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Abstract

Background To identify predictive factors for exudation for quiescent choroidal neovessels (QCNV) in the fellow eyes of
eyes treated for a neovascular age-related macular degeneration (AMD).

Methods Prospective observational study. One hundred and forty-four contralateral eyes of 144 patients treated for wet
AMD were analysed. At a baseline visit, multimodal imaging including dye angiographies and optical coherence tomo-
graphy angiography (OCT-A) was performed in order to detect qCNV. Patients were followed up for 12 months with a
monthly assessment. The manifestation of any type of exudation (either intra- or subretinal fluid or hyperreflective subretinal
material) was monitored.

Results The prevalence of qCNV in the treatment-naive eyes was 15.9% with an incidence over a 12-month period of 2.8%.
In total, 40.7% of the overall neovessels remained stable with no sign of exudation, while 59.3% presented some fluid during
the follow-up. A statistically significant relationship was established for the following variables preceding the exudation:
increase in central macular thickness (OR=116; 95% CI [4.74; 50530] p =0.038), increase in pigment epithelial
detachment height (OR = 1.76; 95% CI [1.17; 3.18] p=0.021) and width (OR =1.53; 95% CI [1.12; 2.62] p = 0.042),
increase in neovessels’ surface on OCT-A (OR =6.32; 95% CI [1.62; 51.0] p =0.033), emergence of a branching pattern
(OR =7.50; 95% CI[1.37; 61.5] p = 0.032) and appearance of a hypointense halo surrounding the lesion (OR = 10.00; 95%
CI [1.41; 206] p = 0.048).

Conclusions The risk of exudation in the treatment-naive fellow eyes of eyes treated for neovascular AMD was notably
increased in the presence of qCNV. The biomarkers identified will help to detect their activation in order to ensure prompt
antiangiogenic therapy.

Introduction [1-4]. Two years after the onset of the disease in the first
eye, a bilateralization of the neovascular form is seen in
20% of the patients, with a significant impact on the
patient’s quality of life [5]. Consequently, early detection of
the neovascular lesion in the treatment-naive fellow eye is
an essential step to start prompt antiangiogenic therapy.

Recent advances in retinal imaging have significantly

Age-related macular degeneration (AMD) is a leading cause
of blindness in elderly patients in industrialized countries
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improved our capacity to detect such lesions. Optical
coherence tomography angiography (OCT-A) is able to
detect AMD-related choroidal neovessels (CNV) [6-11]
with a sensitivity of 100% and a specificity of 97.5% [12].
When these neovessels are asymptomatic in treatment-naive
eyes, with absence of exudation on structural OCT, they are
defined as “quiescent choroidal neovessels” (QCNV) [13].
Detection of qCNV with OCT-A is also efficient, with a
reported sensitivity of 81.8% and a specificity of 100% [14].
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The management of such lesions is not yet codified and
most of the authors agree not to treat them in the absence of
fluid on structural OCT. Recent longitudinal studies have
investigated the development of qCNV and found contra-
dictory results. De Oliveira Dias et al. reported an increased
risk of exudation in the presence of qCNV over a 12-month
period [15] while Carnevali et al., found a discrepancy
between the increasing size of the vascular lesion over time
and the absence of exudation on OCT [16]. The objective of
the current study was to identify predictive factors of qCNV
exudation in treatment-naive eyes of patients treated for
neovascular AMD in the fellow eye in order to improve
their monitoring.

Material and methods

A prospective descriptive study was conducted at the
Ophthalmology Department of the University Hospital of
Besancgon (France). Patients treated for a unilateral exuda-
tive AMD were enrolled. The protocol adhered to the tenets
of the Declaration of Helsinki and was approved by the
local ethics committee of the University Hospital of
Besancon. Informed consent was obtained for each patient.

The following inclusion were applied: patients older than
50 years with unilateral exudative AMD treated with
intravitreal injection of anti-vascular endothelial growth
factor (VEGF). The study eye had to be naive to any
treatment (i.e., intravitreal injection, photodynamic therapy,
photocoagulation) with at least 6 months of previous
follow-up.

The exclusion criteria were single eyes, lack of visual
fixation, noncooperative patients, presence of polypoidal
choroidal vasculopathy, significant media opacities, and
others causes of CNV with exclusion of myopic maculo-
pathies, angioid streaks, diabetic maculopathies, and
chronic central serous retinopathy.

The clinical data collected included the estimated dura-
tion of the disease, medical history of other ophthalmologic
diseases, spherical equivalent (diopters), best-corrected
visual acuity (BCVA), and previous AMD treatments
(including any anti-VEGF intravitreal therapy, photo-
dynamic therapy with verteporfin, macular laser therapy).

