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ABSTRACT

Objective: The objective of this scoping review
is to understand the extent and type of evidence
in relation to telemedicine imaging devices for
cornea and external segment conditions.
Introduction: The coronavirus pandemic has
emphasized the benefits of telemedicine in
diagnosing and managing ocular diseases. With
the rapid advancement of technology in slit
lamp biomicroscopes, smartphones and other
ocular surface imaging modalities, telemedicine
applications for cornea and external diseases
have become an active area of research.
Inclusion Criteria: For studies to be included,
they had to discuss the concept of imaging
devices for cornea and external diseases in the
context of telemedicine. There was no restric-
tion on the studied population or participants.
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Methods: A scoping review was conducted
according to an a priori protocol. Documents
written in English were identified from the
PubMed and Embase databases and searches.
Anterior segment imaging devices were then
classified into different categories.

Results: Anterior segment imaging devices
identified in this review included 19 slit lamp-
based devices, 17 smartphone-based devices and
15 other devices. These tools can detect a wide
variety of cornea and external diseases (e.g.,
pterygium, conjunctivitis, corneal opacity, cor-
neal ulcer, and blepharitis). Fewer than half of
the devices (24/51) were assessed for diagnostic
performance. Their diagnostic accuracy varied
greatly from condition to condition and from
device to device. The inter-rater reliability of
different photo-graders assessing images was
assessed in only a few studies.

Conclusions: Anterior segment imaging devices
are promising tools for remote diagnosis and
management of patients with cornea and
external disease. However, there are significant
gaps in the literature regarding the diagnostic
accuracy and inter-rater reliability of several
devices. Future research with rigorous methods
is required to validate the use of these devices in
telemedicine settings.
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Key Summary Points

Technological advances and the recent
coronavirus pandemic have spurred
greater interest in telemedicine
applications for cornea and external
diseases.

Given the rapid emergence of
telemedicine imaging devices for cornea
and external diseases, we conducted this
scoping review to map the scope of
literature for this topic.

Anterior segment imaging devices for
cornea and external diseases vary from
complicated slit lamp cameras to simple
smartphones, and have a wide range of
diagnostic accuracy.

These devices are promising tools for
telemedicine in different use case
scenarios, including triaging and training
at tertiary health care facilities, diagnosis
and management of eye diseases in
community-based and primary care
clinics, and epidemiologic studies.

Current gaps in the literature with regards
to cornea and external segment imaging
devices include a lack of rigorous studies
assessing diagnostic accuracy, inter-
photo-grader repeatability, and inter-
device-operator repeatability.

INTRODUCTION

Interest in the use of telemedicine for diagnos-
ing and managing ocular pathologies has been
increasing rapidly over the past several decades,
driven in large part by innovations in ocular
imaging. The benefits of tele-ophthalmology
became apparent to many clinicians during the
coronavirus pandemic, spurring even greater
awareness of the potential for the use of tech-
nologies outside of the hospital to improve
health. Advances in tele-ophthalmology have

been most notable for posterior segment dis-
eases, with established remote screening pro-
grams for diabetic retinopathy and retinopathy
of prematurity [1, 2]. Telemedicine applications
for cornea and external disease conditions,
while not widespread, are an active area of
research. The technology required to image the
ocular surface is typically simpler and less
expensive than that for posterior segment
imaging, increasing the range of settings where
such telemedicine imaging could take place.

Telemedicine visits in ophthalmology can be
either synchronous (real time) or asynchronous
(store and forward). Synchronous telemedicine
visits require instantaneous transmission of
audio and video signals between patients and
providers, allowing providers to examine
patients and make clinical decisions in real
time. In contrast, asynchronous telemedicine
visits involve collecting patients’ clinical infor-
mation, including photographs and videos,
followed by the forwarding of those data to
physicians or reading centers for reviewing
before communicating results to patients.
Anterior segment imaging can be used both for
synchronous and asynchronous telemedicine
purposes.

The objective of this paper was to conduct a
scoping review to identify the extent of research
that has been performed on telemedicine
imaging devices for cornea and external seg-
ment conditions. Our goal was to highlight the
uses of the imaging devices and identify gaps in
the evidence base in order to spur more rigorous
assessments of these devices going forward.

