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Abstract

e The rapid development and increasing popularity of
smartphones have led to their gradual integration as
essential aids in medical examinations and teaching tools.
The smartphone ophthalmoscope (SO) is one of them.
Specifically, SO is comprised of a smartphone and an
attachment. The smartphone serves as a versatile device
for recording and transmitting information, while the
attachment functions as a tool for phone fixation as well
as focus adjustment and providing light resources, albeit
with slight variations across different devices. Presently,
the convenience, universality, and transferability of SO have
greatly expanded its potential in fields of clinical practice
and ocular teaching. The review provides a concise overview
of the contemporary SO devices, elucidates the diseases
amenable to assessment via SO, and outlines the various
applications of SO in clinical practice and teaching.
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INTRODUCTION

n recent years, smartphones have demonstrated remarkable
I advancements in photography, enabling effortless editing,
labeling, and uploading of images into medical record systems.

Moreover, smartphones facilitate the sharing of images with
multidisciplinary teams and higher-level medical institutions.
Additionally, the unparalleled portability and popularity of
smartphones have significantly impacted various specialty

121" patient

medical practices, including early diagnosis
education”, and information collection and sharing'*. The
prevalence of smartphones among doctors and medical
students is significantly high", thereby facilitating the
advancement of medical education and consultation. One
notable application of smartphones in medical practice is
the smartphone ophthalmoscope (SO)', which involves
the assembly of smartphones, adapters, and lenses. This
technology allows for dynamic fundus observation through
video capture”’ or direct fundus imaging resembling the
portable fundus camera®. SO can be used with or without
pupil dilation”. Currently, SO is predominantly employed in
clinical practice, yet it also serves a purpose in various other

19 and teaching!"".

contexts, including ocular consultation
This review primarily consolidates the existing devices of SO,
while also examining the significance of SO in the realms of
ocular application and ophthalmoscopy teaching.

DEVICE OF SMARTPHONE OPHTHALMOSCOPE
Since its introduction of SO in 2010", numerous commercial
devices of SO have been developed. These commercial SOs
are primarily utilized in clinical settings. Additionally, several
custom-made SOs have been employed primarily to investigate
teaching methodologies. Certain studies have exclusively
utilized smartphones equipped with lenses (primarily from Volk
Optical) with varying diopter values, following the principle
of indirect ophthalmoscope. Commercial and team-made
SOs offer adapters and brackets that facilitate the adjustment
of lens-to-smartphone distance and axial illumination. This
enhancement alleviates the challenges faced by doctors. When
selecting an SO, factors such as device cost, field of view, and
safety approval are crucial considerations. Table 1 provides
a concise overview of these aspects for currently available
commercial SOs!">". The primary distinctions among various
SO devices pertain to how the fixed smartphone is affixed to
the lens, the accompanying software for data storage, and the
diverse lens options available.
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Table 1 Commercial SO devices

) Supported phone Clinical Teaching
Device (company) FOV Relevant approvals models applications applications
oDocs Nun (oDocs Eye Care, New 30° at pupil size 4 mm A CE sign registered with  Androids and Yes No
Zealand)® TGA and Medsafe iPhones
oDocs Nun IR (oDocs Eye Care, New 45°-55° without pupil dilation A CE sign registered with Androids No No
Zealand)** TGA and Medsafe
MIl Ret Cam (MIIRetCam, India )°*? 46°, 53°, and 90° after pupil dilation Not mentioned iPhone 5s Yes No

given by 20 D, 28 D, and 40 D lenses
iNview” (VOLK Optical, United States of 50° at pupil size 5 mm at least An FDA approval iPhone 6 and 6s, Yes No
America)’ iPod Touch
Cc3 Ftér[lguscam (Colpen Products, 50°-65° with pupil dilation No FDA approval iPhone 6s Yes No
India)
iC2 funduscolpe (HEINE Optotechnik, 34° A CE sign iPhone 6 and 7 No Yes
Germany)® %!
D-EYE (D-EYE, Italy)°® 20° with pupil dilation and 5°-8° An FDA approval iPhones Yes Yes

without pupil dilation

PanOptin™ Ophthalmoscope+iExaminer 25° without pupil dilation Not mentioned Androids and Yes Yes
(Welch Allyn, USA)® iPhones

Information on products for which complete information is not available directly from the official website for various reasons is derived from

previous researches, with references labeled in the upper corner label after the product name. *Details supplied by distributors, °Details

supplied by previous study, “New product introduced by the developer, no research applications detected at this time. SO: Smartphone

ophthalmoscope; FOV: Field of view; CE: Conformité Européen; TGA: Therapeutic Goods Administration; FDA: Food and Drug Administration.

