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ABSTRACT.
Purpose: To investigate choriocapillaris (CC) perfusion, by evaluating flow

voids (FV), in eyes with intermediate age-related macular degeneration (iAMD)

using swept-source optical coherence tomography angiography (SS-OCT-A).
Methods: Patients with bilateral or unilateral iAMD and normal controls

underwent SS-OCT and OCT-A examination. Choriocapillaris (CC) FVs were

quantitatively assessed on OCT-A images using MATLAB (version 2017b;

MathWorks, Natick, MA, USA), after a preprocessing aimed at compensating

for CC attenuation artefacts. Three different thresholds [1 standard deviation

(SD), 1.25 SD and 1.5 SD] were applied. Final FV percentage (FV%) was

calculated as the ratio between area with absent flow and total scanned area.
Results: Of 41 patients with iAMD and 16 normal subjects enrolled in the study,

39 eyes (39 patients) with iAMD and all 16 normal eyes (16 control subjects)

were included in the final analysis. Mean FV% (1 SD) was 13.45 � 0.66 in

controls, 14.19 � 1.23 in bilateral iAMD and 14.21 � 0.99 in unilateral iAMD

(p = 0.03, for difference between controls and bilateral iAMD). Mean FV%

(1.25 SD) was 6.55 � 0.65 in controls, 7.33 � 1.4 in bilateral iAMD and

7.06 � 1.4 in unilateral iAMD (p = 0.048, for difference between controls and

bilateral iAMD). Mean FV% (1.5 SD) was 2.71 � 0.82 in controls,

2.55 � 1.12 in bilateral iAMD and 3.25 � 1.17 in unilateral iAMD

(p = 0.038, for difference between bilateral and unilateral iAMD).
Conclusion: A significantly higher FV% was found in patients with iAMD versus

controls. A higher trend in FV% was found in unilateral iAMD (with neovascular

AMD in the fellow eye) versus bilateral iAMD,when applying the lowest threshold.

Further, larger and longitudinal studies are needed to confirm this data.
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Introduction

Age-related macular degeneration
(AMD) is one of the leading causes of
visual impairment in the elderly world-
wide, with an estimated global preva-
lence of 196 million affected individuals
and an estimated rise of approximately
40% by 2040 (Wong et al. 2014; Sed-
don 2017). Several classification sys-
tems have been proposed over time to
define the natural course of AMD. The
most used in the past was the four-
stage classification by the Age-Related
Eye Disease Study group, dividing
AMD into an early (stage 1 and 2),
intermediate (stage 3) and late (stage 4)
disease (Age-related Eye Disease Study
Research Group 2000). In 2013, a new
five-stage clinical classification of
AMD was proposed by the Beckman
Initiative for Macular Research Classi-
fication Committee in order to better
define the risk of progression to the late
stages of disease (Ferris et al. 2013).
Stage 1 corresponds to absence of
disease, stage 2 to normal ageing
fundus changes, defined as the pres-
ence of only small drusen (dimen-
sion < 63 lm) without retinal pigment
epithelium (RPE) changes, stage 3 to
early disease characterized by medium-
size drusen (>63 lm; ≤125 lm) without
RPE changes, stage 4 to intermediate
AMD with large drusen (>125 lm)
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and/or RPE changes, stage 5 to late
AMD due to presence of choroidal
neovascularization or geographic atro-
phy (GA) (Ferris et al. 2013). Both of
these classification systems are based
on fundus photography and do not
take into account information derived
from other non-invasive or invasive
imaging techniques, such as optical
coherence tomography (OCT), autoflu-
orescence, OCT angiography (OCT-
A), fluorescein or indocyanine green
angiography (FFA, ICGA) (Miller
et al. 2017).