METHODS

This study is a scoping review of telemedicine
imaging devices for cornea and external disease.
Scoping reviews are a relatively new approach
that focus on mapping the scope or coverage of
a body of literature on a given topic [3]. They
are especially useful when a new topic is
emerging and it is still unclear what specific
questions can be asked. Given the rapid emer-
gence of telemedicine imaging devices for cor-
nea and external disease, a scoping review for
this topic is justified. This scoping review was
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conducted and reported in accordance with the
Joanna Briggs Institute (JBI) methodology for
scoping reviews and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
extension for scoping reviews (PRISMA-ScR)
guidelines (Supplementary Material) [4, 5]. A
scoping review protocol was developed in
advance (Supplementary Material). This review
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

Data Sources and Search Strategy

The primary sources used were PubMed and
Embase. The search term used for this scoping
review was (cornea OR “external disease” OR
conjunctiva OR “ocular surface” OR “anterior
segment”) AND (device OR tool OR smartphone
OR diagnosis OR imaging OR photography)
AND (telemedicine OR tele-medicine OR tele-
ophthalmology OR teleophthalmology OR
teleconsultation). Additional relevant papers
were considered by reviewing the references
listed in the included studies and obtaining
expert opinion. The search was first performed
on 14 January 2023 and again on 14 March
2023 to update new publications.

Study Selection

To be eligible for inclusion, the article had to
discuss imaging devices for cornea and external
diseases that were intended for telemedicine
applications. There was no restriction on the
studied population or date of publication. Titles
and abstracts that did not meet the eligibility
criteria were excluded. Studies without English
text were also excluded. Full-text articles were
retrieved for those that met the criteria.

Data Extraction

Data from full articles, or from abstracts if full
texts were not available, were extracted and
recorded onto a standardized electronic data
collection form. One reviewer (BC) was
responsible for extracting data from each study

identified in the review, and these were verified
by a co-reviewer (JK). Discrepancies were
resolved by discussion until a consensus was
reached. The following data were recorded if
available: description of device, cornea and
external segment conditions studied, whether
validity was assessed, study setting, sample size,
sensitivity, specificity, positive predictive value,
negative predictive value, intergrader/interop-
erator reproducibility, cost, financial interest,
and other relevant findings.

Collating, Summarizing and Reporting
Findings

Anterior segment imaging devices were classi-
fied into different categories. Categories were
discussed by the authors and presented in nar-
rative sections describing the studied condi-
tions, diagnostic accuracy, interoperator/
intergrader reproducibility and other relevant
information.

RESULTS

Study Inclusion

The search identified 123 articles on PubMed
and 198 on Embase. After removing overlap-
ping articles between the two databases and
duplicate articles within the same database, we
identified 218 unique papers. Six additional
articles were identified through reviewing bib-
liographies and expert opinion. Titles and
abstracts of 224 studies were screened for
inclusion in the review. Based on the informa-
tion provided in the titles and abstracts, 127
(57%) articles did not meet the inclusion crite-
ria and were excluded. Among the remaining
articles, 7 were conference abstracts and 90 were
full-text articles. Full-text articles were assessed
for eligibility, and 35/90 (39%) were excluded
for reasons listed in Fig. 1. In total, 62 articles,
including 7 abstracts, were included in this
study.
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Records identified on
PubMed (n=123)

Records identified on
Embase (n=198)

A

A

Duplicates removed
(n=103)

Records after dupli-
cates removed
(n=218)

A

Records identified
through other sources
(n=6)

Titles and
screening (n=224)

abstracts

Excluded (n=127)

« 94ineligible concept

Y

A

» 25 ineligible condition
« 6ineligible context
e 2no English text

Abstracts only (n=7) and
full-text articles
assessed (n=90)

Excluded (n=35)
 30ineligible concept

A

* 4ineligible condition
« Tineligible context

* 1 case series
« Tanimal study
« 10 review articles

Included studies and reports (n=62)
« 13introductions of new device
« 18 prospective diagnostic accuracy studies
« 5 retrospective diagnostic accuracy studies
» 5 cross-sectional descriptive studies
« 9image quality studies

