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Abstract

Diabetic retinopathy (DR) is a common microvascular complication of diabetes mellitus. Optical coherence tomography
angiography (OCTA) has been developed to visualize the retinal microvasculature and choriocapillaris based on the motion
contrast of circulating blood cells. Depth-resolved ability and non-invasive nature of OCTA allow for repeated examinations
and visualization of microvasculature at the retinal capillary plexuses and choriocapillaris. OCTA enables quantification of
microvascular alterations in the retinal capillary network, in addition to the detection of classical features associated with
DR, including microaneurysms, intraretinal microvascular abnormalities, and neovascularization. OCTA has a promising
role as an objective tool for quantifying extent of microvascular damage and identify eyes with diabetic macular ischaemia
contributed to visual loss. Furthermore, OCTA can identify preclinical microvascular abnormalities preceding the onset of
clinically detectable DR. In this review, we focused on the applications of OCTA derived quantitative metrics that are
relevant to early detection, staging and progression of DR. Advancement of OCTA technology in clinical research will
ultimately lead to enhancement of individualised management of DR and prevention of visual impairment in patients with

diabetes.

Introduction

Diabetes mellitus (DM) is one of the world’s fastest-growing
chronic diseases. It is estimated that the number of people
with DM will increase to 642 million by 2040 [1]. Diabetic
retinopathy (DR) is a common and specific microvascular
complication of DM that lead to progressive visual impair-
ment and even blindness. The prevalence of DR ranges
reportedly from 30% to 45% among DM, and 1 in 10 has
vision-threatening DR [2]. With a projected increase in the
incidence of DM, increased life expectancy and an ageing
population, it is anticipated that the impact of vision impair-
ment associated with DR will inevitably increase in the
coming years. The diagnosis of DR is based on clinical
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fundoscopic examination. It is broadly divided into two
categories: non-proliferative diabetic retinopathy (NPDR),
and proliferative diabetic retinopathy (PDR) which is asso-
ciated with the development of neovascularization (NV) [2].
The main sight-threatening complications of DR are diabetic
macular oedema (DMO), diabetic macular ischaemia (DMI),
and PDR [2, 3]. There are a growing number of imaging
modalities that can be used in the screening, evaluation,
diagnosis, and treatment of DR. Currently, the standard to
assess the extent of vascular leakage and presence of
ischaemia is dye-based fluorescein angiography.

With technological advances, optical coherence tomo-
graphy angiography (OCTA), may serve as a potential
rapid, non-invasive image modality as an adjunct for
assessing microvascular changes in capillary level [4, 5]. It
is performed by acquiring repeated OCT B-scans at the
same location in order to detect changes in reflectance
signal from the movement of red blood cells through blood
vessels in the volumetric OCT scans. It allows depth-
resolved visualization of the retinal microvasculature by
selecting different en face slabs from different retinal layers
without intravenous dye injection. Microvascular changes
in the superficial, intermediate, and deep capillary plexuses
can be evaluated individually.
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In this article, we aim to provide an updated overview of
the current applications of OCTA in the evaluation of DR.
We conducted a literature search via PUBMED database for
articles written in the English language until Jun 1, 2020,
with the following medical subject headings: “OCTA”;

9, <

“OCT angiography”; “Diabetic Retinopathy” or “Diabetes.”

Drawbacks of fluorescein angiography

Fluorescein angiography (FA) is an invasive imaging tech-
nique that requires intravenous administration of dye and
imaging up to 10 to 30 min [6]. It provides two-dimensional
images that allow for dynamic visualization of blood flow
with a wide-field of view. Although the fluorescence enabled
visualization of retinal capillaries, it cannot separately visua-
lize the intra-retinal structures of the major capillary networks.
Specifically, fluorescein angiograms mainly corresponded to
the superficial retinal vessels, whereas the deeper retinal
capillaries were not visualized in the fluorescein angiograms,
possibly because of light scattering in the retina [7-9].
Similarly, FA has very limited ability to visualize the chor-
oidal vasculature, which may also be affected in DM eyes.
Patterns of dye leakage, pooling, and staining can be appre-
ciated from FA [10]. However, the ability to detect micro-
vasculature alterations has also been limited by the leakage in
FA and superposition of the capillary networks. For DM eyes,
FA remains the gold standard for detecting vascular leakage,
DMI, as well as retinal NV. Since FA is invasive, relatively
expensive, and time-consuming, it is not an ideal technique to
use regularly in clinical practice. Furthermore, although FA is
generally considered as a safe procedure, the dye still poses
risks ranging from nausea to allergic reactions, including
anaphylaxis in rare occasions. A non-invasive imaging tech-
nique would be ideal for patients who require frequent follow-
up exams or those that cannot tolerate the adverse effects of
dye injection.

