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method of non-invasive examination, which allows visualizing the
entire retinal and choroidal vasculature thanks to a novel technique
O el of conventional OCT imaging analysis.

This diagnestic approach is rapidly spreading among the largest
part of the ophthalmologists. It consists of a new step forward on
OCT technology, which will allow each clinician to casily have a
N i snapshot of the vessels and the retinal capillaries and / or choroidal
" vasculature.

This imaging modality is coupled with the traditional OCT images,
which can highlight lesions of outer retinal layers and fluid
accumulations. In this way both functional and morphological
information are obtained with a single examination. OCT-A is a
new «nstant imagingy : since it is easy, quick and non-invasive, it
seems very promising for all retinal and choroidal vascular diseases.

Diabetic retinopathy (DR) is the leading cause of visual impair-
ment in working-age adults worldwide.Early detection of DR is
crucial for ]7rcven[i0n of vision loss. Among the retinal changes‘
such as microaneurysms, intraretinal hemorrhages, hard exudates,
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The OCT-Angiography (OCT-A) allows a clear, depth-resolved
visualization of the retinal and choroidal microvasculature. OCT-A

is based on the concept that in astatic eye, the only moving structures
in the eye-fundus are blood cells, flowing in the vessels. OCT-A
does not require administration of intravenous dye as fluorescein or
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CHAPTER I - INTRODUCTION

Introduction

Optical Coherence Tomography Angiography
(OCT-A) is a new method of non-invasive
examination, which allows visualizing the
entire retinal and choroidal vasculature thanks
to a novel technique of conventional OCT

imaging analysis.

This diagnostic approach is rapidly spreading
among the largest part of the ophthalmologists.
It consists of a new step forward on OCT tech-
nology, which will allow each clinician to eas-
ily have a snapshot of the vessels and the reti-

nal capillaries and / or choroidal vasculature.

This imaging modality is coupled with the tra-
ditional OCT images, which can highlight
lesions of outer retinal layers and fluid accumu-
lations. In this way both functional and mor-
phological information are obtained with a sin-
gle examination.

OCT-A is a new «instant imaging» : since it is
easy, quick and non-invasive, it seems very
promising for all retinal and choroidal vascular
diseases.

Diabetic retinopathy (DR) is the leading
cause of visual impairment in working-age

adults worldwide.'?

The disease is characterized by microa-
neurysms, capillary non-perfusion, and
ischemia within the retina, ultimately leading
to neovascularization and/or macular edema,
both of which can severely compromise visual
function. Early detection of DR is crucial for

prevention of vision loss.

Among the retinal changes, such as microa-
neurysms, intraretinal hemorrhages, hard exu-
dates, macular ischemia is a striking feature
leading to decreased perifoveal capillary blood
flow and, in turn, causing chronic ischemia of
the retinal tissue.*

Several studies from the 1970s defined the
functional importance of macular ischemia,*¢
which is now considered an important predictor
of poor functional outcome in patients with dia-
betes mellitus (DM).

Retinal imaging is widely used by ophthalmol-
ogists and primary care physicians to screen
and follow-up for epidemic eye diseases such
as DR and DME.

Color fundus photography (CF) was initially
the leading examination in DR.
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IMAGING THE FUNDUS

FLUORESCEIN ANGIOGRAPHY

Fluorescein Angiography (FA) is from 50
years, the imaging method of choice («Gold
standardy) for the analysis of the vascular and
capillary bed.

While FA provides a high sensitivity for a wide
range of diabetic retinal changes two-dimen-
sionally, OCT raster scanning offers important
cross-sectional information about the retinal
layers.”®

OPTICAL COHERENCE TOMOGRAPHY

Optical coherence tomography (OCT), and in
particular the Spectral Domain OCT (SD-
OCT), has recently entered the field of retinal
imaging in clinical daily routine.

From 20 years, the OCT is tremendously
developed as a noninvasive imaging method
and medical diagnostics, a real «Optical Biop-
sy» of retinal microstructures.

SD-OCT is able to identify several aspects of
DR and its exudative consequences such as
fluid accumulation or retinal thickening (or
thinning).

SD-OCF will thus provide a test of therapeutic
efficacy, easy to follow-up and interpret, which
has a proven reliability.’

OCT-ANGIOGRAPHY

The OCT-Angiography (OCT-A) is a new
revolutionary technique, that allows a clear,
depth-resolved visualization of the retinal '
and choroidal microvasculature. ' The method
was brilliantly presented in its clinical
approach by David Huang, James Fujimoto and
their colleagues in several !' publications and
on the occasion of the Imaging Conference that
preceded the ARVO meeting in Orlando in
2014.

OCT-A is based on the concept that in a static
eye, the only moving structures in the eye-fun-
dus are blood cells, flowing in the vessels. By
calculating the decorrelation of signal ampli-
tude from repeated consecutive B-scans at the
same section, a contrast between static and
non-static tissue is generated.

This will determine a vascular decorrelation
signal that enables visualization of three-
dimensional retinal and choroidal vasculature,
of a variable intensity signal according to the
speed of blood flow.!!

OCT-A does not require administration of
intravenous dye as fluorescein or indocyanine-
green, avoiding, in this way, potential risks
which can result in rare adverse events.

In this Atlas, we aimed to show the contribution of OCT-A in detecting, grading the severity
and orienting the treatment decision in case of Diabetic Maculopathy

10



CHAPTER I - INTRODUCTION

REFERENCES

1. Chen L, Magliano DJ, Zimmet PZ. The world-
wide epidemiology of type 2 diabetes mellitus—
present and future perspectives. Nat Rev
Endocrinol. 2012;8:228-236.

2. Kempen JH, O’Colmain BJ, Leske MC, et al.
The prevalence of diabetic retinopathy among
adults in the United States. Arch Ophthalmol. 2004;
122:552-563.

3. Yau JWY, Rogers SL, Kawasaki R, et al. Glob-
al prevalence and major risk factors of diabetic
retinopathy. Diabetes Care. 2012; 35: 556-564.

4. Arend O,Wolf S, Jung F, et al. Retinal microcir-
culation in patients with diabetes mellitus: dynamic
and morphological analysis of perifoveal capillary
network. BrJ Ophthalmol. 1991; 75 (9): 514-518.

5. Sakata K, Funatsu H, Harino S, Noma H, Hori
S. Relationship between macular microcirculation
and progression of diabetic macular edema. Oph-
thalmology. 2006,113(8):1385-1391.

6. Kohner EM, Henkind P. Correlation of fluores-
cein angiogram and retinal digest in diabetic
retinopathy. Am J Ophthalmol. 1970; 69(3):403-
414.

7. Geitzenauer W, Hitzenberger CK, Schmidt
Erfurth UM. Retinal optical coherence tomogra-
phy: past, present and future perspectives. Br J
Ophthalmol. 2011;95:171-177.

8. Chalam KV, Bressler SB, Edwards AR, et al.
Retinal thickness in people with diabetes and mini-
mal or no diabetic retinopathy: Heidelberg Spec-
tralis optical coherence tomography. Invest Oph-
thalmol Vis Sci. 2012; 53:8154-8161.

9. Yeung L, Lima VC, Garcia P, et al. Correlation
between spectral domain optical coherence tomog-
raphy findings and fluorescein angiography pat-
terns in diabetic macular edema. Ophthalmology.
2009; 116(6):1158-1167.

10. Spaide RF, Klancnik JM Jr, Cooney MJ.
Retinal vascular layers imaged by fluorescein
angiography and optical coherence tomography
angiography. JAMA Ophthalmol. 2015 Jan 1;
133(1): 45-50.

11. Jia Y, Bailey ST, Wilson DJ, et al. Quantitative
optical coherence tomography angiography of
choroidal neovascularization in age-related macular
degeneration. Ophthalmology 2014; 121(7): 1435-
44.

12. Yannuzzi LA, Rohrer KT, Tindel LJ, et al.
Fluorescein angiography complication survey.
Ophthalmology. 1986 May; 93(5): 611-7.

1






CHAPTER 11

CONVENTIONAL IMAGING

IN

DIABETIC MACULOPATHY






CHAPTER II - CONVENTIONAL IMAGING IN DIABETIC MACULOPATHY

DIABETIC MACULOPATHY

Currently, Ophthalmologists are facing a
worldwide epidemy of diabetes mellitus (DM).
In the year 2000, more than 176 million people
throughout the world suffered from DM.

The World Health Organization has estimated
that by the year 2030, there will be 370 million
people affected with DM in the world, and
every one of them will be at risk of developing
retinopathy.

The degree and duration of hyperglycemia,
as well as hypertension and hyper-lipidemia are
risk factors that increase the severity and
development of diabetic retinopathy (DR).

The first report of DR, specifically diabetic
macular edema (DME), appeared in 1856.
Prior to the advent of Pan Retinal Photocoag-
ulation, (PRP), proliferative diabetic retinopa-
thy (PDR) was the main culprit of diabetic
blindness.

Diabetic Macular Edema (DME) has become
the most common cause of visual loss in dia-
betic patients in the developed world, since the
development of laser photocoagulation. It is
estimated that in the United States alone there
are 500,000 patients with DME, with 95,000
new cases every year.

Pathogenesis

Hyperglycemia, by a poorly understood mech-
anism, causes leukostasis, which leads to

endothelial dysfunction and progressive retinal
ischemia.

In fact, DR is the prototype for the ischemic
retinopathies where ongoing retinal ischemia
causes up-regulation of vascular endothelial
growth factor (VEGF).

Diabetic macular edema is characterized by
the accumulation of intraretinal fluid, which is
modulated by the balance between oncotic and
hydrostatic pressures as described by Starling’s
law.

Vascular endothelial growth factor, also
known as vascular permeability factor (VPF),
plays a central role in the pathogenesis of
DME.

Disruption of the blood-retinal barrier, which
results in an increase of vascular permeability,
is caused by VEGF. As the intraocular levels of
VEGF increase, its angiogenic properties pro-
mote retinal neovascularization and its seque-
lae.

Classification

Although the modified Airlie House Classifica-
tion used in the Early Treatment of Diabetic
Retinopathy Study (ETDRS) is considered to
be the gold standard classification scheme for
DR, most Ophthalmologists and even retinal
specialists shunt its use in their daily clinical
work.

15
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It is an excellent tool in the research setting
but its clinical applicability is limited due to
its complexity.

At the 2002 Joint Meeting of the American
Academy of Ophthalmology and the Pan-
American Association of Ophthalmology, a
new classification was unveiled.

The International Clinical Diabetic
Retinopathy Disease Severity Scale, which
is based on the findings of the Wisconsin Epi-
demiologic Study of Diabetic Retinopathy and
the ETDRS.

It consists of five levels:

1. No DR.

2. Mild non proliferative diabetic retinopathy
(NPDR).

3. Moderate NPDR.

4. Severe NPDR. and

5. PDR.

In addition, the presence or absence of macu-
lar edema should be noted. If edema is pre-
sent, then one should note if:

- the edema involves the center (severe DME),
- threatens the center (moderate DME), or is

- far from the center (mild DME).

Figure 1: Diabetic Retinopathy

Fluorescein angiogram during venous phase of a patient affected by diabetic retinopathy. This examination
clearly shows microaneurysms (yellow arrows), intraretinal microvascular abnormalities (IRMA, green arrow),

and areas of capillary non-perfusion (red arrows).

Moreover some signs of laser burns are also appreciable (orange arrows).

16
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- Mild non proliferative diabetic retinopathy
(NPDR). consists solely of micro aneurysms.

- In moderate NPDR, the findings fall in
between mild and severe NPDR.

- The diagnosis of severe NPDR is based on the
“4:2:1” rule of the ETDRS.

One can easily diagnose severe NPDR by men-
tally dividing the fundus into four quadrants
centered on the optic nerve and examining the
four mid peripheral quadrants with slit-lamp
biomicroscopy.

If hemorrhages of at least the magnitude of
standard photograph are present in all four
quadrants, then by definition severe NPDR is
present.

If two quadrants or more have venous beading
of the same magnitude or greater than standard
photograph, then by definition severe NPDR is
present.

If one or more quadrant has intraretinal
microvascular abnormalities (IRMAs) of the
same magnitude or greater than standard photo-
graph, then by definition severe NPDR is
present.

CLINICAL FINDINGS

Diabetic retinopathy represents a spectrum of
disease that can be broadly divided into a non
proliferative stage and a proliferative stage.

The first clinical sign of NPDR is the appear-
ance of micro aneurysms. With increasing
severity, intra-retinal hemorrhages start to

appear.

These hemorrhages may be flame shaped or
round dot blots. If the retinal ischemia persists,
cotton-wool spots, venous beading, tortuosity
of the retinal veins, and IRMAs will develop.

As the degree of ischemia increases, PDR
develops. It is characterized by all the prior, in
addition to neovascular and fibro-vascular pro-
liferation.

It may appear at the disc (neovascularization of
the disc [NVD]) or at the junction of perfused
and non perfused retina (neovascularization
elsewhere [NVE]).

Partial posterior vitreous detachment caused
tangential and antero-posterior traction that
leads to vitreous hemorrhage, rhegmatogenous,
and tractional retinal detachment.

Diabetic macular edema may be present at
any stage of DR and may be focal or diffuse. In
the focal type, usually there are micro
aneurysms surrounded by a ring of hard exu-
dates. In the diffuse type, usually there are nei-
ther hard exudates nor micro aneurysms. In a
small number of eyes, one may observe a glis-
tening, taut, and thickened posterior hyaloid
that exerts vitreo-macular traction.

17
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FLUORESCEIN ANGIOGRAPHY

Micro aneurysms appear as pinpoint hyperflu-
orescent lesions that fade in the later phases of

the angiogram.

The hypofluorescence dot and blot hemor-
rhages distinguishes them from the hyperfluo-

rescent micro aneurysms.

Areas of capillary nonperfusion are seen as
homogeneous dark patches.

Neovascularization usually occurs at the bor-
der of perfuse and non perfused retina. Prior to
the appearance of typical neovascularization,
IRMA develops.

Figure 2:
Retinopathy

Mild Non-proliferative Diabetic
Fluorescein angiogram of a mild non-proliferative
diabetic retinopathy.

This examination only shows micro aneurysms (yel-
low arrows).

No other clinical or angiographic findings are appre-
ciable at this stage.

Figure 3: Moderate Non-proliferative Diabetic
Retinopathy

Fluorescein angiogram of a moderate non-prolifer-
ative diabetic retinopathy.

The number of micro aneurysm (yellow arrows) is
higher than mild non-proliferative cases.

Flame and dot hemorrhages are visible as tiny hypo
fluorescent areas (red arrows).

18
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Figure 4: Severe Non-proliferative Diabetic
Retinopathy

In case of severe non-proliferative diabetic
retinopathy several findings may be shown on fluo-
rescein angiograms:

Micro aneurysms and hemorrhages diffusely
involve the four quadrants.

Intraretinal microvascular abnormalities (IRMA;
green arrow) develop at the edges of non-perfused
areas.

Capillary dropout, determining retinal ischemia is
also visible (red arrows).

Figure 6: Different types of Fluorescein Angiography

Fluorescein angiography remains the gold standard in evaluating the evolution of diabetic retinopathy. The
modern technologies allow varying the width of imaging field. In the images above are reported three exam-
ples of DR patients analyzed on 30° (left image), 55° (middle image) and 102° (right image). This is useful
because of the possibility of obtaining a detailed comprehensive assessment with a limited numbers of images

Figure 5: Proliferative Diabetic Retinopathy

Proliferative diabetic retinopathy is characterized by
the presence of retinal or papillary neovasculariza-
tion.

New-vessels are visible on fluorescein angiography
as highly hyper fluorescent areas (green arrow)
since the early venous phase.

They are topographically correlated with areas of
capillary non-perfusion (red arrows).

Laser scars are also visible in the image (orange
arrows).
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The angiographic appearance of IRMA is of
collateral vessels that do not leak.

On the other hand, neovascularization is char-
acterized by hyperfluorescent leaking areas that
increase in size and intensity as the examina-
tion progresses.

The earliest change in diabetics is an
increased vascular permeability, which is seen
as late hyperfluorescence emanating from the
retinal vessels.

If the macula is not clinically edematous (thick-
ened), this hyperfluorescence should not be
interpreted as macular edema.

OPTICAL COHERENCE TOMOGRAPHY

Optical coherence tomography (OCT) has
come to revolutionize the management of
macular diseases because it can objectively
measure retinal thickness, which correlates
better with visual acuity rather than fluorescein
leakage.

Normal fovea thickness as measured by OCT
has been reported to be 152 A} 21um. Diabetic
macular edema is imaged as a zone of low
reflectivity in the outer retinal layers. The low
reflectivity is due to the accumulation of

intraretinal fluid.

Figure 7: Diabetic macular edema on OCT

Optical coherence tomography (OCT) allows a clear visualization of the macular involvement in case of dia-

betic retinopathy.

Mostly in case of diabetic macular edema it is able to show and quantify the amount of exudation.
In the images above (A) Very limited parafoveal exudation is visible, associated with hard exudates (intrareti-

nal hyper reflective spots with dark back shadowing).

In image B, a severe macular edema is shown: it entirely involves the macular area, with large intraretinal cys-
toid spaces, which are mainly located at the level of the inner and outer nuclear layers.
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OCT-ANGIOGRAPHY

THE OCT-ANGIOGRAPHY (OCT-A) is a
promising new method to visualize the retinal
vasculature and choroidal vascular layers in the
macular area.

A key advantage of OCT-A over traditional
Fluorescein Angiography (FA) is that it pro-
vides depth resolved functional information of
the blood flow in the vessels.

In comparison, FA only provides a bi-dimen-
sional (2D) image that superimposes all per-
fused layers of retinal and choroidal blood ves-
sels.

OCT-A images, in C-scan visualization, often
appear similar to FA images, but with addition-
al information. Then, for correct interpretation
of the images, it is important to understand the
differences between the two modalities.

Genesis of OCT-Angiograms

The OCT-A is based on the concept that in a
static eye, the only moving structure in the eye-
fundus is blood, flowing in the vessels.

Signal

A contrast is generated by the difference
between moving cells in the vasculature and
static surrounding tissue.

Signal quality

Different contributing factors need to be con-
sidered. When performing OCT scans of the
retina, the main sources of motion are bulk
motion and motion caused by circulating
blood.

Bulk motion refers to any movement of tissue
with respect to the OCT device, such as head
movements or eye movements. If bulk motions
are sufficiently compensated, the blood circula-

: TECHNICAL ASPECTS

tion is the predominant source of temporal
changes between OCT scans.

Motion caused by circulating blood
OCT scans can then be used to visualize blood

flow based on the detection of temporal
changes in a sequence of OCT scans.

Figure 1: Principles of OCT-Angiography

A and B. The difference between an acquired B-
scan (Figure A) and a second one, taken exactly in
the same retinal location (Figure B), is computed in
order to obtain a decorrelation signal.

C. This decorrelation signal, which mainly due to
blood cells flowing in the vessels, is used to achieve
an OCT B-scan angiogram (Figure C).

D. The two information, morphological (structural
OCT) and functional (OCT-A), may be simultane-
ously shown in an overlapped mode (Figure D).

23
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Artifacts

In order to avoid that any artifacts arise, a
sequence of OCT B-scans has to be taken to
detect flow, exactly at the same retinal location
(Figure 1).

Artifacts can be due to scan positioning errors
caused by normal ocular micro-saccades.

They commonly occur once every 300 ms
(while a typical acquisition time of OCT vol-
ume scans, with a reasonable resolution and
field of view, takes at least 2-3 seconds to
acquire).

