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Abstract

Purpose: This work aims to review the principles of optical coherence tomography angiography (OCTA), to survey its clinical
utility, and to highlight the strengths of this technology as well as barriers to adoption. Methods: A literature review with
editorial discussion of the current applications for OCTA is presented. Results: There have been recent advances in multiple
domains in OCTA imaging, including devices, algorithms, and new observations pertaining to a range of pathologies. New
devices have improved the scanning speed, signal-to-noise ratio, and spatial resolution and offer an increased field of view.
New algorithms have been proposed to optimize image processing and reduce artifacts. Numerous studies employing OCTA
have been published describing changes to the microvasculature in diabetic retinopathy, age-related macular degeneration,
central serous chorioretinopathy, retinal vein occlusion, and uveitis. Conclusions: OCTA provides noninvasive, high-resolution
volumetric scans of the retinal and choroidal vasculature. OCTA can provide valuable data to augment traditional dye-based

angiography in a range of chorioretinal diseases.
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Introduction

Optical coherence tomography angiography (OCTA) is a
noninvasive imaging modality that uses amplitude or phase
decorrelation to detect blood flow without intravenous (IV) dye
administration.! Before the advent of OCTA, visualization of the
retinal or choroidal microvasculature required IV delivery of a
dye for fluorescein angiography (FA) or indocyanine green
angiography (ICGA). Although the images acquired by tradi-
tional angiography methods have certain advantages, such as the
ability to detect leakage, OCTA is differentiated as a clinical tool
by its generation of depth-resolved images of the retinal capil-
lary plexuses, rather than 2-dimensional en face views.?
Furthermore, OCTA is quicker and obviates the potential side
effects associated with IV dye administration. Despite an ever-
increasing body of research demonstrating the clinical utility of
OCTA, the technology has not been universally adopted. This
article reviews the strengths and weaknesses of OCTA, high-
lights its clinical value in various retinal and uveitic pathologies,
and delineates its future opportunities and the barriers to its
adoption.

Methods

The literature search for this review was conducted using
PubMed and Google Scholar. The primary search included

papers published from 2015 to 2021, with other select articles
of high relevance added for completeness. The following search
terms were included: optical coherence tomography angiogra-
phy, diabetic retinopathy, age-related macular degeneration,
central serous chorioretinopathy, macular telangiectasia, reti-
nal vein occlusion, and uveitis. Original articles and reviews
were included.

Results

Principles of Optical Coherence Tomography
Angiography

OCTA was developed from optical coherence tomography
(OCT) imaging, a technology that has revolutionized ophthal-
mology over the past 30 years.> OCT uses low-coherence inter-
ferometry to produce structural images from the optical
scattering of back-reflected light. A-scans (or axial scans) are

! Department of Ophthalmology, Weill Cornell Medical College, New York,
NY, USA
2 The Retina Institute, St Louis, MO, USA

Corresponding Author:

Thanos D. Papakostas, MD, The Retina Institute, 2201 S Brentwood Blvd, St
Louis, MO 63144, USA.

Email: thanosp@me.com


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jvrd

mailto:thanosp@me.com

230

Journal of VitreoRetinal Diseases 6(3)

produced by the interference patterns of a single beam of light,
and provide information regarding the depth of a structure
within the eye as well as its propensity to reflect or scatter light.*
B-scans (or cross-sectional scans) are generated by the sequen-
tial acquisition of numerous A-scans along a linear path.
Volumetric data scans are acquired by performing multiple
B-scans along the plane perpendicular to the B-scan image,
thereby providing a raster scan.

The speed and resolution of OCT imaging have improved
significantly over the years. Spectral-domain OCT (SD-OCT)
and swept-source OCT (SS-OCT) are examples of Fourier-
domain OCT, whereby interference data undergo a Fourier
transformation process in which all light echoes are measured
simultaneously. SD-OCT employs a spectrometer, a charge-
coupled device camera, and a broad-bandwidth light source
(800-900 nm) to achieve speed ranges of 40 to 100kHz.?
SS-OCT uses a tunable laser with longer wavelengths (typically
> 1000 nm) that are less prone to attenuation and scattering
and functions at speeds in excess of 100 kHz.® By improving
the scanning speed, signal-to-noise ratio, and spatial resolution,
these technologies permit a detailed depiction of ocular struc-
tures with relatively short scanning times.’