Fig. 1 Flow diagram

General Characteristics of Included
Studies

The included studies and reports were published
between 1998 and 2023 and consisted of
introductions of a new device/technique
(n = 13) [6-18], prospective diagnostic accuracy
studies (n = 18) [19-36], retrospective diagnos-
tic accuracy studies (n =35) [37-41], cross-sec-
tional descriptive studies (n = 5) [42-46], image

quality studies (n=9) [47-55], a case series
(n=1) [56], an animal study (n =1) [57], and
reviews (n =10) [58-67]. After excluding the
review articles, the largest number of studies
were conducted in the United States (n = 13)
and India (n = 13) (Fig. 2). The 52 non-review
articles discussed a total of 52 devices, which we
classified into three categories: slit-lamp-based
devices (n=19), smartphone-based devices
(n = 18), and other devices (n = 15). A formal
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Fig. 2 Non-review studies about anterior segment imaging
devices over time. The plot shows the number of non-
review studies published on Pubmed and Embase per year
with the search terms (cornea OR “external disease” OR
conjunctiva OR “ocular surface” OR “anterior segment”)
AND (device OR tool OR smartphone OR diagnosis OR
imaging OR photography) AND (telemedicine OR tele-
medicine OR tele-ophthalmology OR teleophthalmology
OR teleconsultation)

assessment of diagnostic accuracy was per-
formed in 23 articles for a total of 25 devices. Of
23 diagnostic accuracy studies, 20 employed
photo-graders to interpret the images or video
recordings and 3 used artificial intelligence
algorithms. The inter-rater reliability of differ-
ent graders assessing images from a given device
was reported in 10 of 20 (50%) diagnostic
accuracy studies that used photo-graders, 2 of 9
(22%) image quality studies, and 1 of 5 (20%)
descriptive studies. Only the animal study
assessed the reproducibility of different pho-
tographers for capturing images.

Slit-Lamp-Based Devices

Nineteen different tools were discussed in 19
papers (Table S1, Supplementary Material).
Among these tools, nine were dedicated slit
lamp cameras, four were slit lamps equipped
with a digital camera (i.e., digital camera assis-
ted), and six were slit lamps equipped with a
smartphone or tablet (i.e., smartphone assisted).
Most of the devices were studied in hospital

settings, except for three studies that were
conducted at primary eye care centers.

Slit lamp cameras. Of the nine slit lamp
camera-based systems, five were studied in real-
time telemedicine settings, one of which
allowed the remote examiner to take full con-
trol of the slit lamp biomicroscope while view-
ing the images on an LCD screen. The slit lamp
cameras could detect a wide variety of cornea
and external findings during the eye examina-
tion, including epithelial defects, corneal
edema, corneal opacification and haze, corneal
vascularization, conjunctival injection, ptery-
gium, pinguecula, and blepharitis
[15, 19, 21, 24, 27, 33]. The diagnostic accuracy
of slit lamp cameras in reference to an in-person
slit lamp examination was assessed in four
studies. One study found that the traditional
(Zeiss) slit lamp camera had moderate to high
sensitivity for more obvious findings such as
corneal grafts (81%), contact lens (100%), cor-
neal vascularization (79%), corneal edema
(67%) and pterygium (70%), but low sensitivity
for small and subtle signs such as keratic pre-
cipitates (0%), epitheliopathy (0%), conjunc-
tivitis  (19%) and blepharitis (31%) [24].
Similarly, other studies from cornea clinics
found that slit lamp cameras had high sensi-
tivity (up to 100%) and specificity (up to 100%)
for corneal opacity, vascularization, corneal
ulcer and pterygium [8, 11]. In pediatric
patients, slit lamp cameras generally had higher
sensitivity and specificity for corneal diseases
than for conjunctival and external diseases [27].
Slit lamp cameras were also used to follow up
post-keratoplasty  or  post-trabeculectomy
patients [46, 52]. One study showed that a real-
time, remote slit lamp examination provided
similar performance to a conventional slit lamp
examination in assessing bleb morphology
(height, wall thickness, vascularity, horizontal
and meridian extent)—kappa ranged from 0.71
to 0.94 depending on the specific bleb charac-
teristic—and was superior to two-dimensional
images taken with diffuse illumination [52]. A
study that assessed inter-rater reliability found
good agreement between two image-graders for
abnormalities of the eyelids/eyelashes (76%),
conjunctiva/sclera (88%), and cornea (84%)
[27]. Despite their generally high diagnostic
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performance, slit lamp cameras have certain
limitations, such as a high cost, limited porta-
bility and the need for specialized personnel.