EYE-TRACKING SYSTEM

Therefore an active Eye-Tracking (Tru-
Track™) presents a very reliable method to
acquire OCT volume scans without motion
artifacts. This eye-tracking method is based on
the simultaneous acquisition of fundus and
OCT images.

It makes it possible to perform a continuous
real-time quality check of the OCT data during
the exam. This process ensures that only accu-
rate OCT-images are stored.

Then, in clinical routine, the physician
(and/or the technician or photographer) will not
need to schedule a reexamination of the patient
if eye movement or blinking occurred during
the acquisition. This TruTrack™ system signif-
icantly helps to improve the signal to noise
ratio.

Full spectrum amplitude decorrelation algo-
rithm

The Eye Tracking System also allows the use
of a full spectrum amplitude decorrelation
algorithm.

This guarantees a clear differentiation between
blood flow and static tissue without sacrificing
axial resolution (i.e. depth resolution) of the
OCT images.

In this way, very thin layers of the vascular
network in C-scan section become distinguish-
able.

The effect of axial motion (e.g. the patient is
moving towards the camera) must be compen-
sated as well. Our approach is to geometrically
align the successive B-Scans before performing
the analysis of temporal changes. This is done
during the OCT scan acquisition.

In this case, blood flow can be identified, even
if strong bulk motion occurred during acquisi-
tion.

Overall, OCT-Angiography with active eye
tracking and proper B-scan alignment yields
the desired high definition and geometrical
accuracy.

To achieve high resolution OCT angiographies,
dense OCT volume scans have to be acquired
and each single B-scan of the volume protocol
has to be of consistent high quality.

LAYERS SEGMENTATION

En face OCT-Angiography images show
information about flow detected in a C-scan (en
face) section. To visualize blood flow in the
different retinal and choroidal anatomic layers,
the layered structures have to be identified and
segmented.

The C-scans sections may be selected with
variable thickness. They can be moved at dif-
ferent depths within an OCT volume scan in
order to analyze the entire retinal and choroidal
tissue in the scanned area.

24
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Accuracy of layer segmentation is crucial to AUTOMATED LAYER SEGMENTATION
produce reliable OCT-A images (obtained with

high resolution OCT B-scans). The automated layer segmentation provides
to the clinician a fast way to evidence the pres-

This can be achieved through automated or ence of a decorrelation-signal, due to perfused

manual layer segmentation. (Figure 2 and 3). vascular structures, in any OCT-Angiograms.

Figure 2: Automated segmentation on OCT-Angiography.
(A): Superficial capillary plexus (SCP) shown in C-scan OCT-A visualization. This vascular layer is typically
identified at the level of the ganglion cell layer in macular area.

(B and C). The B-scans show, both in OCT-A (B) and conventional OCT (C), the exact level where the C-scan
(A) is taken.

(D): Deep capillary plexus (SCP) shown in C-scan OCT-A visualization. This vascular layer is typically iden-
tified at the level of the inner nuclear layer.

(E and F). The B-scans show, both in OCT-A (E) and conventional OCT (F), the exact level where the C-scan
(A\) is taken.
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This automated segmentation is based on the
different levels of reflectivity, which are mainly
visible on conventional OCT B-scan.

Each retinal layer is clearly distinguished
from the others due to a different degree of
reflectivity that allows the identification of its
borders.

The histopathologic findings allocate the retinal
superficial capillary plexus (SCP) in the gan-
glion cell layer (GCL) and the deep capillary
plexus (DCP) in the inner nuclear layer (INL).

This automated segmentation allows a prompt
analysis of different vascular layers.

Potential segmentation errors

Nevertheless, this automated segmentation
could suffer from potential segmentation
errors. These errors especially occur in accen-
tuated macular diseases, which significantly
alter the profile and the reflectivity of the
neuro-retina.

The automatically segmented C-scan sec-
tions of the OCT-A are therefore taken at the
reported exact histological site, and guided by
conventional structural OCT.

Since there is no clear-cut in between the dif-
ferent choroidal layers (choriocapillaris, Set-
tler’s layer, Haller’s layer), the distinction is
commonly done taking in account the mean
thickness of each one (OCT and histopatholog-

ic findings) and the vessel’s diameter, clearly
visible on enhanced depth imaging (EDI-
OCT). The software in these cases might be no
more capable of correctly distinguishing the
borders of each retinal layer. It often happens
that different layers converge into a single one.

These errors cause that, on C-scan, several
structures are shown as coplanar, when in fact
belong to different layers.

Nevertheless, in case of segmentation errors,
the provided software (Spectralis Sofiware Ver-
sion 6.0, Heidelberg Engineering, Heidelberg,
Germany) allows a manual correction of all
the boundaries

Manual segmentation

The manual segmentation allows a fully cus-
tomizable analysis. It is usually not so much
more time consuming than the automated one.

This manual segmentation is based both on the
possibility of selecting the C-scan section
thickness and on shaping the section on the
most suitable profile.

The thickness of any section, in case of manual
processing, is very important.

- A thin C-scan section allows distinguishing
the finest details of a vascular structure: since,
the risk of superimposed image is minimum.

- On the other hand, a thick section might still
be useful to analyze a certain layer or lesion in
its entire thickness. A thick section may also be
a suitable choice to compare a given OCT-
angiogram to a conventional, bi-dimensional
(2D) FA examination, (in which all the struc-
tures are overlapped). (Figure 3).
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MANUAL SEGMENTATION in OCT-A

Figure 3: Manual segmentation on OCT-Angiography. Each figure (A - D) shows the manual selection of
shape and thickness on conventional OCT (left) and the corresponding image in C-scan visualization (right).

(A): 50-pm-thick section aligned on the Inner limiting membrane (ILM) profile. The conventional B-scan
OCT shows the exact localization of the section (left). On the right the resulting C-scan OCT-Angiogram.

(B): 50-um-thick horizontal section (right) and the corresponding C-scan in Angiographic mode (left).
(C): Thick section (yellow double-arrow) involving the entire neuro-retina between the ILM and the RPE.
The two profiles bordering the section are shaped on the ILM and Ellipsoid Zone (EZ) profile. Such a thick
section might be useful when comparing the OCT-A with conventional fluorescein angiography but all the vas-
cular layers as superimposed.

(D): Thin section (yellow arrow) shaped on the ILM profile. This approach is useful when needing to distin-
guish the finest details of a vascular structure.

The selected profile for the shape of the dif- The ILM profile is mostly used in case of

ferent C-scan section significantly impacts the evaluation of retinal vascular layers, while RPE
aspect of the obtained images. and BM are useful for outer retina and choroid.
In our experience, the most frequently used In case of CNV, the neovascular tissue is fre-
profiles are ILM, RPE and BM. These, quently attached at the back surface of the RPE.

because of their high reflectivity, less suffer
from potential segmentation errors.

27



CHAPTER III - OCT-ANGIOGRAPHY : TECHNICAL ASPECTS

The horizontal section is also frequently used The disadvantage is not being aligned on the
in segmenting retinal and choroidal layers. This concavities or convexities of the eye. In this
has the remarkable advantage that does not suf- way different structures, even if at different
fer of potential segmentation errors. depth, appear as coplanar.

CONCLUSION

The OCT Angiography is a promising addition to multi-modal retinal imaging. OCT-A
provides additional functional flow information to the structural detail seen on regular
OCT.

For a comprehensive assessment, OCT-A associated with regular OCT scans, should be
simultaneously viewed in a B-scan and C-scan view.
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ACQUISITION PROTOCOL

Spectralis OCT-Angiography: how to acquire images

The concept underlying OCT-A is that in a
static eye, the only moving structure in the fun-
dus is blood, flowing in the vessels.

OCT-A generates contrast in a full depth-
resolved data set by differentiating between
moving cells in the vasculature and static sur-
rounding tissue without requiring dye injection.

The image obtained allows visualization of the
channel of perfused vessels. This signal return-
ing from moving features and its amplitude
vary rapidly over time.

This signal is obtained by calculating the
amplitude of decorrelation from repeated con-
secutive B-scans at the same cross-section.

A contrast between static and non-static tissue is
created and generates a vascular decorrelation
signal that enables visualization of three-dimen-
sional retinal and choroidal vasculature'=.

The prototype “Spectralis OCT2” device
(Spectralis, Heidelberg Engineering, Heidel-
berg, Germany) has been used to acquire the
images.

This prototype is able to acquire 85,000 A-
scans per second, with a resolution of 7 um axi-
ally and 14 pm laterally, and a bandwidth of
50 nm.

The ocular light power exposure was within the
American National Standards Institute safety
limit3

An amplitude decorrelation algorithm devel-
oped by Heidelberg Engineering (Heidelberg,
Germany) is applicable to a volume scan, on a
15 x 5% or 15 x 10°area (4.3 x 1.5 mm or 4.3 x
2.9 mm), which is composed of a variable num-
ber of B-scans (ranging from 131 to 261 respec-
tively) at a distance of 11 pm each (this value is
very near to the limit of the eye resolution).

The prototype device, by the use of the Auto-
mated Real Time (ART) mode allows varying
the number of frames per scan, in order to aver-
age the image, increase the quality of each sin-
gle B-scan and improve the signal-to-noise
ratio.

The B-scan OCT-A is generated by computing
the decorrelation in between successive stan-
dard B-scans that are sequentially acquired at
the same location. The decorrelation between
each acquired B-scan and a second one taken in
the same location is assessed in order to obtain
an OCT B-scan angiogram.

The C-scan (en-face”) visualization of this
OCT-A is automatically derived from these
OCT B-scan angiograms. The ART mode asso-
ciated to the limited distance in between two
consecutive B-scans (11 pm) allowed obtaining
the best high-resolution C-scan angiogram.

Every OCT-A is simultaneously achieved with
the corresponding standard OCT B-scan; in this
way, the visualization of both retinal/choroidal

functional and morphological aspects are

acquired.
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AUTOMATED SEGMENTATION ALGORITHM

An automated segmentation algorithm for
both retinal and choroidal layers is provided
with the OCT-A software (Heyex Software Ver-
sion 1.9.201.0, Heidelberg Engineering, Hei-
delberg, Germany).

This algorithm is capable of identifying eleven
different retinal layers, from the ILM to the
RPE, including the external limiting membrane
(ELM), the ellipsoid zone (EZ - “PR1”) and the
outer segment (OS - “PR2”).

The possibility of having a precise distinction
between the different layers is a useful function
in conventional structural mode, because it eas-
ily allows to define the axial extension of a
given lesion in retinal tissue.

Moreover, in OCT-Angiography, it acquires
an essential role because rapidly shows an
exact morpho-functional correspondence: a
given decorrelation signal, due to a perfused
structure, is topographically localized.

Since the vascular and avascular layers are well
known, the presence (or absence) of perfusion
in a location may significantly help in distin-
guishing a normal condition from an abnormal
one, aiding not only in diagnosis, but also in
treatment decision.
In  case of  accentuated  macular
retinal/choroidal disruptions, causing potential
segmentation errors, a specific manual correc-
tion allows to modify the shape and the local-
ization of each layer.

Figure 1: Automated Segmentation Algorithm: Eleven different layers are identified by the automatic seg-
mentation.

They represent respectively the inner limiting membrane (ILM), the retinal nerve fiber layer (RNFL), the gan-
glion cells layer (GCL), the inner plexiform layer (IPL), the inner nuclear layer (INL), the outer plexiform layer
(IPL), the external limiting membrane (ELM), the ellipsoid zone (PR1), the outer segment (PR2), the retinal
pigmented epithelium (RPE) and the Bruch’s membrane (BM).

The possibility of having a precise distinction between the different layers is a useful function both in conven-
tional and in angiographic mode: it easily allows defining the localization, the axial extension of a given lesion
and the eventual presence of a perfused structure in the examined tissue.
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In case of manual segmentation, the thickness
of every C-scan may be modified in order to
have a given constantly thick “slice of tissue”
at different retinal or choroidal levels. There-
fore, this approach allows a detailed analysis of
all the structures included in a certain “slice of
tissue”, obtained in “en-face” visualization.

As already described the manual selection of
the C-scans at different depth may be obtained
both with horizontal or variably shaped sec-
tions.

A horizontal section (not aligned to any retinal
layer) might be chosen with aim to reduce arti-
facts due to segmentation errors.

The different shapes, according to our experi-
ence, may be chosen on the base of several
parameters:

First of all the presence of segmentation errors:
when the profile of the C-scan is not perfectly
aligned on the structure taken as reference (i.e.
ILM, RPE, BM), it is better to avoid this
approach, in order not to have risks of superim-
position or missing structures in the C-scan.

Secondarily it is important to consider the
layer or the lesion that will be analyzed. For
example, when imaging a CNV lesion, it might
be important to have a C-scan shaped on the
RPE profile, since the neovascular tissue is
often attached at the back surface of the RPE.

Finally, the concavity or convexity of the
scanned area should be considered. In some
conditions, such as high myopia or dome
shaped macula a section aligned on RPE or BM
may be more suitable than an horizontal one,
since the latter would show different structures
(far one to the other) in the same C-scan.

In this Atlas, the Authors selected case-by-
case the most appropriate shape and thickness
of the C-scan section, in order to provide the
best image quality in the most significant C-
scan.

In case of retinal vascular disease, such as
artery/vein occlusion or, as in this “Atlas of dia-
betic retinopathy”, it is important to analyze
the entire retinal thickness.

This procedure is necessary not only to have a
comprehensive assessment of the scanned tis-
sue, but also to exclude potential artifacts,
which might condition the diagnostic process.

Therefore, mostly in case of non-automated
segmentation, the selected C-scan was manu-
ally fine-tuned (by the Authors) to be located
at the level of the inner limiting membrane
(ILM), and then moved progressively deeper,
with steps, corresponding to the same thickness
of the section, up to the RPE.

In case of simultaneous outer retinal or RPE-
BM changes, the entire choroidal thickness (up
to the choroidal-scleral interface) was evaluated.

OCT-ANGIOGRAPHY: B-SCAN AND C-SCAN

Almost all the OCT-A images reported in the
different manuscripts are C-scans. This is
mainly done to have both an excellent “en
face” visualization of the examined structure.
The image is, at least partially, comparable to
the conventional dye-angiography.

Nevertheless also the B-scan visualization on
OCT-A may give useful information.

It provides, in fact, a clear depth-resolved visu-
alization of a given decorrelation signal.
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Since the conventional B-scan is simultaneous- This OCT-A B-scan is important in case of
ly obtained with the OCT-A one, it is possible pathological conditions: as it allows to rapidly
to correlate a precise anatomical position (con- co-localize functional and morphological infor-
ventional structural B-scan) with the presence mation in the same B-scan, both the presence
of a perfused structure. and the activity of a given disease are provided.

Figure 2: OCT-Angiography B-scan

A and B: OCT B-scan passing through the center of the foveal depression is simultaneously shown in con-
ventional (Figure A) and in angiographic mode (Figure B).

B: In the OCT-A B-scan (Figure B) are shown as hyper intense only perfused structures, such as retinal vas-
cular layers, choriocapillaris and choroid. Highly hyper-reflective layers such as ILM, EZ or RPE on conven-
tional B-scan are characterized by a clear hypo-intense signal, since, in healthy subjects, there are no per-
fused structures at this level.

C: Example of morpho-functional examination in B-scan. The background is made by the conventional mor-
phological OCT finding in macular area of a healthy subject, while in red is shown (as superimposed) the
signal coming from the perfused structures which are only appreciable in angiographic mode.
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OCT-A SCREEN VISUALIZATION

The image above shows the aspect of a Spec- (Heyex Sofitware Version 1.9.201.0, Heidelberg

tralis OCT Angiography in Heyex Software Engineering, Heidelberg, Germany).

This “Display” view simultaneously shows the (bottom left image), the deep capillary plexus
reference image in infra-red (top left image), (bottom middle image) and the avascular retina,
the B-scan in structural or in Angio-mode (fop from outer nuclear layer to Bruch’s membrane;
right image), the superficial capillary plexus (bottom right image).
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The OCT-Angiography screen is a combined visualization of the structural (A, C) and the angio-

graphic images of a given slab.

This image is a morpho-functional assessment of a C-scan (or B-scan) section.
- Image A is the “En Face” visualization of the structural OCT
e This case is taken at the level of the ganglion cells layer.
o The two lines, one horizontal (green) and one vertical (blue) identify the exact position of

two cross sectional B-scans (green ones shown in C and D).

- Image B is the angiographic visualization of a C-scan section taken at the same level of depth of
Figure A (ganglion cells layer). [It shows the superficial capillary plexus of an healthy subject.]

- Image C (structural B-scan; green line in Figures A and B) is useful to evaluate the level of depth
of the C-scans above and the quality of the segmentation algorithm. (Red lines)

- Image D (Angio-mode B-scan; green line in Figure A and B) is the corresponding B-scan in Angio

mode of Figure C. (It is extracted from a volume scan on a 15 x 10° centered in macular area).
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Figure 1: Comparison OCT-A versus Conventional OCT C-scans
A The OCT-A C-scan () allows a clear “en face” visualization of the different vascular layers,
which are well defined and distinguished from the avascular areas.
B On the contrary the conventional C-scan, shows only the larger trunks of retinal vessels,
as hyper reflective structures.
This image is not fully interpretable also due to the reflectivity of the retinal nerve fiber layer that partially
masks the image of the deeper structures.

4 Advanced

Reference: ILM v
To: PL v
Smooth Segmentation:
Distance [pm] 0
Thickness [pm] 0 /
Stripe Filter: High v

The red arrow highlights the “Anti Stripes Filter”, a useful tool to
reduce the noise.

The image quality in OCT-Angiography is fundamental to obtain
exams of sufficient high resolution to be interpreted both qualitatively
and quantitatively.

e To achieve this aim it is necessary to increase the signal-to
noise ratio.

e This parameter is automatically set to “high” level.

The possibility of selecting manual segmentation (green arrow)
rather than an automated one (yellow arrow), is evidenced in this pic-
ture.

e Different C-scan sections (i.e. Superficial Capillary Plexus,
Deep Capillary Plexus, Outer retinal layers, Choriocapillaris) can be
provided by the automated segmentation.

o Different others can be obtained by the operator in a fully cus-
tomizable context.

e This could be done by selecting a reference line (red arrow).

e A second plan (blue arrow) may be obtained by the automated
segmentation algorithm.
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IN CASE OF MANUAL SEGMENTATION

Smooth Segmentation: E
20

Distance [pm]: 7
Thickness [um]: 45
Stripe Filter: High w

e  The Distance from a given structure (red arrow) and

e  The Thickness of a C-scan (green arrow) can be selected
by the clinician in order to clearly visualize in each C-scan, every

element included in a pre-established B-scan.

e  The “Distance” is an evaluation (in micron [um]) of how far is a given section from a reference
plan (i.e. RPE, BM, ILM,...). When a C-scan section is not linear, but has its own thickness, the “Dis-
tance” value means how far is the middle point of the C- scan from the reference plan: Its value is

positive when moved toward the vitreous cavity or negative when moved toward the sclera.

o The “Thickness” expresses the exact thickness value (in micron [pm]) of a given C-scan.
It could be manually selected and range from “0”, in case of linear section, to “500” in case of the

thickest section.

