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Abstract
Purpose To analyse the long-term functional and morpholog-
ical response of a specific choroidal neovascular membrane
(CNV) phenotype to anti-vascular endothelial growth factor
(VEGF) therapy.
Methods Data from 30 eyes of 30 consecutive patients with
subretinal fluid (SRF) and fibrovascular pigment epithelial
detachment (PED) due to CNV on spectral-domain optical
coherence tomography (SDOCT) with a follow-up of at least
20 months were retrospectively collected. Main outcome
measures included change in visual acuity, quantitative and
qualitative parameters on SDOCT [photoreceptor layer, outer
nuclear layer (ONL), choroid, PED, SRF] and on fluorescein
angiography (CNV activity). Subjects were divided into re-
sponders and non-responders based on morphological and
functional aspects.
Results An average number of 20.23±9.9 anti-VEGF injec-
tions were administered during a mean follow-up of 40.25±
13.5 months. Fourteen eyes were categorized as morpholog-
ical non-responders, 12 as functional non-responders and eight
as complete non-responders. Complete non-responders were
significantly younger than complete responders (68.5±4.5 vs
74.3±6.8 years; p <0.05) and presented thinner baseline ONL
values (68.43±15.2 vs103.5±32.8 μm; p <0.05). Intermediate
or large drusen as typical features for age-related macular
degeneration (AMD) were less frequently present in complete
non-responders; however, this was not statistically significant
(62.5 % vs 91.7 %; p =0.25).
Conclusions Our preliminary findings indicate that eyes with
the specific SDOCT phenotype with isolated fibrovascular

PED and SRF frequently demonstrate non-response to anti-
VEGF therapy, and the underlying disease mechanismmay be
different from AMD. Larger prospective trials are required to
validate those results, and to develop strategies to improve the
morphological as well as functional outcome.

Keywords Neovascular age-related macular degeneration
(nvAMD) . Optical coherence tomography (OCT) . Pigment
epithelial detachment (PED) . Subretinal fluid (SRF)

Introduction

Prior to the anti-vascular endothelial growth factor (VEGF)
era, age-related macular degeneration (AMD) was the leading
cause of legal blindness in patients older than 60 years in the
industrialized world [1, 2]. Multiple clinical trials demonstrat-
ed that VEGF inhibition improves the prognosis of patients
with neovascular AMD [3–6], as well as CNV secondary to
other diseases than AMD [7–10]. Despite the success of anti-
VEGF treatment across all CNV lesion subtypes, there is a
subgroup of patients with decrease in visual acuity (VA) in
clinical trials. In the MARINA trial, 8 % to 10 % of patients
lost more than 15 letters at month 24, as well as 10 % of
patients in the ANCHOR study [3, 11, 12].

Fluorescein angiography (FA) has been used to classify
CNVinto predominantly classic, minimally classic, and occult
CNV lesion subtypes, and to assess the activity of CNV [13].
Within recent years, the noninvasive imaging technique opti-
cal coherence tomography (OCT) has become an important
diagnostic tool for management of patients with neovascular
AMD [14–17]. The spectral-domain OCT (SDOCT) tech-
nique provides high-resolution volume scans, allowing to
perform detailed qualitative and quantitative analysis of vari-
ous retinal and subretinal spaces [18–22]. FA and SDOCT
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images provide complementary information with regard to
CNV lesions [22]. Morphological characteristics of active
CNV on SDOCT include intraretinal cystoid spaces, SRF,
subretinal hyperreflective material, and PED [22].

Many studies have been performed to identify SDOCT
lesion characteristics, predicting the response to anti-VEGF
therapy [20, 23–25]. Beside other parameters, PED and SRF
have been reported to have prognostic value for the functional
outcome, as larger PED size is demonstrated to have a nega-
tive prognostic value [23], and SRF is reported to be associ-
ated with recurrent disease activity [20]. Furthermore, fibro-
vascular PED lesions have been reported to show less mor-
phological and functional response to anti-VEGF treatment
than eyes with other CNV lesion subtypes [26–30]. It was also
our clinical impression that eyes with a specific SDOCT
phenotype with the isolated presence of fibrovascular PED
and SRF frequently show a poor functional as well as mor-
phological response to anti-VEGF injections. Therefore, treat-
ment of these patients represents a challenge.

