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SUMMARY

Optical coherence tomography with angiography (OCT-A) is a non-invasive imaging technique that en-
ables three-dimensional visualization of perfusion through the vascular network of the retina and choroid.
The possibilities of OCT-A for glaucomatologists will expand in the near future. The possibility of detecting
and monitoring glaucoma with this technology will also be expanded. All of these systems will undoubt-
edly offer software updates, making it easier for examiners to use the device itself, and thus monitor the
disease. OCT-A represents the future in the diagnosis of retinal diseases and glaucoma.
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INTRODUCTION

Optical coherence tomography with angiogra-
phy (OCT-A) is a non-invasive imaging tech-
nique that enables three-dimensional visualiza-
tion of perfusion through the vascular network
of the retina and choroid.

Unlike standard OCT, OCT-A analyzes not
only the intensity of reflected light, but also
the temporal changes in reflection caused by
the movement of particles, such as erythro-
cytes circulating through blood vessels [1].
These changes are detected in OCT signals as
repeated freezing of OCT images of each part
of the retina, thus forming a contrasting image
between the blood vessel through which the
blood flows and the static environment that
makes up the surrounding tissue (Figure 1).

To obtain such data, several algorithms have
been developed by different manufacturers,
making the images different in interpretation
in order to distinguish them. Each OCT-A ap-
paratus has its own algorithm, which is based on
special experiential protocols, which are made
to offer optimal information for appropriate

clinical indications. Such variations in the in-
terpretation of different devices can lead to dif-
ferent interpretations of clinical diagnoses [2, 3].

Monitoring changes in glaucoma today is
easier and simpler than in the past. A number
of new imaging techniques make this easier.
OCT-A is just one such imaging technique. It is
easy to monitor blood flow in the retina, while
providing insight into the condition of ganglion
cells that can be damaged by the disease itself.
The popularity of using OCT-A to monitor
changes in the optic nerve, and thus to monitor
glaucoma changes, is growing. OCT-A is useful
in assessing optic nerve perfusion in glauco-
ma eyes, since the density of peripapillary and
macular blood vessels is impaired in patients
with preperimetric glaucoma. This gives enthu-
siasm about the role of OCT-A in the detection
of early changes in glaucoma. Quantitative data
on retinal circulation have proven useful in an-
alyzing the metabolic activity of the inner layers
of the retina, and thus monitoring the disease
itself. OCT-A also serves as a useful machine
in monitoring blood flow (retrobulbar circu-
lation) and detecting disease mechanisms in
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Figure 1. Display of the change in the intensity of the standard optical coherence tomography (OCT) signal and the
optical coherence tomography with angiography (OCT-A) signal, as a function of the flow time (private collection);
example of how the OCT signal intensity changes over time, after bulk motion correction; A, B: structural OCT images
were acquired with a time difference of 8 ms; the location of a larger blood vessel (yellow circle) and of static tissue
(blue circle) is indicated in both images; C: upon magnification of these areas and calculation of the differences,
larger OCT signal changes can be seen within the blood vessel when compared with the static tissue; note that this
figure is not showing the SPECTRALIS OCTA algorithm results, but just the absolute differences between two single
OCT scans (A and B) for illustration
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Figure 2. Optical coherence tomography with angiography (OCT-A) (left) and en
face image (right) of a patient with glaucoma, in whom there is a lower temporal
loss of the nerve fiber layer, with an anatomical correlation with a decrease in
vascular density on OCT-A (private collection)

glaucoma without elevated intraocular pressure (normal-
tension glaucoma) (Figure 2).

BLOOD FLOW AND GLAUCOMA

The very idea of detecting and monitoring glaucoma
changes by measuring blood flow is not new. For decades,
measuring retrobulbar circulation with various methods
has been challenging in diagnosing and monitoring glau-
coma. Fluorescein angiography, in glaucoma eyes, showed
decreased fluorescence and delayed filling of blood vessels.
Because it is invasive and only partially quantitative, fluo-
rescein angiography is not practical for routine glaucoma
monitoring. Other techniques, such as ultrasound Doppler,
Doppler OCT, laser Doppler flowmetry, and laser speckle
flowgraphy, have also shown the reduction in retinal and
optic nerve flow in glaucoma. However, these techniques
have high variability of measurement and are more suitable
for detecting changes/differences between larger groups of
patients than individually. OCT-A differs from the afore-
mentioned techniques in two important aspects. Firstly,
OCT-A is a non-invasive imaging technique. Secondly,
OCT-A can measure the density of blood vessels with a high
possibility of recurrence and renewal, i.e. reproductions of
the measurement itself. It lasts only a few seconds and can
be repeated at each patient checkup. Measurements are ac-
curate and can be used to diagnose and monitor the disease.

