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An Update on Optical Coherence Tomography
Angiography in Diabetic Retinopathy
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Abstract

Optical coherence tomography angiography (OCTA) is a novel non-invasive imaging modality for
3-dimensional visualization of retinal and optic nerve capillary networks. In this article, a comprehensive
review of relevant original articles in the PubMed database was performed using the search terms
“diabetic retinopathy,” “diabetic macular edema,” “diabetes mellitus,” and “optical coherence tomography
angiography.” OCTA was found to detect microvascular changes early in diabetes mellitus, even before
they become clinically evident. Morphological and qualitative assessment of vascular changes can help to
determine the pathophysiological processes, activity, treatment, and follow-up of diabetic retinopathy (DR).
Vessel density and foveal avascular zone are the most investigated quantified indices shown to be early
predictors of DR, correlated to DR severity and visual function, and useful in predicting response to
treatment. OCTA has shown to be a promising alternative to fluorescein angiography in the management of
DR. Further studies are warranted to determine the role of OCTA in the routine clinical management of DR.
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INTRODUCTION

The introduction of optical coherence tomography (OCT)
in 1991 and its evolution has revolutionized retinal
imaging. OCT is unique as it is comparable to histological
microscopy in imaging the retina. Currently, OCT
is an essential imaging modality which has no
practical alternative in the objective and quantitative
management of vitreoretinal diseases including
diabetic maculopathy."? Unfortunately, OCT does
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not provide direct information regarding functional
and dynamic changes in the retinal and choroidal
structures and vasculature including velocity of
blood flow, distinction between afferent arteries and
efferent veins, or identification of vascular permeability
changes. Therefore, fluorescein angiography (FA) and
indocyanine green angiography (ICGA) still remain the
standard imaging modalities to visualize blood vessels
and the dynamic changes within the retinal vasculature.

FA and ICGA have limitations; they need
intravenous dye administration, are time-consuming
(up to 20 minutes), and are unable to provide topographic
3-dimensional (3-D) images. Moreover, the images are of
low resolution and quantification of findings is difficult.
The introduction of OCT angiography (OCTA) has
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resolved these issues and provides rapid, non-invasive,
high-resolution 3-D images from the retinal and
choroidal vasculature and structures. Furthermore, it
provides reliable quantitative data.l**!

The OCTA technology compares consecutive,
repeated scans and assumes that the sole moving objects
in the retina are the blood cells inside the vessels. These
changing contrasts are translated to blood vessels in
the final images. The technology is oversensitive to
minor eye movements and requires patient cooperation
to maintain fixation during imaging, making image
acquisition time unpredictable.” The introduction
of higher speed scanners, eye trackers, and improved
software protocols has significantly improved earlier
problems. [0t

The OCTA maps provide angiograms from different
segmentation slabs. The most commonly used slabs,
typically provided automatically by the OCTA software,
are the superficial capillary plexus (SCP) slab which
is the capillary network embedded in the ganglion
cell layer and/or the nerve fiber layer; the deep
capillary plexus (DCP) slab that consists of the
capillary network in the inner nuclear layer (INL),
and the choriocapillaris (CC) slab. The outer retinal
slab (photoreceptors) has no vasculature. In healthy
eyes, a higher density of vasculature is observed in the
deeper compared to the superficial layer. In addition,
different customized slabs and manual or automatic
settings can be utilized to generate user preferences.
Manual segmented and projection resolved (PR) OCTA
can distinguish a distinct vascular network from the
SCP and the DCP which is called the middle capillary
plexus (MCP). 12131

The hallmark of diabetic retinopathy (DR) is vascular
changes involving different retinal layers. This may lead
to visually devastating complications including macular
edema, macular ischemia, and neovascularization.
Until recently, FA was the only clinically available
imaging modality to study different stages of DR.
Using OCTA, it is now possible to visualize vascular,
morphological, and distributional characteristics in
different retinal layers. Although morphological and
qualitative assessment of vascular changes can help us
better understand the pathophysiological processes,
determine the activity, enable appropriate treatment and
follow-up of DR, many of the described features such as
quantification of vascular dropout, vascular branching,
vessel number, vessel tortuosity, and flow speed are still
investigational. The vascular changes may be used in the
physio-pathological assessment, prediction, diagnosis,
grading, assessment of response to therapies, and follow
up of DR.B91241 Several studies have reported OCTA
imaging in various retinal, choroidal, and optic nerve
diseases.*>*! We aimed to review the main findings, and
discuss the applications and limitations of OCTA in DR.