The functional premise of OCTA is that in repeated B-scans
of the same location, stationary tissue will not change substan-
tially from frame to frame, while erythrocytes moving through
the blood vessels will be in flux. This dynamic flow of erythro-
cytes can be analyzed to generate 3-dimensional visualization
of the microvasculature. Numerous OCTA algorithms have
been developed to identify blood flow and differentiate it from
bulk eye motion, with these algorithms having variable reliance
on different parts of the OCT signal.’

Strengths of Optical Coherence Tomography
Angiography

OCTA provides in vivo depth-resolved imaging of the retinal
vasculature. Unlike the 2-dimensional images provided by FA,
OCTA permits visualization of blood flow within distinct layers
of the retina and choroid.’ Indeed, while FA visualizes the
superficial retinal capillary vasculature, OCTA provides high-
resolution, cross-sectioned, depth-resolved images of superfi-
cial, middle, and deep capillary plexuses.®!! These networks
would be obscured by overlying areas of leakage in FA. In this
respect, OCTA can be understood as complementing the infor-
mation provided by dye-based angiography.

As a noninvasive imaging modality, OCTA has other advan-
tages relative to dye-based techniques. The IV administration
of FA or ICG is relatively invasive and is not without risk of
adverse effects, ranging from common symptoms of nausea and
pruritis to vomiting, injection site pain, tissue necrosis, and
allergic reactions (including anaphylaxis in rare cases)."”
Patients with relative contraindications to IV FA or ICG admin-
istration (challenging I'V access, allergy to shellfish in regard to
ICG) have no restrictions with respect to OCTA. Dye-based
imaging is relatively time-consuming and expensive. These
disadvantages are particularly apparent in patients who need

frequent vascular imaging (eg, patients being treated with anti-
vascular endothelial growth factor [VEGF] agents for diabetic
macular edema or wet age-related macular degeneration
[AMD]). For these patients, the benefit of a rapid noninvasive
technique to evaluate retinal and choroidal vasculature is clear.

Weaknesses of Optical Coherence
Tomography Angiography

There are several limitations of OCTA. Foremost among these
is that the technology is prone to a range of artifacts.'*> Blood
flow in the superficial vasculature can interfere with light
propagation to deeper structures, resulting in projection arti-
facts. Projection artifacts can be identified by the evaluation
of sequential en face images at various depths, and OCTA
software algorithms are designed to subtract these artifacts
accordingly.'* Since the functional premise of OCTA is that
the eye is static, movement or loss of fixation can result in
motion artifact.!” Decorrelation signals across the entire
B-scan cause white lines in the OCTA image. Motion correc-
tion can be employed that estimates eye motion between
A-scans and aligns the A-scans accordingly. However, this
process is computationally intense and prone to introducing
its own artifacts (eg, stretching defects and the doubling of
vessels).!* Indeed, motion artifact is a major limiting factor
for use of OCTA in eyes with low vision that might not be able
to maintain fixation.'® Errors can also occur when automatic
segmentation strategies incorrectly identify different retinal
layers. Healthy eyes are less susceptible to segmentation arti-
facts; however, high myopia as well as pathologies such as
atrophy, edema, and hemorrhage pose major challenges for
segmentation algorithms.!* Indeed, studies comparing dis-
eased eyes with fellow eyes found decreased image quality in
eyes with pathology, with lower signal strength and increased
artifacts.!”13

Although OCTA successfully images blood flow in active
choroidal neovascular membranes (CNVM), as shown in
Figures 1 and 2, its identification of slow blood-flow lesions
(including fibrotic CNVM as well as microaneurysms and pol-
ypoidal choroidal vasculopathy) is limited. The time between 2
sequential OCT B-scans determines the slowest detectable flow
rate below which blood flow will not be detected. Accordingly,
those lesions with blood flow below this threshold might be
missed by OCTA. The potential solution—prolonging the inter-
val between consecutive scans—comes at the significant cost of
increased motion artifact.!” When a slow-flow lesion is not evi-
dent by analysis of the first and second B-scans, high-speed
OCTA systems that use variable interscan time analysis might be
able to decrease the minimum threshold by comparing the first
and third B-scans without increasing motion artifact.'?