Smooth Segmentation:

Distance [pym]: 0
Thickness [pm]: 0
Stripe Filter: | High v
Smooth Segmentation:
Rel. Position [%] 29
Thickness [pm] 40
Stripe Filter: High »

LM

BM

e In order to achieve a better segmentation

o the “smooth segmentation” is normally turned on.

o It automatically realigns the consecutive segmented
B-scans.

o It is possible to switch it off in to obtain non-

modified segmentation

o The thickness of a given section could be modified by
moving the cursor from ILM to Bruch’s membrane (blue arrow).
e The analyzed plan varies both on structural and angio-

graphic images.
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4 Advanced
m ’W e  The advanced functions,

Re \ew? IT T v o give the possibility to modify the contrast of a given

C-scan,
St Sememialion: o in order to highlight structures with a high decorrela-
Otetarce find 0 tion signal,

o or the surrounding hypo-intense ones.

Thickness [um] o . Lo .

e This function is only applied to the structural C-scan
Stripe Filter: High v

i 2 and not to the one in Angio-mode.

o The Yellow arrow is the standard contrast in case of line scan (C-scan thickness equal to 0).
o  The Red arrow indicates the “Maximum Intensity Projection” function, which highlights all
the hyper-reflective signals coming from hyperreflective structures.

e  The Green arrow indicates the “Minimum Intensity Projection” function, which highlights all
the hypo-reflective signals coming from hypo reflective structures.

e The Blue arrows indicate different pre-set levels of “Mean Intensity Projection”, function,
which take simultaneously in account both hyper and hypo-reflective signals and average their dif-
ferent degrees in order to highlight the distinction between different reflectivity.

QUALITY INDEX

The Spectralis Software (Heyex Software Version 1.9.201.0, Heidelberg Engineering, Heidelberg,
Germany) measures the signal strength by a “Quality Index” (QI) and assigns a number expressed in
decibel (dB), ranging from 0 (low quality) to 50 (excellent quality).

This quality index (QI) is influenced by several elements, such as media opacities or the photogra-
pher experience.

In this type of examination, both for the qualitative and quantitative approaches, the nearer
the QI value is to its maximum, the more the fine details of the lesion will be visible and there-
fore able to be analyzed and interpreted.
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In a former version of the software there was:
o A screen «3D View» useful to analyze images in structural mode
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Image A is a combined visualization of the three other plans (B, C, D). This image is useful to ana-

lyze the spatial relationship between them.
Image B is the “En Face» visualization of the structural OCT:
o The two lines, one horizontal (green) and one vertical (blue) identify the exact position of the

two B-scans shown in image C and D.
Image C (orthogonal structural B-scan; blue line in Figure B) is useful to evaluate the quality of the

segmentation algorithm. (Red lines)
Image D (original structural B-scan; green line in Figure B) is one single B-scan extracted from the

volume scan on a 15 x 10° centered in macular area.
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HOW TO OBTAIN IMAGES

The potential technical approaches, which
allow obtaining the most representative OCT-A
images, may be very numerous.

The Authors, with this specific chapter would
like to provide one possible way of selecting

1) CONTRAST SELECTION

FIRST STEP:

Image  Progression Options 30 View  Window
ol s [ IEAL L A silp gl as

Display| 30 View | Thickness Profle | Thickness Map|

images, which might result suitable, in case of
choroidal and retinal vascular diseases and in
case of Diabetic Maculopathy.

The following steps in OCT-A images analysis
may be performed in variable order.

o In the upper bar, the first icon on the left, repre-
sents the access menu for the general contrast selec-
tion of the image (yellow arrow).

e Both the “Infrared” (IR) and “OCT image” contrast may be adjusted with this option.
(In this case, we are only interested in the OCT image, because the IR reference image is not shown

in the Screen)

SECOND STEP:

o The OCT contrast setting may assume different values ranging from 0 to 16. It could be modified

by moving the cursor along the scale (red arrows).

0ocT e The contrast may be separately varied for the structural OCT and
the OCT-Angiography.

0
Anghgraphy

0
A

0 B

16

0

16

o In case of Angio-mode (OCT-A images), the Authors generally
use the 0 value: in this way the contrast between perfused (hyper-
intense) and non-perfused (hypo-intense) structures is maximum

o In case of conventional OCT (when the Angio-mode is not select-
ed), the contrast should be set on Zigher value.

This, in the largest part of the cases, varies between
9 and 12.
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2) SMOOTHING SEGMENTATION LINES

THE NEXT STEP is to flag the “Smooth segmentation lines” function.

3 The segmentation process may suffer of potential
Smooth Segrnenttnon: errors due to severe retinal changes in case of
pathological conditions.
Distance [pm] ¢
The Heyex Software (Heyex Software Version
Thickness Eum] 0 1.9.201.0, Heidelberg Engineering, Heidelberg,
Germany) provides a “smoothing” mode, which
Stn‘pe Fitter: High v re-aligns all the different layers averaging the level
and excluding the most misaligned ones.

ANALYSE OF SEGMENTATION ERRORS

Figure A shows numerous (micro-) misalignments of the Bruch’s Membrane (BM) in the “orthogo-
nal” section. These segmentation errors have been solved in Figure B after having turned on the

“smoothing” mode (Figure 1).

Figure 1: Automated correction of segmentation errors

A: The “orthogonal” visualization shows numerous (micro-) misalignments of the red line, which should in fact
exactly follow the profile of the Bruch’s membrane (BM).

B: The automated correction of these segmentation errors is provided with the “Smooth segmentation lines”

function: when turned on, all the points, composing the red line, are re-placed and will define the exact position
of the BM.
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3) SELECTION OF THE SECTIONS OF INTEREST

The selection of the different sections of interest may start from the “automatically” provided

scheme.

The main sections in case of retinal vascular diseases are:

Transverse Analysis

(e ][]

SR | DR || AV |

Vitreoretinal Full Retina |

layer.

| Outer Retina Choroid

In case of outer retinal - RPE - choroidal dis-
ease, a section set “around Bruch’s Membrane”
(around BM) might be useful because often
able to show, as in case of choroidal neovascu-
larization (CNV), both pre-epithelial and sub-
epithelial component of the lesion.

All the different sections, especially for the
outer retina and choroidal layers (where bor-
ders are not clearly distinguishable), could be
adapted in a fully customizable way by the
operator.

POTENTIAL SEGMENTATION ERRORS

In case of evident residual segmentation
errors (sometimes the “smoothing” mode is
not sufficient to compensate them) a manual
segmentation may be preferred.

Then, using manual segmentation, a refer-
ence plan can be aligned on the more “correctly

o Superficial Retina (SR) or “Superficial Capillary Plexus”
(SCP), which includes the ganglion cells layer.

e Deep Retina (DR) or “Deep Capillary Plexus” (DCP),
which is analyzed in a C-scan showing the entire inner nuclear

e Avascular Retina (AV), which includes all the different lay-
ers between outer nuclear layer and Bruch’s membrane.

segmented” retinal layer or it may be a horizon-
tal section.

BM, RPE, or ILM profiles are also often cho-
sen as reference shape in manual segmenta-
tion: this because, they are generally better
identified by the OCT software and less suffer
from potential segmentation errors, due to their
high reflectivity on conventional OCT.

The horizontal section is useful because does
not suffer from segmentation errors.

Nevertheless, in case of accentuated concavity
or convexity of the scanned area, it may show
in the same C-scan (therefore as coplanar)
structures belonging to different levels of
depth. This risk tends also to increase when
enlarging the horizontal diameter (X-axis) of
the scanned area: 30° or 20° are less indicated
than 15° when using a horizontal section.
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4) SELECTION OF SECTION THICKNESS (MANUAL SEGMENTATION)

Reference:|ILM v

To: User-defined v

Distance [ym): 47
Thickness [um]; t]

A thin C-scan section (up to 30 um) is gener-
ally used to detect the finest details of a given
lesion or of a vascular layer.

A thicker C-scan section gives a more com-
prehensive visualization of the analyzed tissue

o The thickness of the section should be established,
once selected the most suitable section shape, in case of

manual segmentation,

e In this example, aligned on ILM, (user defined), the
distance may be adjusted as previously explained.

e The section thickness may substantially vary on the
base of the structure to be analyzed.

and the image may result more smooth

But tiny structures are less visible mainly
because different layers are superimposed in a
unique thick section.

ANALYSIS OF RETINAL VASCULAR LAYERS WITH MANUAL SEGMENTATION

When analyzing (manual segmentation) reti-
nal vascular layers, such as superficial or deep
capillary plexuses, it is not possible to precisely
establish the thickness of the C-scan.

Different pathological conditions may substan-
tially vary the morphology of the retinal layers

in which the vascular structures are included.

The operator should therefore carefully exam-
ine the B-scan section, both in conventional

and in Angio-mode.

Then select the most suitable thickness, reduc-
ing the risk of including in a single C-scan, dif-

ferent vascular layers. (Figure 2)
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MANUAL SELECTION OF C-SCAN THICKNESS

Figure 2: Two examples of manual selection of C-scan thickness.
The two capillary plexa (superficial and deep) should be shown as well-distinguished entities.

A-The two borders of the C-scan (red lines) are aligned on the ILM profile and separated by a distance of
40 pm (this thickness allowed to include the ganglion cell layer and some part of the inner plexiform layer in
healthy subjects).

B- Even if the ganglion cells layer is not perfectly outlined, in the “en face” visualization, almost all the struc-
tures belonging to the SCP including the perifoveal capillary arcade, are clearly visible.

C- The two borders of the C-scan (red lines) are aligned on the ILM profile and separated by a distance of
40 pm (this thickness allowed to include the inner nuclear layer and some part of the outer plexiform layer in
healthy subjects).

D- Even if the inner nuclear layer is not perfectly outlined, in the “en face” visualization, the DCP is clearly
shown, although some poorly defined images of large retinal vessels remain visible.

5) SELECTION OF C-SCAN INNER CONTRAST
The Heyex Software gives also de possibility to vary the inner contrast of each selected C-scan sec-
tion in structural OCT.

o RED ARROW: A “Maximum Intensity Projection” function
A Ad‘l&ﬂ highlights all the hyper-reflective signals in a given C-scan.
o BLUE ARROW: A “Mean Intensity Projection” function takes
simultaneously in account both hyper-reflective and hypo-reflec-
v/ | max | | min L . . .
‘ tive signals and averages their different degrees in order to high-
light the distinction between different degrees of reflectivity.

In the Author’s experience, the two described As specified in the previous chapter, there are
(Maximum Intensity Projection and Mean also other different functions, which may be
Intensity Projection) are the most useful ones. selected. (See Chapter I1I)
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6) IMAGE SELECTION

Once all the previous steps have been achieved,
it is possible to start the selection of the differ-
ent images

In case of automated segmentation, this pro-
cedure is obviously not necessary since the
image of the section of interest has already
been provided when choosing the different
options.

In case of manual segmentation, this proce-
dure is needed because only the shape (align-
ment) of the section is selected, but not its
depth in tissue.

The most rapid way to move the C-scan, is to
drag the two red lines in the “Original Angiog-
raphy” quadrant (bottom right B-scan,

Figure 4) upward (toward the vitreous cavity)
or downward (toward the choroid) until the
decorrelation signal to be investigated is
included in the section. (Figure 4). This proce-
dure may also be guided by the structural OCT
B-scan (bottom left image).

A given retinal or choroidal layer can be
selected in order to be sure that the borders of
the C-scan are perfectly aligned on the ones of
the investigated layer.

The importance of this method is due to the
capability of rapidly identify an abnormal
perfusion since the exact localization of nor-
mal retinal and choroidal vessels is well
known.
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Figure 4: Selection of the image depth in tissue

The bottom images (yellow squares) of the screen show the B-scans both in structural (bottom left) and angio-
graphic (bottom right) mode, which form the volume scan. To scroll from one level of depth to another is suf-

ficient to turn up (or down) the mouse wheel.

The two red lines (yellow arrows) represent the borders and the thickness of the C-scan section shown in the
top images (top left: structural C-scan; top right: OCT-A C-scan). These may be dragged upward or downward
till the layer or the structure to be examined is completely included in between the two.
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This approach is very fast and useful, but
may be not sufficiently precise because the
large shifts of the red lines. Micrometric shifts
of the red lines may also be obtained by locat-
ing the cursor on the top right image (C-scan)
and then turning up (or down) the mouse
wheel.

This function allows to carefully positioning

the C-scan in order to show the most reliable
image.

7) IMAGE EXPORT

The manual segmentation may be a valid
choice both in case of retinal and choroidal vas-
cular diseases.

Sometimes, in the Author’s experience, the
entire retina and choroid should be segmented
step by step, from the ILM to the choroidal-
scleral interface and in these cases the manual
segmentation is obviously the only possible
approach.

THE FINAL STEP to obtain the image is to export the image

Image Progression Jptions 3D View Window

DD H= 2

| D'sphyl 3D View |"'“|_:1mﬁsPruﬁle | Thi

Map |

« &[]

X 23

o In the upper bar, the third icon (yellow arrow) on the left, represents the access menu for

the image export.

e When the desired image is shown on the screen, it is sufficient to access the export function
and choose the folder and the preferred format.
e The Authors export the image, both in conventional and in angio-mode, for each patient.

This procedure is done with the aim to simul-
taneously have the morphological and func-
tional information for each C-scan.

- In case of retinal vascular diseases, the min-
imum number of images to be exported is 2:
one for the superficial capillary plexus and
another one for the deep capillary plexus.

- In case of outer retinal - RPE - choroidal
diseases, the number of images that have to be

selected could be higher because lesions may
be both above and below the RPE.

- Moreover, to avoid the risk of superimposi-
tion, more than one thick section should be
taken.

In some cases, such as chorio-retinal anasto-
moses, the entire retinal and choroidal thick-
ness might be evaluated to have a comprehen-
sive analysis of the lesion.
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SPECTRALIS OCT-ANGIOGRAPHY IN NORMAL SUBJECTS

The traditional multimodal imaging, such as
fluorescein angiography (FA), indocyanine
green angiography (ICGA), and spectral-
domain optical coherence tomography (SD-
OCT), was leading to a better understanding of
the pathophysiologic features of retinal and
choroidal diseases!

It allowed to obtain information about the nor-
mal retinal and choroidal anatomy, nearly com-
parable to histological findings.

Moreover, the angiographies (both FA and
ICGA) provided essential dynamic information
on the perfusion of different retinal and
choroidal vascular layers, including the transit
time from arm to the eye.

This resulted absolutely fundamental in the
evaluation of all retinal and choroidal vascular
diseases and, added to the morphological data,
allowed the clinician to detect diseases and
define the correct diagnosis.

Fluorescein angiography has became general-
ly accepted as the "gold standard" in imaging
the fundus, due to the fact that FA is the best, if
not the unique, method to visualize the retinal
capillary bed, its dilation or perfusion, particu-
larly in macular area.

Moreover, FA will allow the clinician to detect
and analyze one main clinical sign: leakage
from abnormal and/or (retinal or choroidal)
new-vessels.

Although fluorescence of the injected dye
enabled improved visualization of retinal capil-
laries, it was well known that not all the differ-

ent layers of the retinal capillary network could
be visualized in this bi-dimensional examina-
tion.

It was reported that fluorescein angiographic
images of the retina corresponded to the
anatomical arraignment of the superficial reti-
nal vessels, whereas the deeper retinal capillar-
ies were not visualized in the angiogram.>?

Comparable histo-pathological correlations
in humans are not been reported, but compara-
tive findings suggest the deeper capillary net-
work in the retina is not visualized well by flu-
orescein angiography, possibly because of light
scattering of the retina.*

Therefore, even if the FA is the gold standard
for the visualization of retinal vessels, one of
the two major capillary networks do not appear
to be imaged well, despite the retina appear a
nearly transparent structure.’

Optical coherence tomography angiography
(OCT-A), allows a clear, depth-resolved visu-
alization of the retinal® and choroidal microvas-
culature®, by calculating the decorrelation of
signal between static and non-static tissue.

Given that the main moving elements in the eye
fundus are contained in vessels, determining a
vascular decorrelation signal enables visualiza-
tion of three-dimensional retinal and choroidal
vascular network.

"Moreover OCT-A does not require administra-
tion of intravenous dye, reducing the risk of
potential adverse events.®
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RETINAL AND CHOROIDAL VASCULAR ANALYSIS
IN HEALTHY SUBJECTS

Retinal Vascular Anatomy

Generally, the blood-supplying artery to the
inner retina is the central retinal artery that fol-
lowing the inferior margin of the optic nerve
enters the eye at the level of the optic nerve
head.

The central retinal artery divides to form two
main branches and each of these divides again
to form the superior nasal and temporal and the
inferior nasal and temporal arteries that supply
the four quadrants of the retina.

The retinal venous vessels are distributed in a
similar pattern.

Many anatomical variations in this division
and distribution may be observed in the normal
fundus. The major arterial and venous branches
and the successive divisions of the retinal vas-
culature are present in the Retinal Nerve Fiber
Layer (RNFL) close to the Internal Limiting
Membrane (ILM).

The retinal arterial circulation is a terminal
system with no arterial-venous communication
with other arterial systems.

Thus, the perfusion of a specific retinal quad-
rant comes exclusively from a given retinal
artery and vein that supply that area (in the
most frequent normal distribution of the ves-
sels).

Any impairment or blockage in blood supply
therefore causes an ischemia or infarction. As
the large arteries extend within the retina toward
the periphery, they divide to form successive
level of arteries with progressively smaller
diameters until they reach the ora serrata.

The retinal arteries branch dichotomously or
at right angles from the original vessel.

The arterioles coming from the retinal arteries
form an extensive capillary network in the
inner retina as far as the external border of the
Inner Nuclear Layer (INL), either toward the
periphery and/or in the macular area.

Many macular arterioles, branching from the
temporal (superior and inferior) retinal arteries,
dive into the retina forming the macular capil-
lary bed with two distinct capillary plexus:

— one in the Ganglion Cell Layer (GCL)
(Superficial Capillary Plexus, SCP) and

- the other in the INL (Deep Capillary Plexus,
DCP).

- An intermediate capillary plexus is also
described between the inner plexiform layer
and the inner nuclear laye.

Since the difference between the intermediate
capillary plexus and the inner component of the
deep capillary plexus is difficult to establish,
they are commonly considered as a unique enti-
ty.

Generally, no vessels extend deeper than the
inner nuclear layer. The outer retinal layers and
photoreceptors receive their blood supply not
from the retinal capillary bed, but from the
Choriocapillaris.

A cilio-retinal artery, originating from the
short posterior ciliary artery, enters, in less than
20% of the cases, the retina on the temporal
side of the optic nerve and reaches the macular
area, ending in a capillary plexus, in the retinal
vasculature.
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FLUORESCEIN ANGIOGRAPHY IN HEALTHY SUBJECTS

Fluorescein Angiography images, in the cur-
rent Atlas, were obtained by the use of a confo-
cal imaging system (Spectralis HRA2, Heidel-
berg Engineering, Heidelberg, Germany).

This system captures only light emitted in a
predetermined plane and consequently elimi-
nates artifacts (due to reflection and diffrac-
tion) and superimposed images.

The macular capillary bed, including the del-
icate peri-foveal anastomotic arcade, may be
visualized in case of clear media and good con-

trast. This arcade will precisely delimitate the
Foveal Avascular Zone (FAZ).

A very fine and specific focusing in some rare
cases, could help to distinguish some differ-
ences between Superficial Capillary Plexus,
(SCP) and Deep Capillary Plexus, (DCP).

Imaging them may require successive focusing.
Fine structures, including pathologic condition
as neovascularization, are then, clearly visual-
ized.

Figure 1: Fluorescein angiography in early artero-venous phase.