A comprehensive literature search was performed using
the PubMed database for English-language publications
using the keywords “Optical Coherence Tomography
Angiography”, “diabetic retinopathy”, “diabetic macular
edema”, and “diabetes mellitus” for original articles from
January 2014 to December 2017. The relevant articles
were studied, and key findings extracted.

DRis prevalent among diabetics and is among the leading
causes of blindness in developed countries.” Blindness is
preventable in diabetics if diagnosed early in the course of
the disease. Changes in the retinal microcirculation appear
in diabetic patients before clinically visible retinopathy
develops.”! OCTA enables detection of retinal vascular
abnormalities including areas of capillary nonperfusion,
changes in foveal avascular zone (FAZ), and impairment
of the choriocapillaris (CC) flow in diabetics with no
apparent DR (NDR).»%*! Interestingly, microvascular
changes such as microaneurysms and tortuous beaded
veins cannot distinguish eyes with diabetic retinopathy
from healthy eyes. These changes are observed with
similar frequency in both groups.*’!

FAZ metrics could be more easily measured by OCTA
than FA. They are specially meant to provide cut-off
points to differentiate healthy from diabetic eyes. Takase
et al® demonstrated that FAZ area is enlarged in the
SCP and DCP in diabetic eyes compared to healthy
individuals before retinopathy develops [Table 1]. They
suggested that OCTA may be able not only to detect
diabetic eyes at a higher risk of retinopathy but also to
screen for diabetes mellitus (DM) even before systemic
diagnosis is made."!

OCTA has the unique ability to visualize, quantify, and
distinguish vascular and structural changes in all retinal
and choroidal layers. Until now, OCTA has been used
to image and describe many common and relatively
rare types of vasculopathies in DR.'"*#4751 OCTA was
comparable to clinical examination and FA to demonstrate
vascular changes including microaneurysms (MAs),
impaired perfusion, retinal edema, vascular loops,
intraretinal microvascular abnormalities (IRMAs), and
neovascularization (NVs).[!
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Healthy[lS,l7—20,23,35/39,4749] 573_578
NDR[ZO,ZS,28/35,39,47—49] 370_696
NPDR (all grades)347.4} 370-813
Mild NPDR!
Moderate NPDR!'!
Severe NPDR!"!
PDRI17.20,39,47] 410-1150
DMERs!
DMI[5]
DR (all grades)/51518:2031355051] 370-753

659 0.25-0.38
0.348-0.38
0.38-0.40
0.46
0.45
0.46
0.47-0.51
0.34 0.76
0.58
1009 0.20-0.58

0.38-0.43
0.49-0.54

0.56-0.81

FAZ, foveal avascular zone; DR, diabetic retinopathy; NDR, nonapparent DR; NPDR, nonproliferative DR; PDR, proliferative DR; DMI,

diabetic macular ischemia; DME, diabetic macular edema

OCTA demonstrated that retinal vascular pathology
including clustered capillaries, dilated capillary
segments, tortuous capillaries, regions of capillary
dropout, reduced capillary density, abnormal
capillary loops, and FAZ enlargement are evident
in both non-proliferative and proliferative diabetic
retinopathy [Figures 1 and 2a-c].*’!

