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ABSTRACT.

Purpose: To identify the changes in distinct vascular parameters of choroidal

neovascularization (CNV) ineyeswith treatment-na€ıveneovascularage-relatedmacular
degeneration(nAMD)duringtheprimaryresponsetoanti-VEGFtherapyusingaflibercept.

Methods: Patients were prospectively followed during the first 3 months

according to a standardized protocol with mandatory visits at days 7 and 14

after each anti-VEGF treatment up to day 90. Fourteen eyes were seen in addition

at days 1 and 3 post-initial injection. Aflibercept was administered at baseline

(BL), day 30 and 60. 6 3 6mm SSOCTA (PlexElite, Zeiss) images were

acquired. Using the semi-automated AngioTool, CNV area, vessel area, vessel

density (VD), the number of junctions, junctions density, total vessel length,

average vessel length, total number of endpoints and lacunarity were assessed.

Results: Thirty-two consecutive patients presenting with treatment-na€ıve, SSOCTA-

positiveCNV lesionswere included.Close follow-up showed a characteristic neovascular

response curve with a dynamic decrease in lesion size within days and a reactive increase

following 2 weeks after initial treatment. An undulating pattern was seen for all

neovascular parameters except for vascular density, with variable statistical significance.

Duetoaflatteningofthetherapeuticresponseasearlyasafterthesecondtreatment,CNV

lesion size and most of the related parameters had an increase in activity above baseline

valuesattheendofthe loadingphase.Lesionsizewastheleadingfeatureofreactivationby

a mean increase of 19.3% after three monthly aflibercept injections. Subgroup analysis

basedon lesion size revealed a significant correlationbetweenbest-corrected visual acuity

and quantitative change in lesion size over time, but not baseline size.

Conclusions: Using SSOCTA, a morphologic neovascular response pattern can be

identified in anti-VEGF treatment of CNV. A synchronized early decrease and

consecutive reactivation in a large spectrum of neovascular biomarkers including size

and internal structure are visualized in a qualitative and quantitative manner. SSOCTA

analyses allow new insights in CNV morphology changes and therapeutic response.
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Introduction

Intravitreal anti-vascular endothelial
growth factor (VEGF) therapy is the
gold standard for treating neovascular
age-related macular degeneration
(nAMD) treatment. With a large vari-
ability in numbers of intravitreal injec-
tions performed in patients with
nAMD in clinical routine, biomarkers
for monitoring adequate response to
treatment and to indicate the need for
retreatment are crucial for an efficient
therapy of the AMD population as well
as each individual patient. Optical
coherence tomography (OCT) has
already revolutionized nAMD diagnos-
tics and treatment, and features such as
central retinal thickness, pigment
epithelial detachment, subretinal and
intraretinal fluid are used as surrogate
parameters to determine treatment
response with OCT offering a vascular
endothelial growth factor ‘(VEGF)-
meter’ (Rosenfeld 2016). A tight corre-
lation of OCT-based features with
treatment outcomes has recently been
confirmed by artificial intelligence
(Schmidt-Erfurth et al. 2018). With
the introduction of OCT angiography
(OCTA; Zotter et al. 2011; Jia et al.
2012), an essential tool has become
available to directly visualize the chor-
oidal neovascularization (CNV) com-
plex non-invasively. Preliminary data
suggest that the latest advances in
OCTA based on swept-source technol-
ogy (SSOCTA) have higher sensitivity
and specificity in detecting CNV
compared with spectral domain (SD)
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OCTA (Told et al. 2016). The sensitiv-
ity levels for CNV detection published
in the literature range between 32%
and 53% using SDOCTA (Told et al.
2016; Babiuch et al. 2019). With the
latest advancements in OCTA technol-
ogy (SSOCTA), sensitivity increases to
68–86% (Moult et al. 2014; Gong et al.
2016; Told et al. 2016). Worth men-
tioning is the fact that using manual
segmentation in SDOCTA volumes
increased sensitivity further, to 92%
(Babiuch et al. 2019), an investigation
still pending in SSOCTA. SSOCTA
further allows advanced and more
detailed identification of characteristic
CNV-related features compared with
SDOCTA (Novais et al. 2016; Miller
et al. 2017; Cicinelli et al. 2019). When
it comes to comparing the current gold
standard (Chakravarthy & Williams
2013; Schmidt-Erfurth et al. 2014) for
CNV detection, which is fluorescein
angiography (FA) and if needed indo-
cyanine green angiography (ICGA),
with non-invasive angiography, data
are limited but indicate that both, FA
and ICGA, are still superior to OCTA
regarding exudative CNV detection (de
Carlo et al. 2015; Told et al. 2018).
However, as shown recently, there was
no statistically significant difference in
measurements from FA/ICGA and
SSOCTA images after a deep learn-
ing-based image registration had been
performed (Told et al. 2019). This
progress in technology has raised hopes
firstly that the current dye-based gold
standard fluorescein and indocyanine
green angiography can potentially be
replaced by OCTA and secondly that
new biomarkers for a detailed assess-
ment of CNV morphology may become
available. OCT imaging merely visual-
izes the secondary fluid-related conse-
quences of CNV activity as well as the
resolution of fluid under therapy, but
does not offer any insight into the
vascular biology and response of CNV
to a treatment, which has originally
been labelled as “anti-angiogenic”.
Fluid, however, does not correlate in a
1:1 fashion with visual acuity, nor does
it explain the impact of VEGF inhibi-
tion on the neovascular biology (Sch-
midt-Erfurth &Waldstein 2016). OCTA
with its intrinsic potential to visualize a
wide spectrum of vascular patterns in
great detail offers a unique opportunity
to increase our insight into therapeutic
efficacy. This study aimed at profiling
the morphologic CNV lesion response

