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ABSTRACT

Tele-ophthalmology is a rapidly evolving and
exciting field that has become increasingly rel-
evant amidst the current global pandemic. With
advancements in technology, many compo-
nents of an evaluation previously possible only
in an office setting are becoming possible
remotely, paving the way for at-home visits.
Examples of these technologies include mea-
surement of visual acuity using smartphones,
remote monitoring of intraocular pressure using
self-administered tonometers or
implantable sensors, and use of digitally
acquired slit-lamp or smartphone images for
diagnosis of anterior segment pathology. While
many examples showcasing the utility of tele-
medicine have been shown for diseases such as
diabetic retinopathy, concerted efforts are nee-
ded to develop similar technology for anterior
segment diseases. As technology continues to
advance, it may be possible to diagnose and
manage more anterior segment disease with
telemedicine.
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Key Summary Points

Tele-ophthalmology is a rapidly evolving
and exciting field that has become
increasingly relevant amidst the current
global pandemic.

Examples of tele-ophthalmology
technologies applicable to the anterior
segment include measurement of visual
acuity using smartphones, remote
monitoring of intraocular pressure using
self-administered tonometers or
implantable sensors, and use of digitally
acquired slit-lamp or smartphone images
for diagnosis of anterior segment
pathology.

While many examples showcasing the
utility of telemedicine have been shown
for diseases such as diabetic retinopathy,
concerted efforts are needed to develop
similar technology for anterior segment
diseases.

As technology continues to advance, it
may be possible to diagnose and manage
more anterior segment disease with
telemedicine.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14039708.

INTRODUCTION

Telemedicine, the remote delivery of medical
services using technology, has been possible in
its most basic form since the invention of the
telegraph. As technology has advanced, so has
the scope of medical care that can be offered
remotely. Telemedicine within ophthalmology,
or tele-ophthalmology, has been of interest to
improve access to care and implement com-
munity screening, and in the current global
pandemic, there is a large collective interest in
leveraging tele-ophthalmology for at-home
visits.

The key aspects of any ophthalmic evalua-
tion include history, visual acuity, intraocular
pressure (IOP), pupil examination, slit-lamp
examination, and dilated fundus examination.
Evaluation can be aided by diagnostic imaging
such as external slit-lamp photographs, optical
coherence tomography, fundus photography,
and ultrasound. With advancements in tech-
nology, many components of an evaluation
previously possible only in an office setting are
becoming possible remotely. In this review, the
current state of tele-ophthalmology within the
cornea and anterior segment will be discussed.
This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

HISTORY

At the start of any visit, a comprehensive his-
tory is taken to document a patient’s symptoms.
While typically face-to-face in a clinic setting,
history can be gathered by a variety of other
means such as telephone, email, messaging
within an electronic medical record (EMR),

video chat, and more. There are many platforms
available, both secure and insecure, that enable
live synchronous audio/video communication.
Caution should be taken when utilizing some of
these technologies, as they must be compliant
with the Health Insurance Portability and
Accountability Act (HIPAA) to be used in a
healthcare setting. The Center for Medicare and
Medicaid Services (CMS) details a list of
approved, HIPAA-compliant platforms for
communication, and many institutions have
internal guidelines as well.

VISUAL ACUITY

Measuring visual acuity involves reading a
vision chart containing Snellen letters, tum-
bling E’s, or other similar optotypes of known
sizes and sufficient contrast placed at a known
distance. While most visual acuity testing in
clinic is done in long lanes and examination
rooms, multiple studies have shown that visual
acuity can be measured with reasonable accu-
racy and repeatability using smartphones and
personal computers.

One such study evaluating a smartphone
application for visual acuity measurement,
‘‘Peek Acuity,’’ in adults with tumbling E opto-
types found that it was comparable to standard
clinical methods, although the test was not self-
administered and was instead done with the
help of an examiner to facilitate testing at a
distance [1]. Another study evaluating the same
application in children aged 3–17 found that it
was also comparable to standard clinical meth-
ods [2]. Another application, ‘‘Vision@Home,’’
tested both distance acuity with the help of an
examiner and self-administered near-acuity,
and found that both were accurate [3]. In
studies examining the use of personal comput-
ers for visual acuity measurement, many have
shown that with a properly calibrated monitor
and setup, visual acuity can be measured accu-
rately [4].

Telemedicine technology can be used to test
visual acuity in community-based settings and
also allows patients to measure visual acuity at
home. Caution should be taken, however, as
there are numerous applications in the Apple
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and Android application stores that may not
have been clinically validated and can therefore
lead to erroneous visual acuity measurement.
Another option provided by the American
Academy of Ophthalmology (AAO) on their
website is a printable vision chart with instruc-
tions detailing how patients can measure their
visual acuity at home.

Although there may be some inter-test vari-
ability between different methods of visual
acuity measurement, consistent use of the same
method can be useful for at-home monitoring
of visual acuity. Additional factors such as
background brightness and ambient lighting
should be considered, as non-optimal lighting
may result in contrast inconsistencies that may
skew visual acuity measurement. Most smart-
phones include an ambient light sensor, and
some visual acuity smartphone applications
adjust the brightness of the screen based on
ambient lighting measurements to ensure con-
sistent contrast.