MAs are focally dilated saccular or fusiform capillaries.
On OCTA, these are reported as hyper-reflective spots
which sometimes encircle the FAZ.['0%31Tn OCTA, MAs
reveal various morphologic patterns including fusiform,
saccular, curved, and rarely, a coiled shape while in
FA they appear as homogeneous hyperfluorescent
dots [Figure 2a].’"! Although OCTA offers better
visualization of MAs compared to FA,"**! the detection
rate may be lower compared to FA.F**! Miwa et al®!
reported that the number of MAs is comparable in FA,
OCTA, and SD-OCT images. Peres et al™! demonstrated
that the number of MAs in OCTA (both in SCP and
DCP) and FA are statistically different and that MAs
detected by OCTA are higher in number in DCP
than SCP (P < 0.001). Parravano et al® found that
hyporeflective MAs on SD-OCT are more likely to be
missed on OCTA. The blood flow dynamics in different
types of MAs may explain these findings."? It remains
unclear whether the OCTA has good sensitivity for the
detection of MAs, in comparison to FA. Notably, the
presence of MAs could not differentiate eyes with NDR
from healthy eyes.”’! Fewer MAs in both SCP and DCP
is associated with a better response of diabetic macular
edema (DME) to anti-vascular endothelial growth
factor (anti-VEGF) therapy.?*!

As OCTA can distinguish between the structural level
of vascular lesions, it can uniquely differentiate retinal
NVs from IRMAs or shunting vessels. It is not always
possible to distinguish IRMA from RNV through clinical
examination or FA.['619263] The fact that RNV arises
adjacent to the IRMA in 50% of cases adds to the value

of OCTA in differentiating between IRMA and RNV .12
Retinal and disc NVs are seen as flower-like interwoven
vessels above the surface of the retina and the optic
nerve.l'¥l In a series, 92% (11 out of 13) of RNVs were
found to be adjacent to retinal capillary nonperfusion
areas.” Hence, OCTA may help distinguish between
severe non-proliferative (NPDR) from proliferative
DR (PDR), and may help in close follow up of severe
NPDR cases. OCTA is also able to distinguish optic
disc neovascularization from optic nerve head vascular
collaterals; the former enters the vitreous and forms a
network of faint vessels while the latter are loops of
small vessels that are distinct from radial peripapillary
capillaries. 556!

Although OCTA does not provide functional
information like leakage from new vessels, there
are morphological clues that suggest active retinal
neovascularization (RNVs). Ishibazawa et al®! found that
exuberant vascular proliferation (irregular proliferation
of fine new vessels) in OCTA should be considered as a
sign of active neovascularization.

Investigation of morphological clues in OCTA could
reflect the functional and activity status of neovascular
lesions which could be used to grade activity of vascular
pathologies, to spot treatment targets, and to follow
them up.

FAZ, a capillary-free area enclosed by foveal capillary
circles, is located at the center of macula. Abnormalities
in the structure or perfusion of this area profoundly affect
vision. FAZ was first described in vivo by FA.P¥ OCTA
is considered superior to FA to define the central and
parafoveal macular microvasculature, and to delineate
FAZ, because it is not covered by fluorescein from
dye leakage."! However, shadows from hemorrhage
and macular edema may affect FAZ measurements by
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Montage optical coherence tomography
angiography image of the optic disc and macula in a
patient with diabetic retinopathy. Vascular changes are
shown, including enlarged foveal avascular zone, optic disc
neovascularization (long arrow), macular neovascularization
(short arrow), microvascular tortuosity (arrowhead), and
extensive capillary nonperfusion (star).

OCTA. 1215202331353 The shape and size of FAZ are
found to be comparable using OCTA and FA.I'l FA
cannot resolve the level of FAZ measurement; however,
FAZ is found to have a larger area in both SCP and DCP
using OCTA.*'FAZ measurements cannot be compared
using different OCTA devices; however, the same device
could perform reliable, repeated measurements of FAZ.>!

The normal FAZ is described as a well-defined
round or oval area of absent vessel signals using OCTA.
The border of the normal FAZ has no gaps, holes
or interruption of the vascular network in both the
superficial and deep plexuses. The longest FAZ diameter
is in either the vertical or the horizontal axis.!"’!

