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Abstract
The global burden of diabetes has resulted in an increase in the prevalence of diabetic retinopathy (DR), a microvascular
complication of diabetes. Lifelong repetitive screening for DR is essential for early detection and timely management to
prevent visual impairment due to the silent sight-threatening disorder. Colour fundus photography (CFP) is helpful for
documentation of the retinopathy as well as for counselling the patient. CFP has established roles in DR screening, detection,
progression and monitoring of treatment response. DR screening programmes use validated mydriatic or non-mydriatic
fundus cameras for retinal imaging and trained image graders identify referable DR. Smartphone-based fundus cameras and
handheld fundus cameras that are cost-effective, portable and easy to handle in remote places are gaining popularity in recent
years. The images captured with these low-cost devices can be immediately sent to trained ophthalmologists for grading of
DR. Recent increase in numbers of telemedicine programmes based on imaging with digital fundus cameras and remote
interpretation has facilitated larger population coverage of DR screening and timely referral of those with sight-threatening
DR to ophthalmologists. Good-quality retinal imaging and accurate diagnosis are essential to reduce inappropriate referrals.
Advances in digital imaging such as ultra-wide field imaging and multi-modal imaging have opened new avenues for
assessing DR. Fundus cameras with integrated artificial intelligence (AI)-based automated algorithms can also provide
instant DR diagnosis and reduce the burden of healthcare systems. We review the different types of fundus cameras currently
used in DR screening and management around the world.

Introduction

Retinal imaging plays a significant role in the screening and
management of diabetic retinopathy (DR), the most com-
mon microvascular ocular complication of diabetes. It is
estimated that about 463 million people have diabetes
worldwide, and if the same trend continues, this number is
expected to increase to 578 million by 2030 and to an
alarming 700 million people with diabetes by the year 2045
[1]. The rapid increase in prevalence of diabetes is expected
to be higher in the low-to-middle income countries (LMIC).
As previous global estimates have shown that one-third of
the people with diabetes have some form of DR, this would

translate to ~193 million people with some stage of DR by
the year 2030 [2].

As DR is an asymptomatic condition that can progress to
irreversible vision loss without timely treatment, it is a
candidate condition that meets all the criteria for a universal
screening programme [3]. It is one of the most common
causes of avoidable blindness with diabetic macular oedema
(DMO) and proliferative diabetic retinopathy (PDR) being
the two major sight-threatening forms of DR (STDR) [3, 4].
Traditionally, ophthalmologists have screened for DR by
performing direct ophthalmoscopy, slit lamp bio-
microscopy and indirect ophthalmoscopy for entire retinal
examination after pupil dilatation (mydriasis). As the clin-
ical course of DR has a long asymptomatic phase, indivi-
duals with diabetes may not visit the ophthalmologist
regularly for DR screening unless they are aware of visual
loss due to STDR. A universal screening programme for
DR aims early identification of people with DR who are at
high risk and ensure timely referral to the ophthalmologist/
retina specialist to initiate treatment before the development
of advance damage [3, 5].
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Lifelong evaluation for DR by repetitive retinal screening
of people with diabetes is a valuable and essential strategy.
Various imaging modalities, especially, colour fundus
photography (CFP) has established important role in DR
screening for early detection, assessment of progression and
monitoring of treatment response. DR screening pro-
grammes employ different types of validated fundus cam-
eras for retinal imaging and trained image graders/trained
optometrists/ophthalmologists for interpretation of referable
DR. Manual grading of fundus photographs for large
numbers of people with diabetes by trained graders incur
substantial costs to the healthcare systems. The advent of
artificial intelligence (AI) and deep learning techniques has
raised the possibility of automated DR detection-aided
screening of DR [6].

This paper will review the different types of fundus
cameras that are currently being used in DR screening and
management around the world.