INTRAOCULAR PRESSURE

The gold standard for IOP measurement is
Goldmann applanation tonometry. Portable in-
struments such as the Tono-Pen and iCare
tonometers are routinely used in clinics and
have been shown to be comparable to Gold-
mann applanation. These instruments require a
skilled technician as well as topical anesthesia
(except for rebound tonometers such as the
iCare) to obtain accurate measurements.

At-home IOP monitoring has been of interest
to reduce clinic visits, chart diurnal variations
in patient IOP, and to document IOP spikes that
can be missed at regular clinic appointments.
Multiple commercial devices are being devel-
oped and marketed for at-home IOP monitor-
ing. These include the iCare HOME, a self-
administered rebound tonometry device, IOP-
sensing contact lenses such as Triggerfish, and
implantable IOP sensors [5].

Studies comparing IOP measurements using
the iCare HOME versus Goldmann applanation
have shown that iCare HOME can underesti-
mate IOP, but that it has reasonable agreement
with Goldmann applanation [6]. IOP-sensing

contact lenses offer a convenient method for at-
home IOP monitoring, but these have not been
adopted for widespread clinical use due to their
cost and because they measure in units of mil-
livolts rather than millimeters of mercury [5].
Implantable IOP-sensors are being developed as
well. Preliminary data suggest that these devices
are safe and provide accurate IOP measure-
ments; however, further investigation is needed
before these devices can be widely adopted [5].

EXAMINATION OF THE ANTERIOR
SEGMENT

Effective examination of the anterior segment
requires a slit-lamp to obtain a high-magnifica-
tion view and to highlight pathology using
variable forms of illumination. Portable slit-
lamps have been used to examine patients who
cannot use a regular slit-lamp, such as young
children, or in areas without slit-lamps. In
conjunction with a conventional slit-lamp
examination, standard of care can often involve
digital slit-lamp photographs to objectively
document clinical findings for future
comparisons.

A store-and-forward approach where testing
or imaging is acquired and interpreted remotely
has been applied to many medical specialties,
and with sufficient image quality, the same
could theoretically be applied to ophthalmol-
ogy. One study attempted to evaluate this
approach but exhibited mediocre results, find-
ing that the diagnostic accuracy of standardized
digital slit-lamp photographs for a wide range of
clinical pathology was inferior to an in-person
examination [7]. Poor diagnostic accuracy was
attributed to a standardized approach to image
acquisition, a strategy that stands in contradis-
tinction to a targeted approach that would
deliberately depict areas of concerning pathol-
ogy. Poor accuracy was also thought to be rela-
ted to the imaging system’s inability to capture
subtle findings, such as cell and flare.

An alternative strategy to the store-and-for-
ward approach is acquiring images with a
remotely operated slit-lamp. Rather than trans-
mit slit-lamp images acquired by a photogra-
pher or a machine, one group created a
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mechanized slit-lamp with live audio/video and
stereo-viewing capabilities for remote examina-
tion and diagnosis [8]. While not practical for
at-home use, this system could be used at rural
or ancillary sites where an ophthalmologist is
not present. Furthermore, with artificial intelli-
gence (AI) and other emerging technologies, an
AI-based screening using an autonomous
motorized slit-lamp for anterior segment disease
might one day be on the horizon. While the
current device appears to capture high-resolu-
tion video and provides a remote, interactive
experience that closely mimics a traditional slit-
lamp examination, the system’s diagnostic
accuracy has yet to be studied.

In settings without access to a slit-lamp,
there are other ways to acquire digital images
with smartphones. With high-quality cameras
available on most smartphones, external pho-
tographs of the eye are simple to obtain, and
high-magnification anterior segment or fundus
photographs can be captured with the use of
external lenses [9–13]. One small study showed
that epithelial defects were identifiable using a
smartphone paired with a macro lens and cobalt
blue filter [13]. Another study showed the clin-
ical utility of quantitatively imaging corneal
endothelial cells at subcellular resolution using
a smartphone with a custom-made adapter and
macro lens [14].

However, the preponderance of studies
examining the diagnostic utility of anterior
segment imaging with smartphones with or
without macro lenses have generally shown
inadequate sensitivity and specificity for clinical
use [15, 16]. Some of these limitations could be
related to a lack of optical magnification, auto-
focus without the ability to refocus (most auto-
focus programs will identify the iris but not the
cornea), and lack of a slit-beam. It may be worth
repeating anterior segment telemedicine studies
as both the software capabilities and smart-
phone hardware continue to improve.

CONCLUSION

Tele-ophthalmology is a rapidly evolving and
exciting field that can help improve access to
care and maintain patient and provider safety

during the COVID-19 pandemic. Some aspects
of the ophthalmic evaluation are possible
remotely, and while many examples of its util-
ity have been shown for diseases such as dia-
betic retinopathy, concerted efforts are needed
to develop similar technology for anterior seg-
ment diseases. As technology continues to
advance, it may be possible to diagnose and
manage more anterior segment disease with
telemedicine.
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