At the time of the study, treatment protocol in the
department consisted in a loading dose made of three
antiVEGFs injection followed by a monthly pro re nata
(PRN) protocol for most of the patients. All patients
underwent a comprehensive ophthalmologic examination at
the baseline visit and at each monthly follow-up visit
including: BCVA measurement expressed in Early Treat-
ment Diabetic Retinopathy Study (ETDRS) score, clinical
exam at the slit lamp, fundoscopy and retinography
(EIDON®, Center Vue, Italy), Spectral Domain OCT

(SD-OCT; Spectralis® Heidelberg Engineering OCT2,
Heidelberg, Germany), and OCT-A (Spectralis® Heidelberg
Engineering OCT2, Software f version 6.9a, Heidelberg,
Germany). Fluorescein and indocyanine green angio-
graphies (HRA Spectralis® Heidelberg, Heidelberg, Ger-
many) were performed at the time of diagnosis in the treated
eye and repeated at least 6 months prior the inclusion.
Exudative AMD eyes were treated with either ranibizamab,
bevacizumab, or aflibercept according to a monthly PRN
protocol. AMD staging was determined according to the
classification of the Age-Related Eye Disease Study.

CNV detection

OCT-A was performed using the OCT-A module of the
Spectralis® OCT2 (Software version 6.9a). The full
spectrum approach enabled three-dimensional OCT-A
imaging with high axial resolution (3.9-um/pixel) separ-
ating thin vascular plexuses. The projection artifact
removal tool was used to reduce unwanted artifacts on
OCT-A images of the external retina from the superficial
vascular plexus information. The raster consisted of a 512
B-scan spaced with 5.7 um providing high lateral resolu-
tion images of 512x512 from a 10x 10-degree field
(around 2.9 x 2.9 mm) focused on the macula. Automatic
segmentation was controlled manually by the two readers
and corrected if necessary, using the propagation feature
(i.e., manual correction of five to seven scans enabling the
automatic correction of the 512 B-scans). A slab located
between the RPE and 20-um beneath Bruch’s membrane
was obtained at each visit using TruTrack Active Eye
Tracking™ to create a retinal map. The AutoRescan™
feature used this map to automatically place follow-up
scans in precisely the same location as the baseline scan,
thereby allowing for the monitoring of fine changes in
CNV morphology and size during the follow-up study.
When the acquisition was too time-consuming, the
operator could switch to a high-speed mode. Images were
analysed by two expert graders. Inter-reader agreement
was assessed based on the set of overall OCT-A images
acquired at baseline. A qCNV was defined as an asymp-
tomatic previously untreated CNV, without visual loss,
without fundus hemorrhages, fibrosis, or Bruch’s mem-
brane break, and without intra- or subretinal fluid in two
consecutive visits within 6 months [13]. In the presence of
a qCNV lesion, quantitative and qualitative assessments
were conducted. The area of the qCNV lesion was mea-
sured using the built-in feature of the Heidelberg navi-
gator by two independent readers, and its location above
or beneath the RPE was noted. qCNV growth was quan-
tified in percentage of growth between the baseline visit
and the end of the follow-up. The activity level of the
qCNV was characterized according to the presence of
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branching patterns, peri-lesional hypointense halo, ana-
stomoses, and vessel termini in the CNV [7, 14, 17-20] at
each visit. Quantitative and qualitative changes on OCT-A
were correlated with BCVA and exudation signs on SD-
OCT and monitored at each follow-up visit.

Exudation was defined as the occurrence of subretinal
fluid, gray hyperreflective subretinal material (SHRM), or
intraretinal cysts.

The primary outcome was the proportion of qCNV in
OCT-A in the treatment-naive eyes. The second outcomes
were the rate of occurrence of qCNV in 12-month follow-
up, the proportion of occurrence of exudation in the study
eye, and the time-lapse of occurrence of exudation.

Statistical analysis

Continuous/quantitative data are expressed as mean with
standard deviation. Qualitative data are expressed as num-
ber and percentage. Continuous/quantitative data were
compared via a nonparametric Mann—Whitney test, while
qualitative data were compared using Fisher test’s or a Chi-
square test (depending on the size of the population). Inter-
reader and inter-modality agreement were assessed using
the kappa statistic. The cumulative incidence rate of exu-
dation during the follow-up was calculated according to the
Kaplan—Meier survival method and compared with a log-
rank test depending on the presence or the absence of
qCNV. Logistic regression analysis was performed to
compare the progression of qCNV and search for predictive
factors of exudative qCNV. The response after three intra-
vitreal injections of anti-VEGF for patients with exudative
qCNV during the follow-up was evaluated with a paired
Wilcoxon test for the quantitative variables and with a
paired Fisher’s exact test for the qualitative variables. Sta-
tistical analyses were performed using the principle of
intention to treat.