FAZ is enlarged in diabetic eyes as a result of loss of
integrity of blood vessels.”! In diabetics, the shape of
FAZ is non-symmetrical due to gaps, holes, or notches
of the capillary plexuses. The grading of FAZ disruption
is correlated with DR severity!®! and visual function.[”!
In contrast to normal eyes, the maximum diameter of
FAZ in diabetic eyes is neither horizontal nor vertical.['’]

OCTA can visualize blood vessels as deep as the
choriocapillaris (CC) and beyond. CC changes are
not evident on clinical examination or FA. A better
understanding of choroidal changes may help to predict
disease progression and response to therapies.[®! Choi
etal™l utilized ultra-high speed swept source OCTA and
documented CC flow impairment in NPDR and PDR.
Figure 2c shows an OCTA image of diabetic retinopathy
with both true and artifactual signal impairment in
the choriocapillaris. Further studies using OCTA
are warranted to elucidate changes in the choroidal
vasculature in diabetic patients and their association

Optical coherence tomography images from the
superficial capillary plexus (a), deep capillary plexus (b), and
choriocapillaris (c) slabs with corresponding structural optical
coherence tomography images in a patient with diabetic
retinopathy. The figure shows microaneurysm (white long
arrow), capillary non-perfusion (white short arrow), enlarged
foveal avascular zone with a notch (red short arrow), focal
microvascular tortuosity and dilation (yellow arrow), focal
areas of true signal impairment (yellow dotted arrow) and
shadow artifact (red dotted arrow).

with the grade and progression of DR, visual acuity, and
response to therapies.

Quantitative assessment of vascular changes in DR is
crucial to predict the grade, select preferred treatment,
and follow-up of the efficacy of therapy. It helps to
longitudinally assess the vascular remodeling processes
which could enhance our knowledge about the
pathophysiology of DR and can help in monitoring the
efficacy of treatment.

Various vascular quantifications have been described
including the area filled by binarized vessels (vessel area
density = VD) or skeletonized vessels (vessel perfusion
density = PD), vessel spacing or intercapillary area,
length of the blood vessel based on the skeletonized
OCTA (vascular length density = VLD or skeleton
density = SD), vessel diameter index (VDI, calculated as
VD divided by VLD), total length of vessels (vessel length
fraction), vascular architecture, and branching [tortuosity
and fractal dimension (FD)], and nonperfusion
indexes (NPI).>1719344464661 To our knowledge, only VD
indices and PD maps are available in some commercially
available OCTA devices. SD, VD, FD, and VDI showed
high reproducibility among graders. Repeatability
was found satisfactory for SD, VD, FD, and VDILP7441
Therefore, vascular changes in DR may be characterized
by SD, VD, FD, and VDI. A lower the SD, VD, and FD;
and increased vascular spacing, VD, and FAZ size; were
associated with more sever DR clinical scale.!74452

VD is mainly measured by manual (binarization,
with or without skeletonization), or automated
methods. There are significant differences between
these methods. Although the automated method may
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distinguish diabetic changes as early as severe NPDR,
other methods can detect significant VD changes only
in the more advanced stages of retinopathy (PDR).[*!
Repeated VD measurements using the same device
is reliable; however, significant variability exists in
measurements using different devices and methods."
Hence, comparisons should be made using the same
type of device. Unlike previous belief, that DR involves
the temporal area more than the nasal area; there is no
preference for DR to involve the nasal or temporal area
on VD assessment.*]

VD is correlated with age and sex, which should be
considered while interpreting results of studies.®¢
VD as a vascular index is also correlated with retinal
structural characteristics including retinal thickness
and volume.s! Reduced VD correlated with thinner
macular ganglion cell/inner plexiform layer.® VD is
both repeatable and reproducible in patients without
DME.$%] However, there was a difference in VD
measured with different patterns (3 x 3 mm vs. 6 x 6 mm)
and locations (inner vs. outer ring) of scans.[! VD
decreases in both the deep and superficial layers in
DR.I871 Some studies found that VD had a negative
correlation with systemic indices like fasting blood
sugar (FBS), postprandial blood sugar (PPBS), and
glycosylated hemoglobin (HbAlc);”#71 however, no
correlation was found between VD and HbAlc or the
duration of DM in other studies.l®*! Hyperlipidemia,
smoking and renal impairment also have been found to
be negatively correlated with VD.[”2l