In patients with drusen, standard
imaging techniques (OCT and dye-
based angiography) proved to be par-
ticularly useful in detecting and
defining the presence of choroidal neo-
vascularization [neovascular AMD
(nAMD)], but with intrinsic limits in
detailed visualization of choriocapil-
laris (CC) and choroid (Bischoff &
Flower 1985; Flower 1993; Zhu et al.
2006). Recently, a new diagnostic
method, OCT-A, has been introduced
into clinical practice for a non-invasive
evaluation of patients affected by
AMD. On OCT-A scans, CC can be
visualized as an alternation of dark
areas (called signal voids), where CC
flow is undetectable, and granular
bright areas that are indicative of
preserved flow (Spaide et al. 2015;
Spaide 2016, 2017). Signal voids may
represent areas of real CC nonperfu-
sion (flow voids) or, alternatively, areas
where flow signal strength is below the
decorrelation threshold (Choi et al.
2015; Spaide et al. 2015; Spaide 2017).
Optical coherence tomography angiog-
raphy (OCT-A) in eyes with drusen
shows different patterns and severity of
CC flow impairment depending on
drusen extent and location (Chatziralli
et al. 2018). In advanced stages of
AMD such as GA, OCT-A showed
CC impairment both underlying the
area of GA (with displacement of
larger choroidal vessels at CC level)
(Waheed et al. 2016) and extending
beyond its borders, even with RPE
preservation (Choi et al. 2015; Kvanta
et al. 2017). In nAMD, OCT-A could
be helpful in detecting and better
defining neovascular membranes
choroidal neovascularization (CNV)
(Carnevali et al. 2016; de Oliveira Dias
et al. 2018). However, it is important
to pay attention to frequent presence of
attenuation artefacts (for example due
to presence of drusen) and projection

artefacts from superficial vessels, when
evaluating CC images obtained with
OCT-A (Cole et al. 2017; Spaide et al.
2018). Swept-source (SS) OCT-A devices
use a longer wavelength (1050 nm); thus,
they have a better ability to penetrate
deeper into tissues beneath the RPE,
making these instruments more reliable
in the evaluation of CC than spectral
domain devices, that use a shorter
wavelength (McLeod et al. 2002; Bloom
& Singal 2011; Pepple & Mruthyunjaya
2011; Choi et al. 2013; Lane et al. 2016;
Alten et al. 2017).

The purpose of this study is to
analyse CC of eyes affected by inter-
mediate AMD (iAMD) using SS-
OCT-A, by performing quantitative
measurement of CC flow voids (FVs;
after removing artefacts), in order to
investigate if any reduction in flow
signal is present at this level.

Materials and Methods

Study participants

In this prospective cross-sectional com-
parative study, we consecutively
enrolled 41 eyes of 41 patients affected
by unilateral or bilateral iAMD, who
presented at Medical Retina Service,
University Hospital Maggiore della
Carit�a, Novara, Italy, between July
2017 and September 2018. Diagnosis
of iAMD was based on detection of
large soft drusen with or without RPE
pigmentary changes on fundus exami-
nation and confirmed with OCT (Ferris
et al. 2013). In addition, 16 normal
eyes of 16 age-matched subjects were
enrolled as the control group. For
patients with bilateral iAMD and
healthy controls, the right eye was
included in the study, except when
poor quality of OCT-A images pre-
cluded a reliable analysis.

Inclusion criteria for the study were
as follows: diagnosis of iAMD in one
or both eyes and good quality OCT
and OCT-A images. Exclusion criteria
were as follows: presence of systemic
pathologies that could affect retinal
and choroidal microcirculation, in
particular diabetes mellitus type 1
and 2 and uncontrolled systemic blood
pressure (≥120/80 mmHg) (Mancia
et al. 2013); presence of exudative
changes suggestive of nAMD or pres-
ence of GA on fundus examination
and OCT (Fleckenstein et al. 2008);
any maculopathy other than AMD

(e.g. diabetic or tractional maculopa-
thy); previous vitreoretinal surgery or
use of anti-vascular endothelial growth
factor (VEGF) drugs; use of any drug
known to interfere with macular func-
tion (e.g. hydroxychloroquine, tamox-
ifen); refractive error >�4 D; poor
quality OCT and/or OCT-A images.
Normal controls were recruited among
healthy subjects with no significant
media opacity and normal fundus
examination that underwent a routine
annual eye examination.

Each patient underwent a complete
eye examination including dilated fun-
dus examination with 90 D lens, SS-
OCT and SS-OCT-A. Patients with
features suspect for the presence of
CNV on OCT-A, despite the complete
absence of exudative changes on fun-
dus examination and OCT, were fur-
ther investigated with FFA and ICGA
in order to confirm or exclude the
diagnosis of subclinical CNV. Eyes
with CNV confirmed on FFA and/or
ICGA were excluded from the final
analysis.

