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Review Article

Remote Imaging Opportunities, Innovations, and 
Considerations for Teleophthalmology
Grant L. Hom1, Katherine E. Talcott1, Justin C. Muste1, Rishi P. Singh1

1Department of Ophthalmology, Cole Eye Institute, Cleveland Clinic, Cleveland, Ohio, United States.

SEARCH TERMS AND DATABASES USED

e PubMed database of the National Center for Biotechnology Information (NCBI) was 
searched for peer-reviewed literature using the terms “remote imaging ophthalmology” AND 
“remote ophthalmology” yielding 240 results. Abstracts were reviewed and relevant articles were 
selected. From these articles, cited publications were also selected if related to the topic of this 
review.

INTRODUCTION

Imaging is critical to the diagnosis of ophthalmic conditions. Non-invasive imaging, including 
fundus photography and optical coherence tomography (OCT), has dramatically enhanced 
diagnostic accuracy in the clinic. However, imaging remains challenging when providing 
remote patient care. e most widespread modality of remote imaging is the “store and forward” 
method. A patient travels to a location where images are taken, stored, and shared remotely to 
the physician’s location.[1] Real-time teleimaging for ophthalmic visits is rare and is at best limited 
to either screening purposes or management of acute conditions.[1] Benefits of improving remote 
imaging include diagnosis from a distance, improved screening, a wider range of conditions 
which can be addressed remotely, and improved access for more patients.

is review summarizes the current state of teleimaging approaches in ophthalmology, explores 
emerging technologies that may improve teleimaging capabilities in the future such as the use 
of smartphone imaging, and briefly comments on some challenges of these technologies to 
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ABSTRACT
Imaging has emerged as a key tool for ophthalmologists to quickly and accurately diagnose and help manage 
ophthalmic conditions. e importance of useful teleimaging technology will increase as remote appointments 
and surveillance becomes more widely utilized in ophthalmology. is review article describes the current 
state of remote imaging including the results of many “store and forward” studies. It also summarizes potential 
emerging teleimaging modalities such as home optical coherence tomography, remote slit lamps, and smartphone 
imaging. While published studies highlight many possible utilities for teleimaging, further clinical validation and 
technology improvement need to occur before teleimaging can become more ubiquitous.
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consider. To explore the current state of teleimaging, this 
manuscript will address four questions: (1) Are current store 
and forward models expanding access? (2) Can providers use 
imaging to accurately screen for or diagnose disease? (3) Can 
imaging options be expanded beyond commercial imaging 
equipment to expand access? and (4) Can minimally trained 
individuals play a role in the future of teleimaging?

EXPANDING ACCESS WITH TELEIMAGING

e most common approach within clinical studies and 
medical practices currently is the “store and forward” 
approach.[1] Images are taken and stored on an imaging device 
and sent through a secure internet server to the provider at 
a remote location for diagnoses or referrals. is method is 
beneficial to patients because it saves patient’s travel time and 
reduces appointment costs.[2-4]

Studies have shown that this approach improves access. 
Chilean ophthalmologists successfully expanded diabetic 
retinopathy (DR) screening with their TELMED platform 
for remote retina specialists to review.[5] e Atlanta Veterans 
Affairs hospital improved access time to rural veterans’ 
appointments through remote screening.[2] e most 
vulnerable patients stand to benefit, as Owsley et al. found 
that approximately 21% of 1894 individuals had DR in at 
least one eye in a predominantly minority and uninsured 
patients sample.[6]

Although access may improve, it is a limited improvement. 
A major limitation of “store and forward” is that all 
patients have to go to a site where a trained health assistant 
or technician performs the imaging. A lack of adequate 
support staff in underprivileged locations and less developed 
countries can limit accessibility. Patients may also need to 
travel far distances depending on the availability of imaging 
locations.

SCREENING AND DIAGNOSIS WITH 
TELEIMAGING

Standard of care for many ophthalmic conditions is considered 
both clinical examination and imaging. When the patient 
is remote, imaging becomes the ophthalmologist’s primary 
tool. For this reason, teleimaging has been used for screening 
with critical cases referred to an ophthalmologist. However, 
teleimaging can play a more definitive role in diagnosis. 
A Brazilian ophthalmology emergency room successfully 
performed teleimaging with a smartphone with 85.0% 
overall accuracy relative to standard hospital diagnosis.[7] 
12,634 of 50,384 patients (25.15%) in a Spanish study were 
referred to an ophthalmologist including 9.0% urgent visits 
based on remote imaging.[8] Remote evaluation has also been 
successful in identifying specific cornea findings commonly 
encountered by eye banks.[9] As these studies illustrate, the 

“store and forward” approach works for general ophthalmic 
complaints. It also has proven utility in several common 
conditions – DR, retinopathy of prematurity (ROP), age-
related macular degeneration (AMD), and glaucoma.

DR

e utility of teleimaging for screening of DR has generally 
shown positive progress though image gradability remains a 
limiting factor. Joseph et al. in a cluster randomized clinical 
trial established that hospital attendance was proportionately 
higher with teleretinal screening  (54 of 96 referred [56.3%]) 
compared with universal hospital referral (150 of 400 referred 
[37.5%]).[10] Although 10.8% of images in the teleretinal 
group patients could not be graded, this study establishes the 
utility of teleimaging to improve the likelihood of attendance.

In a study of 502 diabetic eyes, all remote non-
mydriatic and mydriatic images were appropriately 
diagnosed based on dilated fundus examinations by 
ophthalmologists.[11] However, 10.1% of the photos used in 
the study were ungradable, highlighting a major limitation. 
Gradeability was also an issue in a study among six urban 
safety-net clinics, where remote graders determined that 
4–13% of images taken were ungradable.[12] Furthermore, 
in a separate study examining DR screening differences, 
remote image graders only determined 82.4% and 85.7% of 
non-mydriatic fundus images in rural and urban clinics were 
good enough quality for evaluation.[13]

While non-mydriatic fundus imaging demonstrates potential 
utility for DR screening, alternatives such as ultrawidefield 
(UWF) imaging and OCT merit consideration. e initial 
Joslin Vision Network study demonstrates the utility of UWF 
compared with non-mydriatic fundus photography as the 
ungradable rate per patient was lower with UWF imaging 
for DR (2.9 vs. 9.9%, P < 0.0001) and diabetic macular 
edema (DME) (3.8 vs. 8.8%, P < 0.0001).[14] UWF reduced 
the ungradable rate by 71% (to <3%). In a separate Joslin 
Vision Network study of 35,052 eyes, the ungradable rate per 
patient for DR and DME was significantly lower with UWF 
imaging compared with non-mydriatic fundus photography 
(DR, 2.8% vs. 26.9% [P < 0.0001]; DME, 3.8% vs. 26.2% 
[P  <  0.0001]) with improved DR identification rates with 
UWF.[15] Consequently, UWF teleimaging can be a reliable 
tool in DR screening.