during its most sensitive phase, that is
the aflibercept loading phase in treat-
ment-na€ıve CNV in a prospective and
standardized manner using the most
advanced OCTA technology. More-
over, CNV characteristics and best-cor-
rected visual acuity (BCVA) are
correlated to identify the adequate
OCTA-based parameters to guide treat-
ment in the near future.

Methods

Thirty-two consecutive patients with
treatment-na€ıve nAMD presenting at
the Ophthalmology Department of the
Medical University of Vienna, Vienna,
Austria were included in this prospec-
tive case series after signing an
informed consent. The study protocol
was approved by the Ethics Committee
of the Medical University of Vienna,
Vienna, Austria, and the study was
conducted in adherence to the Decla-
ration of Helsinki including current
revisions and the Good Clinical Prac-
tice (GCP) guidelines.

Inclusion criteria

Inclusioncriteriawereage≥50 yearsand
diagnosis of actively leaking, treatment-
na€ıve type 1 or type 2 nAMD or mixed
type CNV due to AMD, clear ocular
media, and the willingness to give
informed consent to participate in this
study. Any pretreatment or other ocular
disease was considered an exclusion cri-
terion. Patients with a refractive error
greater than �6 dioptres (spherical
equivalent), or an allergy to intravenous
dye (fluorescein or indocyanine green)
administrationwerealsoexcluded.Visu-
alization of the CNV by SSOCTA was
mandatory for inclusion into the study.

Ophthalmic examination

All patients were recruited at the
Department of Ophthalmology, Med-
ical University of Vienna, Austria and
followed identical standardized proce-
dures. During the same visit, all
patients underwent best-corrected
ETDRS visual acuity (Told et al.
2013) testing reported as logMAR, a
complete ophthalmic examination
including Goldmann applanation
tonometry, biomicroscopy, funduscopy,
spectral domain optical coherence
tomography (SDOCT) and were
assessed for the diagnosis of nAMD

with fluorescein and indocyanine green
angiography (all Spectralis
HRA + OCT, Heidelberg Engineering,
Germany) previous to study inclusion.
Exudative CNV activity was evaluated
based on structural OCT imaging. The
pupil of the study eye was dilated with
eye drops containing 0.5% tropicamide.