In its current form, OCTA provides qualitative data by dis-
criminating between blood vessels with adequate flow and
static tissue. Several studies have numerically evaluated this
qualitative vascular signal but are not truly quantitative in pro-
viding OCT-based measurements of blood flow.22! In contrast,
OCTA velocimetry has the potential to quantify blood flow in
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Figure |. Example of choroidal neovascular membranes before treatment. (A) Infrared and (B) cross-sectional B-scan on spectral-domain
optical coherence tomography (OCT) showing subretinal hyperreflective material, subretinal fluid, and retinal pigment epithelium disruption.
En face (C) OCT and (D) OCT angiography images as well as (E) cross-sectional B-scan OCT with flow overlay depicting choroidal

neovascular membrane.

retinal vascular networks.?? The principle underlying OCTA
velocimetry is that an incident OCT beam is partially reflected
back by moving erythrocytes within a blood vessel, and evalu-
ation of how the beam is modulated over repeated measure-
ments can provide blood-flow velocity.?>% Various phase-based,
amplitude-based, and complex signal-based algorithms (that
use both phase and amplitude data) have been developed to

quantify blood flow.? In the research setting, quantitative eval-
uation of blood flow has the potential to deliver new insights
into retinal hemodynamics.?* Although current OCTA devices
do not have the processing power to make quantitative velocim-
etry measurements feasible over large fields of view, it is likely
that future generations of devices will increase the clinical
applicability of this technology.
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Figure 2. Choroidal neovascular membranes after treatment with ranibizumab (same patient as in Figure 1). (A) Infrared and (B) cross-
sectional B-scan on spectral-domain optical coherence tomography (OCT). En face (C) OCT and (D) OCT angiography (OCTA) images
with (E) cross-sectional B-scan OCT with flow overlay. The images depict resolution of the subretinal hyperreflective material and subretinal

fluid along with shrinkage of the vascular network based on OCTA.
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Compared with traditional dye-based angiography, OCTA
has the significant limitation of not accurately capturing vascu-
lar leakage. In contrast, the dynamic appearance of dye leakage,
staining, and pooling in 2-dimensional image sets captured by
FA and ICGA are well recognized and extensively documented
in the literature.!>*2¢ OCTA provides a snapshot in time; it
does not depict sequential temporal events. Accordingly, the
adoption of OCTA as a replacement of dye-based angiography,
in its current form, might be limited by its inability to capture
leakage in conditions such as diabetic macular edema, neovas-
cular AMD, and retinal vein occlusion. However, because cur-
rent dye-based imaging is 2-dimensional, vascular leakage has
the potential to block visualization of retinal pathology. In con-
trast, OCTA imaging can resolve and segment different layers
of the retina and choroid, thereby permitting identification of
the axial location of pathology.

The use of OCTA for screening for disease might be limited
by its smaller field of view relative to that of to dye-based angi-
ography. Wide-field imaging is particularly important in vascu-
lar conditions that have manifestations in the periphery, including
diabetic retinopathy (DR). The standard area imaged by OCTA
is 3mm X 3 mm, although new wide-field swept-source devices
permit scanning protocols of up to 23 mm X 20mm in a single
scan.?”?® This increase in field was made possible by increased
scanning speeds, yet remains smaller than wide-field FA.

Greater imaging fields can lead to decreased resolution
because some software programs use the same number of
B-scans across the total area scanned.!>?° Given the progress in
the technology over the past 5 years, it is anticipated that hard-
ware and software developments will continue to expand the
field of view captured by OCTA while achieving high levels of
resolution, for example by using algorithms to montage multi-
ple OCTAs.3*3! Indeed, by montaging multiple images together,
areas of 31 mm X 27 mm can be obtained with current devices.?®
There has recently been a move toward integrating multiple
imaging technologies, exemplified by the Optos Silverstone
device, which combines SS-OCT with the ability to obtain 200°
retina pseudocolor fundus images, fundus autofluorescence,
FA, and ICGA. It is expected that combination devices that
incorporate the ability to perform OCTA will be available in the
next few years.