Results

In total, 144 patients with exudative AMD in one eye and
treatment-naive fellow eye (study eye), were included in the
study between January 2017 and January 2019 at the
Ophthalmology Department of the University Hospital of
Besancon (France). The patients were followed for
12 months.

Baseline comparison

The baseline characteristics of the eyes studied are sum-
marized in Table 1. The population comprised a majority
of women (62.5%) with a mean age of 80.3(+7.4) years.

The mean follow-up at the baseline visit was 31.4 months.
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Table 1 Baseline clinical characteristics of treatment-naive eyes and
eyes treated for neovascular AMD.

Treatment-naive
eye (n=144)

Treated eye
(n=144)

Sex ratio (M/F) 54/90 (37.5/62.5%) 54/90 (37.5/62.5%)

Age (years) 80.3 (£7.4) 80.3 (£7.4)
BCVA (ETDRS) 61.7 (x17.9) 76.8 (9.3)
CMT (um) 301.7 (x67.9) 272.2 (£35)
Time of progression 31.4 (£31.1) 31.4 (£31.1)
(months)
Stages of AMD 0 0 (0%) 19 (13.2%)
1 0 (0%) 28 (19.4%)
2 0 (0%) 44 (30.6%)
3 0 (0%) 27 (18.7%)
4 144 (100%) 26 (18.1%)
Atrophy 47 (32.6%) 26 (18.1%)
PED 129 (90%) 64 (44.4%)
APE 18 (12.5%) 36 (25%)
Serous drusen 10 (6.9%) 30 (20.8%)
Reticular pseudo- 6 (4.1%) 31 (21.5%)
drusen
Vitreous state Complete 104 (72.2%) 94 (65.3%)
PVD
No PVD 34 (23.6%) 41 (28.5%)
Vitreomacular 5 (3.5%) 9 (6.2%)
traction
Type of CNV 1 64 (44.4%) -
2 61 (42.4%) -
1+2 14 (9.7%) -
3 5 (3.5%) -
Injected molecule  Ranibizumab 81 (56.3%) -
Aflibercept 46 (31.9%) -
Bevacizumab 17 (11.8%) -
Number of 18 (x15.6) -
intravitreal
injections

BCVA best-corrected visual acuity, CMT central macular thickness,
PED pigment epithelial detachment, APE alteration of pigment
epithelium, PVD posterior vitreous detachment, CNV choroidal
neovessel.

The mean BCVA in treatment-naive eyes was 76.8 (+9.3)
ETDRS letters. These eyes were affected by various
stages of AMD. OCT showed atrophy in 18.1%, pigment
epithelial detachment (PED) in 44.4%, presence of serous
drusen in 20.8%, and/or reticular pseudo-drusen in 21.5%
of cases.

At baseline, qCNV were detected in 23 (15.9%)
treatment-naive eyes. Eyes with qCNV (qCNV+) and eyes
without qCNV (qCNV—) were similar in term of sex ratio,
age, BCVA, CMT, time of progression of AMD, and vitr-
eous status. There were significantly more qCNV-+ eyes
with stage 2a AMD (48% vs. 24%, p =0.037). OCT fea-
tures such as PED, serous drusen, and reticular pseudo-
drusen were also significantly more frequent in qCNV+
eyes than in qCNV — eyes (respectively, p <0.001, p <0.01,
and p = 0.026). (Supplementary material 1).
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Fig. 1 Flow chart of the study.
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Among 144 patients, 12 patients did not reach the 12-month
endpoint: two died, and ten were lost to follow-up. During
the follow-up period, qCNV appeared in four eyes (2.8%).
The overall incidence of exudation in the non-treated eyes
was 13.2% with 59.3% of the qCNV+ eyes at baseline
showing exudation during the follow-up (vs. 2.7% in the
qCNV— group) (Fig. 1).

According to the log-rank test results, the occurrence of
the exudation was significantly greater in qCNV 4 eyes than
in qCNV— eyes (p <0.0001) (Supplementary material 2).
Therefore, the relative risk of exudation at 12 months was
significantly increased in qCNV+ eyes (RR =23.1; 95% CI
[7.66; 18.72]).

The interval to exudation from the baseline visit was 5.8
(+4.2) months on average for the qCNV+ eyes vs. 4.3
(£3.4) months for the qCNV— eyes (p =0.57).