(A): Both retinal vein and arteries and macular branches are fully perfused: there is no evidence of any filling
impairment. The superficial capillary plexus is mainly visible in perifoveal area. The perifoveal arcade is not

completely appreciable

(B): Fluorescein angiography in early arterial-venous phase focused deeper than in (A) to obtain information
of deep retinal vessels. The deep capillary plexus, although the focusing process, remains not appreciable

because of retinal light scattering.
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RETINAL OPTICAL OCT-A IN HEALTHY SUBJECTS

All the OCT-A examinations were performed
by the use of a Spectralis OCT2 Angiograph
prototype (Heidelberg Engineering, Heidel-
berg, Germany) that was able to acquire 85,000
A-scans per second with a resolution of 7 um
axially at an imaging depth of 1.9 mm in tissue.
The ocular light power exposure was within the
American National Standards Institute safety
limit.”

The C-scan allows the visibility of arteries
clearly distinguishable from veins by the pres-
ence of the surrounding hypo-intense halo due
to the absence of efferent vessels directly out-
coming from the walls.

The superficial capillary plexus (SCP)
appears as a fine capillary network with an
intense signal. The perifoveal arcade is well
visible on 360°. (Figure 3 A, B, C).

Figure 3: Automatically obtained OCT-A C-scan, which exactly outlines the Ganglion Cells Layer

profile.

(A) Superficial Capillary Plexus (SCP). Arteries are clearly distinguishable from veins by the presence of the
surrounding hypo-intense halo due to the absence of efferent vessels directly out-coming from the walls. It is
shown a fine capillary network, which corresponds to the superficial capillary plexus (SCP). The perifoveal

arcade is well visible on 360°.

(B and C) The corresponding B-scans show regularly aligned hyper-intense dots stratified in two main lines
(deep and superficial) and an intermediate one, corresponding to the interconnections between the two plexa.
The Superficial Capillary Plexus is shown in the C-scan taken at the level of the ganglion cells layer)[red line

in figure 3B and 3CJ.
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The Deep Capillary Plexus is shown in the C-
scan taken at the level of the inner nuclear layer
(INL) (Figure 4 A, B, C). A dense capillary
network, different than the superficial one,
becomes clearly visible and it develops all
around the perifoveal area.

This is the first in-vivo examination that could
allow a fine visualization of the deep capillary
plexus (DCP).

It appears as a very dense, regularly anasto-
mosed network, with sinuous arborization.
Arterioles and venules are not distinctly visi-
ble.

The corresponding B-scans show regularly
aligned hyper-intense dots stratified in two
main lines (deep and superficial) and an inter-
mediate one, corresponding to the interconnec-
tions between the two plexa.[red line in figure
4B and 4C].

Figure 4 :Automatically obtained OCT-A C-scan, shaped on the Inner Limiting Membrane (ILM) profile.

(A): Deep Capillary Plexus, (DCP). Clearly distinguishable dense capillary network, developing all around the
perifoveal area, which corresponds to the deep capillary plexus (DCP). This is the first in-vivo examination that

could allow a fine visualization of the DCP.

(Band C) The corresponding B-scans show regularly aligned hyper-intense dots stratified in two main lines
(deep and superficial) and an intermediate one, corresponding to the interconnections between the two plexa.
The Superficial Capillary Plexus is shown in the C-scan taken at the level of the ganglion cells layer)[red line

in figure 3B and 3CJ.
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The conventional fluorescein angiography and
the OCT-A cannot be perfectly compared. This
is mainly due to the bi-dimensional (2D) aspect
of the FA in which, all the vascular structures
included in the whole retinal thickness are

simultaneously showed. Therefore this type of
imaging suffers of some limitations due to the
superimposition of different layers and light
scattering.

Figures 5A and 5B:Comparison between fluorescein angiography (left) and OCT- angiography (right)
in visualization of the Superficial Capillary Plexus (SCP, 5A) and the Deep Capillary Plexus (DCP, 5B).

The OCT-angiography (OCT-A), for the same
nature of a depth-resolved examination, allows a
clear visualization of different structures (as
appreciable in figure 5 A and 5B), and makes
the clinician able to evaluate layer by layer the
entire retinal and choroidal tissues for a detailed
vascular analysis, in a limited but useful area (in
this case 15 x 10°, Figure 5A and 5B).

A significant difference is evident between the
traditional FA (on the left) and the OCT-A (on
the right).

The FA image, does not allow to clearly distin-
guish the SCP (Figure 5A) nor the DCP
(Figure 5B), while on OCT-A, the two plexa
are well visible and distinct.
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CHOROIDAL VASCULAR ANATOMY

Large part of the blood supply of the eye
comes from the choroid, which originates from
the ophthalmic arteries. The left and right oph-
thalmic arteries, in the widest part of the indi-
viduals, arise as the first major branch of the
internal carotid, usually where the latter breaks
through the dura mater to exit the cavernous
sinus.

The posterior ciliary arteries, which form the
blood supply to the choroid, and the central
retinal artery, which enters the eye via the optic
nerve, are branches of the ophthalmic artery.
Other branches of the ophthalmic artery supply
the lacrymals gland, extra-ocular muscles, and
lids.

The choroid is vascularized by two arterial
systems: the short posterior ciliary arteries,
which supply the posterior choroid and the long
posterior ciliary arteries, which supply the
anterior portion of the choroid (as well as the
iris and ciliary body).

Short posterior ciliary arteries (approximate-
ly 16 — 20) penetrate the sclera in a circular pat-
tern surrounding the optic nerve, with the dis-
tance between these vessels and the nasal side
of the nerve being closer than that on the tem-
poral side.

The circle of Zinn, an annular artery surround-
ing the optic nerve, is formed with the anasto-
moses of these arteries within the sclera. The
branches from the circle of Zinn contribute to
the pial circulation, the optic nerve at the level
of the lamina cribrosa, and the nerve fiber layer
of the optic disk.

The short posterior ciliary (other branches
originating from the circle of Zinn) enter the
choroid to provide the arterial blood supply to
the posterior uvea. These arteries divide rapidly
to terminate in the choriocapillaris, an excep-
tionally dense capillary bed that nourishes the
posterior choroid up to the level of the equator
of the eye.

The two long posterior ciliary arteries pene-
trate the sclera on either side of the optic nerve.
The long posterior ciliary arteries begin to
branch just anterior to the equator and con-
tribute to the circulation of the iris and ciliary
body.

Just anterior to the equator, some branches of
these vessels course down into the choroid and
branch to terminate in the choriocapillaris from
the ora serrata back to the equator of the eye.

Choriocapillaris layer

These arteries continue to branch and ultimate-
ly form the extensive choriocapillaris layer
adjacent to the a-cellular Bruch’s membrane
located on the basal side of the RPE.

Their lumen diameter is nearly 20 pm in the
macular region and 18 — 50 pum in the periphery.

Venous vessels

Large draining vessels collect blood from the
entire choroid (posterior to the equator). The
drainage is generally toward 4 quadrants. But
sometime some prevalence of one onto the oth-
ers may be seen with large vessels in macular
area

Venous collecting vessels from the choriocap-
illaris, emerge the eye through the vortex veins
(generally present in number of 4 to 7). In addi-
tion to the choroid, the vortex veins also drain
the ciliary body and iris circulation.

The vortex veins usually exit the sclera at the
equator or up to 6 mm posterior to this location
after forming an ampulla near the internal sclera.

The vortex veins drain into the superior and
inferior ophthalmic veins, which leave the orbit
and enter the cavernous sinus.

61



CHAPTER VII - OCT-ANGIOGRAPHY IN HEALTHY SUBJECTS

INDOCYANINE GREEN ANGIOGRAPHY IN HEALTHY SUBJECTS

Indocyanine Green Angiography (ICGA) has
dramatically advanced our understanding and
interpretation of choroidal imaging in ophthal-
mology.

Normal angiogram is difficult to define
because of the numerous changes that can
occur with aging or that related to differences
in pigmentation.

Anatomical variants are common in the
arrangement and distribution of choroidal
blood vessels, and of the circulatory dynamics:
filling and drainage.

Arteries may emerge from different sites, usu-
ally peri macular and peripapillary, with vari-
able intervals (Figure 6).

Veins show an unusual path even more fre-
quently, sometimes draining into posterior pole
(Figure 7,8)

However vascular branches are usually no
longer visible over their entire length due to the
undulating nature of their pathways, the lay-
ered distribution and the variable caliber of
vessels within choroidal tissue, therefore imag-
ing them may require successive focusing.

Figure 6: ICGA during arterial phase. The dye is first seen in choroidal arteries with their initial distinctive
loop and their oblique path towards the periphery. Note the simultaneous filling of a cilio-retinal artery.
Figure 7: Early venous phase of ICGA without significant changes in large vessels choroidal network.
Clear predominance of the venous network, with difficultly distinguishable arterials pattern. Asymmetrical
arrangement of venous drainage, which is mainly directed towards superior and inferior temporal periphery.

Figure 8: Mid venous phase of ICGA. The choroidal vessels are faintly visible
Figure 8bis: Late phase of ICGA. Inversion phase: the choroidal vessels are no more visible
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OCT-A OF THE CHOROID IN HEALTHY SUBJECTS

OCT-A, in addition to the depth-resolved infor- The information given by segmenting different

mation of retinal vessels, may provide further levels deeper than Bruch's Membrane are still

insight into choroidal flow. limited and not fully understood.
Choriocapillaris

Starting from the Bruch's membrane for a file show a relatively homogenous grayish

20 pm distance, toward the choroidal-scleral aspect

interface, different C-scans shaped on BM pro-

Figure 9A and 9B: Choriocapillaris (CC) A 20-um-thickness OCT-A C-scan (9A), shaped on the Bruch’s
membrane (BM) profile. The C-scan is taken at 10 pm below the BM [as shown in 9B]. Diffuse hyper-intense
signal without a fine capillary network appreciable. Relatively homogenous grayish image that seems com-
posed by a large number of tiny dots either hyper or hypo-intense. This pattern could correspond to the very
richly anastomosed vascular layer of the choriocapillaris.

This aspect seems composed by a large number richly anastomosed vascular layer of the
of tiny dots either hyper or hypo-intense. A few choriocapillaris.
of them are moderately bigger. This homoge- No vascular channels are clearly detectable at

nous pattern could correspond to the very this level (Figure 9 A and 9B)
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Choroid (Sattler's Layer)

Different thin C-scans of 30 um thickness each,
deeper than choriocapillaris, allow the analysis
of the so-called Sattler's layer (medium
choroidal vessels layer).

This layer is clearly visible on the Angio B-
scan with quite continuous hyper intense sig-
nal, which is mixed with some hypo-intense
structures.

The C-scan shows many hypo-intense, linear
(black, tubular) entities resembling the medium
vessels network in an almost continuous hyper-
intense grayish background. (Figure 10, A and B)

The reason why we are not able to distinguish
a fine hyper-intense vascular network, is the
attenuation of its own signal induced by the
structures above.

Figure 10 A and 10B: Sattler’s Layer (medium choroidal vessels).20-um-thickness OCT-A C-scan shaped
on the Bruch’s membrane (BM) profile. The C-scan is taken at 70 ym below the BM [as shown in 10B].
Thediffuse hyper-intense signal due to the choriocapillaris does not allow a clear visualization of medium

choroidal vessels.

Several hypointense (black) linear structures on a greyish background are appreciable in this C-scan section,
probably representing the choroidal vessels present at this level, partially masked by the hyper-intense signal

diffusing from the choriocapillaris.
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Choroid (Haller’s Layer)

Deeper again, the C-scan segmentation allows
the visualization of large choroidal vessels (so
called Haller's layer). The B-scan section
shows alternative areas of hypo (black, tubular)
and hyper intense (greyish, diffuse) signal cor-
responding to these vessels whose caliber is
much more larger than the Sattler's layer
(Figure 11A and B).

The C-scan shows that the signal in this layer is
discontinuous with multiple interruptions.

Even in this case this aspect is due to the signal
attenuation is due to the structures above
(mainly choriocapillaris, but also Sattler’s
layer).

Figure 11A and 11B: Haller’s Layer (large choroidal vessels).20-um-thickness OCT-A C-scan shaped on
the Bruch’s membrane (BM) profile. The C-scan is taken at 140 ym below the BM [as shown in 11B].
Numerous hypo-intense linear structures (black, tubular) are evident on a greyish background.

This is related to the presence of large choroidal vessels at this level. As it was for the Sattler’s layer, the
decorrelation signal coming from these vessels is masked by influence of the structures above (mainly chori-

ocapillaris, but also Sattler’s layer)
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SPECTRALIS OCT-ANGIOGRAPHY IN
SUPERFICIAL AND DEEP CAPILLARY PLEXUSES

Optical Coherence Tomography Angiography
(OCT-A) is a new, non-invasive, dye-less imag-
ing modality, which can visualize moving blood
cells within retinal vessels.

Several studies of retinal vasculature have relied
on fluorescein angiography to provide important
details about the retinal microvasculature.

Fluorescein angiography is an invasive two-
dimensional examination that cannot adequate-
ly resolve the deeper retinal networks.

The major advantage of OCT-A is the capabili-
ty to resolve the vascular layers of the retina
with a tri-dimensional (3D) approach.

Figure 1: Fluorescein angiography of Diabetic Maculopathy

The early venous phase of fluorescein angiography is useful to highlight retinal vascular impairment due to

diabetic retinopathy.

It is clearly shown the foveal avascular zone, partially associated with an evident disruption of the peri-foveal

capillary arcade.

Tiny non-perfused areas and micro aneurysms are also visible. The superficial capillary plexus may be eval-
uated, but the deep one is not distinguishable due to light scattering.
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Most of the in-built software of the different
OCT-A devices have distinguished the retinal
vasculature into two plexuses:

- a superficial capillary plexus (SCP) and
- a deep capillary plexus (DCP).

However, there are some studies in which it is
reported the evidence of a third capillary
plexus,

- the middle capillary plexus (MCP),

which is generally not revealed in current OCT-
A segmentation approach, that incorporates the
MCP into either the SCP or DCP angiograms.'

The inner component of the DCP has been
often termed intermediate capillary plexus.

A recent article demonstrated the importance of
the inner component of the DCP. But, at the
same time sentenced how it is actually impos-
sible to separate the intermediate from the deep
capillary plexus using presently available OCT-
A technology.?

In diabetic maculopathy, macular ischaemia
and enlargement of the FAZ can differentially
affect the SCP and the DCP.3

Moreover, disorganization of the retinal inner
layers* and para-central acute middle macu-
lopathy (PAMM), 2 commonly occur in diabetic
retinopathy.

They are likely manifestations of ischaemia at
the level of the SCP and DCP, respectively.

Capillary non-perfusion can be associated
also with photoreceptor and outer retinal dis-
ruption on OCT, which could be a specific
manifestation of deep ischaemia at the DCP.?

Micro aneurysms are generally visible as
roundish or fusiform focal vessel’s dilations.

In some cases, due to the inconstant and non-
laminar blood flow inside these structures, they
might result not appreciable on OCT-A.

It has been demonstrated that the capability of
OCT-A to detect micro aneurysms is substan-
tially inferior to FA.?

Aim of this chapter is to show different
degrees of macular involvement in case of dia-
betic retinopathy and how a depth-resolved
analysis is a useful tool to determine the SCP
and DCP impairment.
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SUPERFICIAL AND DEEP CAPILLARY PLEXUSES IN DIABETIC PATIENTS
1. Without biomicroscopic signs of diabetic maculopathy

Diabetic retinopathy (DR) is the leading cause
of blindness in working-age individuals in the
developed world, affecting approximately 75%
of patients with diabetes mellitus after 15

years.

One of the early changes in diabetic eyes is
loss of pericytes and proliferation of endothe-
lial cells leading to the development of micro
aneurysms. Pericytes loss impairs the blood—
retinal barrier, thereby leading to venous dila-
tion and beading.

The gold standard to screen for DR is dilated
biomicroscopic fundus examination, where
micro-aneurysms in the posterior pole are typi-
cally the first sign on ophthalmoscopy.

Although fluorescein angiography is more
sensitive than examination to detect early DR,
it is invasive, and time consuming, and there-
fore, is not appropriate as a screening test for
DR.

Optical coherence tomography angiography
(OCT-A) is a fast, noninvasive imaging tech-
nique that uses motion contrast to create OCT-
Angiograms by comparing the decorrelation
signal among sequential OCT B-scans.

In a recent study, De Carlo et al.” demonstrated
that the Foveal Avascular Zone was increased
in diabetic eyes compared with control eyes.
Remodeling of the FAZ was also more preva-
lent in diabetic eyes. Additionally, areas of cap-
illary non-perfusion were noted more common-

ly in diabetic eyes.

Although 21% of diabetic eyes demonstrated
vascular tortuosity, this micro-vascular abnor-
mality was noted in 25% of control eyes as
well, suggesting that some degree of vascular
tortuosity may be a variant of normal and will
probably not be useful as an OCTA-screening
parameter for diabetic retinal vascular changes.

OCT-A was able to detect micro-vascular
changes in diabetic eyes before visualization
on clinical examination.

Remodeling and enlargement of the FAZ and
areas of capillary non-perfusion were common-
ly noted in these eyes even before micro
aneurysms, which are currently believed to be
the first clinical sign of DR.

Optical coherence tomography angiography
may be a valuable screening tool for DR, useful
as a clinical trial endpoint, and efficient in
guiding early treatment decisions in the future.
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"CLINICAL CASES OF DIFFERENT DEGREES OF MACULAR INVOLVEMENT"
CASE N° | : No evidence of macular impairment

Figure 2: CASE | — Superficial Capillary Plexus (SCP) on OCT-A, diabetic patient,

without biomicroscopic signs of diabetic maculopathy : No evidence of macular impairment.
The SCP and the perifoveal vascular arcade appear well defined.

No areas of non-perfusion, nor focal dilations (micro aneurysms) are clearly visible.

The extension of the Foveal Avascular Zone is within the normal range.

No evidence of macular impairment is appreciable on structural OCT (bottom image).

Figure 3: CASE | — Deep Capillary Plexus (DCP) on OCT-A of a diabetic patient,
without biomicroscopic signs of diabetic maculopathy

The DCP seems to be well perfused in the entire scanned area.

No areas without decorrelation signal are visible.

One focal vessel dilation (yellow circle), probably due to a micro aneurysm, is detectable.
The Foveal Avascular Zone is within the normal range.
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CASE N° Il : Few perifoveal areas of nonperfusion

Figure 4: CASE Il - Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient, without biomicroscopic signs of diabetic maculopathy: few perifoveal areas of non-
perfusion)

The SCP and the perifoveal vascular arcade appear well defined.

A few perifoveal areas of non-perfusion (yellow arrows) are visible: in these areas the vascular network seems
rarefied. The extension of the Foveal Avascular Zone is within the normal range.

Focal hyperreflective dots are visible on structural OCT (bottom image) probably due to intraretinal exudation
(hard exudates; yellow arrow).

Figure 5: CASE Il — Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient, without biomicroscopic signs of diabetic maculopathy).

The DCP seems to be well perfused in the entire scanned area.

No areas without clear decorrelation signal are visible. No focal vessel dilation are detectable.

The Foveal Avascular Zone is within the normal range. Focal hyper reflective dots are visible on structural
OCT (bottom image) probably due to intraretinal exudation (hard exudates; yellow arrow).
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CASE N° Il : Focal hyper-reflective dots and cystoid spaces.