Alterations in the microcirculation may precede
clinically distinguishable neuroretinopathy in diabetics
patients.”” Some studies found that VD in the DCP (but
not SCP or choriocapillaris) on OCTA was lower in
diabetic patients without DR compared to non-diabetic
individuals. They suggested that parafoveal capillary
nonperfusion in DCP is an early sign of DR.[?#617374]
Other studies have shown that VD in the both DCP and
SCP is different between diabetic patients and healthy
controls.*#70721 Some studies found that vascular spacing
and alterations in VD in SCP are more correlated with DR
severity than VD in DCP, PD in SCP or FAZ area.['”1866

VD may predict DR severity with a relatively high
sensitivity and specificity, especially when the DCP
is considered as a differentiator. VD was found to be
negatively correlated with DR severity.[74447.6073.75]
Adding a quantified vascular index to the current
grading of severity of diabetic retinopathy makes the
scaling measurable. This helps to identify patients at risk,
and predict therapeutic efficacy, and helps in follow-up
of patients.

It is not clear if VA and VD are correlated. In a small
series, no correlation was found between VA and
parafoveal or perifoveal VD.P' However, in a larger study,
there was a statistically significant negative correlation
between the logMAR VA and the VD in the both SCP and

DCPP whereas another study found a weak negative
correlation between VD in SCP and VA ! Patients with
DME and higher VD (particularly in DCP) have shown
a better response to anti-VEGF therapy;© however, VD
was found to be unchanged after therapy in a small series
during a 1-month follow up. Moreover, there was no
change in the foveal and parafoveal VD after treatment
with intravitreal dexamethasone implant (IDI) in a series
of patients even after 120 days.[*

Intercapillary spacing can distinguish non-perfusion
areas earlier than VD. In a study, the vessels were
divided into small and large spacing based on normalized
ratio of pixels. Large vessel spacing (in both DCP and
SCP) has been found to be more sensitive than VD and
FAZ area in the diagnosis of DR.I" Large vessel spacing,
particularly in SCP, has also been found to be associated
with severity of DR.['/187]

The extrafoveal avascular area may discriminate
between early NPDR and healthy eyes."® An algorithm
based on intercapillary space was more sensitive than
vascular density-based methods to measure early
capillary dropout or non-perfusion areas.” There
was a significant association between progression of
NPDR stages and superficial capillary plexus NPI.
A significant correlation was found between NPI and
BCVA. Besides, NPI was correlated with HbAlc in
patients with NPDR.[!]

In one study, vessel tortuosity but not VD or FAZ
area was shown to be an early differentiator of early
NPDR from NDR, particularly in SCP. Vessel tortuosity
increased with the increase in the stage of NPDR but
decreased in PDR. FAZ area and acircularity in SCP
was correlated with vessel tortuosity in 3 mm?* and
1.5 mm? areas of SCP./ FD has been shown to be an early
indicator of DR." FD is reduced in both SCP and DCP
in diabetic patients compared to healthy controls,”%77]
and the reduction may be more pronounced in DCP."*!
In contrast, some studies found that FD is increased in
PDR cases in both SCP and DCP.”? FD was found to be
correlated with HbAlc and renal impairment./”

A novel algorithm was introduced to automatically
detect dilated capillaries in DCP in DR with an accuracy
comparable to clinical grading.”! In a qualitative
assessment of OCTA, the diameter of blood vessels
decreased in DCP after treatment of DME.[*! Increased
VDI was correlated with higher FBS.*? It is noteworthy
that the blood vessel caliber measurements may not be
accurate with OCTA imaging.®

Perifoveal PD was significantly lower in all layers
in patients with DR compared with healthy subjects.®!l
Quantitative retinal vascular perfusion density values
have been found to be comparable with the clinical
grading of DR.P*¢81 With progression of DR, capillary
PD significantly decreases in most layers.[*¢552 Besides,
PD is reduced in the presence of DME"*#! and does
not change following anti-VEGF treatment.® PD is
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correlated with age,®! hence cases and controls should
be age-matched in clinical studies.