A study by Manjunath et al. did not indicate positive results 
for OCT and fundus photography usage. e remote graders’ 
ability to appropriately screen for DR based on widefield and 
OCT imaging only was compared to clinical examination 
only and gold standard combined clinical examination and 
imaging.[16] Remote image evaluation had a sensitivity of 
73% and specificity of 96% for detecting proliferative DR. 
Although sensitivity was not extremely high, the study lends 
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potential for the utility of OCT in a screening setting as 
imaging alone found 35 more eyes with new vessels (19% of 
eyes with new vessels) than clinical examination alone.

ROP

Studies examining remote imaging for ROP have suggested 
teleimaging’s value. About 93.6–97.3% of images obtained by 
neonatal nurses were judged to be useful by five remote graders, 
which indicate the utility of having non-ophthalmologists 
perform imaging.[17] ere are a relatively high sensitivity and 
specificity in ROP detection by teleimaging. In the 6 years 
of screening for ROP with telemedicine (SUNDROP) study 
of 1216 eyes and 2169 examinations, remote interpretation 
of RetCam II/III images had a sensitivity of 100% and 
specificity of 99.8% for the detection of treatment-warranted 
ROP compared to bedside binocular ophthalmoscopy.[18] In 
the e-ROP study of 7905 images, the sensitivity of referral 
warranted ROP was 82.1% when all five retinal images of 
acceptable quality were taken.[19] e sensitivity decreased 
to 67.2% with four acceptable images, demonstrating the 
importance of having a complete quality set of images. In a 
multicentered study of 281 premature infants, ophthalmoscopy 
and telemedicine had similar sensitivity for type 2 ROP (86% 
vs. 79%; P  = 0 .10 [n  =  251]), but ophthalmoscopy was 
more sensitive in identifying Stage 3 disease (85% vs. 73%; 
P  =  0.004 [n  =  136]).[20] ese studies reinforce that remote 
imaging is non-inferior to ophthalmoscopy for identifying 
clinically significant ROP with the caveat that a quality image 
is obtained.

Glaucoma

Among the major causes of blindness in the developed world, 
glaucoma has arguably seen the least amount of teleimaging 
advances. is is most likely attributable to the need for 
the detection of both structural and functional changes 
for diagnosis. Pasquale et al. found that 103 of 175 (59%) 
individuals who were labeled as glaucoma suspects based on 
the initial imaging had glaucoma suspicious optic discs based 
on clinical data obtained after imaging.[21] In the Muranga 
teleophthalmology study of 309 diabetic patients, 74 (24%) had 
remote imaging deemed unreadable due to media opacities, 
patient cooperation challenges, and unsatisfactory imaging 
techniques.[22] e positive predictive value for teleimaging 
was 77.5% and negative predictive value 82.2% relative to 
clinical slit-lamp examination. Both studies demonstrate the 
potential for a teleglaucoma detection model, however, high-
quality teleimaging technology serves as a major barrier to 
successfully implement this diagnostic approach.

Another area of remote monitoring in glaucoma is 
intraocular pressure (IOP). Sensimed Triggerfish® 
(Sensimed S.A., Lausanne, Switzerland) is a contact lens 

sensor that received FDA marketing approval in 2016, but 
its utility has remained controversial as it is limited in its 
capabilities, particularly in terms of measuring absolute IOP. 
Vitish-Sharma et al. found SENSIMED Triggerfish measured 
IOP to be weakly correlated with measurements taken 
with a Tono-Pen® XL (Reichert Technologies, Depew, NY) 
applanation tonometer.[23] iCare® Home (ICare USA Inc., 
Raleigh, NC) rebound self-tonometer has shown feasibility 
in self-monitoring of IOP, but it tends to overestimate IOP 
compared to Goldman applanation tonometer (mean IOP 
difference 0.70 mmHg, P < 0.001).[24] Furthermore, other 
technologies such as EyeMate® (Implandata Ophthalmic 
Products GmbH, Hannover, Germany) are in development.

AMD

Using OCT and visual acuity data, Adonegui et al. were able 
to detect AMD with 96% sensitivity and 87% specificity 
with 16 false positives and 3 false negatives compared to 
office examination.[25] e study demonstrated a reduction 
in examination time. Remote evaluation on average took 1 
minute and 21 seconds (s) while in office examination took 
10 minutes (min).[25] Hadziahmetovic et al. found that remote 
diagnosis image interpretability was better when OCT was 
used compared with color fundus photography (241 [96.4%] 
vs. 164 [65.6%]).[26] A patient satisfaction survey within the study 
revealed that 122 participants (76.7%) preferred remote imaging 
over the standard care examination, indicating that remote 
imaging can have a positive impact on many patients. AMD can 
be a viable condition monitored through teleimaging if remote 
OCT monitoring options continue to improve and reduced 
treatment burden minimizes the need for in-person injections.

CURRENT AND FUTURE DEVELOPMENTS IN 
TELEIMAGING

Expanded imaging options beyond current “store and 
forward” techniques may improve disease detection 
and reduce travel and time burden of provider-based 
appointments for disease monitoring. Smartphone and 
home monitoring technology are poised to supplant current 
teleimaging equipment. Smartphones are ubiquitous and 
when the appropriate accessory is used, can double as an 
inexpensive ocular imaging tool in the patient’s pocket. is 
section considers the ease of operation, image quality, and 
development of smartphone imaging technology. In addition, 
it touches on other remote technologies including portable 
OCT and remote slit-lamp technology.

Anterior segment portable imaging

Various adapters compatible with smartphone cameras have 
been developed for anterior segment imaging.[27-29] [Table 1] 
summarizes the developments in anterior segment portable 
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Table 1: Summary of studies utilizing a portable imaging modality for anterior segment of the eye.

