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alterations. For age-related macular degeneration 
(AMD), OCTA has deepened our understanding 
of non-exudative neovascular AMD, allowing for 
more effective monitoring and potential earlier 
initiation of treatment. In cases of retinal vein 
occlusions, OCTA can reveal specific micro-
vascular features and allow for depth-resolved 
measurements of the foveal avascular zone, 
providing significant prognostic implications. 
OCTA has also been invaluable in studying rare 
white dot syndromes, enabling nuanced differ-
entiation between conditions that often present 
similarly. Emerging research also suggests that 
OCTA can have potential utility in neurodegen-
erative diseases like Alzheimer’s, where retinal 
vascular patterns could offer diagnostic insights. 
While OCTA is revolutionizing ophthalmic care, 
further clinical trials and standardization are 
needed for its broader adoption into clinical 
practice.

Keywords: Optical coherence tomography angio- 
graphy; Retinal imaging; Multimodal imaging

ABSTRACT

This commentary article delves into the trans-
formative role of optical coherence tomography 
angiography (OCTA) in diagnosing and man-
aging a wide array of eye conditions, includ-
ing diabetic retinopathy, age-related macular 
degeneration, retinal vein occlusions, and white 
dot syndromes. Developed in 2005, OCTA has 
emerged as a non-invasive, high-resolution 
imaging technique that offers advantages over 
traditional fluorescein angiography (FA), pro-
viding quicker and safer monitoring of ocular 
conditions with similar diagnostic accuracy. In 
diabetic retinopathy, OCTA has been instru-
mental in early identification of retinal changes, 
offering quantifiable metrics including perfused 
capillary density (PCD) for assessing vascular 
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Key Summary Points 

Optical coherence tomography angiography 
(OCTA) is a non-invasive imaging technique 
developed in 2005 that provides high-reso-
lution images of vascular layers in the retina 
and choroid.

OCTA provides a new level of insight into 
a variety of ophthalmic conditions includ-
ing diabetic retinopathy, age-related macular 
degeneration, retinal vein occlusions and 
white dot syndromes.

OCTA aids in early identification of retinal 
changes, providing metrics such as perfused 
capillary density (PCD) for assessing vascular 
changes and offering advantages over tradi-
tional fluorescein angiography (FA) including 
non-invasive and faster imaging.

While OCTA offers high-resolution, non-
invasive imaging capabilities that streamline 
clinical workflows, it is constrained by its 
static imaging limitations and inability to 
showcase vascular dynamics in real time.

INTRODUCTION

Optical coherence tomography angiography 
(OCTA) is an innovative imaging technique 
that can quickly and non-invasively capture 
high-resolution images of all the vascular lay-
ers of the retina and choroid. The technology 
was developed in 2005, and utilizes properties of 
the Doppler signal to visualize blood flow using 
swept-source OCT (SS-OCT) [1]. Over the years, 
this technology has evolved and is now widely 
accessible to healthcare professionals, offer-
ing valuable insights for patient diagnosis and 
ongoing care. This commentary will focus on 
the critical role OCTA plays in managing various 
eye conditions, including diabetic retinopathy, 
age-related macular degeneration, retinal vein 
occlusions, white dot syndromes, and emerging 
research in neurodegenerative diseases. This arti-
cle is based on previously conducted studies and 
does not contain any new studies with human 

participants or animals performed by any of the 
authors.