The study adhered to the tenets of
the Declaration of Helsinki and was
approved by the Ethics Committee;
signed informed consent was obtained
from all patients.

Imaging

Optical coherence tomography (OCT)
and OCT-A images were taken using
DRI SS-OCT Triton plus (Topcon
Medical Systems Europe, Milano,
Italy). The device uses a wavelength
of 1050-nm, with a speed of acquisi-
tion of 100 000 A-scans/second. It is
equipped with an active eye tracker for
reducing motion artefacts. This OCT-
A instrument preserves axial resolu-
tion using an innovative motion
contrast measure named OCT-A ratio
analysis.

A trained operator performed the
following scans: an OCT three-dimen-
sional (3D) macula map covering an
area of 7 mm 9 7 mm, a 9 mm radial
OCT scan (consisting of 12 scans 15°
apart) centred on the fovea, a single 6-
mm high-definition B-scan at 0° and
90° and a 3D 4.5 9 4.5 mm OCT-A
map of the macula.

All OCT-A images were carefully
reviewed to check automated segmen-
tation of CC. The CC slab was
obtained from Bruch’s membrane
(BM) to 10.4 lm below BM. In case
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of errors, manual correction was per-
formed.

In case of suspect CNV, FFA and
ICGA were performed with Spectralis
HRA-OCT (confocal scanning laser
ophthalmoscope and angiography;
HRA2, Heidelberg Engineering, Hei-
delberg, Germany).

Image analysis

Two trained graders (C.T. and A.M.)
evaluated all OCT and OCT-A images,
and in case of disagreement the final
adjudication was given by the experi-
enced retinal specialist (S.V.). All
images were saved and analysed in
anonymous and masked fashion.

Optical coherence tomography
(OCT) scans were used to confirm the
diagnosis of iAMD based on the pres-
ence of drusen and RPE pigmentary
changes. In addition, OCT B-scans
were carefully evaluated to detect any
sign of exudative changes, such as
intraretinal and/or subretinal fluid (in-
traretinal cysts, serous or haemorrhagic

detachment of the neuroretina), and
presence of RPE detachment. Choroi-
dal thickness (CT) was evaluated using
the automatic segmentation of 3D
macula map obtained with DRI OCT
Triton plus instrument (software ver-
sion 10.07.003.03). The instrument
automatically calculated CT in 9 Early
Treatment Diabetic Retinopathy study
(ETDRS) areas. Only the central sub-
field CT (within 1 central millimetre
diameter, centred on the fovea) was
considered for the analysis.

Choriocapillaris (CC) OCT-A slabs
were first qualitatively evaluated to
exclude the presence of CNV (Fig. 1)
and then used for quantitative assess-
ment of CC, using the automatic seg-
mentation algorithm present in the
device. Quantitative measurement con-
sisted of evaluation of CC flow voids,
performed using image processing func-
tion of MATLAB (version 2017b, Math-
Works, Natick, MA, USA). Images of
poor quality due to artefacts (e.g. motion
artefacts) and low-quality signal (<50)
were excluded from the analysis.

In order to calculate CC flow voids,
a recently published and validated
method to compensate for CC attenu-
ation artefacts due to drusen was
applied (Zhang et al. 2018). In sum-
mary, OCT-A flow images and
corresponding en face CC structural
images were exported from the OCT-A
device and imported into MATLAB. An
inverse transformation and a Gaussian
smoothing filter were applied to struc-
tural image to enhance the signal under
drusen and minimize speckle noise.
Then, a multiplication between the
flow image (FCC) and the transformed
structural image (1 � Norm(SCC)) was
performed:

Fcompensated ¼ FCC � ð1�NormðSCCÞÞ:

Finally, the compensated CC flow
image was obtained. In addition, pro-
jections artefacts due to superficial
retinal vessels were eliminated using e
previously published method (Borrelli

(A) (B)

(C)

Fig. 1. Right eye of a patient with bilateral intermediate AMD. (A) Colour fundus photography showing confluent large soft drusen associated with

RPE pigmentary changes. (B) Structural OCT horizontal scan centred on the fovea showing multiple drusen, with no signs of exudation (intraretinal

and/or subretinal fluid). (C) Optical coherence tomography angiography (OCT-A) slabs automatically segmented at the SCP, DCP, outer retina and

CC level (from left to right): SCP, DCP and outer retina show no significant alterations; CC image shows multiple areas of reduced or absent signal,

due to both presence of attenuation artifacts and real reduced blood flow. No signs of neovascularization are visible on OCT-A. AMD = age-related

macular degeneration, CC = choriocapillaris, DCP = deep capillary plexus, OCT = optical coherence tomography, OCT-A = OCT-angiography,

RPE = retinal pigment epithelium, SCP = superficial capillary plexus.
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et al. 2017b). Main image processing
steps are reported in Fig. 2.