The purpose of this study was to analyze the morphological
and functional response of patients with the specific SDOCT
phenotype demonstrating SRF and PED, and to evaluate
characteristics for non-response.

Methods

Data collection

For inclusion in the study, eyes were required to show fibro-
vascular PED (with possible serous component) and SRF due
to CNVon SDOCT without evidence for cystoid spaces and
subretinal hyperreflective material. The presence of occult
CNV was confirmed using FA. Previous treatment for CNV
was allowed. Only patients older than 50 years of age were
included. Eyes with and without signs for AMD were eligible
for this study. Patients with evidence of macular pathology
other than AMD on FA (e.g., diabetic retinopathy, Irvine–
Gass syndrome, central serous retinopathy, chorioretinitis,
vitelliform lesions) were excluded. Our analysis was limited
to patients with a minimum follow-up of 20 months.

Data from 30 eyes of 30 consecutive patients meeting the
inclusion criteria were retrospectively collected from the da-
tabase of the University of Cologne. Patients were generally
treated with three initial monthly anti-VEGF injections using
ranibizumab (Lucentis; Novartis AG, Basel, Switzerland) or
bevacizumab (Avastin; Roche PharmaAG, Basel, Switzerland),
followed by pro re nata (PRN) guided re-injections whenever
signs for CNV activity were detected on funduscopy, SDOCT,
or FA, or whenever a decrease in VA due to CNV was noted. If
morphology and function was stable despite repeated injections,
treatment was paused until a recurrent decrease in vision or
increase in signs for CNVactivity was detected. In eight cases,

photodynamic therapy (PDT) with verteporfin (Visudyne;
Novartis AG, Basel, Switzerland) was additionally performed
during follow-up. At each visit, a comprehensive eye exam and
SDOCT imaging (Spectralis SDOCT, Heidelberg Engineering,
Heidelberg, Germany) was performed. SDOCT volume scans
(4 × 6mm) centered on the fovea were captured with 37 parallel
OCT B-Scans using the automated real-time (ART) function
with 20 images averaged per B-Scan. FP and FAwas obtained at
baseline to evaluate the diagnosis, type of CNV, and CNV
activity.

Type and date of treatments and best-corrected Snellen
visual acuity (BCVA) were recorded for each patient. FP and
FA images and SDOCT volume scans were collected at each
available follow-up visit.

Image analysis

Trained graders at Cologne Image Reading Center and Labo-
ratory (CIRCL) analyzed FP, FA, and SDOCT images. FP
images at baseline were evaluated for the presence, number,
and size of drusen. The presence of intermediate (≥63 μm) or
large (≥125 μm) drusen within the Early Treatment Diabetic
Retinopathy Study (ETDRS) grid was considered as signs for
AMD. The CNV lesion subtype and activity was judged on
FA at baseline.

SDOCT analysis at all available visits included the pres-
ence of SRF and PED, as well as the development of
intraretinal cystoid spaces, outer retinal tubulations (ORTs)
[31], or retinal pigment epithelial (RPE) tears. Additionally,
the presence of a serous component of PED was noted at
baseline, as well as a decrease in SRF after the three initial
intravitreal injections.

Quantitative analysis was performed using the caliper func-
tion of the SDOCT viewer software. The maximum height of
PED within the volume scan was measured at all available
visits. The foveal center point (FCP) thickness of the outer
nuclear layer (ONL), photoreceptor layer (PR), and the cho-
roid was measured at baseline and last follow-up.

Definitions of morphological and functional response

Patients were divided into responders and non-responders
based on morphological and functional aspects:

Morphological response was defined as the absence of
intra- or subretinal fluid on SDOCT at any time during
follow-up. Morphological non-response was considered, if
persistent subretinal fluid was present at all available visits.

Functional response was defined as BCVA improvement of
at least 2 lines at any time during the entire follow-up period.
Patients who never showed a VA increase of 2 lines were
classified as functional non-responders.

