based monitoring is being
validated in screening for DR, and is gaining Food and
Drug Administration (FDA) approval [15]. Furthermore,
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promising technologies such as automated whole-eye
binocular OCT may soon enable ophthalmologists to
remotely acquire increasingly detailed imaging along with
pupillometry, perimetry, motility, and visual acuity [16].
Novel models of remote care delivery including “tele-
photocoagulation” as shown by Kozak et al. demonstrated
the feasibility of creating image-based and fluorescein
angiogram-based treatment plans for remote navigated ret-
inal photocoagulation [17]. Telephotocoagulation and other
tele-treatments may provide methods of decoupling diag-
nosis and treatment locations. As experts are frequently
concentrated urban locations, such decoupling may evolve
from convenience to necessity for providing care to a dis-
persed population and to patients in developing countries.

The recent rapid advancement of technology in image
acquisition such as ultra-widefield imaging has changed the
treatment paradigms of common posterior segment pathol-
ogy such as proliferative diabetic retinopathy. When used in
a teleophthalmology platform, nonmydriatic ultra widefield
imaging can reduce the rates of ungradable images,
decrease image evaluation time, and increase the rate of
identification of DR compared to traditional fundus photo-
graphy [18].

Discussion/conclusion

The infusion of artificial intelligence (AI) into ophthal-
mology is occurring, and point of care AI may improve
image quality, reduce the number of ungradable images,

and more effectively triage care in the setting of limited
availability of subspecialists [19]. Eventually, clinically
validated AI algorithms may augment virtual clinics that
triage care to specialized physicians as necessary (Fig. 1).
As ophthalmologists, we must perform due diligence to
clinically validate such increasingly diverse telemedicine
tools. There are numerous considerations involving legal,
reimbursement, security, and ethical issues which must be
addressed. Whether an algorithm is AI-assisted with diag-
nostic decision-making in the hands of physicians, or AI-
driven without human intervention, there are significant
legal ramifications. For example, a primary care physician
can potentially rely on AI-driven algorithms to dictate
escalation of care. However, during a potential delay in
care or false negative diagnosis, the liability becomes
unclear. AI based on supervised learning must be trained
on labeled images, and there exists a risk of a false
negative diagnosis if the algorithm is presented a disease
process it was not trained with. Reimbursement with
emergent technologies can be equally ambiguous. IDX,
LLC (Coralville, IA) recently received FDA approval for
its diabetic retinopathy screening algorithm that is phy-
sician independent (https://www.fda.gov/newsevents/new
sroom/pressannouncements/ucm604357.htm), using the
FDA designation of breakthrough technology. Time savings
and removal of professional fees for interpretation of exams
may become a major consideration for payer reimbursement
structure. Reimbursement will be an evolving process, with
implications for further development of the technology.
Additionally, while there is potential for cost savings, we
must consider the often costly investment in IT and security
infrastructure to support this new technology.

With any emergent technology that has the potential of
significantly altering healthcare delivery, we must con-
sider issues of ethics and access. Through AI, tele-
medicine has the potential to increase access, but must be
implemented in such a way that it is done equitably to a
large population, with such considerations at the forefront
of FDA approval. Ultimately, the evolution of tele-
medicine through technologies such as AI will inevitably
lead to wider adoption. Therefore, the authors encourage
proactively engendering such dialogue regarding ethics,
laws, reimbursement, security, and equitable access to
increase the probability of safe and effective future
implementation.
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Fig. 1 Current complicated clinical pathways in the United States for
patients to be seen by an ophthalmic subspecialist. Arrowed lines
represent potential impact points of artificial intelligence for increased
triage efficiency. Current research includes AI integration into patient
facing eye exam kiosks, ophthalmic point of care imaging devices, and
remote image reading
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