SSOCTA evaluation

A 6 9 6 mm volumetric flow scan con-
taining 500 9 500 A-scans was
recorded with a 1060-nm swept-source
OCT angiography (SSOCTA) device
(PLEX Elite 9000; Carl Zeiss Meditec,
Dublin, CA, USA) with an A-scan rate
of 100 000 and an axial resolution of
6.3 µm. The automated layer segmen-
tation displays the predefined vascular
plexus, including the superficial and
deep retinal capillary plexus as well as
the outer retina to choriocapillaris
(ORCC) and the choroidal capillary
(CC) layer in orthogonal view. If
needed, the automated layer segmenta-
tion was manually corrected using the
corresponding structural B-scans to
guide placement of the segmentation
lines to best visualize the CNV complex.
For optimal display of the CNV com-
plex, the particular RPE – RPE fit slab
or the ORCC slab (8 µm beneath
Bruch’s membrane to the bottom
boundary of the outer plexiform layer)
was used. The same visualization was
used for all subsequent visits of one
patient. This method allowed selection
of the images that visualized the largest
extent of the CNV complex in both type
1 and 2 CNV. Images had to cover the
whole lesion area and were excluded if
the signal-to-noise ratio was bad (<6/10)
or motion artefacts or floaters were
present in the area of interest.

All patients returned to the clinic for
SSOCTA imaging every 7 and 14 days
after aflibercept treatment as well as at
days 30, 60 and 90. A subgroup of 14
patients also returned for SSOCTA
imaging with dilated pupils at days 1
and 3 after treatment initiation.

Evaluation of SSOCTA-based parameters

Lesion size was determined manually
by two independent graders, masked
for the patient and acquisition
sequence, using the Fiji 1.50e (Image
J, National Institutes of Health, USA
(Schindelin et al. 2012)) free-hand
selection tool to calculate of the
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intraclass correlation coefficient (ICC).
Thereafter, the complimentary flow
information surrounding the CNV
lesion was masked in black to avoid this
image area influencing measurements
when using the AngioTool (0.6a,
National Cancer Institute, USA;
Zudaire et al. 2011) software. The soft-
ware was used for semi-automated
determination of CNV-related variables
with the same setting for each patient
regarding threshold, vessel thickness
and removal of small particles. The tool
segments, skeletonizes and analyses the
explant area, which is the total area after
manual delineationof theCNVcomplex
(CNV lesion size). This area is charac-
terized by vessel area, which is the total
area with OCTA flow information
within the CNV lesion, vessel density
(VD) or vessel percent area, which is the
percentage area of OCTA flow signal
(vessels) in relation to the CNV lesion,
total vessel length,which is the sumof all
vessels defined as the distance between
two junctions or endpoints, average
vessel length, which is the average
distance of all vessels defined as the
distance between two junctions or end-
points, junction density, which is
defined as the number of junctions per
unit area, total number of junctions, the
total number of vessel endpoints,
defined as vessel dead ends with no
continuation and lacunarity, which
reflects homogeneity of vascular tissue
with lower values equalling homoge-
neous vasculatures.

Statistical analysis

Statistical analysis was performed
using Prism 6 (SoftPad Software Inc.
La Jolla, CA, USA). Descriptive statis-
tics are reported as the mean � stan-
dard deviation (SD). ICC was
calculated for delineation comparisons
between graders. A repeated measure-
ment ANOVA with Bonferoni correc-
tion was used to assess statistically
significantly changes over time. The
Pearson correlation was used to inves-
tigate the relationship between two
variables. ETDRS VA was converted
to logMAR for calculations (Khosh-
nood et al. 2010). Sample Size was
calculated using PS Power and Sample
Size Program, V3.0, 2009, Vanderbilt
University, Nashville, TN, US
(Dupont & Plummer 1990). Since, at
the time of study planning, no data on
CNV-related OCTA parameters were

available, we used retinal thickness
(RT) form an unpublished but similar
cohort as a surrogate parameter assum-
ing that OCTA parameters would show
similar or less change. RT decreased by
�3.6% compared with baseline. We
consequently set d to 1.8, r was 3.5
resulting in a need to study 32 patients.
Power was set at 0.8, and the level of
significance was set to a 0.05.

Results

Patient characteristics and visual response

Thirty-two eyes of 32 consecutive
patients with OCTA-positive, treat-
ment-na€ıve nAMD were included in
this prospective analysis. The mean
patient age was 77 � 6 years (range
58–89 years). From the 32 eyes
included 16 were right eyes, 16 left
eyes, 21 patients were female and 11
were male.