Patients with functional as well as morphological response
were considered “complete responders”. Patients with
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functional as well as morphological non-response were con-
sidered “complete non-responders”.

Statistical methods

Snellen visual acuity was converted to logarithm of minimal
angle of resolution visual acuity (logMAR) for the purposes of
statistical analyses. Mann–Whitney U test, Fisher’s exact test
and chi-squared test were used to compare the groups. All
tests were 2-sided, and statistical significance was defined as
p <0.05. Statistical analysis was performed using commercial-
ly available software SPSS Version 21.0 (IBM Software and
Systems, Armonk, NY, USA).

This study adhered to the tenets set forth in the Declaration
of Helsinki.

Results

Of the 30 patients included in our analysis, 13 (43.3 %) were
female and 17 (56.7 %) were male. The mean age of patients
was 70.6±7.3. FA at baseline demonstrated occult CNV in all
patients at baseline. Intermediate or large drusen were noted in
25 cases in study eye.Mean BCVA improved from 0.32±0.28
logMAR at baseline to 0.25±0.20 logMAR after the initial
three injections to 0.39±0.32 logMAR at last follow-up.
Table 1 shows the patient characteristics for responders and
non-responders based on morphological and functional out-
come parameters. In Table 2, features of “complete re-
sponders” and “complete non-responders” are compared.

Analysis based on morphological response

Sixteen patients demonstrated morphological response as de-
fined above. A mean of 5.44±2.80 injections (range 3–10)
were required in this group before SRF completely disap-
peared. Fourteen patients showed persistent SRF during a
mean follow-up of 38.49±15.05 months and despite a mean
of 7.05±2.56 intravitreal injections per year.

Patients in the non-responder group were significantly youn-
ger than patients in the responder group (p<0.05). There was a
statistically significant difference between morphological re-
sponders and non-responders with regard to the number of
patients with reduced SRF after the three initial anti-VEGF
injections (p<0.05, OR=7.8, 95 % confidence interval 1.48–
41.22), withmost eyes in the responder group (13 out of 16 eyes,
80.2 %) showing reduced SRF after three initial injections,
compared to only five out of 14 eyes (35.7%) of non-responders.

Patients with morphological response showed more fre-
quently intermediate or large drusen as typical AMD features
(15 out of 16 eyes, 93.8 %) than patients with persistent SRF
(ten out of 14 eyes, 71.4 %); however, this difference was not
statistically significant (p =0.16). Additionally, there was a

trend for a higher number of mean injections per year (p =
0.09), thinner baseline ONL thickness (p =0.11), greater base-
line PED thickness (0.19), and a stronger decrease in choroi-
dal thickness from baseline to the end of follow-up (p =0.17)
in the group of morphological non-responders.

None of the other baseline parameters showed significant
differences between the group of morphological responders
and non-responders. The incidence of RPE tears, development
of intraretinal cystoid spaces, and ORTs were very few and
uniformly distributed between both groups.

Analysis based on functional response

Eighteen patients were considered functional responders, with
a BCVA increase of at least 2 lines at any time during follow-
up. Mean baseline VA in this group was 0.36±0.29 logMAR.
During the mean follow-up of 41.15±12.71 months, VA
remained stable (mean VA at last visit 0.36±0.28). Twelve
patients never showed an increase in VA of at least 2 lines.
Mean VA at baseline (0.25±0.18) decreased by 1.8±3.0 lines
over a mean follow-up of 38.89±15.08 months.

The number of injections needed to achieve absence of
SRF was higher for functional non-responders (mean 8.00±
3.36) than for functional responders (mean 4.58±2.11); how-
ever, this difference did not reach statistical significance (p =
0.08). Eyes in the responder group had higher PED thickness
values at baseline compared to non-responders (p <0.05), and
non-responders demonstrated stronger decrease in PED height
after the initial three injections (p <0.05). None of the other
parameters showed significant differences between both
groups, although there was a trend for greater baseline cho-
roidal thickness values (p =0.07), lower baseline ONL thick-
ness values (p =0.07), and a stronger decrease in choroidal
thickness between baseline and last follow-up (p =0.10) in the
non-responder group.