CFP in DR screening and management

Stereoscopic CFP of seven standard fields (30°) of the retina
is the gold standard for detection of DR lesions as defined
by the Early Treatment Diabetic Retinopathy Study
(ETDRS) [7]. However, as this protocol is challenging to
deliver in clinical practice, two or three field retinal images
that capture 30°–50° of the posterior retina that includes the
macula and the optic disc [8, 9] are widely used to inform
the DR status in ophthalmology clinics. Stereoscopic fundus
imaging provides a pseudo three-dimensional image from
an ordinary two-dimensional CFP by shifting the fundus
camera a few millimetres between sequential photographs
[9]. Some DR screening programmes use a single-field CFP
but two or three field CFP provides better sensitivity and
specificity in comparison [8, 10, 11]. The digital

photographs may be interpreted by trained readers or for-
warded to a reading centre for interpretation and
grading of DR.

However, increasing prevalence of diabetes could soon
globally outpace the supply of optometrists and ophthal-
mologists. In many LMIC, people have poor or even no
access to ophthalmology care. In these settings, remote
interpretation of retinal imaging may be employed.
Screening of people with diabetes for early detection of DR
should be feasible at their regular point of care for their
diabetes such as at the diabetes clinics or primary care
clinics. To achieve this, both mydriatic and non-mydriatic
(NM) digital fundus photography are widely used in LMIC
as practical alternatives for screening for DR [8, 10–12].

The main challenges for LMIC to replicate established
DR screening programmes in high-income countries are the
high cost of recommended fundus cameras, limited infra-
structure, lack of trained personnel and easy accessibility to
DR treatment. Remote digital retinal imaging via tele-
medicine provides a mechanism to extend eye-care services
to underserved populations [13]. Technological advances in
the development of fundus cameras have significantly
improved retinal photography by trained non-qualified
technicians, where local people in rural areas in LMIC are
able to take good-quality retinal images with basic training.
Figure 1 shows retinal imaging inside a mobile telemedicine
van in Chunampet village, South India, performed by a
local trained technician. Improvements in internet con-
nectivity/telecommunication and smartphones are important
breakthroughs that have made retinal imaging and DR
screening in remote areas realisable through telemedicine
programmes [13–15]. In 2004, the American Telemedicine
Association provided guidelines and recommendations for
clinical, technical and operational standards for DR
screening that help address the barriers for DR screening
[16]. In addition to DR, screening for ocular conditions such

Fig. 1 Rural Teleophthalmology.
A Retinal imaging inside a
mobile telemedicine van in
Chunampet village, south India,
performed by a local trained
technician. B Retinal image with
Topcon TRC NW200 non-
mydriatic desktop fundus camera.
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as cataract, hypertensive retinopathy, age-related macular
degeneration (AMD) and glaucoma is also possible by
retinal screening [17]. A full evaluation is required when a
screening retinal photograph is ungradable.

Advantages of digital retinal imaging in DR

Digital imaging enables easy and immediate review of
images, image magnification options with the ability to
enhance and manipulate images. It provides scope for novel
image analysis, and with internet connectivity, models of
remote, system-assisted or automated AI-assisted diagnosis
of DR is feasible. CFP is an effective tool to demonstrate
clinical signs of DR and to show and educate the patient
about their DR status. It is also useful for monitoring for
improvement or progression of DR over time.

Fundus cameras used in DR screening can be conven-
tional desktop cameras (mydriatic and NM), handheld
cameras, smartphone-based fundus cameras and ultra-wide
field (UWF) fundus cameras.

Mydriatic desktop fundus cameras

The classic conventional fundus cameras use ×2.5 magni-
fication with a 30° field of view (FOV) (Zeiss FF, Carl Zeiss
Meditec, Dublin, CA, USA). By taking stereo fundus
images of various fields, it is possible to cover a wider
region of the retina, including the optic disc, macula, vas-
cular arcades and the region temporal to the macula, and can
cover up to 75° FOV. This formed the basis of the ETDRS
grading system, where a 13-level DR severity scale was
developed [7]. With multiple stereo images, the ophthal-
mologist or the certified grader has to evaluate each field,
and then synthesise to provide an overall DR severity grade
for each eye. This limitation can be overcome by combining
the images into a montage. However, a montage fundus
image may have artefacts or shadowing at the edges. The
sensitivity and specificity for the detection of DR by
ETDRS fundus photographic grading is superior to direct
and indirect ophthalmoscopic examination by ophthalmol-
ogists. However, it requires an expensive desktop mydriatic
fundus camera, trained certified retinal photographers and
graders, and is labour intensive with a longer
turnaround time.