Comparison between activated qCNV+ and those
remaining quiescent

No statistical difference was observed in terms of gender,
age, baseline BCVA, time of progression of the disease,
vitreous status, or OCT features between exudative and
non-exudative qCNV+. (Supplementary materials 3 and 4).
However, the hypointense halo around the qCNV+ was
significantly more frequent in exudative qCNV+ eyes than
in non-exudative qCNV+ eyes (58% vs. 9.1% p = 0.027).

The ocular characteristics were compared between the
baseline visit and the visit preceding exudation or the end of
the follow-up if no exudation was noticed. In univariate

analysis, a decrease in visual acuity was observed in exu-
dative qCNV+ (—4.75 letters on average vs. —0.2 letters in
non-exudative qCNV—+, p =0.013). The CMT increased
significantly (16.9% vs. —3.2% p <0.001) as did the height
and the width of the PED (respectively 71.3% vs. 0.03%
p<0.01 and 101% vs. —7.59% p <0.01) (Supplementary
material 5). The neovascular lesion was also significantly
enlarged (+250% vs. +22.6% p<0.01) (Supplementary
material 5). The appearance of a branching pattern and the
formation of a hypointense halo around the neovascular
lesion often preceded fluid formation (Fig. 2) (respectively
62% vs. 18%, p=0.047 and 50% vs. 9.1%, p =0.042)
(Table 2).

The logistic regression analysis also pointed out the
relationship between the following features of previously
quiescent CNV and exudation: visual loss, increase in
CMT, increase in PED size, lesion enlargement, occurrence
of a branching pattern, and manifestation of a hypointense
halo were related to the occurrence of exudation at some
point during the follow-up. Thus, a reduction of the BCVA
was associated with a higher risk of exudation (OR = 0.69;
95% CI [0.466; 0.906] p =0.024). A rise of 10% of the
CMT was related to an increased risk of exudation (OR =
116; 95% CI [4.74; 50530] p = 0.038). An increase of 10%
in PED height and width was also associated with a higher
risk of exudation (OR =1.76; 95% CI [1.17; 3.18] p=
0.021 and OR =1.53; 95% CI [1.12; 2.62] p=0.042,
respectively). A doubling in lesion surface was linked to a
6.32-fold risk of exudation (95% CI [1.62; 51.0] p = 0.033).
The occurrence of a branching pattern of the qCNV and the
manifestation of a hypointense halo (Fig. 2) increased the
risk of exudation by 7.5- and 10-fold, respectively (95% CI
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Fig. 2 CNV+ at the time of
diagnosis and at the 11- and
12-month follow-up, when
subretinal fluid was detected.
A hypointense halo preceded
fluid formation on OCT-A and
lasted until the final endpoint.

Table 2 Comparison of the
clinical and OCT characteristics

qCNV+ ex— (n=11) qCNV+ e+ (n=16) P

of exudative qCNV+ eyes (ex+)
and non-exudative qCNV+ eyes
(ex—) (univariate analysis)
between the baseline visit and
the visit preceding exudation.

Variation of the CMT (%)

Occurrence of anastomoses

Appearance of a branching pattern

Manifestation of a hypointense halo

Appearance of vessel termini

Variation of the BCVA (ETDRS)

Variation of the height of the PED (%)
Variation of the width of the PED (%)
Variation of the qCNV surface (%)

—0.182 (£3.19) —4.75 (£5.26) 0.013
—3.20 (£4.82) 16.9 (£26.4) <0.001
0.03 (£18.4) 71.3 (£118) <0.01
~7.59 (+26.6) 101 (£137) <0.01
22.6 (+49.4) 250 (¢317) <0.01
1 (9.1%) 5 (31%) 0.35
2 (18%) 10 (62%) 0.047
1 (9.1%) 8 (50%) 0.042
1 (9.1%) 3 (19%) 0.62

BCVA best-corrected visual acuity, CMT central macular thickness, PED pigment epithelial detachment.

Bold values indicate statistical significance p < 0.05.

[1.37; 61.5] p=10.032 and 95% CI [1.41; 206] p = 0.048).
(Supplementary material 6).

Treatment response

A mean gain of 42.9 letters was observed after the loading
dose constituted of three monthly intravitreal anti-VEGF
injections (p =0.033) delivered to a previous quiescent
CNV that had now become exudative. A reduction in cen-
tral macular thickness of —98.4 um on average was also
seen (p<0.001). The PED size decreased (p<0.01 for
height and p = 0.02 for width). However, the lesion’s area
and other OCT-A features remained unchanged or even
worsened under treatment. (Fig. 3 and Supplementary
materials 7 and 8).