STRENGTHS OF OCTA 

OCTA provides in  vivo visualization of reti-
nal blood vessels in a depth-resolved fashion, 
closely resembling the detail seen in histologi-
cal studies [2]. By segmenting the volumetric 
data, it allows for identification of individual 
retinal capillary plexuses. Compared to fluores-
cein angiography (FA) and indocyanine green 
angiography (ICGA), OCTA gives a clearer view 
of the deep capillary plexus and choroid [3]. 
One of the major advantages of OCTA is the 
lack of dye required for vessel visualization. 
This means images have higher contrast with-
out being clouded by dye leakage, resulting in 
sharper retinal vasculature depictions. Addition-
ally, without the need for contrast dye, patients 
avoid potential risks ranging from mild allergies 
to severe anaphylactic reactions [4]. This makes 
OCTA especially suitable for patients who might 
react adversely to dye imaging, such as those 
with significant kidney pathology or challenging 
intravenous access. The fast imaging process is 
beneficial for patients needing regular follow-up, 
such as those receiving anti-vascular endothelial 
growth factor (anti-VEGF) treatments for condi-
tions like wet age-related macular degeneration 
(wet AMD) or diabetic macular edema (DME).

LIMITATIONS OF OCTA 

While OCTA does have numerous advantages, 
it does also have certain limitations. One key 
challenge is that OCTA requires multiple scans 
at a single location for flow detection, which 
can increase scan duration in larger scan areas. 
OCTA imaging can be affected by artifacts stem-
ming from the processes of image capture and 
processing. Additionally, there can be significant 
variation in both hardware and software across 
different OCTA manufacturers, which can influ-
ence imaging outcomes. Another factor to con-
sider is image size, which can influence the clar-
ity of vascular details captured [5]. Furthermore, 



2295Ophthalmol Ther (2024) 13:2293–2302 

the while dye-free nature of OCTA is generally 
safer, it comes with its own set of drawbacks. 
OCTA imaging is vulnerable to artifacts that 
arise from image acquisition and processing. It 
is also a “static” form of imaging that does not 
provide dynamic information like in FA. For 
example, OCTA cannot detect dye leakage, or 
offer insights into transit time or how the vessels 
are filling in real time [6].

DIABETIC RETINOPATHY

In the context of diabetic retinopathy (DR), 
OCTA serves as a useful tool in the diagnosis, 
ongoing monitoring, and potential early iden-
tification of retinal changes in patients with 
diabetes [7–9]. Both qualitative and quantitative 
vascular changes are markers that correlate with 
the clinical features of DR, including diabetic 
macular ischemia. In both non-proliferative DR 
(NPDR) and proliferative DR (PDR), many vas-
cular abnormalities can be visualized on OCTA, 
including choriocapillaris flow impairment, 
clustered capillaries, dilated capillary segments, 
tortuous capillaries, capillary dropout, reduced 
capillary density, abnormal capillary loops, and 
enlargement of the foveal avascular zone (FAZ). 
Furthermore, in PDR, neovascularization above 
the inner limiting membrane may be seen [10]. 
Quantitative OCTA parameters can play a key 
role in assessing prognosis for patients with DR. 
With regards to DR, foveal shape is specifically 
affected as a result of parafoveal vessel dropout 
and foveal ischemia that worsens with increas-
ing severity of the condition. The FAZ has been 
demonstrated to be a sensitive marker to dif-
ferentiate between high and low severities of 
NPDR [11]. The parafoveal vessel density of the 
deep capillary plexus has also been identified 
as a significant predictor of the severity of DR 
progression [12]. The vessel density of the deep 
perifoveal area has also been shown to decrease 
with increased severity of DR [13].

A 2019 study employed OCTA to contrast 
the perfused capillary density (PCD) between 
individuals with diabetes and healthy controls. 
Within the diabetic cohort, patients were fur-
ther classified into three categories, specifically 

NPDR, PDR, or no DR. The study found that 
patients with diabetes reporting no clinical DR 
symptoms exhibited a notably higher PCD com-
pared to those in the control group, offering a 
quantifiable metric for early vascular changes 
in the retina. Researchers speculated that this 
PCD increase might be due to enhanced capil-
lary recruitment and dilation [7]. The study also 
found that PCD progressively declined in the 
NPDR and PDR groups.