Characteristics of morphological and functional
non-responders

There were eight patients without morphological and func-
tional response as defined above. These patients were treated
with a mean of 24.25±15.43 injections over 41.78±
16.70 months follow-up. Mean injection rate was 6.74±2.90
injections per year. Mean BCVA was 0.31±0.29 logMAR at
baseline, 0.31±0.30 logMAR after the initial three injections,
and 0.49±0.37 logMAR at the end of follow-up. Twelve
patients demonstrated morphological as well as functional
response. BCVA in these patients was 0.35±0.31 logMAR
at baseline, 0.25±0.19 logMAR after the three initial injec-
tions, and 0.38±0.34 logMAR at the end of follow-up.
Follow-up of one typical patient is presented in Fig. 1.

Absolute non-responders were significantly younger than
absolute responders (68.5±4.5 versus 74.3±6.8 years; p <
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0.05). Baseline ONL was significantly thinner in absolute non-
responders (103.5±32.8 versus 68.43±15.2 μm; p<0.05).

Intermediate or large drusen as AMD features were less
frequently observed in patients with non-response (five out of
eight, 62.5 %) compared to responders (11 out of 12, 91.7 %);
however, the difference was not statistically significant. There
was a trend for higher baseline choroidal thickness (p =0.07),
stronger decrease in PR thickness (p =0.07), and a lower rate
of patients with decrease in SRF after the initial three injec-
tions (p =0.16) in the group of non-responders. Other baseline
parameters were not significantly different between groups.

Discussion

Anti-VEGF therapy has been shown to have a substantial
effect on reducing the magnitude of legal blindness and visual
impairment by 72 % within 2 years after diagnosis of CNV
[6]. Although the prognosis of patients with CNV has dramat-
ically improved, there is a subgroup of patients in all clinical
trials with poor response to anti-VEGF therapy [3, 11, 12].
Patients with continuous VA loss and persistent CNVactivity
despite regular treatments pose a challenge to clinicians. It was
our clinical impression that patients with a specific SDOCT

Table 1 Patient characteristics for responders and non-responders based on morphological or functional parameters

Based on morphological parameters Based on functional parameters

Responders Non-responders1 P-value Responders Non-responders2 P-value

N 16 14 18 12

Age (years) 73.1±8.0 67.9±5.5 0.043 71.8±7.5 68.9±7.0 0.267

Follow up (months) 41.8±12.3 38.5±15.1 0.525 41.2±12.7 38.9±15.1 0.573

Visual acuity (logMAR)

Best-corrected visual acuity (BCVA) (baseline) 0.30±0.29 0.34±0.28 0.667 0.36±0.29 0.26±0.25 0.325

Change in BCVA after initial three Injections −0.07±0.23 −0.06±0.17 0.657 −0.12±0.24 0.01±0.09 0.660

Change in BCVA (baseline–last visit) 0.07±0.32 0.08±0.30 1.00 0.01±0.30 0.18±0.30 1.000

Anti-VEGF injections

Total number of injections 18.5±7.4 22.3±12.1 0.552 19.0±6.3 22.1±13.8 0.723

Mean number of injections/year 5.4±1.8 7.1±2.6 0.093 5.9±2.2 6.5±2.5 0.545

Mean number of injections for “no fluid”5 5.4±2.8 not applicable 4.6±2.1 8.0±3.4 0.073

Quantitative parameters5

Choroid (baseline) 3 190.5±44.5 215.3±38.0 0.235 186.7±41.3 221.0±39.3 0.073

Change choroid (baseline–last visit) 3 −10.2±25.3 −18.7±22.2 0.170 −18.9±27.8 −6.8±14.2 0.353

Outer nuclear layer (ONL) (baseline) 3 105.2±29.1 87.2±29.0 0.108 105.5±29.8 83.6±26.0 0.073

Change ONL (baseline–last visit) 3 −15.8±25.2 −5.8±19.4 0.440 −12.3±26.0 −9.4±17.9 0.711