HOW DOES OCT WORK?

OCT-A simply detects blood vessels to the level of cap-
illaries. OCT-A software compares sequential frames of
OCT images in cross section at the same position, looking
for signal fluctuations that indicate blood flow. We have
developed an algorithm called split-spectrum amplitude-
decorrelation angiography — SSADA for short — which is
so efficient that only two frames are needed to accurately
identify capillaries [4]. This efficient algorithm, along with
improvements in the Fourier velocity of the OCT domain,
made OCT-A clinically feasible. As OCT-A senses move-
ment, it is susceptible to artifacts created by eye movement,
such as micro-saccades, eye pulsations, and eye twitches.
Therefore, the production of high-quality OCT-A im-
ages requires special algorithms that monitor, process
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and reproduce this. These technical requirements have
encouraged the rapid advancement of commercial OCT
technology on the hardware and software fronts.

HOW TO DIAGNOSE OCT-A GLAUCOMA

In a 2014 OCT-A study measuring blood flow in glaucoma
patients, Jia et al. found that glaucoma patients had reduced
capillary density and blood flow index, at the level of disc
superficial tissue and at the level of lamina cribrosa [5].

Elevated IOP may affect perfusion through the head
of the optic nerve and deficiency of blood flow through
the lamina cribrosa. The head of the optic nerve is not an
ideal target for OCT-A imaging, given the shadow created
by large blood vessels and the variability of the geometry
of the rim of the disc and blood vessels. The focus of the
imaging, for ideal imaging for the diagnosis of glaucoma,
has been shifted to the peripapillary retina and macula [6,
7]. In both regions, the density of blood vessels showed
precision and accuracy! In addition, the density of blood
vessels showed a good correlation with the parameters of
the visual field, even better than the correlation with the
structural parameters of the OCT, such as the thickness
of the layer of nerve fibers. It is important to note that a
scan of sufficient size is necessary for the OCT-A image to
have a useful diagnostic value. For the peripapillary region,
for example, 4.5 x 4.5 mm scans have the best diagnos-
tic usability. For the macular region, the most accurate is
the 6 x 6 mm scan (Figure 3). There are studies that used
smaller OCT-A scans, of 3 or 4 mm, but the accuracy was
poorer, which is to be expected, since glaucoma first affects
the peripheral parts of the macula.

BLOOD FLOW OR BLOOD VESSEL DENSITY?

In functional glaucoma tests, blood flow volume was first
examined by Doppler OCT [8], and later by flow index by
OCT-A [5]. The reproducibility of these measurements
was poor. The reason may lie in the fact that the speed
and volume of blood flow are affected by variations in the
physiological state of the patient. These measurements
have been shown to be influenced by the oxygen concen-
tration in the inhaled gas mixture and visual stimulation.
There are many other factors that affect blood flow. The
reproducibility of measuring blood vessel density with
OCT-A is excellent. Density is measured by direct (en
face) reading of OCT-A images of appropriate anatomical
structure. Maximum blood flow within the blood vessel
itself converts a three-dimensional OCT-A finding into a
two-dimensional direct (en face) angiogram. Blood vessel
density is defined by the percentage occupied by vascu-
lar pixels (pixels with a higher flow signal relative to the
non-vascular background) in the corresponding area in
the en face angiogram. Large blood vessels can be ruled
out if we want to measure the density of capillaries. For
the diagnosis and monitoring of glaucoma, the density of
blood vessels and capillaries is ideal.
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Figure 3. Superficial vascular complex (SVC) 6 x 6 Optical coherence tomography with
angiography (left) and 6 x 6 mm layer of ganglion cell layer (GCL) thickness (right),
in a typical glaucoma eye; glaucoma damage (yellow dashed line) is mostly outside
the central 3 X 3 mm (marked with a red square); obviously, a larger area needs to be
scanned for early detection of glaucoma damage (private collection)