Study authors (and 
reference)

Imaging modality used Add-ons or setting 
modifications

# of eyes and disease 
conditions studied

Study results summary

*Chiong et al.[27] iPhone 6 © Smartphone adaptor 
with biconvex lens and 
cobalt blue and red-free 
filters

N/A •  Adapter takes 25 min to print 
through 3D printing

*Myung et al.[28] Smartphone (e.g., 
iPhone 4s ©)

Adaptor with LED 
external light source

N/A •  Successful imaging of eyelids, 
conjunctiva, cornea, iris, and lens

*Mohammadpour 
et al.[29]

iPhone 6 © 90 Diopter Volk non-
contact slit-lamp double 
aspheric lens

N/A •  Successful imaging of ocular 
surface, cornea, iris, and lens

Sanguansak et al.[30] iPhone 6 © Macro lens only; macro 
lens with augmented 
light-emitting diode; 
slit-lamp adapter; no 
adapter

190 eyes; post-
operative cataract

•  No adapter: 100% acceptable 
image quality

•  Macro lens with LED: 93.7% 
acceptable image quality

•  Slit-lamp adapter: 86.3% 
acceptable image quality

•  Macro lens: 61.1% acceptable 
image quality

Otero et al.[31] Nexus 6P Huawei©, BQ 
Aquaris U Lite ©, and 
iPhone 6s © 

Two lighting levels and 
two magnification levels

192 pictures of four 
subjects; conjunctival 
hyperemia

•  No subjective differences in 
evaluation of disease with three 
smartphone cameras

•  Calibration settings were 
important for extracting 
objective data from imaging

Ludwig et al.[32] iPhone 5s © compared 
against BX 900 slit lamp 
with a Canon EOS 40D 
digital camera™ and 
an FF 450 plus Fundus 
Camera™

Paxos Scope™; macro 
lens and indirect 
ophthalmoscopy with 
an iPhone 5s ©

229 patients with 719 
useable images

•  High level of agreement between 
Paxos Scope and existing clinical 
cameras (92.6% anterior, 84.4% 
posterior) was found

Chen and Tan 
CW[33]

iPhone 5 © and 
commercial Canon EOS 
10D™ anterior segment 
camera ©

Telescopic mount for 
iPhone 5 ©

440 anterior segment 
images; healthy eyes

•  There was no difference in 
grader impression of confidence 
and usability between both 
cameras of anterior segment 
slit-lamp and retroiluminated 
images of the cortex and 
posterior subcortex (iPhone 5, 
P=0.66; Canon, P=0.58)

Woodward et al.[34] Portable Pictor Plus™ 
Camera

None 24 eyes of 15 patients 
for anterior segment 
photographs and 39 
eyes of 20 patients 
for posterior segment 
photographs

•  Anterior segment images had 
62–81% sensitivity, increasing to 
87–88% with chief complaint

•  Posterior segment images had 
79–86% sensitivity, increasing to 
100% with chief complaint

Oliphant et al.[35] Digital compact 
camera with slit-lamp 
adaptor versus slit-
lamp mounted anterior 
segment camera

Slit-lamp adaptor on 
digital compact camera

72 eyes; posterior 
capsule opacification

•  Digital contact camera with 
adaptor was determined 
to be comparable to a slit-
lamp camera (coefficient of 
repeatability of 0.58)

Woodward et al.[36] iTouch 5s © and Nidek 
VersaCam™

None 198 eyes (110 
subjects); corneal 
conditions such as 
ulcers, scars, and 
abrasions

• iTouch 5s sensitivity: 54–71%
• iTouch 5s specificity: 82–96%
• VersaCam sensitivity: 66–75%
• VersaCam specificity: 91–98%

*Denotes published descriptions of technology and involve minimal human imaging. N/A: Not applicable
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imaging. e quality of smartphone-based images has 
also been evaluated with mixed results. Sanguansak et al. 
determined that a smartphone with only autofocus and flash 
illumination at 30 cm from the eye had the highest acceptable 
image quality compared to phones with adapters.[30] Otero 
et al. in a study of conjunctival hyperemia found no subjective 
differences in evaluating disease with three smartphone 
cameras, but camera settings were important for extracting 
objective data from imaging.[31] A study of the Paxos Scope™ 
(Digisight Technologies Inc., San Francisco, CA, USA) found 
that there was a high level of agreement between Paxos Scope™ 
and existing clinic cameras (92.6% agreement anterior images 
and 84.4% posterior).[32] Chen et al. observed no difference in 
grader impression of image usability between an iPhone 5 © 
(P = 0.66) and a traditional Canon EOS™ (Canon Inc., Tokyo, 
Japan) anterior segment camera (P = 0.58).[33]

More importantly are studies commenting on diagnostic 
capacity. In a study with a 5-megapixel portable camera, 
anterior segment diagnoses had 62–81% sensitivity, 
increasing to 87–88% with chief complaint information.[34] 
Posterior segment images had 79–86% sensitivity, increasing 
to 100% with chief complaint information. Another study 
with a digital compact camera and slit-lamp adaptor 
suggested that imaging with a digital compact camera and 
adaptor had comparable gradeability to a slit-lamp camera in 
72 eyes with posterior capsule opacification.[35] Despite these 
positive results, not all studies examining imaging in disease 
states displayed supportive findings of portable imaging. For 
example, the sensitivity to detect corneal pathology was 54–
71% for the iTouch 5s © (Apple Inc., Cupertino, CA, USA) 
camera and 66–75% sensitivity for the Nidek VersaCam™ 
(Nidek Co. Ltd., Tokyo, Japan) in a study of 198 eyes.[36]

ese studies indicate the potential of smartphone imaging 
to obtain high-quality images and detect pathologies of the 
anterior segment. e emerging technology is promising 
though currently hindered by accuracy and reliance on well-
trained operators.

Posterior segment portable imaging

Posterior segment imaging is limited in teleophthalmic 
settings and can greatly improve a clinician’s diagnostic 
and monitoring capabilities. [Table  2] summarizes the 
developments of retinal portable imaging. A number of 
smartphone adaptors have been developed.[37,38] A D-Eye 
adapted smartphone (D-Eye S.r.l., Padova, Italy) had shorter 
mean ocular fundus examination duration (74 ± 31  s) 
compared to traditional ophthalmoscopy (130 ± 39 s).[39] 
Day et al. utilized the Welch Allyn Pan Optic iExaminer 
(Welch Allyn Inc., Skaneateles Falls, NY, USA) to obtain 
clinically adequate images in 91.06% of children presenting 
to a pediatric emergency department.[40] Device median 
examination time was 3 min 24 s.

