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Dye-based angiography has been the standard of care for
the diagnosis of retinal, choroidal and optic nerve vascular
disorders for a long period of time. Since its introduction in
1961, angiography techniques and instrumentation have
remarkably improved.1 These advancements include, but are
not limited to, the development of confocal scanning laser
ophthalmoscopy, digital angiography, and wide-field imaging
techniques. However, dye-based angiography remains a time-
consuming, invasive procedure that requires skilled photog-
raphers. In addition, the images have limited depth resolution.

Recently, a novel imaging strategy, optical coherence
tomography angiography (OCTA) has been introduced. OCTA
is a noninvasive modality for vascular mapping without dye
injection. It provides high speed, 3-dimensional images of the
retinal, choroidal and optic disc vasculature. Several studies
have illustrated the normal vascular mapping of the healthy
human retina in OCTA images2,3 and have demonstrated an
age related reduction in the retinal capillary density (at both
the superficial and deep level) and an age related increase in
the foveal avascular zone.4 In addition, the ability of OCTA to
identify and quantify vascular changes in different ocular
diseases including retinal vascular occlusive disorders, neo-
vascular age related macular degeneration (AMD) and other
related conditions, uveitic disorders and optic neuropathies has
been described.2,3 OCTA vessel density measurements have
been found highly repeatable and reproducible.4,5 For the
foveal avascular zone (FAZ) measurements, interobserver
reproducibility have been reported to be 0.78e0.99 in super-
ficial capillary plexus (SCP) and 0.67e0.92 in Deep capillary
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plexus (DCP), and intraobserver repeatability 0.64e0.93 in
SCP and 0.63e0.87 in DCP.6

In neovascular AMD, OCTA is able to detect choroidal
neovascularization (CNV) in 34e100% of the patients,
depending on the type and activity of the lesions.7e10 A ret-
rospective cohort study in patients with type 1 CNV reported
that the combination of the en face OCTA and structural OCT
can detect CNV lesions in 85.7% of cases compared to 66.7%
for fluorescein angiography (FA) alone and OCTA alone.11

OCTA offers additional benefits for the evaluation of CNV.
Several morphologic characteristics including margin, core,
and shape have been described.7,12 Also, OCTA quantitative
measures of the CNV lesion including area, vessel density, and
branching complexity may enhance evaluation.7,8 However,
the clinical relevance of these descriptions remains to be
confirmed. Although several features have been suggested to
be able to illustrate the maturity of the CNV lesions, differ-
entiating active from inactive lesions based on OCTA may be
difficult.7,12

OCTA may also help to differentiate CNV from mimicking
lesions. Subretinal hyperreflective material (SHRM) with
structural OCT may have different etiologies including sub-
retinal hemorrhage, vitelliform deposition, subretinal inflam-
matory membranes (e.g. fibrin) and scar tissue as well as true
neovascular tissue. Dansingani et al.13 showed that OCTA can
distinguish vascular from avascular SHRM components. The
ability of OCTA is especially important in detection of neo-
vascularization in pachychoroid spectrum diseases. In eyes
with pachychoroid features harboring new vessels, the detec-
tion rate of the OCTA is higher than dye-based angiography
(95% versus 29%).14 In contrast, OCTA may not be able to
demonstrate all polypoidal lesions in eyes with idiopathic
polypoidal vasculopathy due to the low flow characteristics.15

OCTA can be effective in illustrating microvascular
abnormalities in retinal vascular occlusive disease. In diabetic
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retinopathy (DR), OCTA can identify microaneurysms, mac-
ular non-perfusion or ischemia and neovascularization in each
layer of the retinal capillaries.16 In addition, automated or
semi-automated quantitative measurements of the FAZ, vessel
density and area of non-perfusion can be performed.16,17

Although OCTA can show the precise location of the micro-
aneurysms, the detection rate is lower compared to the FA.18

However another study demonstrated the OCTA detection of
microvascular abnormalities in diabetic patients prior to the
onset of clinically evident retinopathy. It has been illustrated
that decreasing capillary density and branching complexity,
and increasing average vascular caliber with OCTA were
associated with worsening DR and that diabetic macular
edema was associated with a significant change in FAZ, and
capillary density and morphology.19 Also, a correlation has
been found between visual acuity and OCTA measured vessel
density and FAZ area.20 Similarly, microvascular abnormal-
ities in central and branch retinal vein and artery occlusions
and sickle cell retinopathy can be sensitively depicted using
OCTA.21e23 Perhaps more importantly OCTA can differ-
entiate the level of macular ischemia. Disorders such as dia-
betic retinopathy, retinal artery and vein occlusion and sickle
cell retinopathy can illustrate ischemia exclusively at the level
of the deep retinal capillary plexus.23,24 OCTA findings have
also been helpful to understand the pathogenesis of macular
edema associated with DR and retinal vein occlusion.25