Figure 6: CASE lll - Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient without biomicroscopic signs of diabetic maculopathy)

The SCP and the perifoveal vascular arcade appear well defined. No areas of non-perfusion, nor focal dila-
tions (micro aneurysms) are clearly visible.

The extension of the Foveal Avascular Zone is within the normal range.

Focal hyper-reflective dots and cystoid spaces are visible in extra-foveal area on structural OCT (bottom
image) probably due to intraretinal exudation (yellow arrow).

Figure 7: CASE Il — Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient without biomicroscopic signs of diabetic maculopathy). A few focal vessel dilations are
detectable

The DCP seems to be well perfused in the entire scanned area. No areas without clear decorrelation signal are visible.
A few focal vessel dilations are detectable (yellow rings). The Foveal Avascular Zone is within the normal range.
Focal hyperreflective dots and cystoid spaces are visible in extra-foveal area on structural OCT (bottom
image) probably due to intraretinal exudation (yellow arrow).
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Mild non-proliferative diabetic maculopath.

SUPERFICIAL AND DEEP CAPILLARY PLEXUSES IN DIABETIC PATIENTS WITH
2. Mild non-proliferative diabetic maculopath.

Mild non-proliferative diabetic retinopathy is a
pathological condition that is mainly character-
ized by the presence of micro aneurysms
(Figure 8).

OCT-Angiography may allow to identify
some sub clinical retinal lesions, such as non-
perfused areas, that can be hidden on biomicro-

scopic examinations of the eye fundus.

The superficial capillary plexus (SCP) and
the perifoveal vascular arcade may appear rar-

efied and discontinuous. (Figures 8, 10, 12)

A few macular areas of non-perfusion, of
variable size, both at the level of the superficial
and deep capillary plexus (DCP), can be visi-
ble.

In these areas, the decorrelation signal coming
from the vascular network is less intense or

absent.

Micro aneurysms, which are the typical lesion
of mild non-proliferative diabetic retinopathy,
are appreciable on OCT-Angiography as

roundish or fusiform decorrelated structures.

As already described, not all the micro

aneurysms are visible on OCT-A.*

This phenomenon is mainly due to the slow,
non-laminar blood flow that is present inside

the same lesion.

Tiny cystoid spaces are also sometimes shown
as hypo-intense roundish, black
(Figures 8 and 9).

arecas

They have a different distribution from the

superficial to the deep capillary plexuses.
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CASE N° IV : A few perifoveal areas of non-perfusion

Figure 8: CASE IV - Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient, with mild nonproliferative diabetic maculopathy): A few perifoveal areas of non-perfusion.
The SCP and the perifoveal vascular arcade appear mildly rarefied.

A few perifoveal areas of non-perfusion (green arrows) are visible: in these areas the vascular network seems
rarefied. Micro aneurysms (yellow circles) and tiny cystoid spaces (orange arrow) are also appreciable
Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation. A
fine epiretinal membrane (green arrow) is also shown.

Figure 9: CASE IV — Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient, with mild nonproliferative diabetic maculopathy) : Small cystoid spaces

The DCP seems substantially well perfused in the entire scanned area.

No areas without clear decorrelation signal are visible.

A few focal vessel dilations (green arrows) and microaneurysms (yellow rings) are detectable.

Small cystoid spaces (orange arrows) are present at the border of the scanned area.

Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation. A
fine epiretinal membrane (green arrow) is also shown.
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CASE N° V : A few perifoveal areas of non-perfusion.

Figure 10: CASE V - Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient with mild non-proliferative diabetic maculopathy) : A few areas of non-perfusion

The SCP and the perifoveal vascular arcade appear well defined.

A few areas of non-perfusion (green arrows) are visible: in these areas the vascular network seems rarefied.
One micro aneurysm (yellow circles) is also appreciable.

No evidence of macular impairment is shown on structural OCT (bottom image).

Figure 11: CASE V - Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient with mild non-proliferative diabetic maculopathy) : enlargement of the foveal avascular zone.
The DCP appears mildly rarefied, mainly in perifoveal area,

showing an enlargement of the foveal avascular zone (green arrow).

Several micro aneurysms (yellow rings) are detectable.

No evidence of macular impairment is shown on structural OCT (bottom image).
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CASE N° VI : A few micro aneurysms.

Figure 12: CASE VI - Superficial Capillary Plexus (SCP) on OCT-A
(diabetic patient with mild non-proliferative diabetic maculopathy). A few micro aneurysms

The SCP appears slightly rarefied around the foveal avascular zone.
A few micro aneurysms (yellow circles) and small non-perfused areas are visible (green arrow).
Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation

Figure 13: CASE VI - Deep Capillary Plexus (DCP) on OCT-A
(diabetic patient with mild non-proliferative diabetic maculopathy).

A few areas without clear decorrelation signal are visible (green arrow).
Microaneurysms (yellow rings) are detectable in perifoveal area.
Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation.
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SUPERFICIAL AND DEEP CAPILLARY PLEXUSES IN DIABETIC PATIENTS WITH:
3. Severe non-proliferative diabetic maculopathy

Severe, non-proliferative diabetic retinopa-
thy is a pathological condition characterized
by:

The presence of more than 20 intraretinal hem-
orrhages in each of the four quadrants, definite
venous beading in two quadrants, prominent
intra-retinal micro-vascular abnormalities in
one quadrant and no signs of proliferative
retinopathy. (Figures 14 and 15).

Intraretinal hemorrhages may block or atten-
uate the signal coming from decorrelated struc-
tures resulting therefore in a sort of masquerad-
ing process onto perfused vessels.

The venous beading is clearly visible on OCT-
A as contiguous focal dilations of retinal ves-
sels. In some cases the blood flow may substan-
tially vary when venous beading occur, causing
the partial visualization of vascular dilations,
since they’re not homogeneously perfused.

Intra-retinal micro-vascular abnormalities
(IRMA) (Figure 15 and 21) are highly decor-
related vascular complexes characterized by

the presence of focal or diffuse dilations, com-
pletely disrupted vascular architecture, in prox-
imity to non-perfused areas.

They may extend from the inner to the outer
retinal vascular layers, and sometimes exceed
the borders of the inner nuclear layer, as true

intraretinal neo vascularization.

All these features may be clearly identified on
OCT-Angiography, which can also highlight
the presence of non-perfused areas at different
levels of depth.

These non-perfused areas can be of different
size and may involve both the superficial or
deep vascular layers (Figures 14 to 21).

A careful analysis of the macular pathological
features in case of severe non-proliferative dia-
betic retinopathy could reveal the very initial
signs of a proliferative retinopathy and there-
fore to a prompt treatment.
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CASE N° VII : Non-perfusion areas

Figure 14: CASE VIl — Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). Non-perfusion areas (green
arrows) are visible

The SCP and the perifoveal vascular arcade are severely impaired.

Non-perfusion areas (green arrows) are visible: in these areas the vascular network is not detectable.
Micro-aneurysms (yellow circles) and vessel’s dilations are also appreciable.

Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation.

Figure 15: CASE VIl — Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). An evident enlargement of the
foveal avascular zone

An evident enlargement of the foveal avascular zone is visible at the level of the DCP.Numerous areas without
clear decorrelation signal are visible (green arrows). A few focal vessel dilations (orange arrows) probably due
to intraretinal micro-vascular abnormalities (IRMA) and micro-aneurysms (yellow rings) are detectable.
Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation.
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CASE N° VIII : Large, confluent areas of non-perfusion.

Figure 16: CASE VIII - Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). Large, confluent areas of non-per-
fusion

Large, confluent areas of non-perfusion (green arrows) are visible: in these areas the superficial capillary
plexus seems rarefied. Isolated or clusters of micro-aneurysms (yellow circles) are shown: these lesions are
mainly located at the borders of non-perfused areas.

Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation.

Figure 17: CASE VIl — Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). The DCP is clearly rarefied in the
entire scanned area.

Several areas without clear decorrelation signal are visible.

Focal vessel dilations (orange arrow) and micro-aneurysms (yellow rings), generally located at the edges of
non-perfused areas are detectable.

Cystoid spaces (yellow arrow) are visible on structural OCT (bottom image) due to intraretinal exudation.
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CASE N° IX : Perifoveal vascular arcade disruption.

Figure 18: CASE IX — Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). The perifoveal vascular arcade is
disrupted.

The perifoveal vascular arcade is disrupted with a clear enlargement of the foveal avascular zone.
Numerous areas of non-perfusion (green arrows) are visible: in these areas the vascular network seems rar-
efied. Micro-aneurysms (yellow circles) are also appreciable.

Cystoid spaces (yellow arrow) and microaneurysms (hyperreflective intraretinal roundish lesions at the level
of the inner nuclear layer; orange arrows) are visible on structural OCT (bottom image).

Figure 19: CASE IX — Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). Evident enlargement of the foveal
avascular zone.

Large areas without clear decorrelation signal are visible: these are probably due to capillary dropout, deter-
mining also an evident enlargement of the foveal avascular zone. Several focal vessel dilations (orange
arrows) are shown mainly at the edges of non-perfused areas.

Cystoid spaces (yellow arrow) and microaneurysms (hyperreflective intraretinal roundish lesions at the level
of the inner nuclear layer; orange arrows) are visible on structural OCT (bottom image).
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CASE N° X : extensive area of non-perfusion.

Figure 20: CASE X - Superficial Capillary Plexus (SCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). Extensive area of non-perfusion
An extensive area of non-perfusion involves the central part of the figure (green arrows),

including the foveal avascular zone.

In this area vessels are dilated and micro-aneurysms (yellow circles) are also visible.

Cystoid spaces (yellow arrow) and IRMA (hyper reflective intraretinal lesions involving the inner and outer reti-
nal layers; orange arrow) are visible on structural OCT (bottom image).

Figure 21: CASE X — Deep Capillary Plexus (DCP) on OCT-A

(diabetic patient with severe non-proliferative diabetic maculopathy). Large central area of capillary
dropout.

The large central area of capillary dropout (green arrows) shows the presence of a large intraretinal hyper-
intense structure (orange dashed line), which is referred to the presence of an intraretinal micro vascular
abnormality (IRMA).

Several focally dilated capillaries (orange arrows) are also appreciable at the borders of the non-perfused area.
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SPECTRALIS OCT-ANGIOGRAPHY IN
DIABETIC MACULOPATHY:

A TRUE CHORIOCAPILLARIS INVOLVEMENT

The high oxygen demand of the retina is sup-
plied by two different vascular layers.

The inner retinal layers are exclusively nour-
ished by the retinal circulation, while the outer
retinal ones, which are completely avascular,
obtain their oxygen supply mainly via diffusion
from the choroidal tissue and only minimally
from the retinal circulation.!?

The choroid provides oxygen and nutrients to
the outer third of the retina and consists of the
following three vascular layers: the choriocapil-
laris layer, the choroidal layer composed of
medium-sized vessels (Sattler s layer), and the
large-vessel choroidal layer (Haller's layer).>

Given that the choroid is involved in many dis-
eases of the posterior segment, an analysis of
changes in its morphological features and vas-

culature in chorioretinal diseases may be of
clinical relevance.

It has already been shown the presence of
choroidal angiopathy in diabetic retinopathy ¢
both from a histological and tomographic point
of view. With this study, the Authors aim to
characterize the functional features of the
choriocapillaris in patients with diabetic mac-
ulopathy by using OCT-Angiography.

Kohner et al.® suggested that the most impor-
tant pathology in diabetic retinopathy is capil-
lary closure, resulting in non-perfusion of reti-
nal capillaries.
pathology in the choroid of patients with dia-

Hidayat et al.° reported

betes, which included capillary drop-out, lumi-
nal narrowing of capillaries and choroidal neo-
vascularization with subretinal fibro-vascular
membranes.

Optical coherence tomography (OCT)

Optical coherence tomography (OCT) is clin-
ically useful in monitoring disease progression
in diabetic retinopathy.

It allows non-invasive visualization and evalu-
ation of the choroid, retinal pigment epitheli-
um, retinal layers and vitreous cavity.’

Enhanced depth imaging (EDI)-OCT scans
are shown to produce higher resolution images
with increased depth of penetration, hence

allowing quantitative assessment of the
choroid.

This has led to significant research on
choroidal thickness, in different disease condi-
tions including diabetic maculopathy.

Many recent studies focus on using choroidal
thickness as an indicator of choroidal blood
flow.
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However, reports on choroidal thickness in DM
have been contradictory. This may be because
choroidal thickness can be affected by various
variables, thus leading to possible pitfalls.

Hence, the need to explore the use of OCT-
Angiography (OCT-A) as a marker for the
assessment of choroidal health.

Clinical and experimental findings suggest
that choroidal vasculopathy in diabetes may
play a role in the pathogenesis of diabetic
retinopathy.

Various choroidal abnormalities, including
obstruction of the choriocapillaris, vascular
degeneration, choroidal aneurysms, and
choroidal neovascularization, have been report-

ed in histopathologic studies of diabetic eye.* '

Esmaeelpour et al'' reported central choroid
thinning in all Type 2 diabetic eyes regardless
of disease stage. In this sixty-three eyes study,

OCT-Angiography

OCT-Angiography is a useful tool to evaluate
retinal blood flow. But the information about
medium and large choroidal vessels on OCT-A
remain substantially limited.

This is due to the wavelength of the spectral
domain OCT devices (around 850 nm), to the
hyper-reflectivity of the retinal pigment epithe-
lium (RPE) and to the hyper-intense decorrela-
tion signal coming from the choriocapillaris,
which is related to the high flow.

the choroidal thickness mapping of all diabetic
patients demonstrated central and inferior thin-
ning compared with healthy eyes (unpaired t-
test; P=0.001).

Subfoveal choroidal thickness for healthy eyes
was 327 + 74 pm, which was found to be sig-
nificantly thicker than all diabetic eyes:

- eyes with micro aneurysm: 208 + 49 pm

- eyes with exudates: 205 + 54 pm

- eyes with CSME: 211 + 76 pm.

It can be speculated that the thinner choroid
indicates an overall reduction of choroidal
blood flow in diabetic patients, as was previ-
laser

ously demonstrated with Doppler

flowmetry and ICG angiography.' 12

Therefore, it is likely that the decreased
choroidal thickness may be related to retinal
tissue hypoxia because the choroid is the major
source of nutrition for the RPE and outer retinal
layers.

: Choroidal Assessment

As a consequence, medium and large choroidal
vessels are not visible as perfused (hyper-
intense) structures, with the current technolo-
gy, except in case of RPE-choriocapillaris

impairment (or atrophy).

Diabetic signs of choroidal vascular impair-
ment are therefore evaluated principally at the
level of the choriocapillaris, since it is the

unique structure clearly defined on OCT-A.
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CHORIOCAPILLARIS INVOLVEMENT
1. In mild non-proliferative diabetic retinopathy

Mild, non-proliferative diabetic retinopathy
is a pathological condition that is mainly char-
acterized by the presence of micro aneurysms.

OCT-Angiography may allow to identify some
sub clinical retinal lesions, such as non-per-
fused areas, that can be hidden on biomicro-
scopic examinations of the eye fundus.

At the level of the choriocapillaris, some abnor-
malities of blood flow might be related to an
impaired circulation that, as in retinal capillar-

ey

ies, might induce a focal non-perfusion.

On the C-scan OCT-Angiogram, the choriocap-
illaris may appear slightly rarefied in macular
area (Figure 1, A). A few areas of "flow void"
could be visible, probably due to small non-
perfused areas.

This process could result in a direct damage of
the outer retinal layers and photoreceptors,
which obtain the oxygen supply and nourish-
ments from choriocapillaris circulation.

Figure 1: CASE | — Choriocapillaris on OCT-A (Patient with mild non-proliferative diabetic maculopathy)
A- C-scan OCT-Angiogram (20-um-thick): The Choriocapillaris appears minimally or non-rarefied in macular

region No areas of flow void are clearly distinguishable.

B-The cross sectional structural OCT, and

C-The corresponding OCT-angiogram clearly shows the level of the C-scan above (A), which is taken imme-

diately beneath the Bruch’s membrane (red lines).
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CHORIOCAPILLARIS INVOLVEMENT
2. In severe non-proliferative diabetic retinopathy

Severe, non-proliferative diabetic retinopa-
thy is a pathological condition characterized
by:

- more than 20 intraretinal hemorrhages in each
of the four quadrants,

- definite venous beading in two quadrants,

- prominent intra-retinal micro-vascular abnor-
ma-lities in one quadrant and

- no signs of proliferative retinopathy.

All these features may be clearly identified on

OCT-Angiography, which can also highlight
the presence of non-perfused areas at different
levels of depth.

The careful analysis at the level of the chorio-
capillaris, can reveal focal flow voids, which
might be referred to an impaired perfusion sec-
ondary

(Figure 2)

to diabetic micro-angiopathy.

Figure 2: CASE Il — Choriocapillaris on OCT-A (Patient with severe non-proliferative diabetic macu-

lopathy)

A- C-scan OCT-Angiogram (20-um-thick): The Choriocapillaris appears slightly rarefied in macular area. Lim-
ited number areas of flow void (yellow arrows with dashed yellow circle) are visible, probably due to small

non-perfused areas.

B-The cross sectional structural OCT: severe impairment of the retina: an intra-retinal abnormal hyper-reflec-
tivity (yellow arrow) probably due to IRMA and a few cystoid spaces (green arrows) are shown
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CHORIOCAPILLARIS INVOLVEMENT
3. In_ischemic non-proliferative diabetic retinopathy

In some cases, even in the most severe DM
conditions, no clear signs of choriocapillaris
involvement are appreciable on OCT-A (Fig-
ure 3).

This apparent lack of damage may be due to
potential limitations of the current devices:

- Very slow and very fast vascular flows are
sometimes not distinguishable,

- As well as minimal damages that exceed the
actual lateral or axial resolution.

In other cases the difference in architecture
between the choroidal and the retinal vascular-
ization can be considered.

The terminal pattern of the retinal vessels,
rather than the anastomotic one of the chorio-
capillaris and choroid, might suffer more from
the chronic damage caused from diabetic
micro-angiopathy.

This difference may be due to potential limita-
tions of the current devices (very slow and very
fast vascular flows are sometimes not distin-
guishable).

It could also be due to limits in terms of resolu-
tion or to the structure of the choroidal and reti-
nal vascularization (terminal pattern of the reti-
nal vessels versus the anastomotic one of the
choriocapillaris). (Figure 3)

SUPERFICIAL CAPILLARY PLEXUS

L2

CHORIOCAPILLARIS

Figure 3: CASE Il - Different degree of involvement between deep capillary plexus (DCP) and Chorio-
capillaris on OCT-A (Patient with severe non-proliferative diabetic maculopathy)

A-Top half of the image: The DCP shows a widely impaired vascular network, with dilated vessels, non per-
fused areas, IRMA and extensive areas of non-perfusion.

B- Bottom half of the image: In the same patient, the Choriocapillaris appears minimally rarefied. But some
areas of flow void are clearly distinguishable. (yellow arrows with dashed yellow circle).
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And previous focal laser treatment

CHORIOCAPILLARIS INVOLVEMENT IN ISCHEMIC DIABETIC RETINOPATHY
4. And previous focal laser treatment

Laser treatment determines RPE and chorio- of the whole information coming from the per-
capillaris atrophy and, as a consequence, a win- fused tissue below].
dow defect (Figure 4).