In a pilot test for the evaluation of DR with CellScope 
Retina, DR grade matched perfectly with dilated clinical 
examination in 55.1% of eyes and within one severity level 
for 85.2% of eyes.[41] Russo et al. observed that smartphone 
ophthalmoscopy with a D-Eye device had exact DR grade 
agreement for 204 out of 240 (85%) of eyes with slit-
lamp examination.[42] About 5% of eyes were unable to be 
visualized with smartphone ophthalmoscopy due to cataract 
or small pupil diameter.

Portable widefield imaging has seen improvements. e 
Ocular CellScope successfully widefield imaged patients 
with DR and cytomegalovirus retinitis.[43] e study team 
renamed the Ocular CellScope as the RetinaScope and 
image quality was determined to be acceptable in 95–98% of 
images in an ROP study of 54 eyes.[44] In a separate study of 
43 pediatric patients, the RetinaScope was utilized to acquire 
five standard photographs in an average of 2.3 ± 1.1 minutes 
and 96% agreement occurred between image-based diagnosis 
and clinical diagnosis.[45]

In a single-center retrospective study, good quality images of 
the retina were captured in 33 (78.57%) ROP infants with the 
Make in India Retinal Camera (MII RetCam) (MIIRetCam 
Inc., Coimbatore, TN, India).[46] Goyal et al. found that 
image quality was good in 25 out of 28 (89.2%) of eyes 
that underwent MII RetCam imaging.[47] While the image 
quality is generally high, more studies need to evaluate the 
detectability of disease with this technology.

Technologies have also been utilized for portable imaging 
of glaucoma. In a screening examination in Cameroon, 39 
(9.87%) were screened positively for glaucoma based on photos 
by an iPhone 5s © camera coupled with the MIIRetCam.[48] Out 
of the 14 patients who underwent clinical examination (64.1% 
lost to follow-up), 8 patients were true positives and 6 were 
false positives. Bastawrous et al. found excellent agreement (k = 
0.69) between vertical cup-to-disc ratio (VCDR) measurements 
by a desktop fundus camera and retinal adapter Peek Retina 
(Peek Vision Ltd., Hertfordshire, England).[49] Wintergest 
et al. established that VCDR measurements appeared to better 
correlate with conventional fundus photography when eyes were 
dilated (r = 0.91) compared to not dilated (r = 0.70, P < 0.001).
[50] Russo et al. found that smartphone ophthalmoscope yielded 
no mean differences in vertical cup-to-disk ratio relative to slit-
lamp biomicroscopy with exact agreement occurring in 21 of 
29 glaucoma eyes (72.4%).[51] Miller et al. established that there 
was no significant difference in cup-to-disk ratio between a 
portable 45-degree non-mydriatic fundus camera (Pictor, Volk 
Optical Inc., Mentor, OH, USA) and a traditional tabletop 
mydriatic fundus camera (Topcon TRC 50 DX, Topcon Medical 
Inc., Oakland, NJ, USA) (estimate = 0.004, P = 0.24).[52]

A study of 103 eyes with and without optic disc edema 
using Pictor Plus™ (Volk Optical Inc., Mentor, OH) portable 
imaging suggested that the sensitivity and specificity for 
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(Contd...)

Study authors  
(and reference)

Imaging 
modality used

Add-ons 
or setting 
modifications

# of images taken Study results summary

*Livingstone et al.[37] Samsung Galaxy 
S3 ©

3D-printed 
adaptor

N/A •  Retina images were of sufficient quality for 
clinical examination

*Myung et al.[38] iPhone 5 © Adaptor with 
Volk Optical Inc. 
Pan Retinal 2.2 
lens

N/A •  Successful retinal imaging of branch 
retinal vein occlusion, diabetic macular 
edema, and RPE hypertrophy was 
demonstrated

Muiesan et al.[39] iPhone 6 © D-Eye Adaptor 52 patients in emergency 
department with intense 
increase in blood 
pressure (SBP> 180 and/
or DBP >100); Examined 
for hypertensive ocular 
damage 

•  Mean duration time of ocular fundus 
examination was 74±31 s and 130±39 s for 
D-eye smartphone fundus imaging versus 
traditional ophthalmoscopy, respectively

•  High concordance for D-eye smartphone 
by two users existed for papilledema 
presence (K: 0.89–0.90) and good 
concordance for the assessment of 
hemorrhage and exudates (K: 0.66–0.77)

Day et al.[40] Pan Optic 
iExaminer® 

None 184 pediatric patients; 
variety of emergency 
department-based 
ophthalmic conditions

•  Clinically adequate images in 91.06% of 
children

• Median examination time: 3 min 24 s

Kim et al.[41] Cellscope Retina None 142 eyes; diabetic 
retinopathy

•  100-degree photomontage images 
successfully obtained

•  DR grade matched perfectly with dilated 
clinical examination in 55.1% of eyes and 
within one severity level of 85.2% of eyes

•  For referral warranted DR, average 
sensitivity was 93.3% and specificity 56.8%

Russo et al.[42] iPhone 5 © 
versus slit-lamp 
examination

iPhone had D-Eye 
adapter

240 eyes with type 1 or 2 
diabetes mellitus

•  Diabetic retinopathy grade between 
modalities had exact agreement in 
204/240 (85%) of eyes

•  About 5% of eyes could not be visualized 
with smartphone

*Maamari et al.[43] iPhone 4s © Ocular Cellscope N/A •  Successful widefield imaging in healthy 
retina, diabetic retinopathy, and 
cytomegalovirus described

Patel et al.[44] iPhone 5s © RetinaScope 54 eyes; retinopathy of 
prematurity

•  Acceptable image quality in 95 and 98% of 
images by two masked graders

•  Excellent agreement between gold 
standard and image assessment for the 
presence or absence of plus disease 
(K=0.85)

Patel et al.[45] iPhone 5s © RetinaScope 43 pediatric patients; 
variety of childhood 
retinal conditions such 
as retinoblastoma, Coat’s 
disease, and optic nerve 
hypoplasia

• Average acquisition time was 2.3±1.1 min
•  96% agreement occurred between image-

based diagnosis and clinical diagnosis

Lekha et al.[46] iPhone 4s © + 20 
diopter lens

MIIRetCam 42 babies; retinopathy of 
prematurity

•  Central and peripheral retina could be 
imaged of adequate quality in 33 (78.57%) 
of babies

Goyal et al.[47] iPhone 5s © + 
20D, 28D, or 40D 
lens

MIIRetCam 28 eyes imaged 
for retinopathy of 
prematurity

•  89.28% of eyes were deem to have good 
quality imaging

Table 2: Summary of studies utilizing a portable imaging modality for retina.
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detecting optic disc edema were 71.8–92.2% and 81.6–
95.2%, respectively, compared to clinical examination.[53] 
Unreadability was relatively low with graders finding 0–8.3% 
of photos ungradable.