CC alterations are believed to contribute to the
pathogenesis of DR. Non-perfusion areas in CC
have been detected in patients with DR.¥3I Although
one study found that VD in CC is not different in
diabetic patients compared with healthy individuals,”!
the flow void areas in CC may increase in size in the
more severe stages of DR.[®! In patients without DME,
CC non-perfusion area correlated with central retinal
thickness as well as logMAR VA, but this was not the
case in patients with DME. The extent of non-perfusion
area corresponded to ellipsoid zone (EZ) distortion.’®!
Choriocapillaris CD (CCCD) has been found to increase
in response to therapy; however, changes could be due
to the limitations of OCTA in the assessment of deeper
layers.[*! Utilizing projection resolved (PR)-algorithm
in the assessment of CCCD, which has been shown to
be comparable to scanning electron microscopy, and
provide higher quality images from deeper layers, may
be helpful.[®

FAZ size is correlated with age,®”#! history of
preterm birth, %1 vascular indices including VD and
perfusion indices.”#*! structure of the eye and retina
like axial length, and retinal and macular ganglion
cell/inner plexiform layer thickness.**¢? It is important
to point out that presence of CME may not influence
the reproducibility and effectiveness of OCTA in the
measurement of FAZ in SCP.B#! FAZ has been found
to have no or the least correlation among other vascular
indices with systemic indicators like HbAlc and duration
of DM;"7#Ihowever, in one study, FAZ size was found to
be correlated with HbA1c.l"! These should be confirmed
in larger studies and considered in the design of studies
and interpretation of results.

The FAZ diameter is not identical in SCP, MCP, and
DCP.I"?l There is no consensus on whether the FAZ
changes are more profound in SCP or DCP.I">172l While
FAZ enlargement was more pronounced in the deep
layer in DR in some studies.,">?! other studies found no
difference in FAZ enlargement between the SCP and
DCP.07

The Early Treatment of Diabetic Retinopathy
Study (ETDRS) qualitatively evaluated macular
ischemia using FA and found it to have predictive
value for progression of disease.®?! Macular ischemia
is associated with FAZ changes. FAZ metrics have
been found to increase with progression of DR in most
reports,[1517-20233135,3947.4960611 but one study reported
no change in FAZ size as DR progresses.I””! Table 1
summarizes the mean area and diameter of FAZ in SCP
and DCP in different grades of DR in different studies.
Mean longest FAZ diameter in SCP increases from 573
microns in healthy individuals to up to 1150 microns
in PDR and the same index in DCP increases from 659
microns in healthy individuals to up to 1009 microns

in DR. Mean FAZ area in SCP increases from 0.25 mm?
in healthy individuals to up to 0.51 mm? in PDR and
0.58 mm? in cases with DMI; Mean FAZ area in DCP
increases from 0.38 mm? in healthy individuals to up
to 081 mmZ ln DR‘[5,15,17—20,23,27,28,3],35,36,39,47—49,50,51] Other than
the size of FAZ, alteration of the circular border and axis
of FAZ can be quantitatively assessed.*”! Acircularity
index and axis ratio of FAZ have also been shown to
be correlated with severity of DR.®”#4! Therefore, FAZ
assessment could be used for the grading of DR.

FAZ size (in both SCP and DCP) was found to
be associated with visual function and VA in some
studies.'”?1 however, this correlation was not found
in another series.® Further large-scale investigations are
required to elucidate this correlation.

Eyes with larger FAZ may be non-responders to
laser therapy; they may benefit more from Anti-VEGF
treatment.*! Thus, FAZ assessment may help in selecting
the appropriate therapeutic modality. No changes in
FAZ size have been found after anti-VEGF or (IDI)
treatment. 4521

Diabetic maculopathy includes DME and diabetic
ischemic maculopathy. Structural OCT may change
the diagnosis and management of DME, as it provides
quantifiable metrics;!"? however, it cannot directly
distinguish patients with ischemic maculopathy who
are usually refractory to either anti-VEGF or macular
photocoagulation treatment. Therefore, evaluating the
maculopathy is still dependent on FA as a gold standard
imaging modality in many cases. Introducing OCTA as
an alternative imaging modality may alleviate the need
for FA in many cases.>?%%

Diabetic macular ischemia (DMI) is defined as
enlarged FAZ and capillary nonperfusion in the
macula by FA in cases with or without diabetic macular
edema.®¥2 Comparison of adaptive optics scanning
laser ophthalmoscopy, OCT, FA, and OCTA revealed
that non-perfusion area in DCP and reduced VD
correspond to macular photoreceptor disruption in DMI
cases.PH 15219181 I the area of the disrupted ellipsoid zone
of the photoreceptor (EZ), CC layer had greater areas of
flow void. Thus, alteration of choroidal circulation has
a role in the pathogenesis of DR and DML.®!