Although the technological innovation of OCTA is expand-
ing the capabilities of this imaging modality, the variability of
data generated from different instruments and software is not
without issue.*? After Fourier transformation, OCT signals
contain both phase data and magnitude data. OCT algorithms
can use either of these data or a combination to identify blood
flow.** OCT algorithms are numerous, including speckle vari-
ance, phase variance, complex difference, correlation map-
ping, optical microangiography, split-spectrum amplitude
decorrelation angiography, and OCT angiography ratio analy-
sis, to name a few.3? Various artifact-correction and eye-track-
ing technologies are employed by device manufacturers,
further compounding the poor agreement between systems.

This lack of consistency between devices has made it challeng-
ing to establish robust normative databases.

Finally, it is important to acknowledge the considerable
expense associated with purchasing an OCTA platform, in addi-
tion to the concomitant data storage and retrieval costs. As dis-
cussed, performing FA is a relatively labor-intense process and
is expensive for this reason. However, in the United States,
practitioners are reimbursed commensurately because FAs have
a distinct Current Procedural Terminology (CPT) code. In con-
trast, OCTA is reimbursed using the same CPT code as OCT
imaging, even though OCTA takes longer to interpret (in par-
ticular when segmentation artifacts are present and manual
adjustment is required). As a result, there is a substantial finan-
cial burden associated with the routine use of OCTA rather than
the combination of dye-based angiography with traditional
OCT imaging. This represents a major factor limiting the adop-
tion of OCTA outside academic practice. Despite these practi-
cal limitations, the opportunities for OCTA to deepen our
understanding of ocular pathology and to guide treatment deci-
sions in clinical practice have been recognized in numerous
conditions.

Optical Coherence Tomography Angiography
in Diabetic Retinopathy

The Early Treatment Diabetic Retinopathy Study group
employed FA to identify the vascular anomalies associated
with DR and the likelihood of future disease progression.>* FA
remains the gold standard for vessel visualization in DR.3
However, histological analyses have demonstrated that FA
captures incomplete morphologic information about the super-
ficial capillary network and even less detail about the deep
capillary network.’® The observation that FA depicts only a
fraction of retinal blood vessels suggests that alternative
modalities that provide depth-resolved imaging of the retinal
vasculature should have greater utility as screening tools.
Indeed, multiple studies have shown that OCTA can identify
microvascular changes in diabetic eyes without clinical evi-
dence of retinopathy.”’

In addition to its potential role as a screening tool for diabetic
eye disease, OCTA has been shown to be valuable in following
patients with established retinopathy. Figure 3 shows an exam-
ple of OCTA imaging in DR. The foveal avascular zone (FAZ) is
known to expand with increasing DR severity.®® OCTA effec-
tively evaluates FAZ enlargement over time when using full reti-
nal depth projection or when assessing the superficial or deep
capillary plexuses.**? Owing to the relative ease of acquisition
compared with dye-based angiography, it is feasible to obtain
OCTA at every patient visit, thus permitting closer tracking of
vascular changes over time in patients with DR. Another OCTA
readout that can be used to follow disease severity in DR is vas-
cular perfusion.®#! Capillary perfusion density values have been
shown to correlate closely with clinical grading of DR, suggest-
ing an objective metric for assessing disease progression.*?
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Figure 3. Example of proliferative diabetic retinopathy. Optical coherence tomography (OCT) angiography enface of (A) macula and (B)
nasal retina superficial plexus. (C) Cross-sectional B-scan OCT showing flow overlay with arrows indicating areas of neovascularization at
the vitreoretinal interface. The 2 yellow arrows depict the same neovascular frond.

This work suggests that OCTA might offer an alternative to FA
for the diagnosis of follow-up of DR.

In a retrospective study of 41 eyes comparing FA with OCTA
in the evaluation of macular perfusion in diabetic patients,
OCTA had close agreement with FAZ analysis but low sensi-
tivity for detecting microaneurysms.*3 Indeed, OCTA has been
shown to fail to capture a substantial portion of the microaneu-
rysms identified on FA (~ 40%).>° The lower sensitivity of OCTA
in detecting microaneurysms is believed to be due to blood flow
dropping below the slowest detectable rate.** Nevertheless,

regular evaluation with OCTA can be used to follow the response
of microaneurysms to anti-VEGF treatment.?