A major limitation of many studies is that 
the developed technology is dependent on 
mydriatic imaging.[37,42,44-50] Access to mydriatic drops may 
be a limiting factor to successful remote imaging in many 
settings such as a patient’s home. If these technologies could 
support non-mydriatic imaging, then a greater number 
of photographers and patients could comfortably acquire 
images. Notwithstanding, portable mydriatic retinal imaging 

technology can still be a highly useful and more accessible 
technology than what is currently available if photographers 
appropriately plan for the need to dilate the patient.

Development of portable OCT

Several groups have published on portable OCT technology. 
Mehta et al. described the creation of a control system of 
OCT devices through a mobile device.[54] Lu et al. developed a 
handheld swept-source OCT (SS-OCT) instrument using 2D 
microelectromechanical system mirrors.[55] Other design teams 
have described various iterations of spectral-domain and swept-
source OCT.[56-58] e aforementioned systems are yet to be 

Study authors  
(and reference)

Imaging 
modality used

Add-ons 
or setting 
modifications

# of images taken Study results summary

Bilong et al.[48] iPhone 5s © MIIRetCam 395 patients, glaucoma 
screening

•  39 were found to be suspicious for 
glaucoma (9.87%)

•  Out of 14 patients who followed up for 
clinical examination, 8 were true positives 
for chronic open-angle glaucoma, and 6 
were false positives

Bastawrous et al.[49] Peek smartphone 
adaptor versus 
desktop fundus 
camera

None 2920 eyes; vertical optic 
cup-to-disk ratio

•  Excellent agreement between 
measurements (Kappa coefficient 0.69)

•  No observable difference in image 
quality between lay photographer and 
experienced retinal photographer

Wintergerst et al.[50] Samsung Galaxy 
S4 ©

D-Eye adaptor 54 eyes (27 patients); 
glaucoma or suspected 
glaucoma

•  Vertical cup-to-disc measurements of 
D-Eye adaptor better correlated with 
conventional fundus photography when 
eyes were dilated (r=0.91, P<0.001) than 
without dilation (r=0.70, P<0.001)

•  More optic disc rims were visible with 
dilation (94%) than without (46%)

Russo et al.[51] Smartphone 
ophthalmoscope 
versus slit-lamp 
biomicroscopy

None 110 patients; ocular 
hypertension or primary 
open-angle glaucoma

•  Exact agreement between smartphone and 
slit lamp was found in 21 of 29 (72.4%) 
glaucoma eyes

•  Exact agreement was 52 of 78 (66.7%) in 
ocular hypertension

•  No mean differences in vertical cup-to-
disk ratio

Miller et al. [52] Pictor 45-degree 
portable non-
mydriatic fundus 
camera versus 
Topcon mydriatic 
camera

None 422 eyes; glaucoma and 
cup-to-disk ratio

•  No significant difference in cup-to-disk 
ratio measured (estimate = 0.004, 95% CI, 
0.003–0.011, P=0.24)

•  Moderate interobserver reliability for 
diagnosis of glaucoma (Pictor (k=0.54, 
CI, 0.46–0.61); Topcon (k=0.63, CI, 
0.55–0.70))

Bursztyn et al.[53] Pictor Plus 
non-mydriatic 
fundus camera 
versus clinical 
examination

None 103 eyes; optic disc 
edema

•  Sensitivity for detecting optic disc edema: 
71.7–02.2%

• Specificity: 81.6–95.2%
• 0–8.3% photos ungradable

*Denotes published descriptions of technology and involve minimal human imaging. N/A: Not applicable

Table 2: (Continued)
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validated in human patients and across many ocular conditions. 
Notwithstanding, their emergence not only indicates a bright 
future for remote OCT monitoring but also highlights the 
demand for remote monitoring of posterior segment conditions. 

Remote slit-lamp monitoring

Even the mainstay of the ocular examination, the slit 
lamp, is being redesigned for remote visits. Tanabe et al. 
described the development of an internet-based remotely 
operated slit-lamp system that had similar diagnostic ability 
to conventional slit lamp.[59] Nankivil et al. remote slit-
lamp system permitted for real-time slit-lamp video with 
a WiFi latency of 483 ± 64 milliseconds with patients and 
providers within the same continent.[60] ese tools have 
proven success. Kumar et al. established that remote slit-
lamp images of 392 eyes had moderate to good agreement 
with clinical gold standard grading (unweighted κ 0.43–
0.65).[61] Meanwhile, the TeleOftalmo virtual visits program 
successfully implemented remote slit lamps with 70% of 
ophthalmic cases virtually resolved.[62]

TeleOftalmo utilized a telepresence system where remote 
ophthalmologists were able to visualize fine details such 
as eye movements when testing for extraocular motor 
function and pupil size when testing for pupillary reflexes. 
Notwithstanding, there are several notable limitations. 
First, only select cases were seen including a complaint of 
diminished vision, known or suspected refractive errors, 
strabismus, disorders of the eyelids, conjunctival disorders, 
cataract without previous indication for surgery, or need 
for DR screening. Second, as with many of the other studies 
discussed, this study relied on a certain level of technological 
infrastructure capable of supporting real-time image delivery. 
e limitations of this study are illustrative of a wider concern: 
Teleimaging demands robust technological infrastructure and 
since these are nascent technologies, further testing must be 
implemented to make full use of their potential.

EXPLORING THE POTENTIAL FOR EXPANDED 
IMAGING PERSONNEL IN TELEIMAGING

Current teleimaging modalities rely on patients making a 
trip to a medical center where trained technicians can dilate 
the patient and operate commercial equipment to obtain 
an image. To truly broaden access, technology must first 
be improved to function under non-mydriatic conditions 
as this eliminates the complicating factor of dilation. 
Armed with this advancement, these technologies can be 
employed by minimally trained healthcare professionals 
to obtain images. Although more verification will need 
to occur, studies have already established the ability of 
non-expert photographers.[17,49,63,64] e greatest enabler 
of expanded teleimaging may already be in our pockets. 