Conventional slit lamps equipped with a digital
camera. Digital cameras can be attached to the
oculars of a conventional slit lamp through an
adapter. Such devices were mainly studied to
identify corneal disorders such as infectious
keratitis and corneal scar. The sensitivity and
specificity of these devices have not been
reported, although one study reported good
agreement between digital-camera-assisted slit
lamp photography and in-person slit lamp
examination for correctly classifying the ocular
surface findings into infectious or inflammatory
keratitis/ulcer, corneal scar, corneal/conjuncti-
val neoplasm, trauma or surgical complication
(kappas for each of three photo-graders ranged
from 0.67 to 1.00) and fair inter-rater reliability
(kappas between pairs of photo-graders ranged
from 0.53 to 0.83) [28]. A study found that the
ease of use and quality of images differed
depending on the type of camera installed on
the slit lamp [57]. In another study, a vision
center in rural South India implemented real-
time teleconsultation with ophthalmologists
located at the tertiary eye hospital using images
taken from digital cameras attached to the slit
lamps at the vision centers [43]. A paper repor-
ted a device in which the slit lamp was equipped
with digital cameras and the slit lamp operator
and a remote viewer wore virtual reality head-
sets, allowing the remote viewer a stereoscopic
view of the examination [18].

Slit lamps equipped with a smartphone. Adap-
ters have also been developed to attach a
smartphone to a slit lamp. Devices have been
studied for the diagnosis of a wide variety of
pathologies of the eyelid and ocular surface,
with one study even reporting the use of a
smartphone to assess corneal endothelium
density [16]. These devices have mainly been
studied in asynchronous telemedicine settings.
The diagnostic accuracy of these tools has not
been validated, with most reports consisting of
descriptions of new instruments with a focus on
image quality. In one comparative study,
investigators attached a smartphone to a slit
lamp biomicroscope via a device known as the
anterior imaging module, and reported taking

high-quality images with this system just as
frequently as a high-end slit lamp camera [48].

Smartphone-Based Devices

Eighteen different tools were discussed in 26
studies (Table S2, Supplementary Material).
Among these tools, four consisted of smart-
phones without adapters/attachments and the
remainder consisted of smartphones with
external attachments. The attachments ranged
from simple additions such as a headrest or lens
attachment to more complex devices incorpo-
rating lenses, blue-light and red-free filters, and
slit beams. All of the tools were studied in store-
and-forward telemedicine settings. Diagnostic
accuracy was assessed for nine devices, most
often for corneal disorders against in-person slit
lamp examination or slit lamp photography.
Inter-rater reliability was reported in seven
studies. The majority of these studies enrolled
patients in hospital-based settings, except for
three community-based studies. All devices
were intended for use in community or
resource-limited settings.

Smartphones without attachments. A study
assessing the diagnostic accuracy of smartphone
photography for trichiasis found that smart-
phone photography had poor intergrader
reproducibility (kappa between two ophthal-
mologist photo-graders was 0.36 for pho-
tographs taken by the study ophthalmologist
and 0.21 for photographs taken by the patient’s
companion) and low sensitivity relative to slit
lamp examination (40-51%, depending on the
photo-grader) [22]. Smartphone photographs
were found to provide accurate diagnosis of
pterygium when analyzed by a deep learning
model [38]. One study reported that an Apple
iTouch had high sensitivity for the detection of
corneal ulcers (mean of three photo-graders:
88%) and pterygium (mean 93%) but lower
sensitivity for corneal abrasions (mean 74%)
and corneal scars (mean 42%) [36].