Two-field mydriatic digital fundus photography performs
well when compared to ophthalmoscopy and seven-field
stereo fundus photography [10]. Mydriatic fundus imaging
gives a sensitivity of >80% in the detection of any grade of
DR but caution has to be applied in the absence of oph-
thalmic professionals as there have been instances of
mydriasis-induced angle closure glaucoma, and hence a
sense of fear among physicians to use dilatation eye drops

for mydriatic CFP. However, this is a rare complication and
patients need to be advised to report to an ophthalmologist
immediately if any symptoms occur. This should not deter
the use of mydriatic fundus photography for DR screening.

NM desktop fundus cameras

NM fundus cameras (NMFC) have been used for evaluating
DR for the last 25 years [18, 19]. In the USA and Europe,
regular screening of DR using NMFC is being widely
recommended [20, 21]. However, in India, studies have
shown that large number of poor-quality ungradable pho-
tographs and low sensitivity limit the use of NMFC as a
perfect screening system, particularly in Indian eyes with
dark iris [22].

Two-field NM fundus photography is a useful tool in DR
screening in the primary healthcare settings or for mass
screening in camps. In NMFC, the reflective property of the
retina is used. Majority of the NMFC have useful features
including 45° FOV, autofocus, auto-alignment, user inter-
phase software, task automation, storage of images, printing
images and export of images to a database and sharing
retinal images through a network or internet connection.
There are many NM desktop fundus cameras available in
the market. The comparison of a few NMFC is shown in
Table 1. For NM imaging, the room has to be minimally
illuminated to aid physiological mydriasis. Infrared (IR)
light is used in NMFC as it does not stimulate the pupillary
contraction and also helps in alignment and focussing. Flash
is used for image capture and low flash setting helps to
minimise the persistent pupillary contraction.

NMFC CFP is useful in DR screening in the primary
healthcare setting due to their ease of use, being patient
friendly as the wait for dilatation is not required, better
patient comfort as no bright flash of light is used, useful in
people with shallow anterior chamber or narrow angles for
whom dilatation is contraindicated [20]. The cameras can be
operated by trained technicians and does not require skilled
optometrists.

Several studies have examined the sensitivity and spe-
cificity of NM digital imaging [8, 19–24]. Retinal photo-
graphy with NMFC has been found to be more sensitive
than direct ophthalmoscopy in the detection of DR [19].
Other studies have shown NM CFP to be at least as efficient
as direct ophthalmoscopy at screening for DR [23] and
single-field 45° NM monochromatic images highly corre-
lated (κ= 0.97, p= 0.0001) to the gold standard stereo-
scopic 7-field mydriatic images [24]. Another study that
compared single field versus 3-field NM images compared
to the 7-field gold standard concluded that 3-field NM ret-
inal images had a sensitivity and specificity of 82% and
92%, respectively [8]. The AAO meta-analysis determined
that single-field photography with NMFC can serve as a
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screening tool for DR to identify people with STDR for
referral [21, 24].

NM fundus imaging has emerged as a popular tool for
screening DR, but has limitations including a higher tech-
nical failure rate resulting from small pupils, especially in
people with dark iris and media opacities like cataract in
countries like India [22]. A study by Murgatroyd et al.
showed that in retinal imaging with NMFC, mydriasis
reduced the proportion of ungradable photographs from 26
to 5% [25].

Stereo fundus photography is also possible with NMFC.
Hybrid cameras have features of both mydriatic and NMFC
[26]. These hybrid instruments use the NM mode to capture
CFP and mydriatic mode for people with hazy media and
for fluorescein angiography (FFA) and fundus auto-
fluorescence (FAF). The Canon CX-1 Hybrid Digital
mydriatic/NM retinal camera, Topcon TRC NW8-F Plus,
Zeiss Cirrus Photo are examples of hybrid cameras that,
with the push of the myd/non-myd button, can select five
photography modes, including colour, red-free, cobalt, FFA
and FAF.