OCTA can also be employed in proliferative DR to monitor
neovascularization and vessel regression in response to anti-
VEGEF therapy.* A retrospective study of 47 eyes with DR eval-
uated the ability of structural OCT and OCTA to detect the new
onset of, regression of, and reactivation of neovascularization. It
found that structural OCT was better at detecting neovascular-
ization; however, OCTA had the best detection rate for regres-
sion of neovascularization (100% compared with 45.5% for
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structural OCT) and reactivation (100% compared with 12.5%
for structural OCT).* Accordingly, the authors concluded that
although posterior pole structural OCT has the best detection rate
for neovascularization, OCTA is the superior imaging modality
for objective monitoring of proliferative DR after treatment.*®

As the capacity of newer swept-source OCTA devices to cap-
ture larger areas of the posterior retina increases, so do opportuni-
ties to employ OCTA to monitor more advanced stages of
diabetes. For example, wide-angle OCTA imaging might be used
to detect peripheral proliferative DR to identify neovasculariza-
tion, as in Figure 3; to image extramacular capillary nonperfu-
sion;andto follow theresponse to panretinal photocoagulation.*’->
Indeed, there is evidence that wide-angle OCTA has high sensi-
tivity and specificity when detecting areas of neovascularization
and nonperfusion, relative to ultra-widefield FA.>%%! In a pro-
spective observational study of 152 eyes comparing montaged
15mm X 15-mm OCTA scans with ultra-widefield FA, OCTA
was shown to exhibit similar detection rates of microaneurysms,
intraretinal microvascular abnormalities, neovascularization, and
nonperfusion areas relative to ultra-widefield FA images.”! Given
the invasive nature, the time, and expense associated with dye-
based angiography, the ease of acquisition of widefield OCTA
might allow for DR changes to be imaged at more regular inter-
vals than is feasible with FA.

Optical Coherence Tomography Angiography
in Age-Related Macular Degeneration

Recent studies have employed OCTA to deliver important new
insights into the pathophysiology of AMD.%>¢ There is an
intimate and mutual relationship between the health of the reti-
nal pigment epithelium (RPE) and the choriocapillaris.’”-
Although the site of initial insult in AMD remains under debate,
there is evidence from histopathological evaluation of AMD
eyes that choriocapillaris breakdown precedes RPE and retinal
degeneration.>% Wherever the primary insult occurs, there is
no imaging modality currently available that permits the in vivo
evaluation of RPE function, yet OCTA can be used to measure
the perfusion of the choriocapillaris, thus providing a proxy
metric for function of the RPE—choriocapillaris complex.®! In
advanced nonexudative AMD, OCTA has been particularly
valuable for its capacity to evaluate the choriocapillaris.®!

Individual vessels in the choriocapillaris complex cannot be
resolved by current OCTA instruments; however, flow voids
(areas of absent flow signal) can be identified. Multiple studies
have demonstrated decreased choriocapillaris perfusion mani-
festing as increased flow voids in advanced AMD.3?%? Indeed,
impairment of choriocapillaris flow has been detected beyond
the margins of areas of geographic atrophy.3?>? It has been sug-
gested that OCTA could be employed as a tool to predict geo-
graphic atrophy progression® and to quantify and monitor areas
of atrophy.>®

OCTA imaging has been adopted in the clinic for the diagno-
sis of neovascular AMD. In capturing depth-resolved images,
OCTA permits differentiation between type 1 (sub-RPE), type 2
(between the RPE and the retina), and type 3 (within the retina)

neovascularization.®% Indeed, OCTA has been demonstrated
to have sensitivity and specificity similar to that of FA for the
detection of neovascularization.®”-68