Flow voids (FVs) were calculated as
a percentage between area with absence
of flow (AreaFlowvoid) and total scanned
area (Areawhole):

FV ¼ AreaFlowvoid=Areawhole � 100%:

AreaFlowvoid was determined using
three different levels of thresholding, [1
standard deviation (SD), 1.25 SD and
1.5 SD], as previously proposed
(Zhang et al. 2018).

Statistical analysis

Age was compared among the three
subject groups using one-way ANOVA.
Analysis of covariance (ANCOVA) was
employed to compare clinical vari-
ables [CT and flow voids percent
(FV%)] among the three subject
groups (controls, bilateral iAMD, uni-
lateral iAMD) by adjusting for age
(Pocock et al. 2002). The means of
populations were estimated as least
squares means, which are the best
linear estimates for the marginal
means in the ANCOVA design. In case
of an overall statistically significant
difference among subject groups, pair-
wise comparisons among the three

groups were done using the Scheff�e
test (Howell 2010). All the analyses
were performed using STATISTICAL VER-

SION software 6.0 (StatSoft Inc., Tulsa,
OK, USA), using a two-sided type I
error rate of p = 0.05.

Results

Study population characteristics

Of the initially enrolled 41 eyes with
diagnosis of iAMD, two eyes were
excluded for detection of suspect sub-
clinical CNV on OCT-A and confirmed
on FFA/ICGA. Therefore, 39 eyes of
39 patients (24 females and 15 males)
and 16 normal eyes of 16 controls were
included in the final analysis. Of 39
eyes with iAMD, 26 eyes (66.7%) had
bilateral iAMD, while 13 (33.3%) had
iAMD in one eye and nAMD (presence
of CNV) in the fellow eye. Mean age
was 72.4 � 8.02 years (range: 60–89)
in healthy controls and 75.7 � 7.89
years (range: 56–89) in the entire
iAMD population, 74.8 � 7.53 years
(range: 59–87) in the bilateral iAMD
group and 77.69 � 8.57 (range: 56–89)
in the group with nAMD in the fellow
eye. Age was not significantly different
among the three study groups
(p = 0.21).

OCT data

Mean CT was 258 � 89.91 lm in con-
trols, 181 � 66.46 lm in patients with
bilateral iAMD and 174 � 84.26 lm in
patients with unilateral iAMD. A statis-
tically significant difference was found
between controls and unilateral iAMD
(p = 0.03). There was no significant dif-
ference between controls and bilateral
iAMD (p = 0.06) and between unilateral
and bilateral iAMD (p = 0.58).

OCT-A data

All row data of the included patients
and subjects are shown in Table 1.
Mean FV% (1 SD) was 13.45 � 0.66
in controls, 14.19 � 1.23 in patients
with bilateral iAMD and 14.21 � 0.99
in patients with nAMD in the fellow
eye. An increasing trend from controls
to bilateral iAMD and to unilateral
iAMD was found, with a statistically
significant difference between controls
and bilateral iAMD (p = 0.03) and a
border-line statistically significant dif-
ference between controls and unilateral
iAMD (p = 0.05). Mean FV% (1.25
SD) was 6.55 � 0.65 in controls, 7.33
in patients with bilateral iAMD and
7.06 � 1.4 in patients with unilateral
iAMD. A statistically significant

(A)

(D) (E) (F)

(B) (C)

Fig. 2. Image processing steps performed to compensate for CC attenuation artifacts due to the presence of drusen. (A) Original SCP optical

coherence tomography angiography (OCT-A) image; (B) original CC OCT-A image; (C) original en face structural CC image; (D) en face structural