Advantages of OCTA

OCTA is based on mapping red blood cells movement over
time from volumetric OCT scans. At each B-scan position,
scan is repeated to detect the motion contrast. The degree of
motion contrast corresponds to angiographic flow, as the only
expected motion in the retina is blood flow in vessels [5].
Although OCTA technology cannot show leakage from the
blood vessels (unlike FA), it has several advantages compared
with traditional FA. First, it is non-invasive. OCTA techni-
ques allows visualization and detailed assessment of changes
in retinal microvasculature without dye injection. This is very
important as OCTA can be obtained more frequently than FA
for managing patients’ eyes longitudinally. Second, OCTA
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data acquisition is more rapid than FA. OCTA is developed
based on the conventional OCT and it is available on reg-
ularly used OCT platform. Furthermore, OCTA data is three
dimensional and depth resolved. Individual capillary plexuses
can be visualized and assessed. Improved software algorithm
automatically generates the images of the superficial and deep
capillary plexuses, and the user can further adjust and cus-
tomize the segmentation of the retinal vasculature to obtain
images of other layers such as the intermediate capillary
plexuses, which helps to visualize pathological features that
are not available in traditional dye-based angiography.

Morphological changes of DR signs in OCTA

Several morphological features of DR can be detected by
OCTA, including microaneurysms (MA), intraretinal
microvascular abnormalities (IRMA) and NV, offering
additional information to the localization of these micro-
vascular changes.

Microaneurysms (MA)

MA, identified clinically by ophthalmoscopy as deep-red dots
varying from 25 to 100 um in diameter, are usually the first
visible sign of DR. Previous studies have already showed that
increased number of MA and MA turnover are associated
with a higher risk for DR progression and DMO [11-13]. By
using OCTA, Thompson et al. demonstrated that OCTA
could pick up MAs even not shown on a dilated clinical
examination [14]. Moreover, the depth-resolved ability of
OCTA allows precise localization of MAs. Ishibazawa and
associates showed that the MAs were located mainly in the
deep plexus identified by OCTA [15]. Moreover, Schwartz
et al. and Ishibazawa et al. demonstrated that OCTA could
detect MAs that are not detectable on FA [15, 16].

However, a number of studies showed that not all MAs
detected by FA could be visualized with OCTA, which may
be influenced by blood flow turbulence within the MAs
[15, 17-21]. Histopathologic studies have reported that the
lumen configuration in MAs consists of diverse components
such as thickened, hyalinized, fibrous, laminated, and lipid-
containing basement membrane, as well as hypercellular or
multilayered endothelial cells [22]. Studies have shown a
correlation between the MA'’s reflectivity and its detectability
on OCTA — MAs with higher reflectivity are more likely to be
detected [23]. Nevertheless, it is still unclear whether OCTA
is comparable to FA in terms of detecting MAs.

Intraretinal microvascular abnormalities (IRMA)

IRMA is one of the defining features of severe NPDR based
on the “4-2-1” criteria from the Early Treatment Diabetic
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Fig. 1 Quantification of retinal microvasculature from OCT
angiography (OCTA) images. After applying different imaging
processing steps including denoising, binarization, skeletonization,
region growing and smoothing, a series of OCTA metrics including

Retinopathy Study (ETDRS) [24]. IRMAs are shunt vessels
due to abnormal branching or dilation of existing capillaries
within the retina. The formation of IRMA helps to supply
areas of non-perfusion in DR. Nevertheless, the conven-
tional method for detection of IRMA on colour fundus
photography poses great challenge to clinicians. OCTA
with conventional OCT B-scan has the advantage of dis-
playing both en face and cross-sectional views to assist
differentiation of IRMAs from NV. On OCTA, IRMAs
appear as abnormal, branching, dilated retinal vessels that
do not protrude into the vitreous [25]. Schaal et al. have
reported a higher detection rate of IRMAs on OCTA than
colour fundus photography [26]. In addition, OCTA may
enable the classification of IRMA into more detailed. Akito
et al. observed morphological changes in IRMAs before and
after photocoagulation and proposed a classification system
via OCTA [27]. The changes in the IRMAs were divided
into five subtypes: unchanged; tuft regression; reperfusion;
mixed (combined tuft regression/reperfusion); and worsen-
ing (new appearance of tuft). They suggested that some
types of IRMAs had aspects of remodelling; some types had
aspects of NV. Taken together, OCTA might present a more
severe state of DR than suspected by colour fundus grading
alone, and the introduction of a new grading system of DR
based on OCTA findings may be considered in the future.