The mean baseline logMAR best-
corrected visual acuity was
0.35 � 0.28, ranging from 0 to 1.2 at

baseline (day 0) and decreasing to
0.21 � 0.27 (p < 0.001, ANOVA, see
Fig. 1) after a loading dose of three
monthly aflibercept injections. After
the first aflibercept injection (day 30),
the visual improvement was statisti-
cally significant.

Response dynamics in CNV lesion size

On average, the total CNV area
increased significantly by 19.3% by
day 90 after a loading dose consisting
of three monthly injections. The CNV
area decreased between 1 and 2 weeks
after each aflibercept injection and
increased thereafter in a fluctuating
pattern (see Fig. 2). Compared with
baseline the CNV area dropped 1 week
after the first aflibercept injection by a
mean of �15.4% and 2 weeks after
injection by �13.6% with the largest
effect of �24.8% observed 14 days
after the first aflibercept injection
(p = 0.028 paired t-test). However,
after the second and third injection,
this change did not reach the level of

Fig. 1. logMAR visual acuity during aflibercept loading dose.

Fig. 2. Relative choroidal neovascularization area change from baseline during aflibercept loading

dose. Vertical dashed lines indicate intravitreal injections; BL = baseline (day 0); The asterisk

indicates a statistically significant difference based on pixel data.
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significance (all p > 0.05). The ICC for
the area measurement was 0.89.

A subgroup of 14 patients was
imaged also on day 1 and 3 after the
initial injection to evaluate the dynam-
ics of early CNV reduction. As seen in
Fig. 3, aflibercept had an immediate
and statistically significant effect on the
CNV area (p < 0.0001, ANOVA based on
pixel data) starting at day 1 and con-
tinuing until week 2 and reaching a
plateau between �21% and �28%
compared with baseline.

Differentiation of subgroups in CNV

response

For subgroup analysis, we graded
patients according to their individual
response of the CNV area to the
aflibercept loading dose. This resulted
in three groups: decrease of the CNV
lesion by more than 50%, increase of
the CNV lesion by more than 50%
and an in- or decrease of the CNV
lesion by <50%. Subgrouping
revealed that approximately one third
of the CNV lesions, either increase or
decrease by more than 50% during
the first three months. More than
two-thirds either increased or
decreased by <50% compared with
BL after three months (see Table 1).
These groups were pre-specified but
set empirically.

Correlation of lesion area and BCVA

When the morphological and func-
tional therapeutic response were corre-
lated, we found that eyes with a
reduction of more than 50% compared
with baseline had the most prominent
BCVA gain. In contrast, eyes with an
increase of CNV lesion size by more
than 50% showed the least functional
benefit; in fact these patients showed
no change in VA during the first three
months. Eyes with an increase or
decrease of the CNV lesion size of
<50% showed a one to three line
increase in VA.

We further investigated if there was
a correlation between baseline lesion
size and the lesion response to the
aflibercept loading dose expressed by
the per cent CNV area change after
3 months. Correlation analysis showed
that there was a weak inverse correla-
tion between baseline CNV area and
the treatment response (r2 = �0.4,
p = 0.09). Correlation between base-
line CNV area and per cent change
from baseline in VA showed a non-
statistically significant (p > 0.05) cor-
relation of r2 = �0.12.

Response of neovascular features unrelated

to area

The overall vessel density of CNV
lesions remained stable over time with

56.5 % at baseline and 58.4% after
3 months. There was also no signifi-
cant change in VD seen following
reinjections (see Fig. 5). This change
was not statistically significant (all,
p > 0.05). There was no difference in
VD restructuring found between eyes,
which increased or decreased by more
or <50% in CNV lesion size (all
p > 0.05).

Most of the parameters characteriz-
ing the CNV lesion showed a distinct
change over time in response to afliber-
cept treatment. Vessel area, total vessel
length, the total number of junctions
and junction density responded to each
aflibercept injection with a decrease
after 7 to 14 days and increased there-
after until 1 month after treatment.
Consistent with the change in lesion
size, these effects reached the level of
significance in vessel area, total vessel
length and total number of junctions
(all p < 0.05, t-test) following the first
injection and were not statistically
significant after the second and third
aflibercept injection, although the
dynamics showed a similar response
pattern in general for several features,
except VD (see Fig. 5).