Figure 4. En face optical coherence tomography with angiography images of four retinal
vascular plexuses, in the right eye, in a healthy person; nerve fiber layer plexus (NFLP)
and ganglion cell layer plexus (GCLP) form the superficial vascular complex, which
contains both large blood vessels and capillaries; intermediate capillary plexus (ICP) and
deep capillary plexus (DCP) form a deep vascular complex, which is primarily formed
by capillaries (private collection)

GeLp ‘ DVC | All-plexus
3 o ’ < ‘

Figure 5. Image of a glaucoma patient, AngioVue optical coherence tomography with
angiography apparatus (Optovue, USA), using a 4.5 x 4.5 mm AngioDisc scan; drop
capillary loss, marked by arrows, can be more easily detected in the nerve fiber layer
plexus (NFLP) than in the ganglion cell layer plexus (GCLP) and all plexuses (ALL-plexus),
while the deep vascular complex is unaffected (private collection)
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Figure 6. In eyes with moderately advanced glaucoma, en face optical coherence to-
mography with angiography (OCT-A) nerve fiber layer plexus (NFLP) and visual field map
are divided into eight corresponding sectors, according to the Garway-Heat scheme;
NFLP angiogram shows loss of capillaries (dropout) in the upper temporal part; on the
OCT-A simulated field of view deviation map, sectors 3 and 5 show medium to advanced
defects, which correlate with defects in the standard field of view (private collection)

WHICH VASCULAR PLEXUSES ARE
AFFECTED

Earlier studies had limitations in the detec-
tion of blood vessels, since the shadow of the
superficial ones blocked the deeper blood
vessels. This has been overcome by devel-
oping an algorithm that distinguishes the in
situ from the projected flow. OCT-A angiog-
raphy, using this algorithm, can distinguish
up to four vascular plexuses on the retina [9]
(Figure 4). In the peripapillary region, glau-
coma primarily affects the plexus of the reti-
nal nerve fiber layer (NFLP), which feeds the
retinal nerve fiber layer (NFL) (Figure 5). In
the macula, glaucoma also affects the NFLP
and the plexus of the ganglion cell layer
(GCLP), which feeds the ganglion cell layer
(GCL). Together, NFLP and GCLP form a
superficial vascular complex. Focusing on
peripapillary NFLP and macular superficial
vascular complex (SVC) increases the visu-
alization of glaucomatous lesions and im-
proves diagnostic accuracy. It is shown that
the density of macular SVC blood vessels has
better diagnostic accuracy than the density
of all plexuses in the retina [10].

WHY USE OCT-A?

According to the IRIS registry of the
American Academy of Ophthalmology
(AAO), OCT has already surpassed KVP
in annual use for the diagnosis and moni-
toring of glaucoma. OCT monitoring of
peripapillary NFL and macular ganglion
cell complex are part of the standard ex-
amination in glaucoma. Measurement of
OCT-A peripapillary NFLP vascular density
is highly related to NFL thickness, and mac-
ular SVC density is highly related to GCC
thickness. OCT plays a role in both early
and late stages of glaucoma. Two clinical
studies have shown that OCT-A can detect
early preperimetric glaucoma better than
structural OCT [11, 12]. Because OCT-A
detects both dysfunctional (sick) and lost
(dead) ganglion cells, while structural OCT
detects only lost ganglion cells. In the early
stages of glaucoma, diseased, dysfunctional
ganglion cells have a reduced metabolism,
which leads to a reduced density of capil-
laries. This reduced density is detected by
OCTA. Prior to apoptosis, these ganglion
cells lead to thinning of the NFL and GCC,

which can be detected by structural OCT. By adding
OCT-A to the diagnosis, we can detect glaucoma earlier
and start treatment on time. Other studies have shown
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that OCT-A parameters correlate better with visual field
parameters compared to structural OCT parameters such
as NFL thickness [6, 12]. This is partly due to the reduc-
tion of the “floor effect” by OCT-A measurements. The
floor effect describes the fact that, although NFL thickness
correlates with mean field deviation in early glaucoma,
it shows low values in moderate glaucoma and then no
longer decreases in advanced glaucoma. This limits the
usefulness of NFL thickness for monitoring the progres-
sion of glaucoma in the moderate and advanced stages
[13]. Although the density of blood vessels also eventually
reaches the bottom, it appears to do so only in advanced
glaucoma. OCT-A has the potential to improve glaucoma
control in the moderate to advanced stages.