The utilization of the light-emitting diode (LED) flashlight
of smartphones as the light source for these SO devices
raises concerns regarding its safety!'””. The spectral profile,
weighted irradiance, and thermal exposure rates of LED
flashlight of five versions of Android-operated smartphones
and four versions of iPhone for indirect ophthalmoscope are

P11 However, the presence of a significant

tested to be safe
amount of blue light at short wavelengths emitted by LED
flashlights used in SO has been found to have phototoxic
effects on the retina””, particularly when inspections are
prolonged and repeated. To summarize, a short period of
ophthalmoscopy via smartphone is permissible.

The advancement of SO devices is primarily directed towards
the virtual reality and artificial intelligence (Al). Virtual reality
aims to provide an authentic representation of the fundus,
emphasizing its structural details, whereas Al focuses on image
analysis for diagnostic assistance. The integration of a virtual
reality headset with a smartphone enables the visualization of
three-dimensional ocular fundoscopy images”™. Additionally,
a computer-aided diagnosis system has been developed to
effectively execute algorithms for fundus localization and
optic head nerve detection, yielding satisfactory results in the
D-EYE and iExaminer databases'”.

SMARTPHONE OPHTHALMOSCOPE IN CLINICAL
APPLICATIONS

With the progressive investigation of SO in various fundus
diseases, diverse application scenarios, and varied user groups,
it appears that SO has the potential to optimize the service
range of a robust ophthalmic center. This includes extending
the scope of services beyond ocular diagnosis to encompass
in-hospital consultation, community outreach, and even
telemedicine in remote regions.
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The emergence of SO has facilitated the acquisition of fundus
photographs by non-ophthalmologists, enabling them to
independently assess the advancement and regression of
fundus diseases without constant reliance on ophthalmologists
for consultation. Additionally, the availability of stored
fundus photos captured at various time points by SO can
furnish a more comprehensive medical history for ophthalmic
consultations, when necessary. The movable SO can also be
employed for patients who are unable to alter their posture and
collaborate with medical professionals, thereby rendering it
more appropriate for the emergency department, intensive care
unit, and similar settings.

The utilization of the SO is marginally less specialized
compared to the conventional direct ophthalmoscope and
indirect ophthalmoscope, thereby facilitating primary care
practitioners in swiftly acquiring proficiency and generating
high-quality fundus photographs following a brief learning
period"*%, Both patients and local SO users were positive of

7% In certain regions, local

SO in under-resourced settings'
ophthalmic technicians may lack the expertise of professional
ophthalmologists in discerning retina/optic nerve pathology'".
Consequently, primary care providers or ophthalmologists
situated in remote areas can employ the SO to capture
fundus images and transmit them wirelessly to a secure web
platform for teleconsultation purposes™ . Furthermore,
the photographs captured by SO can be uploaded to the Al
database for the purpose of comparison, thereby facilitating a
broader spectrum of assistance"”".

Glaucoma Glaucoma is a group of diseases characterized by
progressive degeneration of the optic nerve. Accurate diagnosis
often necessitates the assessment of the optic nerve head

through fundoscopy and the determination of the vertical cup-
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to-disc ratio (vCDR)™. The diagnostic accuracy of normal
vCDR by SO is deemed satisfactory, yet the consistency of
vCDR diagnosis when compared to slit lamp examination
remains a subject of controversy”>%. This discrepancy may
be attributed to the absence of pupil dilation during the use
of SO in some researches, which leads to imprecise fundus
images and vCDR measurements”””. Furthermore, the vCDR
derived from dilated images of SO exhibited a high level
of concordance with the vCDR determined through optical
coherence tomography”.

The present utilization of SO has the potential to expand the
diagnostic capabilities for glaucoma beyond the confines of
the ophthalmology office. SO has demonstrated its ability
to accurately diagnose moderate to severe optic nerve
head elevation in emergency department, enabling prompt
prioritization of these patients to prevent significant ocular
damage"™. Additionally, successful investigations have been
conducted utilizing SO for glaucoma monitoring in resource-

6371 1t has been demonstrated that nonclinical

limited regions'
photographers can effectively acquire optic nerve images for
remote grading purposes”™”. However, the recognition of SO
fundus images in glaucoma may necessitate further training or

[40

the accrual of experience!*”. The development of an automated

analysis algorithm utilizing D-EYE images could potentially
offer a novel approach to address this issue!*"’.