Specific to DR, OCTA offers distinct advan-
tages over the existing standard for vascular 
imaging which is FA. Specifically, PDR is marked 
by retinal ischemia and the emergence of new 
blood vessels (neovascularization or NV) at the 
vitreoretinal interface. OCTA can detect these 
new vessels by observing flow signals above the 
internal limiting membrane (ILM) or through 
ILM outpouching. A study conducted in 2020 
compared the use of widefield OCTA to ultra-
widefield FA (UWF-FA) and ultra-widefield color 
fundus photography (UWF-CF) for detecting 
retinal NV in eyes affected by PDR. The results 
showed that widefield OCTA could identify NVs 
that were not yet visible on UWF-CF, offering 
a quicker and safer monitoring alternative for 
patients to UWF-FA with similar diagnostic accu-
racy [8].

OCTA also enables the distinction of subtle 
forms of NV and microaneurysms, which can 
appear similar on FA imaging. Another study 
highlighted the value of widefield OCTA by 
incorporating flow overlays on cross-sectional 
B-scans for both staging and predicting the 
course of DR [14]. Intraretinal microvascular 
abnormalities (IRMAs) are visible on OCTA as 
collateral vessels within the retinal layers. Since 
the appearance of IRMAs marks the shift to 
severe non-proliferative DR (NPDR), widefield 
OCTA can be instrumental in identifying eyes 
at high risk for advanced DR.

However, there are certain limitations when 
it comes to OCTA and DR as well. As OCTA is 
based on motion detection, it requires patient 
fixation, which can be difficult in patients with 
diabetes that have macular involvement [15]. 
However, eye tracking and motion correction 
techniques may help manage these issues. OCTA 
images are also susceptible to artifacts such as 
vignetting and segmentation errors, particularly 
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in patients with media opacities or diabetic 
macular edema, respectively [15]. These arti-
facts can complicate the differentiation between 
pathological capillary dropout and low-intensity 
areas. Finally, segmentation errors, which tend 
to increase with DR severity, can affect the accu-
racy of retinal layer identification and vascular 
density measurements. While it may be possible 
to manually correct these with built-in software, 
doing so for large numbers of images would be 
tedious and inefficient.

AGE‑RELATED MACULAR 
DEGENERATION

In recent times, the extensive clinical applica-
tion of OCTA has deepened our understand-
ing of age-related macular degeneration (AMD) 
that features macular neovascularization (MNV) 
without fluid or leakage as seen on FA [16, 17]. 
This specific condition, first identified in the 
1970s, is known as non-exudative neovascular 
AMD [16, 17]. MNV can be effectively identi-
fied and tracked by using en face OCTA in con-
junction with B-scan flow overlays [16]. Eyes 
with this condition are at a heightened risk for 
developing exudation compared to those with 
non-neovascular AMD [16, 18–20]. Studies have 
estimated that the incidence of new exudation 
in eyes where the other eye already had exuda-
tive AMD was around 25% over various follow-
up periods ranging from 6 to 20 months [17]. 
The growth of MNV is suggested as a potential 
biomarker for predicting the transition to exu-
dative AMD, although more long-term research 
is needed to confirm this, as findings have been 
inconsistent across studies [17]. In addition to 
the areas of choroidal neovascularization (CNV), 
the diameter, branching pattern, and morphol-
ogy of neovessels can be well assessed with 
OCTA imaging. OCTA can showcase the size, 
structure, configuration, and location of neoves-
sels clearly. Thicker diameter has been shown to 
be associated with untreated AMD [21]. Other 
features associated with CNV include poorly cir-
cumscribed vessels, loop-like or tree-like mem-
branes, areas of hyperreflective microvascular 

tufts at the outer capillary level, and denser vas-
cular networks on the en face image [22].

While no randomized clinical trials have been 
conducted specifically on the management of 
non-exudative neovascular AMD, the consen-
sus is that it should be monitored rather than 
treated [16, 17]. Some research even suggests 
that this type of neovascularization may offer 
a protective effect against geographic atrophy 
(GA). Some studies have shown a slower rate of 
GA lesion growth and better survival of retinal 
pigment epithelium over areas of MNV with 
adjacent atrophy [16, 17, 19]. OCT and OCTA 
technologies enable ophthalmologists to moni-
tor patients with this condition closely, allowing 
for timely initiation of treatment if exudation 
occurs.