Handheld fundus cameras

Handheld digital cameras are portable, require less space,
minimum power consumption and less skills and training
[27]. The use of handheld retinal cameras for systemic DR
screening in various settings and outcomes mainly depend
on the image quality [28]. An earlier study done comparing
Nidek NM-100 handheld camera showed poor image
quality with the handheld camera when compared to Zeiss
desktop camera [29]. Now with more technological
advances, there are many validated handheld portable NM
cameras that are currently available: Zeiss Visuscout 100
(Carl Zeiss, Jena, Germany), Smartscope Pro (Optomed,
Oulu, Finland) Volk Pictor Plus (Volk Optical, Mentor, OH,
USA), VersaCam TM DS-10 (Nidek, Gamagori, Japan),
Horus DEC 200 (MiiS, Hsinchu, Taiwan) and Genesis-D

(Kowa, Nagoya, Japan), and are being used for DR
screening, some of which are discussed below.

Zeiss Visuscout 100

This handheld imaging system has the ability to capture
colour and red-free retinal images in a range of +20 to −20
D with 40° FOV. The camera comprises of nine fixation
targets and resolution of the camera is 5 megapixels (MP).
Piyasena et al. compared fundus images taken pre and post
dilatation with Visuscout 100 and graded by physicians
against clinical examination by ophthalmologist using
mydriatic bio-microscopy [28]. 43.4% of retinal images
were found to be ungradable with Visuscout NM camera,
which decreased to 12.8% after pupillary dilatation. Results
showed that for referable DR, the sensitivity was 88.7% for
grader 1 (positive predictive value [PPV] 59.1%) and 92.5%
for grader 2 (PPV 68%), using mydriatic imaging. The
Ornate India study SMART India study is an on-going
study in India that is using the Visuscout handheld camera
for retinal imaging for DR screening in the community in 20
regions in India and is expected to recruit over 10,000
people with diabetes [30]. Figure 2 shows retinal imaging
with Visuscout fundus camera.

Optomed Aurora/Smartscope

This handheld digital NMFC has a retinal module and an
anterior module with a 50° FOV and a 5-MP resolution
[31]. A study was done using Smartscope (the previous
version of Optomed) handheld NMFC for screening of
STDR compared with Topcon desktop mydriatic camera
[32]. It concluded that out of 2475 images, 76.2% of
Smartscope NM images, 90.1% of Smartscope mydriatic
images and 92.0% of Topcon mydriatic images were
gradable. Optomed Aurora has a wireless local area net-
work module, which enables wireless data transfer to a
computer.

Fig. 2 Retinal imaging with
hand-held fundus camera. A
Retinal imaging with Zeiss
Visuscout 100 handheld fundus
camera. B Retinal image of
sight-threatening diabetic
retinopathy with post laser status
centre involving diabetic
macular oedema taken with
Visuscout camera.
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Volk Pictor Plus

Results of a prospective study done with Pictor Plus
handheld NM camera with 40° FOV in individuals with
diabetes showed that 86–94% of the retinal images were
gradable pre-dilation and 94–97% of the images were
gradable post dilatation [33]. The overall sensitivity for
STDR was 64–88% and specificity was 71–90% as com-
pared to the dilated fundus examination. The authors con-
cluded that this handheld camera could capture retinal
images of sufficient quality to screen for DR with and
without dilation [33]. The device also has a dermatoscopic
and otoscopic module making it very versatile and useful
for clinicians in a multi-speciality setup.

The other handheld portable fundus cameras available are
the Bosch camera, which has separate NM and mydriatic
modes with 40° FOV, and Signal handheld NM camera by
Topcon, a new ultralight weight NMFC that provides a
40–50° FOV with autofocus and manual focus (–20 to +20
D) options. The nine fixation targets offer both central as well
as peripheral imaging. Handheld retinal cameras require more
eye-hand coordination and alignment [34]. The advantages of
handheld cameras are the lower cost and light weight but
proper validation studies should be undertaken to assess the
image quality before regular use in DR screening programmes
[34, 35]. Facilities to refer those with ungradable retinal
images should be also available to help in detection of STDR.