Diabetic Retinopathy Diabetic retinopathy (DR) is a
prevalent cause of blindness and visual impairment in the
adult population globally, and its prevalence and impact
are projected to rise significantly in the future!*. The
implementation of graded diagnosis and treatment approaches
for DR has proven effective in preventing unfavorable visual
outcomes. In this regard, the use of SO has demonstrated
superior performance in obtaining gradable fundus images
when compared to conventional tabletop fundus cameras and
slit lamp biomicroscopes'™™™*". Consequently, primary care
practitioners can consider utilizing SO as a valuable tool for
acquiring DR screening images. Moreover, SO had fairly high
accuracy for the detection of DR with or without dilation™**,
Furthermore, it is noteworthy that the sensitivity of SO
demonstrates a higher efficacy in identifying stages of DR that
require a specific therapeutic intervention™'. Additionally, the
diagnostic accuracy for proliferative DR is observed to be the
most superior among all stages'”. This could be attributed
to the fact that the proliferative DR phase exhibits more
prominent alterations in the fundus, making them easier to
discern from fundus images. In addition, Al programs based
on SO images can prove beneficial in the identification and
grading of DR images'*'™*,

Epidemiological projections suggest a transition in the disease
burden of DR from high-income nations to low- and middle-

income regions'™. However, due to limited resources for
nationwide screening initiatives, the screening of DR has

U8 To address this issue, the use of SO has

been inadequate
been implemented in certain regions for early detection of
fundus lesions in remote environments. The findings from
the application of SO have generally aligned with clinical
diagnoses, supporting its efficacy in early screening for DR**".

Pediatric Retinal Diseases The process of fundus imaging
in children presents distinct differences compared to adults,
primarily due to the relatively uncooperative nature of children.
To facilitate the examination and reduce the time required to
reassure the child, ophthalmologists can effectively utilize the
versatile appearance of the SO to attract the child’s attention”".
The use of SO enables the identification of the normal optic

52 . . . .
521 retinoblastoma, Coats’ disease, commotio retinae,

nerve
optic nerve hypoplasia, and retinopathy of prematurity™ in
pediatric patients, with a notable level of consistency observed
between SO image-based diagnoses and clinical evaluations”".
Furthermore, the video capability of the SO proves to be
advantageous in such cases when examining pediatric patients
with nystagmus or poor compliance™. The portability
and cost-effectiveness of SO also facilitate the widespread
implementation of bedside diagnosis for fundus diseases in
infants. Ophthalmologists have successfully employed SO in
neonatal intensive care units and regions with limited medical
resources for documenting retinopathy of prematurity at the
bedside'** and estimating the gestational age of preterm
infants”®. However, in cases where additional identification
of the specific zone and stage of retinopathy of prematurity
is necessary, it may be imperative to employ pupil dilation to
achieve a broader field of view and employ the rotation of the
eye with a scleral indenter'"”.

Other Ocular Diseases Several systemic diseases, including
neoplasms, infectious diseases, neurological disorders, and
circulatory disorders, have the potential to induce alterations
in the fundus. The fundus image obtained through SO in
retinoblastoma patients exhibited clear macular details,
along with a distinct superior tumor mass and a tumor mass
located in the far peripheral nasal region””. Additionally, SO
has demonstrated its capability to diagnose abnormal ocular
fundus manifestations associated with acute hypertension in
emergency department settings"".

The initial exploration of screening for human immunodeficiency

[60] 16162} agsociated

virus (HIV)®™, malaria'” and toxoplasmosis
fundus disease through direct observation of fundus
lesions using SO has been undertaken in developing
countries. Furthermore, SO serves as a valuable tool in
the multidisciplinary diagnosis and treatment of newborns
with congenital toxoplasmosis, facilitating the acquisition,

[61]

storage, and sharing of consultation data™"'. Moreover, in the
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context of controlling nosocomial infections, the utilization
of SO in managing fundus disease in patients with infectious
diseases can effectively mitigate the risk of infection among
additional healthcare workers. Particularly during the ongoing
COVID-19 pandemic, the practice of capturing fundus images
by a nurse or junior residents stationed in COVID-19 wards,
and subsequently transmitting them to an ophthalmologist for
diagnosis via SO, has demonstrated significant utility and a
reduction in unnecessary exposure'**.