Yet, there exist certain limitations that must 
be addressed in the usage of OCTA for AMD. 
Like with DR, background noise from media 
opacities and artifacts from patient movement 
can interfere with signal detection [23]. Segmen-
tation errors and projection artifacts also nega-
tively impact OCTA accuracy. While techniques 
may exist to help, like slab subtraction and pro-
jection-resolved OCTA, they are not perfect. The 
narrow field of view of OCTA results in a limited 
ability to detect changes in the retinal periph-
ery. Finally, OCTA does not provide functional 
information, such as fluorescein leakage, when 
compared to traditional angiographic examina-
tion methods; this highlights the need for con-
tinuous improvement in OCTA technology for 
AMD evaluation.

RETINAL VEIN OCCLUSIONS

In cases of retinal vein occlusions (RVO), OCTA 
has proven to be especially useful for its capac-
ity to reveal specific microvascular features in 
both the superficial and deep retinal plexuses. It 
also allows for depth-resolved measurements of 
the FAZ. Unlike the traditional clinical standard 
of FA, OCTA enables the measurement of the 
FAZ size in both the superficial and deep vascu-
lar plexuses separately [24]. Studies have found 
that the size of the FAZ is notably larger in eyes 
affected by RVO compared to their unaffected 
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counterparts. Furthermore, an enlarged FAZ in 
the superficial vascular plexus (SVP) has been 
linked to worse visual outcomes in RVO cases 
[24]. While both OCTA and FA can assess regions 
of central and peripheral non-perfusion, OCTA 
offers enhanced precision in determining the 
scope and severity of non-perfusion, which car-
ries significant prognostic implications. While 
macular edema is frequently the culprit behind 
vision loss in RVO cases, sustained poor vision 
can also result from photoreceptor damage due 
to non-perfusion [25]. Specifically, poor visual 
outcomes are associated with grade 4 macu-
lar ischemia as per the Bradley classification, 
whereas grades 2 and 3 do not show a significant 
correlation with poor vision [25]. OCTA further 
enables the observation of subtle microvascular 
alterations, such as vascular tortuosity, telangiec-
tasia, and the formation of collateral vessels [26].

While OCTA provides a variety of benefits for 
RVO, it is similarly plagued by some of the key 
issues faced with OCTA in DR and AMD, like seg-
mentation errors, artifacts, limited field of view, 
and the inability to detect leakage among others 
[26]. Additionally, microaneurysms imaged with 
FA may not be apparent on OCTA if they have 
flow rates below the detection threshold.

WHITE DOT SYNDROMES

The application of OCTA in the study of white 
dot syndromes has shed new light on the under-
lying mechanisms, diagnosis, and treatment of 
these conditions [27–30]. Although these syn-
dromes are relatively rare and often present 
with similar clinical features, OCTA has enabled 
more nuanced differentiation between them. For 
instance, multiple evanescent white dot syn-
drome (MEWDS) and acute posterior multifo-
cal placoid pigment epitheliopathy (APMPPE) 
appear clinically similar, but OCT and OCTA 
can be utilized to reveal distinct underlying 
processes [27–31]. In MEWDS, normal OCTA 
findings in the choriocapillaris suggest that the 
condition is primarily an inflammatory process 
primarily affecting the photoreceptors, rather 
than a pathology of the choriocapillaris [28]. On 
the other hand, OCTA in APMPPE shows patchy 