Smartphone-based fundus cameras

Fundus imaging utilising the smartphone cameras along
with the adaptor and the software has become an alternative
mode of retinal imaging. Smartphones can be used with or
without adaptors to capture retinal images.

Smartphones can be used like an indirect ophthalmo-
scope using the camera in the smartphone in video mode,
with flashlight on and positioning the 20-D lens in front of
the patient’s eye to obtain fundus images. The “Comparison
Among Methods of Retinopathy Assessment” Study com-
pared smartphone-based fundus photography with 20-D
lens, NM fundus photography and 7-field mydriatic fundus
photography for DR detection and grading. Smartphone
fundus photography with 20-D lens showed 59% sensitivity
and 100% specificity in detecting STDR [36].

Some models of smartphone-based cameras are currently
available where fundus images can be taken directly from a
smartphone, using a small compact adaptor: Peek Retina
(Nesta, London, UK), PanOptic+ iExaminer (Welch Allyn,
Skaneateles Falls, NY) and D-Eye (D-EYE, Padova, Italy).
These compact adaptor-based devices have some draw-
backs: imaging with Peek Vision devices is possible after
mydriasis, and PanOptic and D-Eye have very limited FOV
(25° and 20°, respectively).

D-Eye is an adaptor compatible with both iPhone and
android smartphones and is approved by United States Food
and Drug Administration (USFDA) and the European
Union CE. The D-eye lens uses the camera and the LED
light source of the smartphone for NM retinal imaging tool.
It has an iOS-based operating system and an app for image
storage with a working distance of 1 cm with autofocus
between −10 to +5 D with a 5–8° FOV in undilated eye
and 20° FOV for dilated eye. Studies done on D-Eye have
shown considerable agreement in grading of DR with 81%
sensitivity and 98% specificity for detecting clinically sig-
nificant macular oedema [37]. Optic nerve head (ONH)
evaluation using smartphone-based retinal imaging is pro-
mising and dilation improves the image quality [38].

The iExaminer is an USFDA-approved adaptor that fits
on the Panoptic Ophthalmoscope and aligns the iPhone
camera lens with the Panoptic’s viewfinder. The iExaminer
can function as a NMFC with a 25° FOV. The restricted
FOV is the main disadvantage compared to other adaptors.

Peek Retina has an adaptor clip with a prism to deflect
the light from the camera flash. It can be slipped into the
camera of the smartphone that autofocuses for retinal ima-
ging, and the Peek app helps in data and retinal image
acquisition and storage. ONH images of Peek Retina were
comparable to those acquired through desktop retinal
camera [39].

There are other validated smartphone-based imaging
systems with larger adaptors that are now commercially
available like the Remidio Fundus on Phone (FOP)
(Remidio Innovative Solutions, Bangalore, India), Volk
iNview and Vistaview (Volk Optical, Mentor, OH, USA),
Cellscope Retina and Make In India Retinal Camera (MII
Retcam).

FOP camera

FOP is a smartphone-based, USFDA-approved validated
retinal imaging system. It has various modules available
currently including the mydriatic (M), NM and anterior
imaging module. Patient data can be entered in the app and
retinal imaging can be done in the camera with autofocus of
the smartphone. The images can be stored in a folder in the
smartphone or in iCloud and can even be sent to an external
server for telemedicine. The customised report with fundus
images can be printed immediately using a WiFi printer.

FOP-M camera has an annular illumination optical
design, which can be used along with smartphones for
acquiring and transmitting retinal images. It has a 45° FOV
with ±20-D adjustment with ×12 optical magnification [40].
Validation studies of retinal imaging with FOP-M camera
for DR screening in comparison with conventional
mydriatic desktop fundus camera have shown a high sen-
sitivity and specificity for detection of any grade of DR and
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STDR [40, 41]. Figure 3 shows fundus imaging with con-
ventional camera and FOP-M camera.