Smartphone image quality in many cases is non-inferior 
to clinical images and with the appropriate accessory and 
navigable interface, the casual smartphone user could 
conceivably be guided through the imaging process.

POTENTIAL CHALLENGES AND LIMITATIONS 
TO TELEIMAGING

Teleimaging has appeal to all stakeholders for the promise 
of time saved, expense spared, and streamlined visits. As 
with any new technology, teleimaging is not free from 
complications. Teleimaging technology for the purpose 
of screening will generally be conservative in terms of its 
screening recommendations, erring on the side of caution 
to refer to a specialist. As a result, providers, patients, and 
payors may face increase costs associated with false-positive 
referrals. Moreover, false positives can stem from artifacts 
that the teleimaging technology is unable to correct or 
appropriately consider, adding an additional possible source 
of error that may lead to unnecessary visits. Furthermore, 
additional challenges that may merit consideration 
include patient willingness to embrace this technology and 
integration of this technology into provider practices and 
reimbursement for these technologies.

CONCLUSION

While the “store and forward” model is a viable approach 
to remote imaging and has expanded the scope of practice, 
it depends on trained individuals operating machinery in 
brick-and-mortar establishments. Consequently, the “store 
and forward” model remains grounded in an older model 
of practice. With an increased demand for a truly remote 
or home-based visit, a wide array of developing ophthalmic 
teleimaging technologies is poised to meet this demand and 
shift the paradigm.

Declaration of patient consent

Patient’s consent not required as patient identity is not 
disclosed or compromised.

Financial support and sponsorship

Nil.

Conflicts of interest

Dr. Rishi P. Singh is on the Editorial Board of the Journal. 

KET: Zeiss (grant); RPS: Genentech/Roche (personal fees), 
Alcon/Novartis (personal fees), Apellis (grant), Graybug 
(grant), Zeiss (personal fees), Bausch + Lomb (personal fees), 
Ophthea (personal fees), Regeneron (personal fees). GLH, 
JCM: None.



Hom, et al.: Remote imaging for teleophthalmology

American Journal of Ophthalmic Clinical Trials • 2021 • 4(1) | | 9

REFERENCES

1. Rathi S, Tsui E, Mehta N, Zahid S, Schuman JS. e current 
state of teleophthalmology in the United States. Ophthalmology 
2017;124:1729-34.

2. Maa AY, Wojciechowski B, Hunt K, Dismuke C, Janjua  R, 
Lynch MG. Remote eye care screening for rural veterans with 
technology-based eye care services: A quality improvement 
project. Rural Remote Health 2017;17:4045.

3. Brady CJ, Villanti AC, Gupta OP, Graham MG, Sergott  RC. 
Tele-ophthalmology screening for proliferative diabetic 
retinopathy in urban primary care offices: An economic analysis. 
Ophthalmic Surg Lasers Imaging Retina 2014;45:556-61.

4. Chasan JE, Delaune B, Maa AY, Lynch MG. Effect of a 
teleretinal screening program on eye care use and resources. 
JAMA Ophthalmol 2014;132:1045-51.

5. Avendaño-Veloso A, Parada-Hernández F, González- Ramos R, 
Dougnac-Osses C, Carrasco-Sáez JL, Scanlon  PH. 
Teleophthalmology: A strategy for timely diagnosis of sight-
threatening diabetic retinopathy in primary care, Concepción, 
Chile. Int J Ophthalmol 2019;12:1474-8.

6. Owsley C, McGwin G, Lee DJ, Lam BL, Friedman  DS, 
Gower  EW, et al. Diabetes eye screening in urban settings 
serving minority populations: Detection of diabetic 
retinopathy and other ocular findings using telemedicine. 
JAMA Ophthalmol 2015;133:174-81.

7. Ribeiro AG, Rodrigues RA, Guerreiro AM, Regatieri  CV. A 
teleophthalmology system for the diagnosis of ocular urgency 
in remote areas of Brazil. Arq Bras Oftalmol 2014;77:214-8.

8. Zapata MA, Arcos G, Fonollosa A, Abraldes M, Oleñik  A, 
Gutierrez E, et al. Telemedicine for a general screening of retinal 
disease using nonmydriatic fundus cameras in optometry 
centers: ree-year results. Telemed J E Health 2017;23:30-6.

9. Alabi RO, Ansin A, Clover J, Wilkins J, Rao NK, Terry  MA, 
et al. Novel use of telemedicine for corneal tissue evaluation 
in eye banking: Establishing a standardized approach for 
the remote evaluation of donor corneas for transplantation. 
Cornea 2019;38:509-14.

10. Joseph S, Kim R, Ravindran RD, Fletcher AE, Ravilla  TD. 
Effectiveness of teleretinal imaging-based hospital referral 
compared with universal referral in identifying diabetic 
retinopathy: A cluster randomized clinical trial. JAMA 
Ophthalmol 2019;137:786-92.

11. Szabó D, Fiedler O, Somogyi A, Somfai GM, Bíró Z, Ölvedy V, 
et al. Telemedical diabetic retinopathy screening in Hungary: 
A pilot programme. J Telemed Telecare 2015;21:167-73.

12. Ogunyemi O, George S, Patty L, Teklehaimanot S, Baker  R. 
Teleretinal screening for diabetic retinopathy in six Los 
Angeles urban safety-net clinics: Final study results. AMIA 
Annu Symp Proc 2013;2013:1082-8.

13. Chin EK, Ventura BV, See KY, Seibles J, Park SS. Nonmydriatic 
fundus photography for teleophthalmology diabetic 
retinopathy screening in Rural and Urban Clinics. Telemed J E 
Health 2014;20:102-8.

14. Silva PS, Cavallerano JD, Tolls D, Omar A, akore  K, 
Patel B, et al. Potential efficiency benefits of nonmydriatic 
ultrawide field retinal imaging in an ocular telehealth diabetic 
retinopathy program. Diabetes Care 2014;37:50-5.

15. Silva PS, Horton MB, Clary D, Lewis DG, Sun  JK, 
Cavallerano JD, et al. Identification of diabetic retinopathy and 
ungradable image rate with ultrawide field imaging in a national 
teleophthalmology program. Ophthalmology 2016;123:1360-7.