In a multicenter, retrospective cohort study of 115 eyes with
type 1 neovascular AMD, the sensitivity of the combination of
en face OCTA and structural OCT was compared with the refer-
ence standard of combined FA and structural OCT.®® It was
found that 90 eyes (86%) could be detected with en face OCTA
and structural OCT, compared with 105 eyes detected with the
reference standard. Notably, the combination of en face OCTA
and structural OCT demonstrated superior detection of type |
neovascularization than FA alone or en face OCTA alone.%®

Furthermore, OCTA has the capacity to capture nonexuda-
tive neovascularization that would otherwise have been unde-
tectable.®>® Subclinical macular neovascularization detected
via OCTA has been shown to be associated with a greater risk
of future exudation, suggesting a role for OCTA in guiding
decisions about follow-up intervals.”! The longitudinal response
of macular neovascularization to anti-VEGF treatment has
been characterized, and it is feasible that tracking changes to
vascular networks on OCTA might inform decisions regarding
retreatment in the future.”>7*

Optical Coherence Tomography Angiography
in Central Serous Chorioretinopathy

CNV is a relatively rare sequela of chronic central serous cho-
rioretinopathy (CSCR), yet it is strongly associated with a poor
visual prognosis.” Differentiating between eyes with chronic
CSCR with or without CNVM is often challenging because they
share several features, including RPE detachment, subretinal
and intraretinal fluid, retinal atrophy, and cystoid macular
degeneration.”®”’ Figure 4 shows an example of OCTA imaging
in CSCR. Multiple studies have demonstrated the superiority of
OCTA over FA in the detection of CNVM in eyes with chronic
CSCR, with OCTA exhibiting significantly higher sensitivity
and specificity than FA.®778%0 The timely diagnosis of CNVM
allows for the prompt initiation of anti-VEGF therapy and might
ultimately result in superior visual outcome for these patients.

Optical Coherence Tomography Angiography
in Macular Telangiectasia

OCTA has been demonstrated to be superior to FA in identify-
ing rarefaction of the capillary plexus and altered microvascu-
lar morphology in macular telangiectasia type 1.%! Furthermore,
OCTA imaging has been employed to demonstrate that telangi-
ectasias are limited to the deep capillary plexus in macular tel-
angiectasia type 1 and identify a reduction in capillary network
density in both the deep and superficial plexuses in this condi-
tion when compared with fellow eyes and normal controls.®!
OCTA has also shed light on structural changes that occur in
macular telangiectasia type 2.5827%5 Figure 5 shows an example
of OCTA imaging in macular telangiectasia type 2.
Volume-rendered images of eyes with macular telangiecta-
sia type 2 have shown that vessels occurring posterior to the
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Figure 4. Example of central serous chorioretinopathy. (A) Fluorescein angiography at early, mid, and late phases demonstrating parafoveal
leakage. (B) Infrared and (C) cross-sectional B-scan on spectral-domain optical coherence tomography (OCT). Spectral-domain OCT shows
subretinal fluid and hyperreflective material as well as retinal pigment epithelium detachment. En face (D) OCT and (E) OCT angiography
images with (F) cross-sectional B-scan OCT showing flow overlay, consistent with a choroidal neovascular membrane.
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A

Figure 5. Example of macular telangiectasia type 2. (A) Infrared and (B) cross-sectional B-scan on spectral-domain optical coherence
tomography (OCT). En face (C) OCT and (D) OCT angiography images from superficial vascular plexus with (E) cross-sectional B-scan OCT

showing flow overlay.

outer limit of the deep retinal plexus occur in the setting of reti-
nal thinning, vascular invasion, or an amalgam.®? Visualization
of the vascular abnormalities in macular telangiectasia type 2
using OCTA has led investigators to hypothesize that retinal
thinning associated with loss of Miiller cell density results in
deeper vessels being exposed to the relatively hypoxic environ-
ment of the inner segments of photoreceptors, thus promoting