However, vessel per cent area, aver-
age vessel length, total number of
vessel endpoints and mean lacunarity
did not show a related response pattern
to aflibercept treatment, but a generally
symmetric undulation not reaching
statistical significant change compared
with baseline (all p > 0.05).

Discussion

Pigment epithelial detachment, subreti-
nal fluid, intraretinal fluid and central
retinal thickness are OCT-based hall-
marks in patients with nAMD and are
used as imaging biomarkers to assess
the treatment response and disease
activity in clinical routine. In large-
scale studies using machine learning
some of these parameters, especially
subretinal fluid volume in the central
3 mm and intraretinal fluid have been
shown to be predictive for treatment
need and visual acuity outcome (Bogu-
novic et al. 2017; Schmidt-Erfurth et al.
2018). With new imaging technologies
such as OCTA becoming available, the
search for new imaging biomarkers
may reach novel horizons. SSOCTA
provides high-resolution volumes of
the CNV lesion, which we used to
evaluate the response of vascular

Fig. 3. The choroidal neovascularization (CNV) area as expressed by relative change form

baseline. CNV reacted to aflibercept treatment with an instant decrease in size starting within 24 h

continuing until day 14. BL = baseline (day 0).

Table 1. The median per cent change of choroidal neovascularization area from baseline after

3 months.

Decrease > 50% Decrease or increase < 50% Increase > 50%

Median % change �68.8% �0.1% 107.6%

n 5 (15.6%) 23 (71.8%) 4 (12.5%)
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morphologic biomarkers to aflibercept
treatment during the particularly rele-
vant, that is predictive time point of the
loading dose. Previous studies evaluat-
ing potential OCTA biomarkers were
largely cross-sectional or retrospective
in nature. The focus of this prospective
study was the spectrum of relevant
vascular components of the CNV com-
plex imaged with the latest generation
of (SS) OCTA.

With a statistically significantly
increase in visual acuity (see Fig. 1)
during the loading dose, the CNV
lesion area could be assumed to
decrease. In fact, such a decrease in
visible dimension occurs as early as at
day one after anti-VEGF injection (see
Fig. 3), which was equally reported by
Lumbroso et al. (2015). However, over
a period of three months and even
following three consecutive monthly
injections, the CNV area nevertheless
increased statistically significantly by
19%. This is in accordance with a
retrospective cohort study by Xu et al.,
reporting an increase of 12.5% in type
1 CNV lesions after one year of pro re
nata (RPN) anti-VEGF treatment. The
CNV lesion expanded even further by
25.6% compared with baseline at the
last follow-up visit after a median of
16 months (Xu et al. 2018). After
12 months of anti-VEGF treatment,
Sustronck et al. (2019) found an
increase in CNV area of 35% in the
PRN group and 25% in the treat and
extend group, although the difference
between groups was not statistically
significant. An increase in CNV lesion
size was also shown for treatment-
na€ıve quiescent nAMD CNV lesions
(Querques et al. 2013) after one year
highlighting CNV growth as a natural
biological behaviour (Carnevali et al.
2018). Kuehlewein et al. (2015) found
no CNV area change after three
months of follow-up in patients with
active or chronic type 1 neovascular-
ization, which is most likely due to the
chronicity of most of the lesions
included in their study. Similarly,
large-scale studies such as the CATT
(Martin et al. 2012), ANCHOR
(Brown et al. 2006) and MARINA
(Rosenfeld et al. 2006) trials showed an
increase in CNV area while under
continuous anti-VEGF treatment or
in the sham group using fundus pho-
tography and fluorescein angiography.
On the other hand, VIEW 1 and 2
showed an average decrease in CNV