Neovascularization (NV)

Proliferative diabetic retinopathy (PDR) is the advanced stage
of DR and is characterized by the development of abnormal

foveal avascular zone (FAZ) area, FAZ circularity, vessel density,
inter-capillary area and fractal dimension were automatically calcu-
lated by a customized MATLAB (MathWorks, Natick, MA)
programme.

blood vessels — neovascularization — which may be of the disc
(NVD) or elsewhere (NVE), secondary to retinal ischaemia
[28]. If left untreated, NV results in haemorrhagic and trac-
tional complications, which may substantially deteriorate
patients’ vision [29]. Therefore, early detection of NV is
essential to facilitate early intervention. The ETDRS estab-
lished the current standard method of assessing NV seen on
stereoscopic colour fundus photographs [30]. Retinal NVs are
detectable on OCTA via observation of flow signal above the
ILM [25, 28]. Recent studies showed that OCTA can detect
early retinal NVs and identify the origins and morphological
patterns of NVs in PDR, hence allowing classification of the
lesion, offering a better understanding of the pathophysiology
and helps to guide the management strategies [21, 25]. OCTA
may also detect subtle NVs. Hagar et al. evaluated the utility
of wide-field OCTA compared with clinical examination in
diagnosing PDR [31] and found that wide-field OCTA has a
higher detection rate of PDR than clinical examination, sug-
gesting that wide-field OCTA could be used for early detec-
tion and characterization of retinal NV.

Quantification of microvascular alterations
from OCTA images

Quantification of OCTA images in DR was firstly described
by Jia and associates in 2015 [32]. After that, a number of
quantitative metrics have been developed and correlated
with DM and DR over last few years. Figure 1 shows an
example of image processing methods (e.g., image
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denoising, binarization, skeletonization) for quantification
of retinal microvasculature from OCTA image using a
customized MATLAB programme [33].

Foveal avascular zone (FAZ) measurements

The human foveola, a rod-free region of the central retina,
is responsible for central vision, as it has the maximum
cone photoreceptor packing density. The absence of vas-
culature and the overlaying inner retinal tissue are
believed to maximize the optical quality by reducing light
scattering. This central avascular region is known as the
foveal avascular zone (FAZ) [34]. In DR, enlargement of
FAZ occurs due to the loss of capillaries in the adjacent
vessels [35]. Therefore, the most common approach is to
measure the area of the FAZ. FAZ area is believed to be a
measurement that can indicate diabetic microvascular
changes. In addition, other metrics have also been adopted
to measure the FAZ, such as the FAZ perimetry, FAZ
radius and FAZ circularity. Shiihara et al. have suggested
that the shape might be better to characterize the FAZ
because heterogeneity exists in the size of FAZ among the
normal population [36]. Nonetheless, a wide range of
variation of FAZ area (from 0.071 mm? to 0.527 mmz) had
been reported in healthy eyes, whose visual acuities were
recorded as 20/20 [37] and enlarged FAZ area was cor-
related with shorter axial length [33]. Assessment of FAZ
circularity might be more informative of disease-induced
microvascular changes than the FAZ area, as the shape of
FAZ was generally spherical or somehow ellipses in
normal eyes. It is convincing that once the obstruction of
the innermost capillaries surrounding the fovea occurs, the
FAZ becomes irregular in shape. Hence, FAZ circularity
on OCTA also serves as an indicator of capillary dropout
and macular ischaemia.

Vessel density

Vessel density (VD) is generally defined as the proportion
of blood vessel area over the total measured area based on
the binarized image for indicating the perfusion of the
retinal microvasculature [38]. It is noteworthy that VD
varies with age and gender [39], and corrected with retinal
layer thickness, such as macular ganglion-cells inner
plexiform layer [33, 40]. In addition, VD is highly cor-
related with signal strength (SS) [41]. Careful interpreta-
tion of OCTA-measured VD is recommended, especially
images with poor quality.