The benefit of quantitative biomarkers of retinal disease
cannot be underestimated. OCTA provides the capability to
measure the density and area of retinal capillaries and vascular
abnormalities, allowing quantitative comparison before and
after treatment and correlation of baseline findings with treat-
ment outcomes. Lee et al.26 reported that poor anti-vascular
endothelial growth factor responders had a larger FAZ area
and more significant abnormalities including microaneurysms
in the DCP of eyes with diabetic macular edema. Suzuki et al.27

reported that capillary non-perfusion decreased and blood flow
improved in retinal vein occlusion after anti-VEGF therapy. We
could not find a significant change in vessel density and FAZ
area after anti-VEGF therapy in eyes with diabetic macular
edema (DME) and retinal vein occlusion.28

The benefits of OCTA analysis have also extended to more
uncommon retinal and choroidal disorders. OCTA has illus-
trated retinal and choroidal vascular abnormalities in diseases
like retinopathy of prematurity, uveitis, foveal hypoplasia,
choroidal tumors, macular telangiectasia, and Stargardt dis-
ease.29e34 These OCTA findings have provided new insights
into the pathogenesis of these interesting diseases.

OCTA has provided useful information regarding the
microvascular network in the peripapillary and prelaminar area.
A dense microvascular network with no evidence of focal
capillary dropout is observed around healthy optic discs.35

While the radial peripapillary capillary network cannot be
visualized by FA, it is readily visible with OCTA.36 The benefit
of OCTA has been demonstrated in different optic nerve dis-
eases including ischemic, inflammatory and glaucomatous optic
neuropathy.35 In glaucomatous eyes, OCTA illustrated micro-
vascular abnormalities including focal or diffuse attenuation of
capillaries in the prelaminar and/or peripapillary regions.35

OCTA can differentiate glaucomatous eyes and glaucoma sus-
pects from healthy eyes with a high level of sensitivity and
specificity.37,38 In addition, OCTA based peripapillary vessel
densities have been reported to be significantly correlated with
visual field defects and have similar diagnostic accuracy as
nerve fiber layer thickness measurements for differentiating
healthy and glaucoma eyes.38,39 In other types of optic neuro-
pathy such as ischemic optic neuropathy, idiopathic intracranial
hypertension, dominant optic atrophy and leber's hereditary
optic neuropathy, OCTA studies have illustrated various
microvascular changes including dilated and tortuous peri-
papillary capillaries and an increase or decrease in the visibility
of the peripapillary capillary network in disc edema, and
decreased visibility of the peripapillary capillary network cor-
responding to the region or sector of nerve fiber layer thinning in
eyes with optic atrophy.40

Despite promising results of studies on the broad application
and efficacy of OCTA in different ocular diseases, several
factors may limit the incorporation of OCTA into daily prac-
tice. Several types of artifacts have been reported that limit the
reliable interpretation and analysis of OCTA images.41e43

Early versions of OCTA devices were especially limited by
severe motion artifacts from the patients' saccades. Post-
acquisition software correction of the images improved the
quality of the images. Later, implementation of eye-tracking
software further eliminated motion artifact. Projection artifact
of the superficial vessels on the deep structures interferes with
the visualization and interpretation of the vascular lesions.
Different methods have been employed for removal of the
projection artifacts.44 Projection-resolved OCTA shows three
distinct vascular plexuses in the inner retina with a high level of
precision.44 In recent studies, at least one form of artifact was
identified in 73e89.4% of OCTA images with more prevalence
in eyes with ocular pathology and poor visual acuity.33,45 The
artifacts were severe enough to preclude accurate grading of the
images in 17.6%.41 In addition, correction of artifacts such as
segmentation artifact can be challenging. Also, OCTA is not
able to illustrate blood flow velocity or retinal vascular leakage.
In addition, the detection rate for certain lesion types such as
polyps and retinal angiomatous lesions may be low.8,15 Prob-
ably, the most important limitation of OCTA to be imple-
mented in the routine clinical practice is limited data from
well-designed studies.

In conclusion, due to various limitations with the current
OCTA devices, OCTA may be best applied in the research
setting or as a part of a multimodal approach for the diagnosis
and management of the retinochoroidal diseases in daily
practice. Eyes with suspected CNV and no clear evidence of
neovascularization with FA, especially eyes with pachychor-
oid spectrum abnormalities may benefit from OCTA more than
others. OCTA may provide a fast, practical and noninvasive
tool to detect neovascularization in AMD and other related
disorders. Also, OCTA is helpful to image the FAZ in eyes
with unexplained visual loss and can provide depth resolved
information regarding ischemia at the deep retinal capillary
level.
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