CC image after Gaussian smoothing filter application; (E) en face structural CC image after inverse transformation (1 � Norm(C), transformed

structural CC image); (F) projection artefact-free and compensated CC flow image obtained from the multiplication between the flow image (B) and

the transformed structural image (E). CC = choriocapillaris, SCP = superficial capillary plexus.
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difference was found between controls
and bilateral iAMD (p = 0.048), and
no statistically significant difference
was found between controls and uni-
lateral iAMD (p = 0.28). Mean FV%
(1.5 SD) was 2.71 � 0.82 in controls,
2.55 � 1.12 in patients with bilateral
iAMD and 3.25 � 1.17 in patients with
unilateral iAMD. A statistically signif-
icant difference was found between
bilateral and unilateral iAMD,
p = 0.038, and no statistically signifi-
cant difference was found between
controls and unilateral iAMD
(p = 0.15). Flow voids percent (FV%)

results (mean � SD) with different
methods of thresholding are summa-
rized in Table 2.

Discussion

In this study, we prospectively investi-
gated CC alterations in patients with
iAMD by means of SS-OCT-A. Quan-
titative evaluation of FVs was used as a
measure of CC impairment, document-
ing a significant reduction in CC blood
flow in eyes with iAMD compared to
healthy controls.

Previous studies, performed using
laser Doppler flowmetry, have demon-
strated a progressive decline in density
and diameter of CC and medium-sized
choroidal vessels with age, that seems
to be faster and more accentuated in
patients with AMD (Grunwald et al.
1998a,b, 2005; Metelitsina et al. 2008).
Enhanced depth imaging spectral
domain m(SD)-OCT has shown a
decrease in CT over decades (Spaide
et al. 2008; Margolis & Spaide 2009;
Ding et al. 2011). Histologic studies
have demonstrated the presence of
regions of CC impairment in relation
to drusen formation even in the earliest
stages of AMD, with lower choroidal
vascular density in patients with higher
number of drusen and sub-RPE depos-
its (Mullins et al. 2011). Post-mortem
analyses on choroids from human
donors have tried to clarify the con-
nection between RPE and CC loss in
AMD. In nAMD, areas of CC dropout
were observed surrounding both active
and inactive CNV, even when RPE was
preserved (McLeod et al. 2009). As
proposed by Bhutto and Lutty, this
may indicate that in nAMD the first
damage could be at the CC level, as a
result of an ischaemic and/or

Table 1. Choriocapillaris flow voids percentage of each subject/patient included in the final analysis of the study.

Normal

controls

FV%

(1 SD)

FV%

(1.25 SD)

FV%

(1.5 SD)

Bilateral

iAMD

FV%

(1 SD)

FV%

(1.25 SD)

FV%

(1.5 SD)

Unilateral

iAMD

FV%

(1 SD)

FV%

(1.25 SD)

FV%

(1.5 SD)

1 13.68 6.63 2.35 1 14.58 7.21 2.09 1 13.48 8.10 4.67

2 14.82 7.43 2.26 2 14.21 7.22 1.53 2 15.24 8.64 4.54

3 13.70 7.11 3.87 3 13.41 6.96 2.05 3 13.88 7.70 3.89

4 13.96 6.39 1.94 4 15.07 7.17 1.61 4 14.18 7.41 3.68

5 13.87 7.55 3.39 5 13.63 6.21 2.97 5 14.82 7.26 3.47

6 14.05 6.40 2.23 6 14.6 10.31 2.24 6 12.84 6.70 3.70

7 12.88 5.57 2.10 7 17.68 4.25 3.14 7 15.05 7.50 1.36

8 13.68 6.58 2.26 8 13.78 7.73 2.75 8 13.07 6.22 1.65

9 13.37 6.22 1.90 9 15.7 9.13 4.65 9 16.04 3.12 2.29

10 12.60 6.03 2.05 10 14.09 7.37 1.94 10 13.59 7.18 3.89

11 13.22 6.22 3.29 11 13.60 7.33 1.71 11 13.68 6.16 1.32

12 13.34 6.41 2.41 12 14.14 7.24 1.21 12 15.38 8.46 3.99

13 13.39 6.46 2.30 13 14.57 8.06 1.85 13 13.53 7.27 3.82

14 12.16 5.54 2.81 14 13.17 7.18 3.98

15 12.61 6.37 3.50 15 12.80 6.32 2.82

16 13.84 7.88 4.77 16 15.33 8.02 2.24

17 14.32 9.21 2.92

18 15.52 8.04 1.69

19 14.40 7.64 1.89

20 13.67 9.32 6.02

21 13.97 6.94 1.48

22 11.27 5.66 2.91

23 13.52 8.35 2.13

24 13.15 6.51 1.39

25 15.91 3.97 3.00

26 13.01 7.47 4.01

FV = flow void, iAMD = intermediate age-related macular degeneration, SD = standard deviation.