FOP NM uses an iPhone with IR light for NM fundus
imaging. The device has 40° FOV and ×10 magnification
with a built-in smartphone app with picture storage, retrie-
val and cloud sync functions. Advanced options like image
montaging, glaucoma screening assist and AI-based image
analysis for automated DR screening are available. The
device can be used both in tabletop mode with a chinrest,
fixed to a slit lamp or used in a handheld mode. Figure 4
shows FOP NM camera being used in the handheld mode
for DR screening in a camp. A recent clinic-based study
done in 245 participants with diabetes by Prathiba et al.
showed that FOP NM cameras had high sensitivity and
specificity for DR and STDR detection when compared to
gold standard conventional desktop camera [42]. Studies
have also shown high sensitivity and specificity of AI-
assisted detection of DR and STDR with FOP images
[43, 44]. Currently FOP is being used at various Dr
Mohan’s Diabetes Specialities Centre diabetes clinics across
India for tele-ophthalmology DR screening [13].

Volk iNview and Vistaview

The Volk iNview is an ophthalmic camera device, which is
able to capture fundus images using an Apple iPhone or

iPod with images of 1-MP resolution with a static 50° FOV.
It has an inbuilt app where patient data can be entered, and
fundus images can be stored in HIPAA-compliant storage
and images can be exported to a computer.

Vistaview is a mydriatic smartphone fundus camera that
weighs 500 g, with auto and manual focus features, pro-
vides a 55° FOV, 3072 × 2122 pixels resolution with special
features of voice-activated retinal image capture.

Cellscope Retina

Cellscope Retina is a handheld 3D-printed optical and
hardware automated smartphone-based retinal imaging
system with inbuilt app capable of capturing high-quality,
wide-field images of the retina and weighs only 310 g. The
images can be uploaded to a secure server through the app.
It provides a 5 image montage with a 100° FOV with 52.3
pixel per retinal degree resolution. Cellscope Retina had a
good sensitivity and moderate specificity for referable DR
[45].

Make In India Retinal Camera (MII Retcam)

MII Retcam device can image both posterior pole and the
peripheral retina. The device has slots for both the
smartphone and a 20-D lens as shown in Fig. 5. It works

Fig. 3 Comparison of retinal
imaging between conventional
fundus camera and
smartphone based fundus
camera. A Fundus image of
branch retinal vein occlusion in
conventional desktop camera. B
Fundus image of branch retinal
vein occlusion in smartphone-
based Fundus on Phone (FOP)
mydriatic camera.

Fig. 4 Diabetic retinopathy
screening in camps. A Retinal
imaging with Fundus on Phone
(FOP) non-mydriatic (NM)
smartphone-based camera in a
DR screening camp. B Retinal
image of sight-threatening
diabetic retinopathy taken with
FOP NM camera.
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as a fundus camera and provides retinal videos and still
images, has an application for patient data, image storage
and retrieval. It is portable and can be used as a screening
device for DR and retinopathy of prematurity [46].

UWF fundus cameras

In the recent years, UWF imaging, allows unprecedented
view of the posterior pole. UWF imaging can provide up
to 100–200° FOV of the retina allowing simultaneous
evaluation of the peripheral and central retina. The UWF
fundus camera uses a confocal scanning laser ophthal-
moscope (CSLO) with an ellipsoid mirror to view 200° of
retina, which is 82% of retina as compared to normal
fundus cameras, which view 30–50° of retina. CSLO uses
a laser light and forms an image by a detailed scanning of
the entire field and then capturing the reflected light
through a small confocal pinhole. The advantages include
improved image quality, patient comfort, three-
dimensional imaging and video capability and effective
imaging of patients who do not dilate well. Advent of
UWF imaging using newer cameras such as Pomerantzeff
camera, Retcam (Clarity Medical Systems, Inc., Plea-
santon, CA, USA), ZEISS Clarus 500 (Zeiss, Carl Zeiss
Meditech, Inc., Dublin, USA) Optos Optomap/Daytona
Plus camera (Optos PLC, Dunfermline, UK) and the
Staurenghi lens (Ocular Staurenghi 230 SLO Retina Lens;
Ocular Instruments Inc, Bellevue, WA, USA) have made a
radical change in the way we view the fundus [47].