Discussion

Recent studies have found a prevalence of qCNV detected
by OCT-A ranging from 1.58 to 27% [15, 16, 21, 22]. In the
current study, the prevalence was 15.9% with a 12-month

incidence of 2.8%. This result is in accordance with the De
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Oliveira et al. study that included 160 patients and found a
14.4% prevalence and a 5.4% incidence [15]. The presence
of qCNV increased the risk of exudation by 23.1-fold. The
predictive factors of fluid formation were loss of visual
acuity, increase in the retinal thickness, PED enlargement
on structural OCT, increase in the lesion’s surface, and the
manifestation of specific features on OCT-A such a
branching pattern, and/or a hypointense halo surrounding
the lesion. Most of the lesions were type 1 neovascular
lesions, as reported previously [13, 15, 21, 23-25]. The
majority of qCNV were located in a PED (83%) that was
totally or partially hyperreflective (94.7%). Monitoring the
size of the PED was of great value in detecting the trans-
formation of qCNV to active lesions. Indeed, a 10%
increase in height or width was associated with an increased
risk of exudation of 1.76 and 1.53, respectively. Previous
studies reported, the presence of an irregular PED with
hyperreflective content in cases of qCNV but none corre-
lated PED growth with the risk of exudation
[13, 21, 22, 24].

While OCT-A allows for a more precise assessment of
the lesion surface than ICG angiography, few quantitative
longitudinal data have been reported with this technique.
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Fig. 3 Progression of a qCNV+
lesion before (left) and after the
loading dose made of three
monthly intravitreal anti-
VEGEF injections (right). OCT-
A features and size of the lesion
remained unchanged (top), while
reduction in PED size and
disappearance of the subretinal
fluid were observed on structural
OCT (bottom).

For instance, Querques et al. found a stable lesion over time
[13], whereas, we observed a growth in some of the neo-
vascular lesions. A doubling in size was associated with a
sixfold increase in risk of exudation. We also applied the
description of qCNV proposed by Coscas et al. [7, 20] and
found that the occurrence of a branching pattern and a
hypointense halo around the lesion were also associated
with a higher risk of exudation by 4.55- and 10-fold,
respectively. Dark halos have been frequently observed in
active CNV lesions [7, 26] and could be explained by a
vascular steal by the growing lesion or a secondary decrease
in neighboring choriocapillary density (Supplementary
material 9).

Treatment response was comparable with the results
obtained in non-quiescent CNV with an improvement of
BCVA and a decrease in retinal thickness. The gain in
visual acuity after three anti-VEGF intravitreal injections
may be seen as limited, but it should be put into perspective
with the relatively high level of baseline visual acuity.
Interestingly, the lesion did not shrink despite prompt
treatment, as shown for neovascular AMD [27], pointing to
the failure of the current therapies to induce a reduction in
lesion size rather than the stage of the disease at the time of
treatment, since a neovessel enlargement was seen in newly
formed lesion treated with anti-VEGF. This study has a
number of drawbacks. OCT-A is a relatively new technol-
ogy in the clinical field and is subject to continuous
improvement. However, most upgrades in image treatment
such as artifact removal or propagation of manual correc-
tions could be applied to previous acquisitions, thus facil-
itating the comparison of images set over the study period.
Moreover, the neovascular AMD eyes were treated with
different anti-VEGF molecules, but this should not affect
the natural history of quiescent lesions in the fellow study
eye. Furthermore, most patients were not enrolled at the
primary diagnosis or the primary treatment of AMD of the
affected eyes. Thereby, we can wonder about the duration
of evolution for the revealed qCNV. A longer follow-up
will also be interesting to assess other factors such as

progression of, geographic atrophy or photoreceptor loss in
eyes with qCNV.

In conclusion, the prevalence of qCNV in this study was
15.9%. The presence of qCNV was associated with a higher
risk of exudation. A decrease in visual acuity, increase in
retinal thickness, increase in PED size, enlargement of the
gCNV on OCT-A, or the manifestation of a branching
pattern or a dark halo are predictive signs of exudation that
should be looked for during the monitoring of these lesions
at high risk of activation.

Summary
What was known before:

e When the choroidal neovessels in AMD are asympto-
matic in treatment-naive eyes, with absence of exudation
on structural OCT, they are defined as “quiescent
choroidal neovessels” by Querques et al.

What this study adds:

o The risk of exudation in the treatment-naive eyes of eyes
treated for neovascular AMD was notably increased in
the presence of qCNV. The predictive signs of
exudation were identified. They should be looked for
during the monitoring of these lesions at high risk of
activation.
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