Table 2. Mean choriocapillaris flow voids percentage of study groups evaluated on swept-source

OCT angiography.

Group FV% (1 SD) FV% (1.25 SD) FV% (1.5 SD)

Controls (n = 16) 13.45 � 0.66 6.55 � 0.65 2.71 � 0.82

Bilateral iAMD (n = 26) 14.19 � 1.23* 7.33 � 1.4† 2.55 � 1.12

Unilateral iAMD (n = 13) 14.21 � 0.99 7.06 � 1.4 3.25 � 1.17‡

One-way analysis of covariance analyses by adjusting for age: comparison among controls,

patients with bilateral iAMD and patients with unilateral iAMD. One eye per patient/subject was

evaluated. Statistical significance was set at p = 0.05. FV% is reported as mean � SD.

FV = flow void, iAMD = intermediate age-related macular degeneration, n = number of patients,

SD = standard deviation.

Comparison versus controls: *Scheff�e test, p = 0.03, †Scheff�e test, p = 0.048.

Comparison versus bilateral iAMD: ‡Scheff�e test, p = 0.038.
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inflammatory insult (Bhutto & Lutty
2012), with consequent disruption of
RPE/Bruch’s complex and loss of pho-
toreceptors (Zarbin & Rosenfeld 2010;
Querques et al. 2014; Borrelli et al.
2017a). Instead, in GA the initial insult
seems to be at the level of RPE,
whereas dysfunction and dead of pho-
toreceptors and CC appear to be a
secondary event (Bhutto & Lutty
2012).

Swept-source (SS)-OCT-A has intro-
duced new insights into the evaluation
of CC in AMD. Even if CC flow
quantification is still challenging, dif-
ferent approaches have been tried in
previous studies. These include signal
binarization, analysis of decorrelation
signal indices and of signal voids and
vascular and perfusion density mea-
surement (Alten et al. 2016; Spaide
2016, 2017; Cicinelli et al. 2017; Nicol�o
et al. 2017; Lauermann et al. 2018).
Nesper et al. (2017) proposed an algo-
rithm to calculate CC nonperfused area
in patients with reticular pseudodrusen
(RPD) and drusen, excluding areas of
CC underlying drusen and superficial
retinal vessels, as potential sources of
artefacts. Lane et al. (2016) performed
a study comparing SS and SD-OCT-A
devices in early and intermediate
AMD, concluding that SS technology
produced fewer areas of false-positive
flow impairment (thus being capable of
better discriminating between all signal
voids and real flow voids). In the
present study, we performed SS-OCT-
A in eyes with diagnosis of iAMD in
order to better define CC changes that
occur in this disease. Choriocapillaris
(CC) changes were evaluated by quan-
tifying FVs, after compensating for
attenuation artefacts and removal of
projection artefacts.

The percentage of FVs was com-
pared among patients with bilateral
and unilateral iAMD and healthy con-
trols. Patients with unilateral iAMD
had nAMD in the fellow eye. We found
a significantly higher percentage of FVs
in pathologic eyes versus normal eyes,
with slightly higher values detected in
unilateral iAMD eyes versus bilateral
iAMD eyes when applying the lowest
threshold (1 SD) and significantly
higher values when applying the high-
est threshold. The issue of the optimal
threshold value to be used in CC
analysis still remains open. In agree-
ment with the study by Zhang et al.
(2018), larger thresholds resulted in