area after one year, but this decrease
was very small with approximately 4%
in all treatment groups (Heier et al.
2012). Moreover, Lumbroso et al.
(2015) found a decrease in OCTA
CNV lesion size 1 month after treat-
ment initiation in only five treatment-
na€ıve patients with type 2 nAMD. Our
study offers the only larger prospective
data set and includes tight timing of the
early response together with the highest
definition OCTA technology currently
available. Our data clearly show the
dynamics of neovascular change with
an immediate closure of a portion of
the lesion around 25% of the entire
extension, most likely due to constric-
tion than a true anatomical shrinkage
of the lesion. Immediate vascular con-
striction has been shown as a typical
reaction to VEGF blockade (Papado-
poulou et al. 2009; Sacu et al. 2011).
Within 2 weeks, the lesion has reo-
pened and neovascular growth contin-
ues following the underlying VEGF
stimulation. There is also clear evi-
dence that the sensitivity to treatment
diminishes already during the first
injections of the loading dose.

However, not all CNV lesions are
the same. Grouping the data by the
level of CNV area change resulted in
three groups: First, an increase and
second, a decrease by more than 50%
of the CNV area and third an in-or
decrease by <50%. This analysis
showed that approximately one third
of the lesions increased or decreased by
more than 50% of lesion size, and more
than two-thirds of CNV lesions
(71.8%) were grouped in an intermedi-
ate group, which remains in between
the 50% of increase/decrease compared
with baseline. Patients with a decrease
in lesion size by more than 50%

showed the highest gain in VA and
those with an increase by more than
50% had the lowest benefit (see Fig. 4).
Correlation analysis showed that there
was a weak and statistically non-sig-
nificant inverse correlation (r2 = �0.4)
between baseline CNV area and treat-
ment response, indicating the smaller
the CNV lesion at baseline the more
decrease in CNV lesion size after three
months of anti-VEGF treatment. Yet,
there was no correlation between base-
line CNV lesion size and the change of
VA after 3 months, expressed as rela-
tive change from baseline.

We further evaluated quantitative
intrastructural parameters characteriz-
ing the CNV vascular architecture
using a semi-automated approach,
which provided information on unifor-
mity and vessel status. The current
discussion of the vascular features and
biology of CNV lesions per se and
under anti-angiogenic therapy is extre-
mely controversial, and the rationales
are highly hypothetical: the junction
number or density, for example could
be a measure for angiogenic vessel
sprouting; again, active lesions would
be expected to show a higher junction
number or density. Whereas, high val-
ues in total vessel length could either
indicate CNV activity or vessel pruning
due to anti-VEGF treatment resulting
in the formation of vascular loops
(Spaide 2015). Lacunarity, for exam-
ple, might allow conclusions on the
angiogenetic, that is activity status of
the CNV lesion. Higher values of
lacunarity might reflect an inhomoge-
neous CNV configuration, which is
thought to be the case in old lesions
with pruned vessels following arterio-
genesis or after anti-VEGF injections.
Similarly high values of VD were

Fig. 4. Median logMAR best-corrected visual acuity change during loading dose in subgroups

with in- or decreasing choroidal neovascularization area.
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assumed to characterize active lesions,
with abundant angiogenesis. Vessel
density is defined as the relationship
between vessel area and total lesion
area. A retrospective and cross-sec-
tional study previously showed that a
high vessel density is considered as a
feature of clinically active CNV (Cos-
cas et al. 2018). In quiescent CNVs, VD
did not increase significantly over
1 year (Carnevali et al. 2018). Our data
showed that the VD of the CNV lesion
did not show any characteristic, or
statistically significant changes during
aflibercept loading dose. The change in
CNV lesion size was obviously not
associated with a change in VD. In our
highly standardized and homogeneous
imaging analyses, we found a minimal
initial decrease by 2–3% at 2 weeks
after the month two and three afliber-
cept injection. After three months, VD
had slightly but not statistically signif-
icantly increased by 4.7%. Previous
findings in a PRN group showed an
increase by 2% after one year. The
treat and extend group decreased
slightly by 4% (Sustronck et al. 2019).
All these data show that VD does not
decrease substantially under anti-
VEGF treatment. Despite a decrease
in lesion size the overall vascular
activity does not seem to decrease in
neovascular AMD therapy.