flow deficits in the choriocapillaris, co-located 
with inflammatory lesions, pointing to primary 
ischemia in the choriocapillaris with secondary 
effects on the outer retinal layers and retinal pig-
ment epithelium [29]. Distinguishing between 
MEWDS and APMPPE is crucial, as MEWDS can 
mimic other conditions like multifocal choroidi-
tis, syphilis, and vitreoretinal lymphoma [27]. 
APMPPE, although generally self-limiting, can 
occasionally lead to complications like central 
nervous system vasculitis [27]. The utility of 
OCTA in detecting choroidal neovascularization 
is well established and proves useful in white dot 
syndromes like birdshot chorioretinopathy and 
idiopathic multifocal choroiditis (iMFC) with 
panuveitis, which can develop neovasculariza-
tion due to ischemia and may require treatment 
[27, 29]. Other white dot syndromes, such as 
acute idiopathic maculopathy and serpiginous 
choroiditis, show choriocapillaris flow deficits 
or reduced flow on OCTA [27, 29]. In contrast, 
acute macular neuroretinopathy is linked to 
ischemia in the deep capillary plexus [27].

While OCTA has multiple uses in white dot 
syndromes, it also has limitations in evaluat-
ing these conditions. For example, OCTA dis-
tinguishes between MEWDS and APMPPE by 
revealing normal choriocapillaris findings in 
MEWDS and patchy flow deficits in APMPPE 
[32]. However, like with other use cases, OCTA’s 
ability to detect subtle flow changes may be 
compromised by artifacts from patient move-
ment, segmentation errors, difficulty detecting 
flow in the slow-flow system of the choriocapil-
laris, and the limited field of view, which can 
result in missing peripheral lesions. Addition-
ally, while OCTA is useful in detecting choroidal 
neovascularization in syndromes like birdshot 
chorioretinopathy and iMFC, its inability to 
quantify blood flow and potential for shadow-
ing artifacts from opacities can hinder accurate 
assessment as well.

NEURODEGENERATIVE DISEASES

The application of OCTA in studying neurode-
generative diseases like Alzheimer’s dementia 
(AD) is a burgeoning field of research [33–37]. 
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Given the similarities in microvasculature 
between the retina and the brain, retinal vascu-
lar patterns observed through OCTA could offer 
diagnostic or predictive insights into neurode-
generative conditions [33]. In the case of AD, 
some studies have shown significant differences 
in OCTA metrics when compared to control 
groups, and others have identified correlations 
between OCTA measurements and cognitive 
scores, such as those from the Montreal Cog-
nitive Assessment [34, 36, 38, 39]. Specifically, 
reduced vessel density in the superficial vascular 
plexus (SVP) has been reported in the eyes of 
patients with AD [34]. While some research has 
also reported a decrease in the density of the 
deep vascular plexus (DVP) and radial peripap-
illary capillary levels, these findings have not 
been consistently replicated [34–36]. A machine 
learning model that utilized multimodal retinal 
imaging and patient data was able to detect AD 
with a reasonable degree of accuracy, focus-
ing on factors like the size of the FAZ and SVP 
density for differentiation [39]. In individuals 
without a cognitive impairment or dementia 
diagnosis, SVP density was found to correlate 
with cognitive test scores, suggesting a poten-
tial role for OCTA in early detection of cognitive 
changes [33]. To fully realize OCTA’s potential in 
the realm of neurocognitive disorders, further 
studies employing standardized OCTA tech-
niques and longitudinal research approaches are 
needed [34, 36]. For the future, one should also 
consider how OCTA results may be confounded 
by artifacts or poor-quality scans, which may 
be due to poor subject compliance and deficits 
with fixation—something that may be more 
prevalent in those with certain neurodegenera-
tive conditions [40]. Therefore, there also exists 
a continued need for research and technological 
advancements to fully solidify OCTA’s potential 
role in diagnosing and monitoring neurodegen-
erative conditions.