OCTA is comparable to FA in assessing and detecting
DMI.B?1 The Early Treatment of Diabetic Retinopathy
Study qualitatively evaluated macular ischemia using
FA and found a predictive value for progression of
the disease.®* Quantitative assessments of macular
ischemia utilized by OCTA could be used in the grading
of DR.

DME is defined as thickening of macula corresponding
to the areas of leakage in FA images. SD-OCT, and
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currently, OCTA can clearly show structural changes in
DME in 3D images. Cystic spaces are sometimes hard to
distinguish by FA as they may be covered by shadows;
but in OCTA, cystoid spaces are oblong-shaped total
flow void areas with smooth margins which do not
follow the border of the neighboring capillaries; whereas
areas of capillary non-perfusion have a lighter shade
with irregular margins.*'! OCTA also reveals alteration
in density and morphology of the microvasculature in
SCP and DCP which improves understanding of the
pathophysiology behind the edema.[*! A correlation
has been shown between the MA number specifically
in DCP and the presence of DME.” VD (in SCP and
DCP), CCCD, and PD are reduced and FAZ is enlarged
in the presence of DME.[8203644641 While interpreting
the results, one should consider that the presence of
CME may influence reproducibility and effectiveness of
OCTA in the measurement of FAZ and vascular indices,
particularly in DCP.B#! Eyes with DME that showed
outer plexiform layer (OPL) disruption, loss of integrity
of the DCP, larger FAZ area, and more MAs in DCP had
poor response to anti-VEGF treatment.’! Size of FAZ
and VD did not change following IDI and anti-VEGF
therapy but a reduction in the caliber of DCP vessels
and an increase in CCCD was observed.?#%2 OCTA
distinguishes non-perfusion areas, FAZ alterations, cystic
changes, and MAs; therefore, it may help clinicians better
understand the pathophysiology and grading of DME,
choose therapy, and follow up treatment efficacy.!*!!

The clinical application of OCTA is limited by many
factors. These include segmentation errors and lack of
ideal automatic algorithms to resolve these issues;#*4%!
the need for good patient fixation which can be
challenging in the presence of DME or DML sensitivity
to minor eye movements and lack of commercial
higher speed OCTA devices, optimal algorithms to
correct motion artifacts;®”*’! projection artifacts that
reduce repeatability and reliability of the assessment
of deep layers;*7¢4 small field of commercial OCTA
devices;!"™1%2 and discrepancy between measurements
using various commercial devices.!

Retinal and choroidal diseases disorganize the
boundaries of structures and make automatic
segmentation of the retina difficult. Therefore, images
and calculated vascular indices are less reliable in the
presence of pathology.™ Artifacts including banding,
motion, and segmentation have been found to be higher
in eyes with ocular pathology. Also, choroidal diseases
cause more segmentation errors in choriocapillaris
slab than retinal diseases.*?l Manual segmentation is
time-consuming and automatic segmentation typically
fails to segment irregular layers appropriately. Advanced

image processing helps to segment the retinal layers
and to split up 3D flow data into different layers in the
presence of pathology.*%

Poor image quality may not influence the occurrence
of segmentation error or motion artifacts; however, it
increases projection and banding artifacts, which could
decrease repeatability of measurements, particularly in
DCP. Image quality should be noted while assessing
measurements.%!

