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Abstract

Optical coherence tomography angiography (OCTA) is a brand new imaging tool developed and
clinically introduced recently into the ophthalmological diagnostic tool armamentarium. OCTA en-
ables a segmented and detailed examination of retinal vasculature and structure in a non-invasive
fashion within a few seconds based on the present and widespread OCT technology. Retinal and
glaucoma specialists can evaluate vascular circulation in every possible separate layer for the first
time in ocular imagining history and acquire a new understanding in the pathological process of
ophthalmological diseases using OCTA. The developing process of this innovative technology is
still in progress by companies based on the clinical feedback of the leading clinicians, in software
and hardware, overcoming the technical limitations of OCTA and leading to re-evaluation of well-
known diseases.
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INTRODUCTION

There are several milestones in ophthalmological imaging that contributed to the clinical un-
derstanding and treatment approaches of retinal diseases. First, in the 1960s, fundus fluorescein
(FFA) (1) and indocyanine green angiography (2) were introduced based on the optical fluores-
cence characteristics of intravenous dyes, widening our knowledge about choroidal and retinal
circulation and vascular pathologies. In the 2000s, optical coherence tomography (OCT) ap-
peared into our daily practice, enlightening the microstructure of both retina and choroid in mi-
crons, enabling clinicians and researchers to understand the pathogenesis of daily encountered
diseases, and leading to a much superior clinical approach. Recently, another milestone in imag-
ing, optical coherence tomography angiography (OCTA), is developed based on the principles
of conventional OCT. Now, for the first time in ophthalmological history, we can demonstrate
the retinal microcirculation in segmented fashion. The non-invasive OCTA enabled the separate
evaluation of the superficial and deep capillary plexi of the retina, choroid, and peripapillary
circulation. Even mysterious vascular lesions hidden under the retina pigment epithelium (RPE)
can be detected and evaluated. Although this brand new tool may have been underestimated
by some retinal specialists, especially due to the technical limitations, at the beginning, its fast
progress, with the feedback between the leading clinicians and companies, led to perfection.
The many publications in the literature in several subspecialties of ophthalmology, such as glau-
coma, cornea, or retina alone, indicated that OCTA has already become a must of our imaging
armamentarium.

Technical Features

Optical coherence tomography angiography (OCTA) is technically derived from the conventional
OCT technology. It compares the decorrelation signal (differences in the backscattered OCT
signal intensity or amplitude) between sequential OCT B-scans obtained precisely at the same
cross-section of the retina to construct a three-dimensional map of blood flow. This technique
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may be comparable with subtraction of two consecutive images
to represent motional differences (Figure 1). The sites of signal
differences between sequential OCT high-resolution B-scans
represent automatically and only erythrocyte movements in the
retinal vessels, leading to an angiographical image in a non-in-
vasive fashion (Figure 2). The OCTA required naturally higher
scanning speeds (70 kHz vs. 25 kHz) and faster eye trackers than
conventional OCT systems in order to obtain signal differences
at precisely the same retinal loci without increasing the scan-
ning time. Several medical imaging companies released differ-
ent models into the market (Figure 3) and are still developing
software and hardware systems in cooperation with the clini-
cians on the retinal field to solve the real-life conflicts of their
systems. Recently, although AngioPlex (Carl Zeiss Meditec,
Dublin, CA, USA) is also widely evaluated in many publications,
the AngioVue OCTA (Optovue, Inc., Fremont, CA, USA) has a
minor superiority in aspects of clinical usefulness over the other
companies.

Comparison of OCTA with Conventional FFA

In contrast to OCTA, conventional FFA examination is basically
an invasive test requiring intravenous administration of fluores-
cein dye and a time-consuming practice, depending on the clin-

Figure 1. The basic principle of OCTA. Imaging of motion
differences of two consecutive photo images digitally
reproduces the image of water flow from a tap
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ical situation, up to 10 min. With FFA, clinicians can evaluate the
functional status and integrity of the microvascular structure of
the retina, choroid, and even RPE based on the specific patterns
of fluorescein, such as leakage, pooling, or staining. However,
this two-dimensional FFA angiogram lacks the capacity of dif-
ferentiation of over- or underlying tissues, making the exact im-
aging of, for example, type 2 choroidal neovascular membranes
(CNVs) under RPE impossible, which were ill-defined by FFA and
had been called as “occult membranes.” These blurred borders
of type 2 CNVs complicated the photodynamic therapy, which
was the only treatment option in wet age-related macular de-
generation (AMD) one decade ago. Nowadays, through OCTA,
we can analyze the “occult membranes” in details and evaluate
even the maturity of these CNVs. In contrast to conventional
FFA, OCTA is non-invasive, captured in seconds, and three-di-
mensional. These three-dimensional images enable retinal spe-
cialists to evaluate each vascular layer separately. The only infe-
riority of OCTA is its lack of information about vascular integrity
and function (Table 1).