Vascular length density (VLD)/skeleton density (SD)

Vessel length density (VLD) or skeleton density (SD) is
proposed to serve as a counterpart of VD which quantifies
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the vessel density by only considering whether the vessel
exists per unit area, regardless of the vessel diameters
[42]. Since every vessel represents a single-pixel line,
large vessels and small capillaries contribute equally to
the VLD quantification. Consequently, compared with
VD, VLD is thought to more sensitive to the perfusion
changes at the capillary level [43].

Vessel diameter index (VDI)

The vessel diameter index (VDI) is calculated as the area
occupied by blood vessel from the binarized image over the
total length of blood vessel from the skeletonized image,
representing the average vessel calibre of blood vessels
[44]. Increased VDI is shown to be correlated with higher
fasting glucose level [33].

Fractal dimension

Fractal dimension (FD) measures the complexity of a vas-
culature branching pattern. FD is calculated from a skele-
tonized line tracing using the box-counting method, which
divides each image into a series of squares for various side
lengths and the number of boxes is counted.

Vessel tortuosity

Retinal vessel tortuosity is defined as the integral of the
curvature square along the path of the vessel, normalized by
the total path length. Vessel tortuosity was previously
measured from fundus photographs using computer-assisted
programmes [45, 46]. Patients with DM were found to have
increased vessel tortuosity as compared to healthy controls,
suggesting that vessel tortuosity may be an early indicator
of vascular damage to the retina [47].

Quantitative OCTA metrics in diabetic
retinopathy and diabetic macular oedema

OCTA may reveal DR before it is clinically detectable

Several studies have shown the capability of OCTA in
detecting subclinical DR (Table 1). Cao and associates
reported a decreased parafoveal VD in eyes without
clinically detectable DR compared to healthy controls
[48]. Yashi et al. [49] observed an increase in the FAZ
area in diabetic subjects compared with controls, which is
in concordance with previous literature [S0-52]. In addi-
tion to the above-mentioned cross-sectional studies, Sun
et al. also showed that certain OCTA metrics could predict
the incidence of DR in DM patients in a cohort study [53].
They included 66 eyes without DR at baseline and found
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that eyes with lower VD and lower FD of the DCP were at
higher risk of developing DR. This longitudinal study
adds to several recently published cross-sectional studies
and suggests that OCTA metrics may be useful in early
detection and prediction of DR.

Quantitative metrics are correlated with severity of
DR

Numerous studies demonstrated quantitative OCTA
metrics on SCP and DCP are correlated with severity of
DR, suggesting that the extent of microvascular damage
(e.g., DMI) in individual capillary plexus can be quanti-
fied from OCTA [33, 54-61]. In summary, these studies
generally reported that enlarged FAZ area, decreased FAZ
circularity, lower VD, increased VDI, decreased FD, and
increase vessel tortuosity are significantly associated with
worsening DR. For example, Kim et al showed that
decreased VD, SD, FD, and increased VDI are associated
with worsening DR. Tang et al found that enlarged FAZ
area, decreased FAZ circularity, lower VD and decreased
FD on SCP, enlarged FAZ area and lower VD on DCP,
were significantly associated with worsening DR. A
recent systemic review conducted by Johannesen et al.
[62] demonstrated that FAZ area is larger in NPDR and in
PDR compared with the control group.

Quantitative OCT metrics are associated with DR
progression

Currently, little is known about the predictive value of
OCTA metrics on DR progression because the study
design in most of the current literature is cross-sectional.
Sun [53] and associates determined the predictive value
of OCTA in DR progression. Of note, only metrics (FAZ
area, VD, and FD) at the DCP showed significant asso-
ciations with the risk of DR progression, whereas metrics
at the SCP did not show similar results. These findings
are in line with previous FA studies that DMI (e.g.,
clinically defined as enlargement of FAZ and capillary
dropout in parafoveal area) are associated with progres-
sion of DR and support previous cross-sectional findings,
emphasizing the important role of the deep capillary
plexus in DR. The DCP may be more susceptible to
ischaemic damage because it may reside in a watershed
zone, where the deep layer of the retinal circulation
sits next to high oxygen requirements of the outer
plexiform layer [63]. Previous histologic studies also
indicated that the DCP is more vulnerable to injury and
preferentially affected [64]. Taken together, quantitative
OCTA analysis, indicative of DMI likely, may identify
DM individuals at risk of developing DR progression
independently.
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OCTA in diabetic macular oedema (DMO)