Further findings fit well in the con-
text of repeated cycles of angiogenesis,
the sprouting and growing of new
vessels, and arteriogenesis, the dilating
growth of newly formed vessels, which
is due to increased flow following anti-
VEGF treatment-induced regression of
non-pericyte covered neovessels

(Spaide 2015). Mature core vessels
become protected by pericytes promot-
ing anti-VEGF resistance (Sarks et al.
1997). Capillary regrowth resumes
from these matured vessels as soon as
the anti-VEGF medication wanes from
the vitreous cavity. This effect can also
be appreciated in Fig. 5, where vessel
area, total vessel length, junctions den-
sity and total numbers of junctions
decrease slightly following aflibercept
injections and immediately recur with
decreasing levels of anti-VEGF medi-
cations. Similarly to our study, a
retrospective study showed the same
response pattern when reporting the
per cent change of vessel area and
junctions density over 4 months in
treatment-na€ıve patients receiving
anti-VEGF loading dose (Takeuchi
et al. 2018).

We could not find a specific response
pattern of the CNV lesion to an
aflibercept loading dose for the vessel
per cent area and total number of
vessel endpoints. Also, a cross-sec-
tional study could not find a difference
in lacunarity in patients responding
well or badly to anti-VEGF treatment,
which was defined by the interval
between treatments needed to maintain
a dry retina (Roberts et al. 2017).
Therefore, we assume that VEGF inhi-
bition in active CNV does inhibit
leakage (Lassota et al. 2010) and
induces a temporary constriction of
the neovascular complex, but the vas-
cular biology remains largely
unchanged with continuous regrowth.

The limitations of our study that
need to be considered are that we
mainly report data expressed as relative

change from baseline. This is because
whether readings from OCTA images
can be taken as a ground truth or a
correction factor is needed, for example
for absolute CNV lesion size to convert
pixels into square millimetres, is still
under discussion. This might induce a
bias, which however would not influ-
ence the overall results of our study as
we only evaluated longitudinal data
and no cross-sectional comparisons
were made. Furthermore, the use of
automated analyses may reduce inves-
tigator-related bias in future. We tried
to eliminate this effect in our study by
calculating ICC for CNV area, which
was delineated manually. Additionally,
as we analysed a subgroup of patients
with more or <50% CNV area changes,
we did not group patients according to
CNV type 1 or 2 or mixed type as the
groups would become to small. More
patients will be needed to clearly dif-
ferentiate between CNV type groups in
future analyses. Furthermore, we did
not include CNV type 3 (Fayed &
Fawzi 2019) and PCV in this study
because the architecture is clearly dif-
ferent from type 1 and 2 nAMD CNV.
This would have to be investigated in a
separate study.

In conclusion, we identified and
graded a morphologic response and
lifecycle of the CNV lesion following
aflibercept treatment during the most
pronounced phase of therapy, the
loading dose, using the latest genera-
tion of SSOCTA imaging and a semi-
automated software approach. We
confirm an immediate reaction of the
CNV lesion starting within day 1 after
aflibercept treatment, lasting for two
weeks. Subsequently, reopening or
regrowth of the lesion occurs rapidly.
As early as during the second and the
third treatment, resistance to anti-
VEGF treatment occurs and the ther-
apeutic response fades out. Related
intralesional vascular features such as
vessel area, total vessel length and
total number of junctions show a
similarly undulating reaction, but did
not meet the same level of significance.
SSOCTA baseline CNV area has no
influence on VA after three months.
However, the stronger the response in
CNV size reduction after three
months, the higher the potential
increase in VA. For prognostic evalu-
ations, it will be crucial to identify the
individual condition of our patients to
differentiate the subgroup of lesion

Fig. 5. Relative change from baseline shown for parameters characterizing the choroidal

neovascularization area by SSOCTA: vessel density (VD), vessel area, total vessel length, total

number of junctions and junctions density displayed over time (days). Vertical dashed lines

indicate aflibercept treatment. Asterisks indicating significant change compared with baseline.
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decrease or increase and the specific
conditions, which trigger this response.
However, as for clinical applicability,
more has to be learned about signs of
activity in SSOCTA. More than a
decade after the approval of anti-
VEGF for widespread clinical use, an
advanced understanding of the thera-
peutic mechanisms may become avail-
able with SSOCTA as a valuable
diagnostic companion offering the nec-
essary insight into the vascular biology
of neovascular AMD.
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