Smartphones  with  attachments.  Several
attachments have been invented to enhance the
diagnostic accuracy of smartphone photogra-
phy for eye disorders. Grabi Lite is a universal
smartphone attachment with a headrest that
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allows patients to capture higher-quality images
of their own corneas by setting an optimal
working distance [49]. Attachments with a
cobalt-blue filter have been developed to obtain
images of fluorescent-stained corneas [7, 56].
Several attachments have incorporated external
macro lenses to improve the magnification of
smartphone images. One study reported that
the use of smartphones with external lens
attachments helped identify an “ocular
urgency” in the emergency department with a
93% sensitivity and 82% specificity relative to
an ophthalmologist examination [29]. One
study compared smartphone photography of
the anterior segment with and without an
external macro lens attachment in a commu-
nity setting, and found that the addition of a $5
+ 40D macro lens did not improve smartphone
photographs of the eyelids, conjunctiva, or
cornea [47]. Another small study (N = 5 partic-
ipants) reported that using a low-cost clip-on
10 x macro lens and external illumination with
a penlight improved the quality of bleb images
relative to the absence of these modifications
and provided similar assessments of bleb mor-
phology and area compared with slit lamp
photographs [S51]. One study reported the
design of a smartphone attachment incorpo-
rating an external biconvex lens as well as
cobalt blue and red-free optical filters [8]. The
Smart Eye Camera (SEC), a 3D-printed smart-
phone attachment with an external convex
20 x lens and a blue light filter for corneal flu-
orescein staining, has been reported to have a
sensitivity of 96% and specificity of 90% for the
diagnosis of dry eye disease relative to slit lamp
examination when image capture and inter-
pretation was performed by ophthalmologists,
and a sensitivity of 78% and specificity of 86%
when processed by a deep learning algorithm
[40, 41]. SEC images interpreted for conjuncti-
val hyperemia have also been reported to have
high correlation with slit lamp examination
[55]. The Cornea CellScope, a 3D-printed
smartphone attachment with an exter-
nal 4+ 25D lens and light-emitting diode (LED)
light sources, has been reported to provide good
inter-rater reliability and acceptable diagnostic
accuracy compared with slit lamp examination
both for corneal opacities (e.g., a sensitivity of

68% and specificity of 97% using the default
smartphone camera settings) and for corneal
abrasions (e.g., a sensitivity of 89% and a
specificity of 91% when using a blue light filter
on a fluorescein-stained eye) [23, 25]. The
CellScope device has also been used to pho-
tograph the everted superior tarsal conjunctiva
for community trachoma surveillance [32].
More advanced optical systems have been
developed for smartphone attachments
designed to be used as handheld slit lamp
cameras [9]. One such attachment allows
patients to take slit lamp videos of their own
eyes; this device was reported to correctly
identify the presence or absence of corneal
pathology in 74% of eyes relative to a slit lamp
examination [17, 34].

Other Devices

Handheld fundus cameras. Several commercially
available handheld fundus cameras have
attachments for anterior segment photography
(Table S3, Supplementary Material). The Volk
Pictor (Volk Optical Inc., Mentor, OH, USA), a
handheld anterior segment and non-mydriatic
fundus camera, was reported to detect “critical
anterior segment exam findings” in the emer-
gency setting with a sensitivity of 89% relative
to slit lamp examination [31]. The Pictor Plus
was reported to detect the presence of “anterior
segment pathology” in the emergency and
inpatient setting with a sensitivity of 71% and
specificity of 81% relative to the medical record
[35]. Similar estimates of sensitivity were
reported for the Nidek Versacam relative to slit
lamp examination for corneal abrasions (mean
of three photo-graders: 82%), corneal ulcers
(mean 92%), and pterygium (mean 97%),
although sensitivity was lower for corneal scars
(mean 50%) [36]. Other investigators have
found lower sensitivity, including a study of the
Canon CR-2 Plus AF (Tokyo, Japan) that repor-
ted a 13% sensitivity for corneal findings and
31% sensitivity for pterygium [30].