fewer FVs and viceversa. However, if
the threshold is too high, only few
pixels are accounted as AreaFlowvoid;
therefore, it is possible that some FVs
are missed and that the whole Area-
Flowvoid is not entirely considered. On
the other hand, if the threshold is too
low, a certain amount of pixels could
be erroneously taken into account
during FVs computation, increasing
the number of false positives in the
considered area. In the present study,
three different threshold values were
tested and the 1 SD threshold showed
the most significant difference in mea-
suring FVs both in normal controls
and iAMD cases. However, it is impor-
tant to highlight that there is no gold
standard for results validation; thus,
the accuracy of the proposed method
was based on a visual evaluation of
final compensated images, as recently
proposed (Zhang et al. 2018). In the
present study, the 1 SD threshold was
capable of well distinguishing healthy
controls from pathologic eyes and a
slight difference, even if not statistically
significant, was found also between
unilateral and bilateral iAMD cases.
If we consider the 1.25 threshold, it was
still possible to discriminate between
healthy and pathological cases, but the
possibility to differentiate unilateral
from bilateral iAMD cases was lost.
Considering the 1.5 SD threshold, it
was only possible to distinguish unilat-
eral from bilateral iAMD cases, but
without the possibility to correctly
identify healthy controls.

Our results are in agreement with a
recent study by Borrelli et al. (2017a,b)
that, with a different method of anal-
ysis, detected a higher average CC
signal void size in patients with iAMD
in one eye and nAMD in the fellow eye.
Moreover, a higher average CC signal
void size was reported in eyes with
early and iAMD and type 3 neovascu-
larization in the fellow eye versus early
and iAMD and type 1 or 2 neovascu-
larization in the fellow eye (Borrelli
et al. 2018a,b,c). It is clearly estab-
lished that patients with nAMD in one
eye have a higher risk of developing
nAMD in the fellow eye, therefore,
these data may support the hypothesis
that CC impairment could drive the
development of neovascular form of
AMD. Other recent studies evaluated
CC in the early stages of AMD using
OCT-A. Cicinelli et al. (2017) used
OCT-A to evaluate CC vascular

density on binarized images in patients
with drusen and RPD reporting
decreased density in comparison with
healthy controls. Chatziralli et al.
(2018) performed OCT-A in patients
with early AMD and qualitatively
described a reduction in CC blood flow
signal that in some patients extended
beyond the drusen area (although
without excluding potential source of
artefacts from the image evaluation).
Borrelli et al. (2018a) used SS-OCT-A
to evaluate eyes with iAMD and found
a significant CC flow impairment (in-
creased signal void area compared to
healthy controls) that topographically
corresponded to the area covered by
drusen.

Although iAMD is often character-
ized by preserved visual acuity (Fried-
man et al. 2004), CC is essential for
maintaining a proper photoreceptor
function. Thus, the reduction in CC
flow, described in patients with iAMD,
may affect photoreceptor structure and
function (Borrelli et al. 2018b), leading
to impaired macular function. Nesper
et al. (2017) found that nonperfused
CC area detected on OCT-A correlated
to decreased visual acuity in a group of
eyes with drusen and pseudodrusen;
Borrelli et al. (2018c) observed a cor-
relation between FVs area and N1
multifocal electroretinogram implicit
times in iAMD, thus supporting the
hypothesis of an association between
CC perfusion and photoreceptor func-
tion.

The major limitations of the present
study include a small sample size and a
lack of a longitudinal follow-up. How-
ever, the use of both swept-source
technology and the process of compen-
sation of attenuation artefacts in image
analyses, allowed to significantly
improve the reliability of the results,
thus making it the major strengths of
this study.

At the best of our knowledge, even if
small in numbers, this is the first study to
apply this novelmethodofCCperfusion
analysis to compare bilateral and uni-
lateral cases of iAMD. Higher values of
FV% were detected in patients with
iAMD versus normal controls and an
increasing trend was found from
patients with bilateral iAMD to patients
with nAMD in the fellow eye. If these
observations could be confirmed in
future larger longitudinal studies, this
may be an element in support of the
hypothesis of CC impairment as a
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possible primum movens of the neovas-
cular formofAMDthat canbe clinically
detected and evaluated with a non-
invasive method.

In conclusion, the present study
documents a reduction in CC blood
flow in patients affected by iAMD.
Optical coherence tomography angiog-
raphy (OCT-A) should be considered
an important non-invasive imaging
modality for the study of patients with
iAMD. Further longitudinal studies
including larger sample of patients are
necessary to confirm these preliminary
data and to investigate the rate and
timing of development of nAMD in
patients with reduced CC blood flow.
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