OCT FIELD OF VIEW SIMULATION

A method of sector simulation of the visual field using
peripapillary NFLP OCT-A results has been developed
(Figure 6). The results show a good correlation in the
early and moderate stages of the disease. Simulated sec-
tors of the field of view can also be summarized in the
mean deviation parameter: NFLP_MD. NFLP_MD cor-
relates with VF_MD, but has better diagnostic accuracy
and reproducibility. Thus, a simulated field of view may
be better than an actual field of view for monitoring glau-
coma progression — in addition to being painless and
more convenient.

Visual field testing is not only uncomfortable, but can
result in unnecessary surgery or delayed treatment and vi-
sion loss. Statistical analyses showed that glaucomatous eye
with MD deterioration at -1 dB / year needs testing every
six months for four years to make the trend statistically
significant (90% strength, p < 0.05), with a mean the devia-
tion was already 4 dB worse [14, 15, 16]. This represents
a 60% loss of retinal sensitivity, so the doctor has solid
evidence and intensifies treatment. A more reproductive
and objective method of monitoring the progression of
glaucoma could detect significant progression earlier, thus
enabling timely intervention to preserve vision.
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AVAILABILITY OF OCT-A

AngioVue, which runs on the Avanti OCT system
(Optovue, Inc, Fremont, CA, USA) has a good set of cri-
teria for quantifying peripapillary NFLP and macular SVC
[17]. On AngioVue peripapillary scans, NFLP is called ra-
dial peripapillary capillary (RPC). For the diagnosis and
monitoring of glaucoma, high-resolution OCT-A scans
of 4.5 x 4.5 mm for disc area and RPC density are recom-
mended. Six-by-six-mm HD retinal surface density scan-
ning should be used to scan AngioVue macula. The cur-
rent AngioVue retinal surface plate corresponds to SVC.
Zeiss's CIRRUS HD SEP platform has AngioPlek OCT-A
software. AngioPlek 6-mm is used to scan the macula in
the assessment of glaucoma. This system can analyze the
surface density of the retina, which is called the perfusion
density. This system does not currently have special soft-
ware to analyze peripapillary NFLP around the disc. It is
probably possible to export the images and process them
for that purpose [18, 19]. Heidelberg has the OCT angiog-
raphy module for Spectralis, which was introduced at the
AAO meeting in 2018. Topcon has developed a fast-source
SEP angiography software called OCTARA (under FDA
approval) that runs on its Triton OCT platform.

CONCLUSION

The possibilities of OCT-A for glaucomatologists will ex-
pand in the near future. The possibility of detecting and
monitoring glaucoma with this technology will also be ex-
panded. All of these systems will undoubtedly offer software
updates, making it easier for examiners to use the device
itself, and thus monitor the disease. OCT-A represents the
future in the diagnosis of retinal diseases and glaucoma.
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OnTUuKa KoxepeHTHa Tomorpaduja ca aHruorpadujom Koa rnaykoma

WBaH MapjaHosuh'?, BecHa Mapuh*!, Mapuja boxuh'?

'YHuep3uteT y beorpazy, MeguumHckn dakynter, beorpag, Cpbuja;

YHnBep3uUTeTCKI KNUHUYKK LieHTap Cpbuje, KnuHuka 3a ouHe 6onectu, beorpag, Cpbuja

CAMETAK

OnTnyKa KoxepeHTHa Tomorpaduja ca aHrmorpadujom je HevH-
Ba3BHa MVLVIHT TEXHVKa Koja omoryhaBa TPOAMMEH3VIOHaNHY
BM3yanu3aLujy nepdysmje Kpo3 BacKynapHy Mpexy petuHe 1
xopowgeje.

Y 6nuickoj byayhHocTty he ce npownput MoryRHOCTY onTuuKe
KoxepeHTHe Tomorpaduje ca aHrorpapujom 3a rnaykomaro-
nore. Mpowwupuhe ce n MoryhHOCT oTKprBara 1 Npahetba rna-
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yKOMa 0BOM TexHonornjom. CBr oM cuctemm he Hecymmb1Bo
MOHYANTM axypupatba codpTaepa, onakLuasajyhn ncnutmaumma
camy ynoTpeby anapara, a camum T M 1 npahere 6onectu. On-
TWUKa KoxepeHTHa Tomorpaduja ca aHrmorpadujom npeacTa-
BSba OyayNHOCT y AnjarHoCTULM 6ONECTH PeTrHE 1 FayKoma.

KrbyuHe peum: rnaykom; onTryka KoxepeHTHa Tomorpaduja;
aHruorpadwja
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