Single lens reflex (SLR) cameras. A digital SLR
camera can be equipped with a macro lens to
take photographs of the cornea and ocular sur-
face. An SLR camera was reported to have a
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sensitivity of 59% and specificity of 97% for
corneal opacity, with high inter-rater agreement
(intraclass coefficient [ICC] = 0.94) and intra-
rater agreement (ICC = 0.98) [23]. When graded
by a deep learning algorithm (ResNet), pho-
tographs from handheld digital cameras have
been reported to detect bacterial and fungal
keratitis with a sensitivity of 70% and 80%,
respectively [39].

Portable slit lamp cameras. Several devices
allow a portable slit lamp to capture images or
videos. Videos taken with the Microclear digital
hand-held slit lamp (Suzhou, China) were
reported to have low sensitivity relative to slit
lamp examination for corneal abnormalities
(15%), pinguecula (21%), pterygium (38%) and
conjunctival abnormalities (14%) [30]. A study
of a custom-made portable slit-lamp video
camera with a fixed-width slit beam reported
low sensitivity relative to a slit lamp examina-
tion for subtle corneal, conjunctival and lid
abnormalities, but higher sensitivity for more
obvious corneal findings such as corneal edema
(67%) and corneal vascularity (69%)—similar to
results observed for the traditional (Zeiss) slit
lamp camera [24].

Wearable headset cameras. One paper descri-
bed a prototype in which autofocus sensors and
external cameras were attached to an aug-
mented reality headset. Video recordings from
this system generally had poor sensitivity for
correctly identifying anterior segment patholo-
gies relative to a medical record review [20].

Topography. One study reported that a table-
top topographer allowed a remote assessment of
the progression of keratoconus with a sensitiv-
ity of 69% and a specificity of 96% relative to a
clinical exam [37].

DISCUSSION

This scoping review aimed to examine the
extent of research on imaging devices used to
screen or diagnose cornea and external diseases
in telemedicine settings. Imaging devices iden-
tified for this review included dedicated slit
lamp cameras, camera attachments for slit
lamps, smartphone-based devices, anterior seg-
ment modules for handheld retinal cameras,

and a handful of other devices. Reports inclu-
ded the use of both synchronous and asyn-
chronous telemedicine applications. Most
studies did not report diagnostic accuracy.
Many of the studies that did assess diagnostic
accuracy reported the diagnostic accuracy in
terms of a correct diagnosis of any eye pathol-
ogy as opposed to a specific disease. A smaller
number of studies reported the diagnostic
accuracy for specific cornea and external disease
conditions. Relatively few studies examined the
intra- or inter-rater reliability of the graders
assessing the images. Only one study assessed
the reproducibility of imaging results when
performed by different photographers.

Several use cases for an imaging device of the
cornea and external segment were identified in
this review. In the context of the hospital, the
main functions of a device would likely be for
triaging and training. For example, non-oph-
thalmologists could use a device to capture
images of a red eye and send them to an oph-
thalmologist for triage advice. Ophthalmology
residents could use a device to communicate
findings with attending physicians on call or to
document findings for presentations. In the
community context, imaging devices could be
used for individual patient care and also for
public health activities. For example, patients
could image their own eyes, facilitating remote
diagnosis and management—a capability that
could prove useful in the case of another pan-
demic. Non-ophthalmic providers at primary
care clinics or vision centers could use a device
in a synchronous telemedicine program to help
diagnose and manage corneal ulcers and other
ocular surface conditions. Devices could also be
used for epidemiologic studies assessing the
prevalence of important causes of blindness
such as corneal opacity and trachoma.