Clinical Applications of OCTA

Diabetic retinopathy (DRP) can be defined as a microvascu-
lar disease, developed secondary to chronic hyperglycemia,
based mainly on capillary and microcirculation changes of the
retina. Ischemia and non-perfusion areas are crucial to deter-
mine the degree and status of the disease (3). With convention-
al FFA, non-perfusion and leakage areas can be detected, un-
less images are obscured by superposing of the capillary plexi
(4). In many cases, chronic capillary leakage in the late phases
of the conventional angiograms superposes the critical foveal
avascular zone (FAZ) or peripheral non-perfusion areas so that
the clinicians cannot determine the status of the macula or pe-
riphery reliably. Through OCTA, superficial and deep capillary
plexi can be evaluated by automated segmentation separately
so that FAZ enlargement secondary to macular ischemia can be
detected in deep or superficial plexus (5), pointing out to worse
prognosis at even the early non-proliferative DRP stages. Lately,
the major disadvantage of lacking wide-field imaging in OCTA
has been overcome by various montage techniques in recent
software versions so that real peripheral capillary dropout ar-
eas can be determined without the FFA superposing leakage
effect (6); clinicians can determine for proper treatment mo-
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Figure 2. The signal differences between two sequential structural B-scans reveal vascular structure based on intravascular
erythrocyte movements
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Figure 3. Comparison of technical features of leading ophthalmological imaging companies' OCTA systems. From left to right:

Zeiss, Optovue, Heidelberg, Topcon, Nidek, and Canon

dalities according to these new findings. In patient follow-up,
the progression or regression of foveal or peripheral ischemia,
capillary dropout in deep or superficial plexi, can be also easily
visualized.

In neovascular wet AMD, three different subtypes of CNV were
defined; type 1 is underlying beneath the RPE, type 2 CNVs
are of classic nature, originating from the choroid branching
into the retina, and type 3 CNVs are called as retinal angioma-
tous proliferations, whereas these lesions are mainly develop-
ing in the retinal layers. OCTA can detect all these three sub-
groups of choroidal neovascular membranes, mapping them
in different colors to differentiate these lesions from normal
retinal capillary plexi. This ability of visualization enables us
to isolate, define, understand, and follow the treatment re-

sponse of CNVs (Figure 4). Recently, the degree of maturity
of CNVs was described in various publications, changing our
anti-vascular endothelial growth factor (VEGF) treatment indi-
cations in a proactive fashion (7). In contrast to structural OCT
scans, where the retinal specialists search for disease activa-
tion in the form of intra- or subretinal fluid, the immaturity of
CNVs might be a new indication for anti-VEGF treatment, pre-
venting the patients’ visual impairment in a proactive fashion.
OCTA can detect even polypoidal choroidal vasculopathy le-
sions (8), underneath the highly reflective RPE, and their treat-
ment response in a reliable degree (9). Another often conven-
tional OCT scans mysterious lesions are pigment epithelial
detachments (PEDs) of different types. Owing to the high re-
flectivity of RPE, PEDs are different to classify, and recently
combined with en face OCT scans OCT angiograms, clinicians
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AngioVue Retina Multi Scans View

Figure 4. A type 2 CNV detected at the outer retina beneath the RPE (left) regresses after anti-VEGF treatment (middle) and
reactivates in follow-up (right) as demonstrated by AngioVue follow-up modus

Table 1. The faster acquisition time, its' non-invasive nature and ability
of segmentation are dominant advantages of OCTA, whereas FFA is still
crucial to obtain information about the integrity and function of retinal
vasculature

FFA OCTA
Segmentation - +
Duration 10-15 min 3sec
Need of Dye + -
Artefacts - +
Information Functional Structural
Wide-field + -/+

can evaluate the critical component of PEDs, namely vascular-
ization (10). In chronic central serous chorioretinopathy cases,
there was an ongoing debate about the treatment options.
The most commonly suspected etiology for chronicity of this
disease was a possible CNV, which was shown also by OCTA
angiograms (11), thus indicating the anti-VEGF treatment for
such chronic recurrent cases.

In the area of glaucoma, a progressive disease, where glau-
coma specialists relied on visual field examinations and reti-
nal nerve fiber analyses with structural OCT for detection of
progression, OCTA enlighten the subtle peripapillary vascular
changes prior to any clinical or imaging findings (12). Kumar
et al. found that the glaucoma severity score in OCTA identi-
fies preperimetric glaucoma and early glaucoma better than
visual fields (13). Averaging the decorrelation signal in OCT
angiograms allows us to calculate the flow index of the optic
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disc area, which is lower in glaucomatous eyes (14) than in the
normal population (15).

CONCLUSION

The introduction of OCTA into our daily practice has changed
our understanding and clinical approach in certain diseases
dramatically. This new technologies’ ability of further progress
is welcomed by the ophthalmological society, even in each sub-
specialty. The cooperation and co-work of companies with clini-
cians is producing new astonishing results ready to change and
widen our vision into ophthalmic diseases greatly in the coming
years. OCTA itself has already become a must in our daily diag-
nostic technological armamentarium.
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