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Barely three decades ago, ophthalmic images were
mostly limited to film-based slit-lamp photography, fundus
photography, fluorescein angiography (FA) and B-scan
ultrasounds. With the rapid development in digital imaging
technology and computer processing power, multiple
innovative ocular imaging investigations have become
available and are now essential parts of our daily clinical
practice. In this special issue of Eye, experts from around
the world summarised the recent major advancements
in ocular imaging and their impacts in various fields of
ophthalmology.

One of the most remarkable development in the field of
ocular imaging is the optical coherence tomography (OCT).
OCT has greatly enhanced our ability to visualise both the
anterior and posterior segments of the eye and is now part of
the standard-of-care in the management of macular diseases
and glaucoma. OCT-based parameters have also become the
standard biomarkers in clinical trials for retinal diseases [1].
The concurrent availability of OCT and intravitreal anti-
vascular endothelial growth factor therapy for macular
diseases has also enabled OCT-guided personalised treat-
ment which has led to favourable visual outcomes with
considerable cost savings [2]. Current generations of
spectral-domain OCT (SD-OCT) and swept-source OCT
(SS-OCT) machines enable high resolution images to be
captured at much faster speeds with wider field of view
compared with the previous generations of time-domain
OCT. Increase in acquisition speed has also allowed the
detection of flow signals for OCT angiography (OCTA).
Compared with dye-based angiography, OCTA has the
advantage of being non-invasive and allows the

evaluation of individual retinal and choroidal vascular
layers both cross-sectionally and en face. There has been a
large amount of recent publications in the use of OCTA
for evaluating various retinal diseases including diabetic
retinopathy and neovascular age-related macular degen-
eration (AMD) and some of these findings are summarised
in the articles by Querques et al. [3], Corvi et al. [4], and
Sun et al. [5].

The use of multimodal imaging with OCT, OCTA, FA,
indocyanine green angiography (ICGA) and fundus auto-
fluorescence (FAF) has greatly enhanced our ability to
evaluate posterior segment diseases. In the article by Liu
and Moore [6], the recent findings on congenital focal
abnormalities of the retina and retinal pigment epithelium
were discussed. SD-OCT and FAF enabled better char-
acterisation of these developmental lesions in vivo. In the
articles by Tugal-Tutkun et al. and Herbort et al. [7, 8],
the authors summarised the advances and potential new
developments in using multimodal imaging in the evalua-
tion of posterior uveitis. Investigations such as enhanced-
depth imaging OCT (EDI-OCT), SS-OCT, OCTA and
ICGA have been found to be particularly useful for asses-
sing choroidal inflammatory involvement in posterior
uveitis. New insights gained from the evaluation of chor-
oidal vasculature by ICGA and EDI-OCT have also led to
description of new disease entities like pachychoroid eye
diseases [9]. A specific form of drusenoid lesion which is
commonly seen in eyes with pachychoroid diseases has
been labelled as pachydrusen and the concept and clinical
significance of pachydrusen and other forms of drusen are
discussed in the article by Zhang and Sivaprasad [10].

The introduction of deep learning (DL) in artificial
intelligence (AI) and the concept of “big data” has revolu-
tionised the field of AI and AI is now frequently referred to
as the “fourth industrial revolution” [11]. Due to the large
amount of data generated from various ocular imaging
investigations, AI with DL can be applied for various
diagnostic evaluations, particularly in diabetic retinopathy,
AMD and glaucoma [12–14]. In the article by Ran et al.
[15], the authors provided an overview on recent studies
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which utilised DL of OCT findings in the evaluation of
glaucoma and how it can potentially be deployed in the
clinical setting.

Most of the existing ocular imaging technologies are
generally used for assessing anatomical or structural
changes. With the modification of existing technology,
functional imaging of metabolic activity has now become a
possibility. Chen et al. summarised the recent development
in a non-invasive imaging technique which measures ret-
inal flavoprotein fluorescence (FPF) [16], which can act as
a biomarker for mitochondrial activity. Oxidative stress
occurs in diseases such as diabetic retinopathy, AMD and
glaucoma and is a major cause of mitochondrial dys-
function. Therefore, measuring FPF might be helpful in
evaluating these conditions. Imaging techniques can also
be adapted for assessing the structure and/or function of
the aqueous outflow pathways. In the article by Lusthaus
et al. [17], the authors described various non-invasive
imaging techniques including anterior segment OCTA,
phase-sensitive OCT and haemoglobin video imaging
which allow analysis of aqueous outflow under physiolo-
gical conditions.

Improvement in imaging technology has also brought
down the cost of many existing devices. Rajalakshmi et al.
reviewed different types of fundus cameras which are used
for diabetic retinopathy screening worldwide [18]. Several
smart phone-based fundus camera devices have already
been approved by the US Food and Drug Administration
for retinal imaging and some of these devices can even
incorporate AI-based imaging analysis. With increasing
availability of these affordable fundus cameras, it will
hopefully provide better access of care and reduce the
global burden of eye diseases.

Despite all the recent advancements and innovations in
ocular imaging, there are still some outstanding questions
which should be discussed and addressed within the oph-
thalmic community. One fundamental issue concerns the
training curriculum of future ophthalmologists. The extent
of how these imaging technologies will impact the basic
clinical skills of our residents and fellows remains to be
seen. Another issue is how to determine the optimal strategy
for incorporating these rapidly-evolving ocular imaging
technologies into clinical guidelines. Since many of the
imaging instruments are rather expensive, the extent and
timing of adopting these new technologies may also need to
be considered carefully and will depend on resource avail-
ability, clinical expertise, workload and economy of scales.
Health economic evaluations such as cost-effective and
cost-utility analyses will be useful in assisting stakeholders
to make informed decisions in planning for imaging
services. The implementation of AI-induced “black-box”
ocular imaging will also change the future roles of clinicians
and the patients’ experience, resulting in complex ethical

issues in areas of patient privacy, confidentiality, safety,
autonomy and beyond [19]. Nonetheless, regardless of the
potential changes which might be caused by AI, ophthal-
mologists should still play a central role as the key human
element in the delivery of care.
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