PRACTICAL CONSIDERATIONS OF 
OCTA 

From a practical standpoint, the use of OCTA has 
certain advantages within an ophthalmology 

clinic. The non-invasive and comparatively 
short timeframe required to acquire OCTA imag-
ing compared with FA saves a lot of time and can 
make clinic workflow very efficient. The level 
of detail and the image resolution in OCTA is 
high, does not require focusing like traditional 
angiography, and does not get obscured through 
leakage from damaged vessels. However, there 
are also several barriers to consider with regards 
to OCTA use in the clinic. The primary barrier is 
the cost and the reimbursement implications of 
using a new imaging technology, which can vary 
according to the financial policies of certain sites 
and locations. Secondly, training technicians to 
use, understand, and interpret this new tech-
nology requires investment and specific train-
ing resources. This can be a limiting factor that 
can delay uptake of the technology into clinic 
workflow.

ACQUISITION STRATEGIES

A variety of algorithms for OCTA have been 
developed and implemented in both research 
and clinical settings for the creation and opti-
mization of OCTA images. Consequently, OCTA 
images from different devices exhibit varying 
appearances, leading to potential differences 
in clinical diagnostic interpretations. Each 
OCTA algorithm has its own set of limitations, 
influenced by its specific approach [41]. These 
include issues like diminished light penetration 
in deeper layers and the projection of artifacts 
from superficial to deeper layers. Such artifacts 
may arise during image acquisition, due to eye 
movement, throughout image processing, or as 
a result of display methods. There are several 
acquisition strategies that can be utilized to opti-
mize OCTA imaging. One of the most important 
techniques is signal averaging. The quality of 
OCTA images is significantly influenced by the 
signal-to-noise ratio. Here, signal refers to the 
valuable data obtained from the tissue being 
examined, while noise represents irrelevant, 
undesirable data produced during the process of 
image capture and processing. When the signal 
is weak or the noise is excessive, the overall qual-
ity of the image deteriorates [42]. Averaging is a 
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technique that can enhance the signal-to-noise 
ratio by allowing for the averaging of multiple 
signals. This can be done by quickly merging 
several OCT frames or even entire volumes taken 
at the same sample location. A study conducted 
by Szkulmowski and Wojtkowski in 2013 ana-
lyzed the effects of different averaging methods 
on signals and noise. Their findings revealed 
that averaging significantly reduced noise across 
a variety of different OCTA imaging scenarios 
[43].

CONCLUSION: ESSENTIAL OR 
GIMMICK?

OCTA has revolutionized the clinical diagnosis 
and treatment of retinal diseases, especially in 
patients with early DR, CNV, RVO, and other 
vascular conditions. The evolution of OCTA 
has also given rise to WF-OCTA, which offers 
comprehensive imaging of the posterior pole 
extending to the mid-to-distant periphery. 
These advancements have provided clinicians 
with dependable, non-invasive imaging solu-
tions. Anticipated enhancements, like montag-
ing capabilities, are on the horizon, promising 
to further amplify the scope and utility of these 
systems. Current research consistently shows 
that OCTA can effectively detect significant 
lesions in conditions like DR, RVO, and other 
vascular retinal disorders. This efficacy rivals tra-
ditional dye-based angiography while offering a 
more streamlined experience for both medical 
staff and patients.

Beyond its applications to retinal conditions, 
OCTA offers insights into other ocular and even 
systemic diseases. The body of evidence sup-
porting the role of OCTA in clinical practice 
continues to grow, with new research emerg-
ing annually that sheds light on its application 
to the assessment and management of various 
diseases. Compared to existing standards for 
ophthalmic vascular imaging, OCTA offers the 
benefits of rapid, non-invasive and reproduc-
ible imaging. Yet, that is not to say that OCTA is 
perfect. There are several issues like susceptibil-
ity to artifacts, segmentation errors, a limited 
field of view, an inability to quantify blood flow 

accurately, and challenges in distinguishing sub-
tle vascular changes that need to be addressed in 
the future. Furthermore, additional clinical trials 
are required to fully integrate this imaging tech-
nology into established guidelines for treating 
various ocular diseases. The standardization of 
imaging protocols and effective artifact manage-
ment will be key factors in the broader adoption 
of this promising technology.
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