Neurologists conducted fundus screening using SO, which can
offer objective and recordable evidence of central vestibular
pathology'®”. However, the glare artifact and steep learning
curves associated with SO limit its effectiveness'®, although
these issues could potentially be addressed through enhanced
training and improved equipment. Furthermore, it is crucial
to acknowledge the rapid indicative function of the pupil in
monitoring changes in the neurology of critically ill patients,
which may be compromised if the pupil becomes dilated"*.
While pupil expansion is not obligatory when employing
SO, it is commonly advised by the majority of equipment
manufacturers. Consequently, the using of portable non-
mydriatic fundus photography screening may be more suitable
for neurology, which demonstrates greater accuracy compared
to SO in the context of neurology inpatients'®”.
SMARTPHONE OPHTHALMOSCOPE IN OCULAR
TEACHING

As previously stated, proficiency in basic ophthalmoscopic
examination techniques is essential for physicians across all
subspecialties'®. The conventional ophthalmoscope presents
challenges for medical students to master, potentially related
to the lack of confidence and regular practice'™. To tackle
these concerns, various teaching methods have been innovated
to enhance ophthalmoscopic instruction, including SO,
fundus photograph matching exercise’”, the Eye Retinopathy
Trainer”"", Eyesi® Binocular Indirect Ophthalmoscope
Simulator”””, and so on. Among these innovative teaching
methods, it appears that SO holds an indispensable position.
First, incorporating familiar teaching aids, such as smartphones,
may facilitate a more efficient onboarding process and foster
greater acceptance among students. Comparative research
conducted by SO and direct ophthalmoscope!'"'*"*77,
indicates that SO is generally regarded as more user-friendly
and enables a more precise identification of structural
elements, thereby bolstering confidence in ophthalmoscopy.
Furthermore, medical students exhibit a preference for
employing SO in comprehending fundus structure and
evaluating the patient’s fundus condition”. SO which
deviates from conventional teaching aids has the potential to
bring freshness to students and thus stimulate their interest in
ophthalmoscopy. Second, SO enables students to share their

954

vision with professors thereby facilitating the acquisition of
more precise guidance””. Additionally, the recorded nature
of SO allows students to revisit the material repeatedly,
reinforcing their learning through practice exercises after class,
while also enabling professors to create instructional videos
for broader dissemination™”. However, it is worth noting
that certain undergraduate optometry students, who possess
prior experience with direct ophthalmoscope, may exhibit a
preference for its usage due to their limited exposure to SO,
a preconception that can be comprehended. In summary, SO
is believed to be beneficial as an educational tool for students
lacking fundamental knowledge of ophthalmoscopy to fully
utilize its universality, enjoyment and shareability. However,
the key point to note is that using the combination of a lens and
a smartphone presents greater challenges compared to other
commercial SOs, and students may encounter difficulties in
aligning the imaging axes manually"”.

The question of whether to include teaching of SO after
pupil dilation is a matter of significance. The practice of
observing patients after dilation aligns more closely with
clinical protocols, and the manufacturer of D-EYE advises
its use after dilation. However, the administration of dilation

"7 may potentially extend instructional time,

to students'
necessitate additional medication to reduce pupil dilation, or
compromise visual clarity to meet instructional deadlines.
Alternatively, the involvement of volunteers who have
undergone dilation, utilization of eye models, or examination
of animal fundus could potentially offer viable solutions to this

U48153 Nevertheless, if the purpose of teaching is only

issue
to become familiar with the operation of ophthalmoscope and
the anatomy of the fundus, conducting precise screenings, the
author contends that conducting undilated ophthalmoscopy is
deemed acceptable.

If the purpose of using SO is solely to acquire fundus images
rather than to observe fundus structure or diagnose fundus
diseases, the scope of teaching can also be expanded to include
non-ophthalmic personnel and the families of patients™.
Previous research has demonstrated that individuals without
medical expertise, such as patients’ families, can successfully
capture adequate fundus images after trains for subsequent
clinical examination'"**"*). Furthermore, the quality of fundus
images obtained by trained assistants was not significantly
different from those captured by ophthalmologists but
assistants took longer to examine®”. This way enables early
detection and timely intervention of fundus diseases, as
well as the preservation of follow-up data and facilitation of
telemedicine.

CONCLUSION

In conclusion, the use of SO has the potential to contribute

significantly to the field of portable ocular diagnosis and in-
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hospital consultations. Consequently, SO will likely improve
access to specialist ophthalmic care in underprivileged
communities worldwide. Furthermore, the ability to store
photos acquired through SO in the cloud allows for long-term
analysis of examination results, facilitating patient follow-up
and referral. Additionally, it is worth noting that SO has been
positively received and effectively utilized as an educational
resource for both educators and students. In forthcoming times,
substantial efforts will be required to develop a retina-friendly
LED light source, attachments that facilitate peripheral retina
visibility without necessitating pupil dilation, technology that
guarantees the delivery of information with high quality and
safety and promotes greater acceptance among physicians,
patients, and medical students. As smartphones continue to
advance in capabilities and become increasingly prevalent, it is
anticipated that they will offer enhanced functionalities in the
field of ophthalmology.
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