Table 2 shows the different features of some UWF retinal
cameras. The Optos Optomap is based on a CSLO with two
laser frequencies coupled with a parabolic mirror that
allows sampling of the 82% of the retinal surface with a
single acquisition (200° FOV) without dilation. The CFP in
Optos Optomap relies on pseudo-colours, i.e., fake colours
derived from the combination of red and green colour lasers

while the UWF CFP in Zeiss Clarus uses true colours.
Figure 6 shows a UWF fundus image of PDR with fresh
pre-retinal haemorrhage in an individual who was allergic to
dilating eye drops.

The DR lesions that are detected in the retinal periphery
have the potential to change the grading of disease severity
and may be of prognostic significance to disease progres-
sion. Studies have shown that UWF fundus photography
has a high sensitivity (99%) and specificity (100%) in
detecting DR [48]. Many DR lesions, intraretinal haemor-
rhages, microaneurysms, intraretinal microvascular
abnormalities and new vessels elsewhere were located
predominantly outside the standard seven fields. They were
associated with increased risk of progression in 4 years
irrespective of severity of DR and HbA1c levels [49].
Studies have shown that peripheral ischemia could be
related to the presence and severity of DMO [50]. Silva
et al. reported that the use of UWF CFP significantly
increased identification of DR and STDR compared to NM
fundus photography [50]. The retinal image acquisition time
using UWF cameras is significantly shorter compared to
ETDRS 7-standard CFP [51]. UWF fundus imaging is
slowly getting considered as the gold standard for DR
screening in the United States. However, it is an expensive
modality for screening DR, especially for consideration in
use in LMIC.

Other newer DR imaging screening options

Fundus autofluorescence (FAF)

FAF is a non-invasive retinal imaging, which identifies
the autofluorescence of lipofuscin present in the retinal
pigment epithelium (RPE). Multiple commercially avail-
able imaging systems, including the newer desktop fundus
cameras, the CSLO UWF fundus cameras, are available to

Fig. 5 A MII RetCam. B Retinal
image of sight-threatening
diabetic retinopathy taken with
MII Retcam.
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assess FAF. The FAF mode helps monitor macular waste
such as lipofuscin, which assists with detecting AMD,
macular dystrophies and DR. In normal individuals the
autofluorescence of RPE layer is masked by the lutein
pigment at the fovea, whereas in individuals with diabetes
with cystoid macular oedema (CMO), they were seen as
round or oval areas of autofluorescence at the fovea. FAF
has shown 81% sensitivity and 69% specificity when
compared with standard FFA in diagnosing CMO [52].
The role of FAF in DR screening remains to be
understood.

Multicolour imaging

Reports have shown that multicolour fundus imaging is
superior to traditional CFP in detecting and localising foveal
cysts, and helps in better delineation of clinical signs of DR
[53]. The Heidelberg Spectralis CSLO has a multicolour
imaging system that acquires reflectance at three different
wavelengths; blue, green and IR, that are superimposed to
provide diagnostic information from different layers of the
retina [53]. Multicolour imaging is a potential tool for
screening DR in addition to CFP, though it is much more
expensive [54].

Conclusions

The advances in digital fundus cameras have facilitated
rapid acquisition and interpretation of fundus images and
the rapid deployment of retinal imaging for DR screening
worldwide. Telecommunication technology along with use
of portable, easy-to-operate, less expensive validated fundus
cameras have made cost-effective DR screening possible,
even in remote villages. Effective screening is a desirable
method for the early detection and successful treatment for
DR, and CFP is currently the main retinal imaging used for
screening. Affordability, accessibility and accuracy are
essential aspects in mass DR screening programme espe-
cially in LMIC. Improvements in retinal imaging and
diagnostic accuracy are essential to reduce inappropriate
referrals to retina specialists. In the recent years, UWF
imaging, allows unprecedented view of the entire retina.
Use of sleek devices (smartphone-based fundus cameras/
handheld fundus cameras), UWF fundus imaging and AI-
based automated diagnosis are likely to become essential
aspects of screening worldwide with the increasing pre-
valence of DR. Automated retinal image analysis platforms
appear promising and can potentially reduce the burden on
human graders. Advance fundus imaging with CSLO,
multicolour imaging and multi-modal imaging could lead to
more efficient screening with the possibilities of their rou-
tine use in DR screening in the future.Ta
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