Despite OCT can illustrate structural changes prominently
and aid in detecting cystic spaces in DMO, OCTA has low
reliability in visualizing the capillary networks in eyes with
DMO [65]. This is because the accumulated fluid may affect
the segmentation capabilities of OCT, and in turn, the
incorrect segmentation may lead to a false interpretation of
OCTA images. In addition, DMO has an inverse association
with OCTA signal intensity as the fluid weakens the
reflected signal from the deep layer [66, 67]. It is also
reported that the rate of flow voiding does not precisely
match with the cystic space as the fluid may compress the
vessels, thus decreasing flow below the detection limits of
the OCTA algorithms [67].

To overcome the segmentation issues, Lee et al. manu-
ally adjusted the SCP/DCP boundary in the eyes with severe
DMO, and demonstrated that patients with DMO exhibit
significant damage in the DCP rather than SCP [65]. They
also noted that, compared with DMO eyes that responded
well, poor responders showed extensive damage to the
integrity of the DCP, but not the SCP. This finding revealed
that the DCP might be critical for the treatment response to
anti-VEGF therapy, suggesting that the extent of DCP loss
assessed by OCTA could be a useful biomarker for pre-
dicting the treatment response of DMO.

Apart from this, Sun et al. longitudinally investigated the
association between OCTA metrics and DMO development
among eyes without DMO at baseline visit [53]. VD of the
SCP was reported to be associated with the development of
DMO over 2 years of follow-up, suggesting that quantita-
tive OCTA analysis may identify DM individuals at risk of
developing DMO. Further studies are needed to determine
whether measurement of OCTA metrics can identify a more
specific subgroup of patients who could benefit from more
intensive investigations or even start treatment.

OCTA of the choroidal vascular changes in
diabetic eyes

The choroidal circulation is the major source of oxygen and
nutrients for the choroid and the outer retina [68].
Accordingly, the assessment of choroidal blood flow is
essential to understand the pathogenesis of diabetic eye
diseases. The choroid is mainly composed of vessels and
stroma (extravascular tissue). Most choroidal space is
occupied by vessels differentiated in three vascular layers —
the choriocapillaris (CC), the Sattler’s layer, and Haller’s
layer [68]. Measuring the choroidal blood flow remains
challenging by using traditional dye-based angiography.
The advent of OCTA makes it possible to visualize and
quantify the choroidal vasculature, particularly the CC.
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Several groups have studied the CC perfusion in diabetic
eyes and yielded discordant findings. Choi et al. described
focal and diffuse CC flow impairments in diabetic eyes [68].
Nesper and associates reported an increased CC nonperfu-
sion area in diabetic eyes without retinopathy compared
with the control group [55]. However, other groups reported
no significant difference in CC vessel density between
diabetic eyes without retinopathy versus healthy controls
[40, 69]. There has been concerns about the insufficient
resolution of commercial OCTA systems to measure CC
because the CC is extremely dense in the posterior pole with
small intercapillary distances (5-20 um) that are smaller
than the OCT system’s lateral resolution (15-20 um) [70].
Therefore, researchers have proposed to use the flow deficit
to analyse CC perfusion [71]. The flow deficit represents the
area where there is a lack of CC flow or CC flow below the
OCT system’s detectable threshold [72]. Dai and associates
have reported increase CC flow deficits in diabetic eyes
without retinopathy compared to age-matched controls [73].
This finding echoes with previous histopathological studies,
in which CC dropouts were more pronounced in post-
mortem subjects with DM than those without DM [74].

Experimental OCTA studies

A correct interpretation of OCTA images requires good
knowledge of the normal vascular architecture of the retina.
Although differences exist in retinal vasculature between
humans and rodents, applications of OCTA are not confined
to human subjects. There are few OCTA studies on
experimental mice have been reported [75-77]. For exam-
ple, Uehara et al. reported that OCTA successfully detects
age-dependent retinal vasculature alterations in type 1 dia-
betic Ins2*M¥* mouse. The superficial and intermediate
retinal vasculature trended toward a relatively higher den-
sity in as early as 2 months of age. At 6 months of age,
Ins28%F mice showed a significant decrease of deep ret-
inal vasculature compared to the other groups. This finding
supports the potential of OCTA being useful in studying
DR using animal models. Furthermore, OCTA makes it
possible to conduct longitudinal monitoring of vascular
alterations, which in turn leads to the possibility of ana-
lysing the effects of pharmacological treatments in the
future.