In all those cases in which the examined area
This will allow the visualization of the medium includes scars (Figure 4) due to a focal thermal
and large choroidal vessels. laser treatment, the OCT-A C-scans show a

window defect of the RPE and the choriocapil-
On OCT-Angiography, the deep choroidal laris. In these areas, medium and large

vasculature is shown in case of a loss of highly choroidal vessels are visible as a consequence
decorrelated structures above (choriocapil- of a lack of decorrelated structures above
laris), [which normally prevents the assessment (choriocapillaris).

Figure 4: CASE Ill — Choriocapillaris on OCT-A (Patient with severe non-proliferative diabetic macu-
lopathy and previous focal laser treatment)

A- The infrared, reference image: the scanned area (red rectangle) partially includes the scars (temporal side)
of a focal thermal laser treatment.

B-C-scan OCT-Angiogram (20-um-thick): the Choriocapillaris appears rarefied in macular region

Several areas of flow void are clearly distinguishable (yellow arrows).

Moreover, in temporal region, an area of window defect (dashed green line) of the RPE and the choriocapil-
laris is evident as result of a focal laser treatment. In this area, medium and large choroidal vessels are shown,
which become visible as a consequence of a loss of decorrelated structures above (choriocapillaris).

C: The cross sectional structural OCT reveals focal impairments of the outer retinal layers and the RPE in the
laser-treated areas.

D: The corresponding OCT-angiogram demonstrates the level of the C-scan above (Figure B), which is taken
immediately beneath the Bruch’s membrane (red lines).
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COMPARISON BETWEEN
CHORIOCAPILLARIS FLOW-VOID ON OCT-A OF A MILD RDNP
AND AN ARTIFACTUAL CHORIOCAPILLARIS FLOW-VOID

The nature of these localized “flow-void” is In order to exclude a potential artifactual
generally referred to a pathologically impaired nature of these areas of absent decorrelation
circulation (Figure 5). signal, a careful cross sectional analysis should

be performed.

Figure 5: CASE IV - Cross-sectional analysis of a true choriocapillaris flow-void on OCT-A

(diabetic patient with mild non-proliferative diabetic maculopathy

A: C-scan OCT-Angiogram (20-pum-thick): The Choriocapillaris shows numerous areas of flow void (yellow
arrows), which might be due to diffuse non-perfusion.

B: The cross sectional structural OCT

C: The corresponding OCT-angiogram, clearly show the level of the C-scan above (Figure A), which is taken
immediately beneath the Bruch’s membrane (red lines)

D: A focal flow-void has been selected in Figure A (green arrow) and then checked in the corresponding cross-
sectional OCT-Angiogram. In this case, the image in C-scan OCT-A clearly correspond to a true flow-void
(green arrow), because the B-scan only shows a focal lack of decorrelation signal and no artifactual projec-
tions coming from the structures above
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ANALYSIS OF AN ARTIFACTUAL CHORIOCAPILLARIS FLOW-VOID ON OCT-A

Figure 6: CASE V - Cross-sectional analysis of an artifactual choriocapillaris flow-void on OCT-A
(diabetic patient with mild non-proliferative diabetic maculopathy)
A- C-scan OCT-Angiogram (20-pm-thick): The Choriocapillaris shows some areas of flow void (yellow

arrows), which might be due to focal non-perfusion.

B- When checking the cross sectional structural OCT, it is evidenced the presence of intraretinal hyper-reflec-

tive lesions, due to hard exudates.

The reflective skills of these intraretinal lesions cause a dark back shadowing. As a result, no light passes
beyond these structures determining hypointense areas (pseudo flow-voids) involving all the levels of depth

beneath them.

D - The hypo-intense lesion (yellow arrow) is also present in a C-scan section at the level of the outer nuclear
layer, exactly in the same location of the choriocapillaris one (Figure A).

On OCT-Angiograms, areas of flow void
might not be necessarily related to the chorio-
capillaris non-perfusion.

In some cases, when checking the cross sec-
tional structural OCT (Figure 6) it is evidenced
the presence of intraretinal hyper-reflective
lesions, due to hard exudates. The reflective

skills of these intraretinal lesions cause a dark
back shadowing.

As a result, no light passes beyond these struc-
tures determining hypo intense areas (pseudo
flow-voids) involving all the levels of depth
beneath them.
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In conclusion, the OCT-A assessment of the choriocapillaris and choroid it is extremely useful to

detect potential flow impairment due to diabetic retinopathy. Although a clear distinction of differ-

ent vascular abnormalities is not possible at this level of depth, OCT-Angiography seems a useful

tool to detect focal damages, which could lead to a severe visual impairment.
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OCT-ANGIOGRAPHY (SPECTRALIS)
IN DIABETIC MACULAR EDEMA

Vision loss due to DR may result from several
mechanisms: macular edema and/or capillary
non perfusion that may directly impair central
vision. The most common cause of visual
impairment among diabetic patients is diabetic
macular edema (DME), accounting for about
three fourths of cases of visual loss.

The prevalence of DME in Europe is about
3%, while it is substantially higher in Africa
and in South America. The most relevant risk
factors for the development of DME are: the
duration of the diabetes, the type of diabetes,
the quality of glycometabolic control and
hypertension.

The development of macular edema is not
limited to diabetic patients but represents a
common response to a broad spectrum of
potential problems caused by diabetic retinal
vascular disease.

All these factors are mainly referable to oxida-
tive stress, hypoxia and inflammation, which
determine an increase in terms of growth fac-
tors (i.e VEGF), cytokines and metallopro-
teinase of the matrix (MMP).

The result is a diffuse activation of the glial
cells and a significant impairment of the inner
blood retinal barrier. The predilection of the
edema to the macular region is probably sec-
ondary to the higher susceptibility of the macu-
la to both ischemic and oxidative stress and to
its peculiar anatomical features, for example,
loose inter-cellular adhesion and an absence of
Miiller cells in the fovea.

The diagnosis of macular edema is mainly
clinical. The gold standard for diagnosing
DME is stereoscopic color fundus photogra-
phy. (Figure 1)

In clinical practice, contact lens and non con-
tact fundus biomicroscopy is often employed,
and it can be useful, especially when there is
significant retinal thickening. Conventionally,
DME is defined as retinal thickening and/or
presence of hard exudates within 1 disc diam-
eter of the center of the macula.

The term “clinically significant macular edema”
(CSME), initially defined on the base of biomi-
croscopic examination, was coined to character-
ize the severity of the disease and to provide a
threshold level to apply laser photocoagulation.

Figure 1: Color Fundus Photo of Diabetic Macular Edema

The color fundus photo is a useful method that allows detecting different features of diabetic macular edema.
In this case we can appreciate in (A) localized ring of hard exudates, extra foveal and in (B) a loss of macular
transparency associated with a large amount of hard exudates (yellowish deposits), which involve the macular
area but also extend within a large part of the posterior pole.
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Fluorescein angiography (FA)

Fluorescein angiography (FA) is not neces-
sary for diagnosing DME, but it provides a
qualitative assessment of vascular leakage,
helps in identifying treatable lesions, and is
important in assessing the presence of an
enlargement of the foveal avascular zone
(FAZ), which may be associated with poor
visual prognosis. (Figure 2)

Fluorescein angiography allows visualizing
leakage by staining the fluid coming out from
the wall of the affected retinal capillaries. It is
not, however, sufficient to diagnose a macular
edema. A limited diffusion of fluorescein with-
out retinal thickening is not an evidence of a

macular edema. It is useful to detect also collat-
eral findings such as: Foveal avascular zone
enlargement, perifoveal capillary arcade dis-
ruption and non-perfusion areas.

FA shows the origin of leakage from micro
aneurysms or impaired macular capillaries. It
may also show, on late phase of the angiogram,
the accumulation of fluid into intra-retinal cys-
toid spaces and enable to assess the extension
of clinically significant macular edema and
macular non-perfusion, which might have a
significant prognostic value. Peripheral non-
perfusion, associated to CSME, may be also be
evaluated on FA.

Figure 2:

A-Early phase of Fluorescein Angiography of a diabetic patient

The early arterial-venous phase of fluorescein angiography is useful to highlight retinal vascular impairment
due to diabetic retinopathy. The enlargement of the foveal avascular zone is clearly appreciable, associated
with a reduced visibility of perfused capillaries in macular area. Numerous micro aneurysms are visible in mac-
ular area and at the posterior pole.

B-Late phase of Fluorescein Angiography of a diabetic patient

The late-venous phase of fluorescein angiography is useful to highlight the degree of leakage from impaired
vascular structures. The diffuse leakage is clearly visible in the macular area suggesting the presence of dia-
betic macular edema. Highly hyperfluorescent micro aneurysms are surrounded by a ring of hypofluorescent
hard exudates.

DME can also be classified into focal and diffuse:
Focal macular edema is characterized by the
presence of localized areas of retinal thickening,

derived from focal leakage of individual micro
aneurysms or clusters of micro aneurysms as
demonstrated with FA (Figure 3).
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Diffuse macular edema is derived from exten- accumulation in a petaloid pattern, primarily in
sively damaged capillaries, and it is character- the outer plexiform and inner nuclear layers.
ized by a more widespread thickening of the (Figure 3).

macula.

Cystoid macular edema (CME), often associat- In clinical practice the distinction between
ed with diffuse macular edema, results from a focal and diffuse edema is not always clear and
generalized breakdown of the BRB with fluid a wide variety of mixed forms are observed.!

il i S
Figure 3: Evaluatlon on Fluorescein Angiography of different degrees of a diabetic macular edema
A-Focal macular edema: a weak diffusion is visible mainly around micro aneurysms. The central macula is
minimally (or not) affected by the exudation.
B - Diffuse macular edema: a widespread involvement of the central macular region is visible with a diffuse
leakage during the late phases of FA.
C - Cystoid macular edema: the typical “petaloid” pattern of DME is visible in macular area. This is the
result from a generalized breakdown of the BRB with fluid accumulation, primarily in the outer plexiform and
inner nuclear layers.

OPTICAL COHERENCE TOMOGRAPHY (OCT)

Optical coherence tomography (OCT) imag- Hard exudates are mainly located at the inner
ing helps in estimating intraretinal modifica- retinal layers and they are generally detected as
tions, in highlighting the existence of serous highly reflective intraretinal lesions associated
retinal detachment, in assessing the vitreo-reti- with hypo reflective back-shadows. All these
nal intlerface, and in measuring the thickened features might coexist in the same OCT B-scan.
retina.

A serous retinal detachment, seen in 15% of
eyes with DME, appears as a shallow elevation
of the retina, with an optically empty space
between the retina and the RPE.

In the case of DME, OCT demonstrates an
increased retinal thickness and the loss of
foveal depression due to the presence of low-
reflective spaces (cystoid spaces) both located
at the inner and outer retinal layers. (Figures 5-

6) The pathogenesis and the functional conse-

quences of serous retinal detachment associat-
Spectral Domain OCT (SD-OCT) can visualize ed with cystoid macular edema are still
small cystoid spaces, even in case of moderate unknown. It may be a sign of early dysfunction
retinal thickening. of the outer BRB.
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It may also allow detecting the presence of dis- boundaries between the ganglion cell-inner
organization of the inner retinal layers (DRIL). plexiform layer complex, inner nuclear layer,
DRIL is defined as the inability to identify any and outer plexiform layer.

Cystoid spac Increased thickness

Hard Exudates Hyper-Reflective dots

Subretinal fluid

Figure 4: Optical Coherence Tomography (OCT) B-scan of a diabetic macular edema

The OCT imaging may show different features of diabetic macular edema. A thickened retina is visible here
with complete loss of the foveal depression. Cystoid spaces are both located at the level of inner and outer
nuclear layers. Hard exudates are visible as highly hyper reflective spots inside the retina and also numerous
hyper reflective dots, sign of inflammatory reaction, are appreciable.

The current case also shows a serous retinal detachment which might be due to a potential impairment of the
outer retinal barrier.

Figure 5: Evaluation on Optical Coherence Tomography of different degrees of a diabetic macular edema
A - Focal macular edema: limited intraretinal serous exudation is visible in extra-foveal area. Several hyper
reflective foci are also shown, probably due to hard exudates.

B - Moderate macular edema: intraretinal fluid accumulation with diffuse impairment of the foveal depression.
C —Severe cystoid macular edema: massive intraretinal exudation, involving the entire retinal thickness and
determining macular pseudo-retinoschisis, mainly at the inner and outer nuclear layers.
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OCT-ANGIOGRAPHY

Newer methods, in particular OCT-Angiogra-
phy with different types of amplitude-decorre-
lation algorithms, allow OCT to provide non-
nvasive, three-dimensional mapping of the
retina and choroidal microvasculature.

Optical coherence tomography angiography
has shown promise in identifying vascular
changes in diabetic retinopathy.

Jia et al.2 imaged neo-vascularization and quan-
tified areas of macular ischemia in DR. Their
quantification of macular ischemia involved
measuring the diameter of the foveal avascular

zone and the total area of vessel non-perfusion.

Ishibazawa et al.> used OCT-Angiography to
image micro aneurysms, venous beading, neo-
vascularization, and non-perfused areas. They
also quantified the area of non-perfusion in

addition to neovascularization using this imag-
ing modality.

Couturier et al.*studied the ability of OCT-A to
detect diabetic microvascular changes com-
pared to fluorescein angiography: they con-
cluded that OCT-A accuracy for assessing cap-
illary non-perfusion was better than FA and
might enable a proper grading of diabetic
retinopathy progression.

Despite these recent advances, there remains a
gap in our diagnostic capabilities for quickly
and non invasively grading DR in a simple,
comparable way. With this new, non invasive
technique, we might identify progressive
changes in DR and provide easily interpretable
qualitative and quantitative pictures of retinal

vascularity.

DIABETIC MACULAR EDEMA

Although diabetic macular edema is mainly a
morphological, rather than functional, feature
of diabetic maculopathy, we consider important
to distinguish DME on an OCT-Angiogram.

Diabetic macular edema, as on fluorescein
angiography or OCT, may show also on OCT-
Angiography different patterns that should be
recognized in order to avoid potential pitfalls
and misleading interpretations of the images.

Diabetic macular edema may appear on OCT-
Angiography as:

(1)-Hypo-intense intraretinal spaces

(2)-Grayish intraretinal spaces

(3)-Focal hyper-intense clumps
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1. HYPO INTENSE INTRARETINAL SPACES

Hypo-intense intraretinal spaces are roundish
structures, which may vary in dimension and
location depending on the depth of the C-scan
section. These findings are due to the presence

of, black, intraretinal cystoid spaces (Figure 6)
and they are mainly located in proximity of
non-perfused areas.

413 ¢

et

Figure 6: Optical Coherence Tomography Angiography C-scan of the Superficial Capillary Plexus in

case of diabetic macular edema.

The OCT-Angiogram above may show the superficial capillary plexus of a patient suffering from a mild non-

proliferative diabetic retinopathy.

The enlargement of the foveal avascular zone (FAZ) is associated with focal capillary dilations and small

areas of capillary non-perfusion.

The presence of large, roundish, hypo-intense lesions (yellow arrows), which are due to cystoid spaces in the
perifoveal area. Smaller black cystoid lesions are also visible in the extra-foveal area (green arrows).

These findings are generally preceded by focal
capillary dilations and zones of capillary non-
perfusion.

As in structural OCT, their dimension may vary
from few-microns lesion to large ones, almost
involving the entire thickness of the retina.

The larger ones are more frequently located in
subfoveal and para-foveal area, while smaller
ones are more peripheral in macular and extra-
macular area.

Substantial differences of hypo intense
intraretinal spaces in terms of distribution may
be noticed between the superficial and the deep
capillary plexuses. The degree of involvement

of the two vascular layers might explain the
high variability of aspect.

The latter are often visible at the level of the
inner nuclear layer, which is bracketed by the
two components of the deep capillary plexus.
(Figure 7)

The same findings are visible on the corre-
sponding B-scan OCT-Angiogram, showing
similar features. (Figure 8)

Hypo-intense intraretinal spaces are the most
common pattern of diabetic macular edema on
OCT-Angiography, associated with intra-reti-
nal fluid accumulation.
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This cystoid morphology is quite similar to the are not well-demarcated and therefore more
one of structural OCT, but in this case borders difficult to distinguish.

T ’ . T IMEAT TR

Deep Capillary Plexus

\x

Figure 7: Optical Coherence Tomography Angiography C-scan of the deep capillary plexus in case of
diabetic macular edema

The OCT-Angiogram, taken at the level of the inner nuclear layer, clearly shows the deep capillary plexus.
A diffuse reduction of the vascularity is visible coupled with an enlargement of the foveal avascular zone
(FAZ), focal capillary dilations and areas of capillary non-perfusion.

Numerous hypo-intense lesions (cystoid spaces) are appreciable in macular area (dashed green line).

Figure 8: Optical Coherence Tomography Angiography B-scan in case of diabetic macular edema.

The B-scan OCT-Angiogram highlights the presence of large cystoid spaces in perifoveal area (yellow arrow),
while the smaller ones are mainly visible at the level of the inner nuclear layer, where the deep capillary plexus
is located (green arrow).

The hyper-intense structures that are visible at the level of the inner retinal layers are referred to transverse
sections of retinal capillaries.

It is difficult to visualize the eventual vascular abnormalities with the cross sectional OCT (B-scan), but it is
highly useful to evaluate the morpho-functional correlation with the corresponding structural B-scan.
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For a comprehensive assessment of a DME plexus) and the corresponding B-scan passing
patient on OCT-Angiography, the imaging through the foveal depression. (Figure 9).
approach need to include a C-scan section

taken at the level of the ganglion cell layer This approach may also be enriched with the
(superficial capillary plexus), another one structural OCT C-scan (En-Face) (Figure 10).
taken at the inner nuclear layer (deep capillary

Figure 9: Diabetic macular edema (DME) : Comprehensive 1t of a DME patient on OCT-Angiography
The imaging approach includes: 1. a C-scan section taken at the level of the ganglion cell layer (superficial
capillary plexus), 2.another one taken at the inner nuclear layer (deep capillary plexus) and 3. The corre-
sponding B-scan passing trough the foveal depression.

R Ly :
Figure 10: Diabetic macular edema (DME) evaluated on OCT-Angiography and on “En-Face” Structural OCT
(C-scan section taken at the level of the ganglion cell layer).
A: the entire vascular network of the Superficial Capillary Plexus, and some intraretinal cystoid spaces as
dark, black, hypo intense intraretinal structures.
B. the corresponding En-Face image in which both the cystoid lesions and some hyper reflective spots, due
to hard exudates are visible. The combined analyses of the structural (En-Face) and functional (OCT-A)
images allow a better definition of the degree of involvement, in case of diabetic maculopathy.
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2. GREYISH INTRARETINAL SPACES

Large intraretinal cystoid spaces may some-
time appear with a greyish aspect. This partic-
ular pattern may be confusing when interpret-
ing an OCT-Angiogram, because sharing
almost the same signal intensity of inter-vascu-
lar spaces.

The Authors hypothesized that this peculiar
aspect might be due to the presence of active
motion insi de these spaces.

This resulted therefore in a weak decorrelation
signal, which has its origin in the Brownian
motion of the molecules that are consequence of
an intense intraretinal exudation.’ (Figure 11)

Both C-scan and B-scan visualization allow to dis-
tinguish this peculiar phenomenon. (Figure 11)

This greyish aspect of the large cystoid spaces
may sometimes highlight the presence of non-
perfused vessels in the inter-cystoid tissue.
(Figure 11)

These vessels appear as well-defined tubular
structures, without any decorrelation signal
inside.

Non-perfused vessels are normally not

detectable with OCT-Angiography, since no
decorrelation signal is comes from flowing
blood: the difference in terms of signal intensi-
ty between these vessels and greyish cystoid
spaces around makes them clearly distinguish-
able.