One of the strengths of OCTA is its ability to assess
vasculatures and structures of DCP separately from
SCP; however, this is limited by projection artifacts
from the superficial structures onto deeper layers.
Projection-Resolved Optical Coherence Tomography
Angiography (PR-OCTA) uses a novel reflectance-based
projection-resolved (rbPR) algorithm that augments
the flow signal and overcomes projection artifacts.
This module is found to improve image resolution for
the assessment of MCP, DCP, and CC.[376341 Adaptive
optics (AO) OCTA also improves axial and transverse
resolution, reduces projection artifacts, and assists
with proper segmentation. Thus, AO-OCTA improves
tracking of smaller vessels and reliability of assessment
of vascular indices.["*

Motion artifacts due to eye movement result in poor
quality images, stretch artifacts, and vessel doubling.
Increasing scan speed reduces motion artifacts but should
be balanced by blood flow speed; slow flow vessels may
be ignored by faster scans.””! An automated registration
and selective merging (RSM) algorithm could improve
image quality and resolve the few residual artifacts that
remain after orthogonal registration.”®! Eye tracking
systems significantly decrease motion artifacts; however,
their use may lead to extended acquisition time which
is challenging in a busy clinic practice.l**”)

Utilization of OCTA is largely limited by the small
field of images. Wavefront sensorless adaptive optics
improves peripheral retinal imaging and generates a
sharper wide field mosaic image.'" Montage OCTA was
found to be comparable or superior in some instances to
FA and 8 x 8-mm OCTA to visualize vascular details.[']
Wide-field OCTA technology will be an important
advancement which will enhance the utilization of OCTA
by clinicians.[0102]

Currently, swept source OCTA is available, with
faster scan speed, wider scan field, denser scan pattern,
safer higher energy, longer wavelength laser, and
improved detection power in deeper layers compared
to SD-OCTA.[3107]

Another limitation of the currently available OCTA
devices is the inability to measure the speed of blood
flow. This has been measured using a novel variable
interscan time analysis (VISTA) algorithm utilized in a
non-commercial swept source OCTA.

Although measurements by the same devices using
the same methodology may be reliable and reproducible,
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significant variability exists between different devices
and methods.® Therefore, measurements should not
be compared using different devices. Moreover, a
large normative data of vascular indices from normal
and diseased eyes measured by each device should be
collected to be used as reference values in the future.

OCTA is a promising alternative or supplement
to OCT and FA in the management of DR. There
have been several advances using OCTA imaging
in diabetic eyes, with an earlier detection of diabetic
changes, better grading of DR, and more reliable
quantitative measurements. Morphological and
qualitative assessment of vascular changes adds to our
knowledge about the pathophysiology of DR.

The most common scaling system for DR is the
International Clinical Disease Severity Scale,!*! a
descriptive scale based on clinical examination and
grades of DR as non-proliferative (mild, moderate,
severe) and proliferative. This scaling system is limited
as itis prone to examiner errors including missing subtle
details which may change the presumed severity and
the inability to identify those who are at higher risk of
progression to a more severe retinopathy. Furthermore,
it may not correlat with visual function and may not
help with selection of appropriate therapy or provide
trackable measures in the treatment and follow-up of
patients. OCTA can help to quantitatively grade changes
and is presumed to be superior or complementary to
current qualitative grading systems. Adding quantitative
values including FAZ size to the current grading system
may improve DR scaling system to a more trackable
clinically applicable scaling.!'®111]

Investigations are currently on to analyze retinal
images to improve the screening, grading, and follow up
of DR. A major progress is deep learning system (DLS)
technology, which has shown promise as a highly
sensitive, specific, and accurate method to detect referable
and vision-threatening DR. It may enable grading of DR,
suggest appropriate therapy, and predict response to
therapy based on retinal images.!"'*""*/ Incorporating the
OCTA imaging data into the DLS processing algorithms
may improve sensitivity and specificity.[''”)

Like any other imaging system, various artifacts are
described in OCTA images which are caused by OCT
image acquisition, intrinsic eye characteristics, motion,
processing, and display strategies.*>*’! Therefore, special
attention is required for interpretation of images, as
artifacts may interfere with the diagnosis, classification,
or measurement of lesions in OCTA images.!*!

Current clinical use of OCTA imaging in DR may be
limited to the detection of the etiology of unexplained
visual loss, and differentiation of disc and NV from IRMA
and shunt vessels. Moreover, follow-up of rare cases with

persistent NV despite full panretinal photocoagulation
for possible neovascular growth, is easy to perform with
OCTA. OCTA may also be helpful in the differentiation
of choroidal neovascularization from diabetic macular
edema associated with macular degeneration. Future
studies are needed to further elucidate the role of OCTA
in clinical practice.
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