16. Manjunath V, Papastavrou V, Steel DH, Menon G, Taylor  R, 
Peto T, et al. Wide-field imaging and OCT vs clinical evaluation 
of patients referred from diabetic retinopathy screening. Eye 
(Lond) 2015;29:416-23.

17. Skalet AH, Quinn GE, Ying GS, Gordillo L, Dodobara L, 
Cocker K, et al. Telemedicine screening for retinopathy of 
prematurity in developing countries using digital retinal 
images: A feasibility project. J AAPOS 2008;12:252-8.

18. Wang SK, Callaway NF, Wallenstein MB, Henderson  MT, 
Leng T, Moshfeghi DM. SUNDROP: Six years of screening 
for retinopathy of prematurity with telemedicine. Can J 
Ophthalmol 2015;50:101-6.

19. Morrison D, Bothun ED, Ying GS, Daniel E, Baumritter  A, 
Quinn G. Impact of number and quality of retinal images in 
a telemedicine screening program for ROP: Results from the 
E-ROP study. J AAPOS 2016;20:481-5.

20. Biten H, Redd TK, Moleta C, Campbell JP, Ostmo S, Jonas K, 
et al. Diagnostic accuracy of ophthalmoscopy vs telemedicine 
in examinations for retinopathy of prematurity. JAMA 
Ophthalmol 2018;136:498-504.

21. Pasquale LR, Asefzadeh B, Dunphy RW, Fisch BM, Conlin PR. 
Detection of glaucoma-like optic discs in a diabetes teleretinal 
program. Optometry 2007;78:657-63.

22. Kiage D, Kherani IN, Gichuhi S, Damji KF, Nyenze M. e 
muranga teleophthalmology study: Comparison of virtual 
(teleglaucoma) with in-person clinical assessment to diagnose 
glaucoma. Middle East Afr J Ophthalmol 2013;20:150-7.

23. Vitish-Sharma P, Acheson AG, Stead R, Sharp J, Abbas  A, 
Hovan M, et al. Can the SENSIMED Triggerfish® lens data 
be used as an accurate measure of intraocular pressure? Acta 
Ophthalmol 2018;96:e242-6.

24. Takagi D, Sawada A, Yamamoto T. Evaluation of a new rebound 
self-tonometer, icare home: Comparison with goldmann 
applanation tonometer. J Glaucoma 2017;26:613-8.

25. Evaluation of a Telemedicine Model for Exudative Age Related 
Macular Degeneration Follow-Up IOVS ARVO Journals; 2020. 
Available from: https://www.iovs.arvojournals.org/article.
aspx?articleid=2266285. [Last accessed on 2020 Jun 08].

26. Hadziahmetovic M, Nicholas P, Jindal S, Mettu PS, Cousins SW. 
Evaluation of a remote diagnosis imaging model vs dilated 
eye examination in referable macular degeneration. JAMA 
Ophthalmol 2019;137:802-8.

27. Chiong HS, Fang JL, Wilson G. Tele-manufactured affordable 
smartphone anterior segment microscope. Clin Exp Optom 
2016;99:580-2.

28. Myung D, Jais A, He L, Chang RT. Simple, low-cost smartphone 
adapter for rapid, high quality ocular anterior segment 
imaging: A photo diary. J Mob Technol Med 2014;3:2-8.

29. Mohammadpour M, Mohammadpour L, Hassanzad M. 
Smartphone assisted slit lamp free anterior segment imaging: 
A novel technique in teleophthalmology. Cont Lens Anterior 
Eye 2016;39:80-1.

30. Sanguansak T, Morley K, Morley M, Kusakul S, Lee R, Shieh E, 
et al. Comparing smartphone camera adapters in imaging post-



Hom, et al.: Remote imaging for teleophthalmology

American Journal of Ophthalmic Clinical Trials • 2021 • 4(1) | | 10

operative cataract patients. J Telemed Telecare 2017;23:36-43.
31. Otero C, García-Porta N, Tabernero J, Pardhan S. Comparison 

of different smartphone cameras to evaluate conjunctival 
hyperaemia in normal subjects. Sci Rep 2019;9:1339.

32. Ludwig CA, Murthy SI, Pappuru RR, Jais A, Myung  DJ, 
Chang  RT. A novel smartphone ophthalmic imaging 
adapter: User feasibility studies in Hyderabad, India. Indian J 
Ophthalmol 2016;64:191-200.

33. Chen DZ, Tan CW. Smartphone imaging in ophthalmology: 
A comparison with traditional methods on the reproducibility 
and usability for anterior segment imaging. Ann Acad Med 
Singap 2016;45:6-11.

34. Woodward MA, Bavinger JC, Amin S, Blachley TS, Musch DC, 
Lee PP, et al. Telemedicine for ophthalmic consultation 
services: Use of a portable device and layering information for 
graders. J Telemed Telecare 2016;23:365-70.

35. Oliphant H, Kennedy A, Comyn O, Spalton DJ, Nanavaty MA. 
Commercial slit lamp anterior segment photography versus 
digital compact camera mounted on a standard slit lamp with 
an adapter. Curr Eye Res 2018;43:1290-4.

36. Woodward MA, Musch DC, Hood CT, Greene JB, Niziol  LM, 
Jeganathan VS, et al. Teleophthalmic approach for detection of 
corneal diseases: Accuracy and reliability. Cornea 2017;36:1159-65.

37. Peek: Portable Eye Examination Kit. e Smartphone 
Ophthalmoscope, IOVS, ARVO Journals; 2020. Available from: 
https://www.iovs.arvojournals.org/article.aspx?articleid=2266871. 
[Last accessed on 2020 Jun 08].

38. Myung D, Jais A, He L, Blumenkranz MS, Chang RT. 3D 
printed smartphone indirect lens adapter for rapid, high 
quality retinal imaging. J Mob Technol Med 2014;3:9-15.

39. Muiesan ML, Salvetti M, Paini A, Riviera M, Pintossi  C, 
Bertacchini F, et al. Ocular fundus photography with a smartphone 
device in acute hypertension. J Hypertens 2017;35:1660-5.

40. Day LM, Wang SX, Huang CJ. Nonmydriatic fundoscopic 
imaging using the pan optic iexaminer system in the pediatric 
emergency department. Acad Emerg Med 2017;24:587-94.

41. Kim TN, Myers F, Reber C, Loury PJ, Loumou P, Webster D, et al. 
A smartphone-based tool for rapid, portable, and automated 
wide-field retinal imaging. Transl Vis Sci Technol 2018;7:21.