Figure 11: Greyish intraretinal spaces as a sign of DME on OCT-Angiography

The C-scan OCT-Angiogram is taken at the level of the ganglion cells layer and therefore shows the superfi-

cial capillary plexus.

The foveal avascular zone (FAZ) and the macular capillary network are no more visible due to the severe

impairment or retinal vascularity.

The OCT-A shows large areas of vascular non-perfusion partially filled by large greyish intraretinal spaces

(dashed red line).

This peculiar aspect is given by the Brownian motion of the molecules that are consequence of an intense
intraretinal exudation. Non-perfused vessels, as well-defined dark tubular structures in the inter-cystoid tissue,
are highlighted by the weak decorrelation signal of the cystoid spaces around.
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Figure 12: Greyish intraretinal spaces as a sign of DME on OCT-Angiography and structural OCT B-scans
The B-scan OCT-Angiogram (fop) shows a weak decorrelation signal inside large cystoid spaces (red arrow).
The corresponding structural B-scan (bottom) shows a mild diffuse reflectivity inside the corresponding loca-
tion inside the cyst.

3. FOCAL HYPERINTENSE CLUMPS

On C-scan OCT-Angiograms of a patient with abnormalities (IRMA).
diabetic maculopathy can be often shown
highly decorrelated roundish or fusiform
structures, which are generally interpreted as
microaneurysms or intra retinal vascular lesions such as hard exudates. (Figure 13)

This focal hyper-intense signal may unfortu-

nately be related also to non-decorrelated

Figure 13: Optical Coherence Tomography Angiography C-scan of the Deep Capillary Plexus
(diabetic macular edema) showing different types of hyper intense structures.

The OCT-Angiogram taken at the level of the inner nuclear layer clearly shows the deep capillary plexus.
The fusiform hyper-intense structure (red square) shows the typical appearance of a micro aneurysm.

The roundish hyper-intense lesion (green box) although sharing some similarities with the previous one, is due
to a focal accumulation of hard exudates.

These assume this aspect on OCT-A because, as hyper-reflective structures, are able to reflect the refracted
signal coming from the perfused (decorrelated) vessels above. The latter are hyper-reflective structures on
structural OCT and hyper-intense ones on OCT-Angiography.
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Intraretinal hyper-reflective material due to Unlike the RPE and the true perfused lesions
hard exudates appears hyper-intense on OCT-
A, because completely reflects the refracted . . )
signal coming from the perfused (decorrelated) are associated on OCT-A B-scan with #ypical

vessels above. dark back shadowing, implying that the light

(i.e. micro aneurysms) these intraretinal clumps

that hit these deposits was largely reflected.®
(Figure 14)

Figure 14: Focal hyper intense clumps as a sign of DME on OCT-Angiography and structural OCT B-scans

The B-scan OCT-Angiogram (fop) shows a two decorrelated intraretinal structures. One of these (red arrow)
does not show any additional finding above or below the lesion itself, while the second one (green arrow) is
associated with a dark back shadowing (yellow arrows).

This phenomenon is linked to the high reflectivity of the hard exudates. The corresponding structural B-scan
(bottom) highlights the difference in reflectivity of the two intraretinal lesions (microaneurysm [red arrow] Ver-
sus hard exudates [green arrow]).

Figure 15: Comparative C-scan and B-scan analysis of focal hyperintense clumps in DME

The simultaneous analysis of the C-scan and the B-scan on OCT-A, which is available on the Spectralis OCT2
automated software, could help to avoid some pitfalls and guide the differential diagnosis between truly per-
fused lesions (left) and artifactual hyper-intense structures (right).

The presence of dark back shadowing (yellow arrows) could help to distinguish these findings and thus to
ensure an accurate diagnostic process.
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This phenomenon could also explain the focal
lack of signal, corresponding to the lesion area,
observed on C-scan OCT-A below the same
lesion. (Figure 15) The peculiar appearance is
not due to impaired perfusion of the deeper tis-
sue but rather to a “shielding effect” caused by
the high reflectivity of the clumps above.

This particular finding is obtained from a
simultaneous analysis of the C-scan and the B-
scan on OCT-A, which is available on the
Spectralis OCT2 automated software.

It could help to avoid some pitfalls and guide
the differential diagnosis.
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Cas cliniques d’OMD:
Differents degres de severite

DME: DIFFERENT DEGREES OF MACULAR INVOLVEMENT
Cas cliniques d’OMD:
Differents degres de severite

CASE N° 1 : Mild non-proliferative diabetic retinopathy with focal macular edema.

Figure 16: Mild non-proliferative diabetic retinopathy with focal macular edema

A - The OCT-Angiogram shows a rarefied Superficial Capillary Plexus with numerous perifoveal areas of non-
perfusion.

B - At the level of the Deep Capillary Plexus, several roundish, hypo-intense lesions (green arrows) are visible:
these are due to cystoid spaces and hard exudates in extra-foveal area.

C The structural B-Scan OCT highlights the presence of hyper reflective intraretinal lesions (hard exudates,
green arrow) and extra-foveal cystoid spaces (orange arrow).
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CASE Il : Moderate non-proliferative diabetic retinopathy with macular edema
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Figure 17: Moderate non-proliferative diabetic retinopathy with macular edema

A - The Superficial Capillary Plexus (SCP) shows numerous hyper intense structures probably due to micro
aneurysms (red circles) and some hypo intense intraretinal spaces (yellow arrows).

B - At the level of the Deep Capillary Plexus (DCP), micro aneurysms are still visible (red circles). The number
of cystoid spaces (hypo intense intraretinal structures, yellow arrows) is substantially higher than SCP.

C - The structural B-Scan OCT highlights the presence of hyper reflective intraretinal lesions (hard exudates,
orange arrow) and cystoid spaces (yellow arrows).
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CASE Il : Severe non-proliferative diabetic retinopathy with cystoid macular edema

Figure 18: Severe non-proliferative diabetic retinopathy with cystoid macular edema

A - The Superficial Capillary Plexus (SCP) shows focal vessel dilations, variably sized non-perfused areas
(green arrow) and numerous hypo intense roundish structures due to intraretinal cystoid spaces (yellow
arrows).

B The Deep Capillary Plexus (DCP) appears rarefied (orange dashed line). Numerous cystoid spaces (hypo
intense intraretinal structures, yellow arrows) are also appreciable.

C - The structural B-Scan OCT highlights the presence of an extensive intraretinal exudation (yellow arrows).
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SPECTRALIS OCT-ANGIOGRAPHY IN
DIABETIC MACULAR ISCHEMIA

Two different vascular layers are supplying the
high oxygen demand of the human retina.

- The inner retinal layers are exclusively sup-
plied by the retinal circulation, while

- the outer retinal ones, which are completely
avascular, obtain their oxygen supply mainly
via diffusion from the choroidal tissue and only

minimally from the retinal circulation.'?

Retinal vascular supply in the macula con-
sists of 3 capillary plexuses.

The superficial capillary plexus (SCP) lies in
the ganglion cell layer, while the double-lay-
ered deep capillary plexus (DCP) is located on
the inner and outer borders of the inner nuclear

layer.

The deep capillary plexus provides from 10%
to 15% of the oxygen supply to the photorecep-

tor cells, especially during dark adaptation.

Foveal and perifoveal area are completely
avascular, therefore the oxygen supply comes
almost only from the choriocapillaris, with a

minimum contribution from surrounding reti-

nal capillaries. This “capillary-free zone” is
called foveal avascular zone (FAZ) and may
significantly vary in terms of shape and dimen-
sion, either in healthy subjects or in different

pathologic conditions.® *

Normally, the FAZ is approximately 350 pm to
750 um in diameter. Even in absence of macu-
lar edema in diabetic eyes, abnormalities of the
FAZ are often seen, and include irregular mar-

gins and widening of the inter-capillary spaces.

Diabetic macular ischemia (DMI) is an
important cause of severe visual impairment in
patients with diabetic retinopathy. DMI is char-
acterized by the enlargement of the foveal
avascular zone, by the disruption of the peri-
foveal capillary arcade, and by retinal capillary
loss in other, non contiguous areas of the mac-

ula (capillary drop-out) 3

Standards for assessment of DMI severity
were first established in the Early Treatment
Diabetic Retinopathy Study (ETDRS) in
the1980s.0
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All these findings are commonly evaluated
with the fluorescein angiography (FA). FA
shows several signs of retinal vascular impair-
ment including micro aneurysms, capillary
dilations, intra retinal micro vascular abnor-

malities (IRMA) and capillary dropout. It may
also show, on late photographs, the existence of
cystoid spaces and enable assessment as to the
extent of macular non-perfusion, which has a

significant prognostic value. (Figure 1).

Figure 1: Fluorescein angiography of Diabetic Maculopathy

The early venous phase of fluorescein angiography is useful to highlight retinal vascular impairment due to

diabetic retinopathy. It is clearly shown

- the enlargement of the foveal avascular zone, which appears highly hypo-fluorescent, and it is associated
with an - evident disruption of the perifoveal capillary arcade (yellow arrow).

- Non-perfused areas are present in macular area, extra-macular area and at the posterior pole (red arrows).
- Intraretinal micro vascular abnormalities (or possibly an intraretinal neovascularization) are visible in macular

area (green arrow).

Optical coherence tomography (SD-OCT)
shows a thinning of the inner retinal layers,
including the ganglion cell layer and retinal
nerve fiber layer, in patients with diabetic mac-
ular ischemia. (Figure 2)

Optical coherence tomography angiography
(OCT-A)
approach, which is able to show the actively

is a promising new imaging

perfused structures.
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Figure 2: Optical Coherence Tomography (OCT) B-scan of a diabetic macular ischemia
(Top image: full macular area; Bottom Image: Zoomed visualization of the involved area)

The OCT imaging may show different indirect signs of diabetic macular ischemia.

A focally thickened retina is visible, due to the presence of intraretinal exudation, with a preserved foveal
depression. Cystoid spaces are both located at the level of inner and outer nuclear layers.

Intraretinal micro vascular abnormalities (IRMA) are visible as highly hyper reflective lesions inside the retina
(green arrows).

Macular ischemia has induced a thinning of the ganglion cells layer (GCL, yellow arrows) and of the inner
nuclear layer (INL, red arrows).

This might mean that the impaired perfusion both involved the superficial capillary plexus and the deep cap-
illary plexus, which are located at the level of the GCL and INL respectively.

Figure 3 - Optical Coherence Tomography Angiography (OCT-A)
C-scan of a diabetic patient with macular ischemia: Superficial Capillary Plexus

The OCT-A shows a substantially rarefied superficial capillary plexus.

The foveal avascular zone is enlarged and an interruption of the perifoveal capillary arcade is clearly visible
(yellow arrows).

Numerous areas without any decorrelation signal, considered as non-perfused areas (green arrows) are also
shown.
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It appears therefore possible that OCT-A can be non-perfusion as a potential sign of macular
avalid tool to visualize and quantify capillary ischemia in DR. (Figure 3 — 4)

Figure 4 - Optical Coherence Tomography Angiography (OCT-A)
C-scan of a diabetic patient with macular ischemia: Deep Capillary Plexus.

A rarefied deep capillary plexus (orange dashed line) is visible on the OCT-Angiogram.
The foveal avascular zone is enlarged and it is associated with an interruption of the perifoveal capillary
arcade (yellow arrows).

Areas of non-perfusion (green arrows), characterized by the absence of any decorrelation signal, are also
appreciable.

PATTERNS OF DIABETIC MACULAR ISCHEMIA:

(OCT-A ASSESSMENT)
Diabetic macular ischemia (DMI) is an pericytes and thickening of the basement mem-
important clinical feature of diabetic retinopa- brane in retinal capillaries occurs as a result of
thy (DR). exposure to elevated blood glucose over an
It has been postulated that the selective loss of extended period of time.”
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Clinically, DMI is defined by an enlargement
of the foveal avascular zone (FAZ) and para-

macular areas of capillary non-perfusion.

Recently, an analysis of the RIDE and RISE tri-
als showed that patients with DMI at baseline
progressed earlier to neovascular complica-
tions of DR during intravitreal ranibizumab
treatment than those with normal perfusion at

baseline.®

Therefore, baseline assessment of DMI when
initiating anti-VEGF therapy for diabetic mac-
ular edema (DME) has clinical implications
and may be of practical importance when plan-
ning review schedules for reassessment of
peripheral retinopathy grades for patients

receiving injections.

Fluorescein angiography (FA) is widely rec-
ognized as an essential tool in the diagnosis and

treatment of DR and DMI since assessing the

level of macular ischemia can often provide
important clinical and prognostic information

on disease severity and progression.

The recent development of OCT angiography
allows for the visualization of the retinal capil-
lary layers and for the construction of micro

vascular flow maps.

This imaging of the retinal vasculature is novel,
and seems able to provide reliable information
about areas of flow impairment, which are at
the base of macular ischemia, without the need

for injection of fluorescein sodium dye.

Different degrees of DMI may be identified on
OCT-Angiograms:

- Focal Macular Ischemia (FMI), (Figure 5)
- Moderate Macular Ischemia (MMI) and

- Severe Macular Ischemia (SMI).
(Figures 5,6,7).
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1. FOCAL MACULAR ISCHEMIA (FMI

Focal Macular Ischemia (FMI) is character- which is generally hidden on standard fluores-
ized on OCT-A assessment by the presence of cein examination.
small non-confluent areas, without any decor-
relation signal. (Figure 5)
These findings are generally associated with all

These areas of focal macular ischemia are sus- those of diabetic maculopathy, such as micro

picious of a very initial flow impairment, aneurysms, hemorrhages and DME.

Y N

.

Fed
4

Figure 5 - Optical Coherence Tomography Angiography (OCT-A)
C-scan of a diabetic patient with Focal Macular Ischemia (FMI)

The OCT-A shows very limited areas of flow absence (green arrow).

This might be a very initial sign of vascular impairment, which is potentially involved in ischemic process.
Several other features of diabetic maculopathy are also appreciable, such as: enlargement of the FAZ, micro
aneurysms (red circles) and dark black cystoid spaces (yellow arrows).
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2. MODERATE MACULAR ISCHEMIA (MMI

Moderate Macular Ischemia (FMI) is char-
acterized by several non-confluent areas with-

out any decorrelation signal.

The rarefaction of the vascular network and the
consequent appearance of these flow-void
areas are probably the result of more significant

capillary non-perfusion. (Figure 6)

These findings are generally related to more

severe stages of non-proliferative diabetic

retinopathy, like moderate or severe DR.

At the borders of these “non-perfused” areas
are generally located micro aneurysms, venous
beading or focally dilated vessels: all these fea-
tures are signs of a progressively increasing

vascular impairment.

At these stages, only some tiny non-perfused

areas are also visible on conventional fluores-

cein angiography.

Figure 6 - Optical Coherence Tomography Angiography (OCT-A)
C-scan of a diabetic patient with Moderate Macular Ischemia (MMI)

The OCT-A shows several areas of flow absence (yellow arrows) in a diffusely rarefied superficial capillary

network.

These flow-void areas and the contiguous vascular abnormalities such as micro aneurysms, venous beading
and focal vessels dilations are related to a more severe stage of diabetic retinopathy.
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3. SEVERE MACULAR ISCHEMIA (SMi

Severe Macular Ischemia (FMI) is a late signal in large areas is the one belonging to

stage of diabetic macular impairment, where large retinal vessels.

confluent areas without any decorrelation sig-

nal largely involve the scanned area. (Figure 7) These findings are related to late stages of non-
proliferative diabetic retinopathy or to prolifer-

Capillaries are rare and the only decorrelation ative diabetic retinopathy.

Figure 7 - Optical Coherence Tomography Angiography (OCT-A)
C-scan of a diabetic patient with Severe Macular Ischemia (MMI)

The OCT-A shows large areas of flow absence (yellow arrows), in a diffusely rarefied superficial capillary net-
work (green dashed lines).

These flow-void areas are related to severe stage of non-proliferative diabetic retinopathy or proliferative dia-
betic retinopathy.
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4. SUPERFICIAL CAPILLARY ISCHEMIA:
“COTTON-WOOL” SPOTS

Cotton-wool spots (CWSs) are retinal lesions,
most commonly seen as manifestations of dia-
betes mellitus and systemic hypertension. They
are also associated with a number of other eti-
ologies including ischemic, embolic, connec-
tive tissue, neoplastic, and infectious, but occa-
sionally no underlying cause can be identified.

CWSs are thought to represent axoplasmic
debris at the level of retinal ganglion cell axons
resulting from axoplasmic flow interruption
due to vascular or mechanical causes.

At the biomicroscopic examination, CWSs
appear as whitish, fluffy retinal patches that
eventually fade with time. (Figure 8).

Fluorescein angiography may reveal a focal
impairment of the blood flow,.

But OCT findings (Figure 9) are typically
characterized by a marked retinal thickening
corresponding to the area of the CWS, confined
to the level of the retinal nerve fiber layer.

Figure 8 — Multicolor image showing a cotton wool spot.
(Patient with non-proliferative diabetic retinopathy)

The multicolor image shows a single cotton wool spot (yellow arrow).

Micro aneurysms, dot hemorrhages and hard exudates are also visible in macular and extra-macular area.
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Figure 9 — Cross-sectional OCT of a cotton wool spot

The structural OCT B-scan (top image) reveals a focal thickening of the ganglion cells layer (yellow arrow),
partially involving also other inner retinal layers.

On the corresponding B-scan OCT-A (bottom image) no hyper intense signals are visible in the involved area
(green arrow), while large retinal vessels are displaced deeper in the retina (yellow arrow).

This phenomenon is due to focal capillary ischemia, and confirmed on morpho-functional analysis.
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”»

On OCT-Angiography, a “cotton wool spot Large retinal vessels appear displaced deeper.

appears as an area of absence of decorrelation Moreover these large vessels remain also visi-
signal, coming both from the superficial and ble at the level of the DCP because of the
deep capillary plexus, which may result simul- absence of decorrelation signal coming from
taneously involved. (Figure 10) inner vascular layers.’

Figure 10 — En-face OCT-Angiography of a cotton wool spot

The superficial capillary plexus (top image) reveals an area of absence of hyper intense signals coming from
perfused vessels (yellow arrows).

This area almost shares the same features at the level of the deep capillary plexus (bottom image) where
there is no evidence of decorrelated structures (yellow arrows).

Large retinal vessels are visible at this level due to the inward displacement caused by the thickening of the
nerve fiber layer, and also because of the absence of decorrelation signal coming from inner vascular layers.
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5. DISORGANIZATION OF RETINAL INNER LAYERS (DRIL)

Disorganization of the retinal inner layers
(DRIL) was defined as the horizontal extent in
microns for which any boundaries between the
ganglion cell — inner plexiform layer complex,
inner nuclear layer, and outer plexiform layer
could not be identified.'* (Figure 11).

DRIL was found to correlate more consistently
with visual acuity in both active and resolved
center-involved diabetic macular edema
(DME)

DRILL is thought to represent the result of reti-
nal capillary non-perfusion in eyes with diabet-
ic retinopathy.

OCT-Angiography may reveal the capillary
non-perfusion in areas where a DRIL is present
on structural OCT. (Figures 12-13).

This finding could be relevant, since DRIL
have also been associated with visual function
in case of DME and outcome after the resolu-
tion of the exudation.