Artefacts and limitations of OCTA

Image artefacts in OCTA are common [78]. Generally,
image artefacts in OCTA occur as a result of one or more of
the following aspects: [1] the scanning methodology used to
generate the motion contrast signal [2], data processing [3],

Example #2

SCP

DCP

\ \ _—,

Fig. 2 Examples of shadowgraphic projection artefacts from
superficial capillary plexus (SCP) on the deep capillary plexus
(DCP) (indicated by yellow arrows). These “false” blood flow sig-
nals interfere with the visualization of deeper capillary plexus and lead
to incorrect interpretations.

movement of the eye, and [4] the intrinsic properties of the
eye and pathology [79]. Given the 3D nature of OCT, the
fluctuating shadows from flowing blood cells in the super-
ficial vessels also cast extra flow signals to the deeper
vascular networks, generating false vessel networks when
producing the en face flow images of deeper retinal tissue.
Figure 2 shows examples of shadowgraphic projection
artefacts from SCP on DCP.

These “false” blood flow signals interfere the visualiza-
tion of deeper retinal plexuses (ICP and DCP) and CC, and
lead to incorrect interpretations [80]. Projection removal
software has been designed to overcome this issue; how-
ever, the current technology mainly works by subtracting
the superficial OCTA image from the deep ones, which may
inevitably lose information from the deep layer (Fig. 2).
Other limitations of OCTA include its limited field of view,
inability to view leakage, prone to have artefacts, and
inability to detect blood flow below the slowest detectable
threshold. Another major issue is the lack of consensus on
segmentation criteria. This may partially explain the
inconsistency among different OCTA devices. Segmenta-
tion strategy should be further discussed.

Using deep learning to interpret OCTA
images for DR

Deep learning (DL) is a class of machine learning technique
that allows computational models composed of different
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processing layers to learn representations of data with
multiple levels of abstraction. Compared with conventional
methods, DL has been shown to its superiorities in saving
tremendous workforce and financial resources and achiev-
ing higher accuracies in many domains [§1-84]. With the
robust diagnostic performance in detecting various patho-
logical conditions, DL has been applied to ocular imaging,
principally fundus photographs and OCT, to screen major
ophthalmic disease such as DR, age-related macular
degeneration and glaucoma, of which either has well-
established guidelines and/or requires long-term follow-up
[85-89]. OCTA, as a still new auxiliary diagnostic tool,
though it has not yet been widely used in disease screening
or classification, various convolutional neural networks
models have been developed for OCTA related-tasks.

In 2018, Guo et al. developed a DL CNN, with a pow-
erful multi-scale feature extraction capability incorporated
to segment the non-perfusion area (NPA) from OCTA
image with 6 x 6 mm?. Their DL architecture has excellent
performance (F1-score >80%) in detecting NPA for scans
of different disease severity and image quality as well as for
ultra-widefield OCTA. This result highlighted the potential
clinical applications of a DL configuration for the early
detection and progression assessment of DR [90]. Further-
more, to address the problem of signal reduction artefacts in
the detection and quantification of NPA in OCTA, Guo
et al. successfully updated their DL architecture to distin-
guish NPA from signal reduction artefacts. The network
achieved both strong specificity and sensitivity for NPA
detection across a wide range of DR severity and scan
quality (dice coefficient >0.87) [91]. In recent years, other
DL models have been developed for OCTA image quality
assessment [92], object segmentation [93], and quantifica-
tion [94]. Notably, through the extreme learning machine,
one experiment based on tetragonal local OCTA pattern
features has provided the precise identification of different
severity of the DR in an efficient manner [95]. Considering
the prevalence of DM and the heavy burden caused by DR,
the implementation of DL will play a more critical role in
the OCTA image analysis. More solid related DL-OCTA
research could be awaiting.

Conclusions

The future in application of OCTA technology for assessing
DR is promising. OCTA may potentially serve as an inte-
gral tool in DR management in tertiary care. The qualitative
assessment of vascular changes in varying stages of DR has
improved our understanding of the pathophysiology of DR.
Quantitative OCTA measurements can objectively assess
retinal microvascular changes, highlighting its potential to
be used as a standardized and automated tool for detection
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and monitoring of DR. Furthermore, the capability of
OCTA to detect clinical onset of DR and prediction for its
progression may become useful toward individualised
management of diabetic eye disease.
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