42. Russo A, Morescalchi F, Costagliola C, Delcassi L, Semeraro F. 
Comparison of smartphone ophthalmoscopy with slit-
lamp biomicroscopy for grading diabetic retinopathy. Am J 
Ophthalmol 2015;159:360-4.e1.

43. Maamari RN, Keenan JD, Fletcher DA, Margolis TP. A mobile 
phone-based retinal camera for portable wide field imaging. Br 
J Ophthalmol 2014;98:438-41.

44. Patel TP, Aaberg MT, Paulus YM, Lieu P, Dedania VS, Qian CX, 
et al. Smartphone-based fundus photography for screening of 
plus-disease retinopathy of prematurity. Graefes Arch Clin Exp 
Ophthalmol 2019;257:2579-85.

45. Patel TP, Kim TN, Yu G, Dedania VS, Lieu P, Qian CX, et al. 
Smartphone-based, rapid, wide-field fundus photography for 
diagnosis of pediatric retinal diseases. Transl Vis Sci Technol 
2019;8:29.

46. Lekha T, Ramesh S, Sharma A, Abinaya G. MII RetCam 
assisted smartphone based fundus imaging for retinopathy of 
prematurity. Indian J Ophthalmol 2019;67:834-9.

47. Goyal A, Gopalakrishnan M, Anantharaman G, 

Chandrashekharan D, achil T, Sharma A. Smartphone 
guided wide-field imaging for retinopathy of prematurity in 
neonatal intensive care unit-a Smart ROP (SROP) initiative. 
Indian J Ophthalmol 2019;67:840-5.

48. Bilong Y, Domngang CN, Gimma GN, Katte JC, Afetane TE, 
Kagmeni G, et al. Smartphone-assisted glaucoma screening in 
patients With type 2 diabetes: A pilot study. Med Hypothesis 
Discov Innov Ophthalmol 2020;9:61-5.

49. Bastawrous A, Giardini ME, Bolster NM, Peto T, Shah N, 
Livingstone IA, et al. Clinical validation of a smartphone-based 
adapter for optic disc imaging in Kenya. JAMA Ophthalmol 
2016;134:151-8.

50. Wintergerst MW, Brinkmann CK, Holz FG, Finger RP. 
Undilated versus dilated monoscopic smartphone-based fundus 
photography for optic nerve head evaluation. Sci Rep 2018;8:1-7.

51. Russo A, Mapham W, Turano R, Costagliola C, Morescalchi F, 
Scaroni N, et al. Comparison of smartphone ophthalmoscopy 
with slit-lamp biomicroscopy for grading vertical cup-to-disc 
ratio. J Glaucoma 2016;25:e777-81.

52. Miller SE, apa S, Robin AL, Niziol LM, Ramulu PY, 
Woodward MA, et al. Glaucoma screening in Nepal: Cup-to-disc 
estimate with standard mydriatic fundus camera compared to 
portable nonmydriatic camera. Am J Ophthalmol 2017;182:99-106.

53. Bursztyn L, Woodward MA, Cornblath WT, Grabe HM, 
Trobe JD, Niziol L, et al. Accuracy and reliability of a handheld, 
nonmydriatic fundus camera for the remote detection of optic 
disc edema. Telemed J E Health 2018;24:344-50.

54. Mehta R, Nankivil D, Zielinski DJ, Waterman G, Keller  B, 
Limkakeng AT, et al. Wireless, web-based interactive control of 
optical coherence tomography with mobile devices. Transl Vis 
Sci Technol 2017;6:5.

55. Lu CD, Kraus MF, Potsaid B, Liu JJ, Choi W, Jayaraman V, et al. 
Handheld ultrahigh speed swept source optical coherence 
tomography instrument using a MEMS scanning mirror. 
Biomed Opt Express 2014;5:293-311.

56. Shelton RL, Jung W, Sayegh SI, Mccormick DT, Kim J, Boppart SA. 
Optical coherence tomography for advanced screening in the 
primary care office. J Biophotonics 2014;7:525-33.

57. Nankivil D, Waterman G, LaRocca F, Keller B, Kuo AN, 
Izatt  JA. Handheld, rapidly switchable, anterior/posterior 
segment swept source optical coherence tomography probe. 
Biomed Opt Express 2015;6:4516-28.

58. Kim S, Crose M, Eldridge WJ, Cox B, Brown WJ, Wax  A. 
Design and implementation of a low-cost, portable OCT 
system. Biomed Opt Express 2018;9:1232-43.

59. Tanabe N, Go K, Sakurada Y, Imasawa M, Mabuchi F, Chiba T, 
et al. A remote operating slit lamp microscope system. 
Development and its utility in ophthalmologic examinations. 
Methods Inf Med 2011;50:427-34.

60. Nankivil D, Gonzalez A, Rowaan C, Lee W, Aguilar  MC, 
Parel JM. Robotic remote controlled stereo slit lamp. Transl Vis 
Sci Technol 2018;7:1.

61. Kumar S, Yogesan K, Constable IJ. Telemedical diagnosis of 
anterior segment eye diseases: Validation of digital slit-lamp 
still images. Eye (Lond) 2009;23:652-60.

62. de Araujo AL, Moreira TC, Rados DR, Gross PB, Molina-
Bastos CG, Katz N, et al. e use of telemedicine to support 
Brazilian primary care physicians in managing eye conditions: 



Hom, et al.: Remote imaging for teleophthalmology

American Journal of Ophthalmic Clinical Trials • 2021 • 4(1) | | 11

How to cite this article: Hom GL, Talcott KE, Muste JC, Singh RP. 
Remote Imaging Opportunities, Innovations, and Considerations for 
Teleophthalmology. Am J Ophthalmic ClinTrials 2021;4:1.

e TeleOftalmo project. PLoS One 2020;15:e0231034.
63. Prakalapakorn SG, Freedman SF, Hutchinson AK, Wallace DK, 

Stinnett SS, Riggins JW, et al. Evaluating a portable, noncontact 
fundus camera for retinopathy of prematurity screening by 
nonophthalmologist health care workers. Ophthalmol Retina 
2018;2:864-71.

64. de Araujo AL, Rados DR, Szortyka AD, Falavigna M, 
Moreira TC, Hauser L, et al. Ophthalmic image acquired by 

ophthalmologists and by allied health personnel as part of a 
telemedicine strategy: A comparative study of image quality. 
Eye (Lond) 2020.