Figure 11 — Cross-sectional OCT of a disorganization of retinal inner layers (DRIL)

The structural OCT B-scan (top image) reveals a local (yellow arrows) change in reflectivity leading to a non-
distinguishable ganglion cell — inner plexiform layer complex, focally involving also the inner nuclear layer and

outer plexiform layer.

On the corresponding B-scan OCT-A (bottom image) no hyper intense signals are visible in the involved area
(green arrows), probably due to focal capillary non-perfusion.
This ischemic process might be at the base of the disorganization of the inner retinal layers, (DRIL) as visible

on structural OCT.
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Figure 12 — En-face OCT-Angiography of a disorganization of retinal inner layers (DRIL), at the level
of the Superficial Capillary Plexus

The superficial capillary plexus (top image) reveals the absence of hyper intense signals coming from per-
fused vessels (yellow arrows) in the area involved by DRIL.

The OCT-A seems to confirm that at the base of the inner retinal impairment, there is a focally compromised
retinal vascularity.

Figure 13 — En-face OCT-Angiography of a disorganization of retinal inner layers (DRIL), at the level
of the Deep Capillary Plexus

The deep capillary plexus (fop image) is substantially rarefied. (orange dashed line)

In this area, and mainly where the DRIL was appreciated (yellow arrows), there is no evidence of decorrelated
vessels.

The compromised blood flow, probably determining a DRIL, involves not only the superficial but also the deep
capillary plexus.
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SECTION |

SPECTRALIS OCT-ANGIOGRAPHY IN DIABETIC MACULOPATHY:

QUANTITATIVE IMAGE ANALYSIS

Automated quantification of macular dis-
eases could translate the theoretical usefulness
of OCT-Angiography (OCT-A) into “clinical
practice”.

Therefore an automated algorithm, which
analyzes OCT-A images, can detect and quanti-
fy macular vascular impairment in diabetic
retinopathy.

Recent studies have focused their attention on
different tentative approaches in quantifying
OCT-A images. These methods, although pro-
viding interesting findings, are not or partially
automated, and this might be a potential limit
of their actual usefulness.

Hwang et al.! described a method for quantify-
ing Macular Capillary Non Perfusion, Vessel
Density, Total Macular Avascular Area and
Foveal Avascular Zone (FAZ) in diabetic
patients with an automated analysis, based on
Split-Spectrum  Amplitude Decorrelation
Angiography (SSADA).

These authors used a commercially available
OCT and the macular angiography scan was

performed on a 6x6 mm area.

They reported that para-foveal and perifoveal
vessel densities were reduced in patients with
diabetes compared with normal controls. More-
over the FAZ area and Total Avascular Area
were greater in eyes with Diabetic Maculopa-
thy.

In a recent study, Agemy at al.> demonstrated
a statistically significant difference in terms of
capillary perfusion density between the super-
ficial and the deep capillary plexus.

Similar findings were also documented in a
group of 52 healthy Indian subjects who under-
went SSADA OCT-Angiography followed by
local fractal dimension method to quantify
Vessel Density and Foveal Avascular Zone
(FAZ)?

133



CHAPTER XII - OCT-ANGIOGRAPHY IN DIABETIC PATIENTS:
QUANTITATIVE IMAGE ANALYSIS AND FOLLOW-UP

This difference was explained with the poten-
tial higher metabolic demand of the deeper reti-
nal layers and with the absence of larger vessels
at the level of the deep plexus.

The Authors have recently developed an Auto-
mated, Custom-built Software (AngiOC-
Tool™), able to provide a quantitative assess-

ment of vascular perfusion in macular area.*

This approach has been already validated on
healthy subjects®, and it is actually ongoing its
application in case of different retinal vascular
diseases.

On OCT-A images, vessels detection is both
based on the exact identification of each decor-
related pixel and on the trajectory taken by con-
tiguous decorrelated pixels.

This process allows:
- to render the vessel thickness and
- to obtain, with a vector representation,

- the shape of perfused structures.

The FAZ is automatically detected in a similar
way by outlining a contour along the vascular

rim of the Perifoveal capillary arcade in case
of SCP or by connecting decorrelated pixels at
a border of a central non-flow area in case of
DCP.

In case of errors in defining the FAZ, a manual
correction of the borders is also allowed.

The image analysis provides several quantita-
tive parameters:

- FAZ metrics (perimeter, surface, major axis,
orientation),

- Total Vascular Surface,

- Total Avascular Surface.

Quantitative data may be achieved within a cir-
cular area of 2000 pm diameter, centered on
the FAZ.

The evaluation, performed on a 2-mm-diameter
area, is based on the diameter of the physiolog-
ic fovea, which is 1.85 mm, and on the rele-
vance of this specific area for the visual func-
tion.

This approach also reduces the effects of arti-
facts at the edge of the C-scan images.
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QUANTITATIVE IMAGE ANALYSIS

- STAGE ONE: Foveal Avascular Zone Metrics

The first stage of the analysis includes the def- tation of the FAZ perimeter and surface.
inition of the foveal avascular zone (FAZ) The major and minor axis and their orientation
borders. This is obtained by an automated out- are also computed.

lining process, which leads to the exact compu-

Figure 1: FOVEAL AVASCULAR ZONE METRICS

The foveal avascular zone (FAZ) is automatically detected

- in case of SCP: by outlining a contour along the vascular rim of the perifoveal capillary arcade
- in case of DCP: by connecting decorrelated pixels at a border of a central non-flow area.

FAZ perimeter, axes (red lines), surface (equivalent circular surface, blue line) are computed.

- STAGE TWO: Total Vascular Surface Assessment

The second stage of the automated process is This process allows the complete recognition
the identification of all the decorrelated sig- of the entire perfused vascular tree imaged in
nals (hyper intense structures), due to actively the scanned area. Both vessel’s trajectory and
perfused vessels. thickness are considered.
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TOTAL VASCULAR SURFACE ASSESSMENT

Figure 2: Total Vascular Surface Assessment.

Vessels’ detection was both based on the exact identification of each decorrelated pixel and on the trajectory

taken by contiguous decorrelated pixels.

This process allowed to render the vessel thickness and to obtain, with a vector representation, the shape

of perfused structures.

- STAGE THREE: Quantitative Analysis On Central Area

The final stage provides the quantification of
the different parameters identified in the two
previous steps. The FAZ perimeter, surface,
major and minor axes (and orientation), vascu-

lar and avascular surfaces are calculated.

All the data are referred to the central 2 mm-
diameter circular area.

This approach was chosen in order to reduce
potential artifacts and because of the relevance

of this area in terms of visual function

Figure 3: QUANTITATIVE ANALYSIS ON CENTRAL AREA
Quantitative data are achieved within a circular area of 2000 um diameter, centered on the FAZ, in order to
reduce potential artifacts and because of the relevance of this area in terms of visual function
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PRELIMINARY QUANTITATIVE RESULTS ON DIABETIC MACULOPATHY

Preliminary results in an unpublished retros-
pective case series of 50 eyes of 34 patients
with Diabetic Maculopathy showed that in the
superficial capillary plexus, non-perfused areas
were present in all DM eyes.

Conversely, in the deep capillary plexus, non-
perfused areas were detected in a lower number
of cases. No significant differences were found
in number of microaneurysms between the two

capillary plexa. Capillary density values were
significantly lower in nearly all layers of DM
patients compared with healthy subjects.

OCT-A is a useful technology for detecting DM
abnormalities both in the superficial and deep
capillary plexa. The fully automated quantitati-
ve retinal vascular analysis may offer an objec-
tive method for monitoring disease progression
and the functional response to treatment.
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SECTION 1l

SPECTRALIS OCT-ANGIOGRAPHY IN DIABETIC MACULOPATHY

FOLLOW-UP AFTER TREATMENT

Diabetes mellitus (DM) is a global epidemic
with significant morbidity. Although Diabetic
Retinopathy (DR) affects 1 in 3 people with
DM, the leading cause of vision loss in this
population is Diabetic Macular Edema (DME),
which affects approximately 6.8% of the dia-
betic population.!

Despite a substantial improvement in diagnos-
tic screening techniques and the proven effica-
cy of laser treatment in preventing visual loss,
diabetic retinopathy (DR) remains the leading
cause of legal blindness in working age popu-
lations of industrialized countries.

Diabetic Macular Edema (DME) or capillary
non-perfusion may directly impair central
vision. DME represents a spectrum of retinopa-
thy signs, characterized by edema and thicken-
ing of the central macula and surrounding non-
central macula that are not explained by the
presence of an Epiretinal Membrane (ERM) at

the macula.

These symptoms are typically confirmed by
slit-lamp biomicroscopy and, increasingly, with
the aid of Optical Coherence Tomography
(OCT).

The natural history of DM is characterized by
a slow progression of retinal thickening until

the center of the macula is involved, causing

visual acuity deterioration.

Partial regression of DM may be observed,
usually secondary to improvement in systemic
risk factors, such as glycemic control, hyper-
tension, or hypercholesterolemia.

If untreated, 29% of eyes with DME and foveal
involvement experience moderate visual loss

(doubling of the visual angle) after 3 years.

Spontaneous visual recovery is also unusual,
with improvement of at least 3 Early Treatment
Diabetic Retinopathy Study (ETDRS) lines
occurring in 5% of cases

For nearly 30 years, focal/grid laser photo-
coagulation has been the mainstay of treatment
for clinically significant DME (CSME). 2.

It has been reported that 3 years after initial
grid treatment, visual acuity improved in
14.5% of patients with DME, did not change in
60.9%, and decreased in 24.6%?

However, there have been substantial

advances in our understanding of DME since

this method was first used.
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First, epidemiologic data indicate that DME,
more than DR severity, is the most common
cause of vision loss for patients.

Moreover, there is now better understanding
that risk factors for DME may be different from
those for DR, highlighting the importance of
systemic management being targeted at DME.

Therefore the improved knowledge of the
patho-physiology of DME has enabled

the development of alternative therapies.

In recent years, the intravitreal administration
of steroids has provided promising results for
the treatment of DME due to their anti-inflam-
matory and anti-permeability properties* and
mainly the Anti—Vascular Endothelial Growth
Factor (anti-VEGF) treatments>-

The development of modern imaging tech-
niques, such as OCT, has allowed assessment
of early DME, including sub clinical DME.

OCT imaging helps in immediately estimating
intraretinal changes, pinpointing the eventual
existence of infra-clinical foveolar detachment,
assessing the vitreo-retinal juncture, and pre-
cisely measuring the thickened retina'®.

OCT is particularly useful in detecting serous
retinal detachment, a feature combined with
macular edema but not easily seen on biomi-
croscopy'!"12.

OCT seems also particularly relevant to ana-

lyze the vitreomacular relationship. '>'*

The recent introduction of OCT-Angiography
(OCT-A) might allow a non-invasive function-
al assessment of diabetic maculopathy.

This achievement, coupled with structural OCT
could result in a comprehensive morpho-func-
tional examination of the status of the disease

and its response to treatment.

Here follow some cases of diabetic macu-
lopathy both assessed with OCT-A and struc-
tural OCT, before and after anti-VEGF and/or

steroid implants treatment.

This analysis is performed in order to evaluate
the potential outcome of the intravitreal treat-
ment on intraretinal (or sub-retinal) exudation
as well as on vascular perfusion but not based
on the indications nor the results of different
treatments.
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CASE I: Diabetic Maculopathy BEFORE
single intravitreal injection of VEGF-Trap

Figure 1 - Optical Coherence Tomography Angiography (OCT-A-15 x 10°) C-scan and structural OCT
of a 56 years-old patient with Diabetic Maculopathy before a single intravitreal injection of VEGF-Trap.

The Superficial Capillary Plexus (SCP; top left image) shows large areas of flow absence in a diffusely rarefied
vascular network.

The Deep Capillary Plexus (DCP; top right image) appears impaired as well, with focal vascular dilations and
areas of absence of signal coming from decorrelated structures.

These flow-void areas are generally related to severe stages of non-proliferative diabetic retinopathy
or proliferative diabetic retinopathy.

Reference fluorescein angiography (bottom left image). Structural OCT (bottom image) shows the
presence diabetic macular edema.

Cystoid spaces mainly involve the inner and outer nuclear layers. Some hyper reflective clumps are
also appreciable.
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CASE I: Diabetic Maculopathy AFTER
single intravitreal injection of VEGF-Trap

Figure 2 - Optical Coherence Tomography Angiography (OCT-A) C-scan and structural OCT of a 56
years-old patient with Diabetic Maculopathy 1 month after a single intravitreal injection of VEGF-Trap

The Superficial Capillary Plexus (SCP; top left image) appears less rarefied, due to substantial reduction of
the capillary dropout.

The Deep Capillary Plexus (DCP; top right image) although showing severe impairment of vascular architec-
ture in perifoveal area, seems slightly improved.

On OCT-A, a more homogeneous signal is Structural OCT confirm an evident decrease of

coming from the perfused structures, either in intraretinal exudation. Some residual cystoid

SCP or in DCP spaces are seen, but foveal depression is almost
maintained.
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CASE II: Diabetic Maculopathy
before dexamethasone intravitreal implant

Figure 3 - Optical Coherence Tomography Angiography (OCT-A-15 x 5°) C-scan and structural OCT of
a 72 years-old patient with Diabetic Maculopathy before dexamethasone intravitreal implant

The Superficial Capillary Plexus (SCP; top image) shows micro aneurysms, connecting vessels and very lim-
ited areas of flow absence in a substantially preserved vascular network.

The Deep Capillary Plexus (DCP; middle image) appears more severely impaired, with focal vascular dilations
and micro aneurysms.

Areas of absence of signal are due to cystoid spaces (black) and non-perfused areas (grayish).

Reference fluorescein angiography (bottom left image). Structural OCT (bottom right image) highlights the
presence diabetic macular edema.
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CASE II: Diabetic Maculopathy
One month after dexamethasone intravitreal implant

Superﬁ(:lal Caplllary Plexus

Figure 4 - Optical Coherence Tomography Angiography (OCT-A) C-scan and structural OCT of a 72
years-old patient with Diabetic Maculopathy 1 month after dexamethasone intravitreal implant

The Superficial Capillary Plexus (SCP; top image) does not show significant variations in terms of decorrelat-
ed structures.

The Deep Capillary Plexus (DCP; middle image) seems slightly improved, mainly due to the partial regression
of intraretinal exudation. Microaneurysms are still visible.

Reference fluorescein angiography (bottom left image). Structural OCT (bottom right image) shows an evident
decrease of intraretinal exudation. A few cystoid spaces are still present, although reduced, in foveal area.
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CASE IIlI: Diabetic Maculopathy
before intravitreal injection of anti-VEGF (Ranibizumab*)

Figure 5 - Optical Coherence Tomography Angiography (OCT-A--15 x 5°) C-scan and structural OCT
of a 66 years-old patient with Diabetic Maculopathy before 3 intravitreal injections of anti-VEGF
(Ranibizumab*)

The Superficial Capillary Plexus (SCP; top image) demonstrates the presence of focal areas of flow absence
probably due to non-perfused areas and a central dark (black) area in correspondence of the foveal avascular
zone which might be referred to a large cystoid space.

The Deep Capillary Plexus (DCP; middle image) shows similar findings, with micro aneurysms in perifoveal
area and the same central dark area, larger than at the level SCP, probably due to the confluence of several
cystoid spaces.

Reference fluorescein angiography (bottom left image). Structural OCT (right image) shows the presence dia-
betic macular edema: a large cystoid space determines the loss of foveal depression.
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CASE IllI: Diabetic Maculopathy
after 3 (monthly) intravitreal injections of anti-VEGF (Ranibizumab*)

Superficial Capillary Plexus

Figure 6 - Optical Coherence Tomography Angiography (OCT-A) C-scan and structural OCT of a 66 years-
old patient with Diabetic Maculopathy after 3 (monthly regimen) intravitreal injections of anti-VEGF
(Ranibizumab*)

After the loading phase (3 IV injections)
The Superficial Capillary Plexus (SCP; top image) and the Deep Capillary Plexus (DCP; middle image) appear
well preserved:

Flow void areas are limited and micro aneurysms or focal vessels dilations are less numerous.

Reference fluorescein angiography (bottom left image). Structural OCT (bottom right image) shows the com-
plete regression of intraretinal fluid.
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CASE IV: Diabetic Maculopathy
before a single intravitreal injection of VEGF-Trap
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Figure 7 - Optical Coherence Tomography Angiography (OCT-A---15 x 10°) C-scan and structural OCT
of a 74 years-old patient with Diabetic Maculopathy before a single intravitreal injection of VEGF-Trap

The Superficial Capillary Plexus (SCP; top left image) shows a substantially impaired perifoveal vascular
arcade, with several interruptions, partially due to the presence of intraretinal exudation. Connecting vessels
and microaneurysms are also visible.

The Deep Capillary Plexus (DCP; top right image) appears impaired as well, with focal vascular dilations and
areas of absence of signal coming from decorrelated structures.

Reference fluorescein angiography (bottom left image). Structural OCT (bottom right image) shows the pres-
ence diabetic macular edema: the macular profile is thickened, numerous cystoid spaces (and intraretinal
clumps) both involve inner and outer retinal layers.

The foveal depression is almost disappeared and a cross-section of a micro aneurysm is also visible.
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CASE IV: Diabetic Maculopathy
after a single intravitreal injection of VEGF-Trap
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Figure 8 - Optical Coherence Tomography Angiography (OCT-A) C-scan and structural OCT of a 74
years-old patient with Diabetic Maculopathy 1 month after a single intravitreal injection of VEGF-Trap

Both the Superficial Capillary Plexus (SCP; top left image) and the Deep Capillary Plexus (DCP; top right
image) appear almost unchanged.

Vascular dilations, connecting vessels and micro aneurysm are still visible, as well as the intraretinal exuda-
tion.

Reference fluorescein angiography (bottom left image). Structural OCT (bottom right image) shows a thinned
macular profile, due to the decrease of intraretinal fluid.
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CASE V: Diabetic Maculopathy
before dexamethasone intravitreal implant

Figure 9 - Optical Coherence Tomography Angiography (OCT-A---15 x 10°) C-scan and structural OCT
of a 83 years-old patient with Diabetic Maculopathy before dexamethasone intravitreal implant

The Superficial Capillary Plexus (SCP; top left image) shows tiny areas of flow absence both in perifoveal area
and at the borders of the scanned region.

The Deep Capillary Plexus (DCP; top right image) appears severely impaired with a loss of the common archi-
tecture (capillary vortex are not detectable). Microaneurysms are clearly visible.

Reference fluorescein angiography (bottom left image). Structural OCT (bottom right image) shows the pres-
ence diabetic macular edema: cystoid spaces mainly involve the outer nuclear layers.

Some hyper reflective clumps are also appreciable.
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CASE V: Diabetic Maculopathy
after dexamethasone intravitreal implant

Figure 10 - Optical Coherence Tomography Angiography (OCT-A) C-scan and structural OCT of a 83
years-old patient with Diabetic Maculopathy 4 months after dexamethasone intravitreal implant

The Superficial Capillary Plexus (SCP; top left image) shows areas capillary dropout, although reduced when
compared with the previous examination.

The Deep Capillary Plexus (DCP; top right image) although showing severe impairment of vascular architec-
ture in perifoveal area seems slightly improved, with a more homogeneous signal coming from the perfused
structures.

Reference fluorescein angiography (bottom left image). Structural OCT (bottom right image) shows the per-
sistence of intraretinal exudation, with large intraretinal hyporeflective cavities: this might be due to the con-
fluence of smaller cystoid spaces in a substantially compromised tissue.
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