Each of the imaging devices has advantages
and disadvantages. Dedicated slit lamp cameras
are able to capture a wide variety of pathologies
at all levels of the anterior segment, and allow
multiple forms of illumination (e.g., diffuse
direct illumination, fine slit beam illumination,
retro-illumination, sclerotic scatter), but are
relatively complicated to operate and require an
experienced and technical photographer.
Attaching a camera to the oculars of a slit lamp
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is slightly less technical, although it requires a
user familiar with operating a slit lamp. Any
imaging modality based on a traditional slit
lamp will be expensive and not portable. How-
ever, slit lamps are often already present in
emergency departments, and eye hospitals,
especially in South Asia, often have outreach
centers staffed by non-ophthalmologist per-
sonnel that are equipped with slit lamps. Slit-
lamp-based imaging would be viable in such
settings. Smartphone-based devices are much
less expensive, more portable, and simpler to
operate. However, there is variability in the
quality of native smartphone cameras. A wide
variety of external smartphone attachments
have been developed to improve smartphone
images of the anterior segment, including
external macro lenses, blue light filters, and
external light sources. These smartphone
attachments offer often inexpensive upgrades
to the images capable of being captured with a
smartphone. In addition, smartphone camera
technologies are constantly evolving and
improving. Some newer smartphones have
native macro lenses, which may increase the
quality of images of the cornea and external
segment. The ease of use and low cost of
smartphone-based devices make them promis-
ing candidates for tele-ophthalmology in com-
munity-based and resource-limited settings.
This review identified some gaps in the cur-
rent literature on cornea and external disease
imaging for telemedicine. Many of the devices
(21 of 52) have not been compared to a refer-
ence standard test, making it difficult to judge
their utility. Of those studies that have assessed
diagnostic performance, 87% (20 of 23) repor-
ted sensitivity and/or specificity and the others
reported a single estimate of diagnostic accu-
racy (e.g., percentage of cases classified as a true
positive or true negative; Cohen’s kappa com-
paring the index test and reference standard).
The sensitivity and specificity would provide
more useful information. None of the articles
mentioned the Standards for Reporting Diag-
nostic Accuracy (STARD) statement, a guideline
for reporting studies of diagnostic accuracy [68].
More than a third of the diagnostic accuracy
studies that employed photo-graders (8 of 20)
did not mention if photo-graders were masked

to the results of the reference standard test,
raising the possibility of biased assessments of
diagnostic accuracy. Few studies reported the
inter-rater reliability of different photo-graders,
and only one study reported the inter-rater
reliability of different photographers. Although
the majority of these devices were intended for
use in community-based, rural, or limited-re-
source settings, studies were mostly conducted
in hospital-based settings. Whether the findings
from the hospital-based studies can be applied
or extrapolated to the communities remains to
be seen. Very few studies compared different
imaging devices head-to-head, making it diffi-
cult to determine if a particular device is supe-
rior to another. Finally, very few studies
included the actual costs of the devices. Some
studies described costs qualitatively (i.e., high
costs vs. low costs), but such descriptions can
have different meanings in different settings.
This review has limitations. The literature
search was primarily done on the general data-
bases PubMed and Embase, which may not
include all available relevant literature, espe-
cially those in the engineering field. We only
selected articles that emphasized the tele-
medicine applications of the studied imaging
devices, and thus may have omitted papers in
which the device’s telemedicine function was
not expressly highlighted in the text. As thisis a
scoping review, we did not formally assess the
quality or bias of published studies. However,
we speculate that the reported results for device
performance may be optimistic since poorly
performing devices were probably less likely to
be reported and the authors of several studies
had a financial interest in the devices. The focus
of the review was limited to devices for cornea
and external disease. The literature search
identified papers that used anterior segment
imaging for the detection of narrow angles and
cataract, but these were considered outside the
scope of the present review. For similar reasons,
the review did not specifically focus on the use
of artificial intelligence for image grading. Most
of the studies included in this review reported
the diagnostic accuracy based on human
assessment of the images/videos, although we
anticipate that artificial intelligence algorithms
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will be an increasingly important part of tele-
medicine in the future.

CONCLUSIONS

In conclusion, anterior segment imaging devi-
ces are promising tools for remote diagnosis and
management of patients with cornea and
external diseases. A wide variety of devices are
available, allowing imaging from a slit lamp, a
handheld device, or a headset. Many of the
devices can be used for either synchronous or
asynchronous telemedicine applications. Fur-
ther research with rigorous methods would be
helpful to determine valid estimates of diag-
nostic accuracy for specific ocular diseases, to
determine the inter-rater reliability when used
by different people, and to determine the fea-
sibility and accuracy of devices when used in
the community.
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