intraretinal vascular proliferation.®? OCTA has also been used
to identify an association between the origins of right-angled
veins and contractile features of tissue in the temporal macula,
suggesting that tensile stress across the macula may be impli-
cated in the development of right-angled veins.®3 OCTA studies
of macular telangiectasia type 2 have demonstrated that mean
capillary density is significantly reduced both in the superficial
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and deep capillary plexuses and have shown increased intervas-
cular spaces and abnormal capillary anastomoses, relative to
controls.3*%5 OCTA has also been used to demonstrate that
retinal-choroidal anastomoses occur earlier in the pathogene-
sis of macular telangiectasia type 2 than previously thought,
occurring in association with right-angle veins before prolif-
eration laterally above the Bruch membrane occurs.’® OCTA
studies support the concept of capillary proliferation in the
outer retina in advanced macular telangiectasia type 2 and
have shown a significant association between hyperreflective
material-containing vessels visualized on OCTA with increas-
ing disease severity.%® By enabling the visualization and
quantification of patterns of vascular changes in macular telan-
giectasia type 2, OCTA offers potential additional parameters
to monitor in future treatment trials.’”-%8

Optical Coherence Tomography Angiography
in Retinal Vein Occlusion

OCTA has been shown to detect microvascular changes both in
the superficial and deep capillary networks following retinal
vein occlusion.'®° These changes include a reduction in
foveal and parafoveal vessel densities, increased areas of non-
perfusion, the engorgement of capillary networks, increased
vascular tortuosity, increased collateral vessels, and the develop-
ment of telangiectasias.’’* Notably, the best-corrected visual
acuity (VA) in eyes with retinal vein occlusion has been shown
to be negatively correlated with the area of the superficial foveal
avascular zone and positively correlated with the parafoveal
vessel density.®** In a case series of 144 eyes with retinal vein
occlusion comparing the capacity of OCTA vs FA in delineating
areas of retinal capillary nonperfusion, OCTA was found to be
more precise.”® Moreover, superficial and deep capillary plexus
ischemia on OCTA have been identified as significant predictors
of diminished VA.%

There are certain challenges associated with the use of
OCTA to evaluate retinal vein occlusions. In particular, macular
edema might give rise to segmentation errors.'® Macular edema
can also lead to the degree of nonperfusion being overestimated
because of shadowing artifacts from fluid in cystoid spaces
obscuring the detection of capillaries.®” To address these poten-
tial sources of error, some investigators have used nonseg-
mented images to evaluate the FAZ, while others have included
only eyes without macular edema.”>

Optical Coherence Tomography Angiography

in Uveitis

OCTA can detect changes to the superficial and deep capillary
plexuses in uveitic disease.”” Superficial retinal plexus parafo-
veal capillary density is significantly decreased in eyes with
retinal vasculitis relative to healthy eyes, suggesting that OCTA
might be used to index inflammatory changes secondary to uve-
itis.'® Although OCTA is not able to detect vascular leakage
secondary to retinal vessel inflammation, it offers the

advantage of superior imaging of the deep capillary plexus.
This is particularly relevant in uveitic diseases that demonstrate
markedly deficient capillary flow in the deep retinal capillary
plexus, such as birdshot chorioretinopathy.'®' OCTA might also
offer superior visualization of perifoveal microvascular changes
in eyes with active uveitis than FA, such as has been reported in
Behget disease.!”> OCTA can also be useful in detecting sec-
ondary complications of vasculitis that might be missed by FA,
such as neovascularization blocked by retinal hemorrhage, tel-
angiectasias, and early peripapillary vascular proliferation.'%

Conclusions

In recent years, OCTA has emerged as a new technology that
permits depth-resolved and volumetric imaging of the retinal
microvasculature. This noninvasive imaging modality has been
employed in research studies to deepen our understanding of
numerous vascular and inflammatory diseases of the eye.

Despite the numerous advantages of the technology, OCTA
has not yet been adopted for all patients in routine clinical prac-
tice but is used to complement traditional dye-based angiogra-
phy. The barriers to universal adoption include a limited field of
view (ie, poor evaluation of retinal periphery relative to ultra-
widefield angiography), poor visualization of slow blood-flow
lesions, susceptibility to various artifacts, and a lack of stan-
dardization across platforms (and thus a lack of robust, exten-
sive normative databases). Nevertheless, the technology is
developing rapidly, as evidenced by the increased field of view,
resolution, and scanning speeds as well as decreased artifacts
available on newer devices. OCTA is well positioned to become
a first-line imaging modality over the coming decade as these
various challenges are overcome through a combination of
research and further technological development.
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