Photoreceptor layer (PR) (baseline) 3 76.3±22.74 75.0±18.3 0.821 73.7±19.2 78.7±22.9 0.711

Change PR (baseline–last visit) 3 −9.57±23.7 −12.4±16.7 0.685 −6.0±17.0 −18.1±23.3 0.099

Pigment epithelial detachment (PED) (baseline)4 167.3±84.3 258.8±161.8 0.190 240.1±146.8 173.3±107.7 0.343

Change PED after initial 3 injections4 −10.6±79.2 19.8±163.8 0.786 38.2±144.2 −40.6±79.71 0.015

Maximum PED height4 335.3±336.1 314.0±262.1 0.822 412.4±352.0 194.8±114.1 0.017

Qualitative parameters (all images) 9

SRF decrease after initial 3 injections 5 81.3 % 35.7 % 0.024 61.1 % 58.3 % 1.000

Presence of any size of drusen 5,6,8 87.5 % 78.6 % 0.642 88.9 % 75.0 % 0.364

Intermediate/large drusen 5,6,8 93.8 % 71.4 % 0.157 88.9 % 75.0 % 0.364

Serous component of PED (baseline) 5 53.3 % 69.2 % 0.460 70.6 % 45.5 % 1.000

Development of cystoid spaces 5 12.5 % 14.3 % 1.000 16.7 % 8.3 % 0.632

Development of outer retinal tubulations 5 12.5 % 7.1 % 1.000 11.1 % 8.3 % 1.000

Incidence of retinal pigment epithelium tear5,7 6.3 % 14.3 % 0.586 11.1 % 8.3 % 1.000

Data are presented as mean ± standard deviation and compared using Mann–Whitney U test, unless otherwise mentioned

Morphological non-response1 : persistent subretinal fluid present at all available visits;

functional non-response2 : subjects who never showed a visual acuity increase of 2 logMAR (logarithm of minimum angle resolution);
3 thickness measured at foveal center point (μm); 4maximum PED thickness (μm) measured over 36 scans; 5 evaluation on spectral-domain optical
coherence tomography; 6 evaluation on fundus photography; 7 evaluation on fluorescein angiography; 8 presence of drusen on study eye within ETDRS
standard grid (Early Treatment Diabetic Retinopathy Study); 9 data are presented in % and compared using 2-sided Fisher exact test
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phenotype with isolated SRF and PED frequently demonstrate
functional as well as morphological non-response. In this
study, we analyzed the outcome of these patients, and identi-
fied prognostic factors for the response to anti-VEGF therapy.

Twenty-seven percent of patients demonstrated neither
functional nor morphological response as defined above over
the entire follow-up period. ONL thickness of the complete
responder group (mean FCP ONL thickness 103.5 μm) was
comparable with the findings of Pappuru et al.[32] in eyes
with dry AMD (mean FCP ONL thickness 104.3 μm), while
ONL thickness was significantly thinner for complete non-
responders (mean FCP ONL thickness 68.4 μm). Thinner
ONL values in the non-responder group may indicate damage
to the outer retina, possibly due to chronic exudation in the
past. In line with this, a thinner ONL at baseline was reported
to be a prognostic factor for poorer VA outcome following
anti-VEGF therapy [23]. Additionally, there was a trend for a
more severe decrease in PR thickness during follow-up in the

non-responder group, which may be explained by the contin-
uous presence of SRF in this group. As a result of chronic
disease, patients may have developed restricted RPE pump
function. Consequently, SRF cannot be resorbed adequately,
and may persist despite regular anti-VEGF therapy. Further,
multiple minor breaks within the RPE may develop, resulting
in a less effective outer retinal barrier.

Morphological non-responders showed intermediate or
large drusen on the study eye less frequently than morpholog-
ical responders, even though this difference did not reach
statistical significance, possibly because of the small number
of patients. Furthermore, absolute as well as morphological
non-responders were significantly younger than responders.
These observations may indicate that the underlying disease
mechanism for CNV development and persistence of SRF in
our non-responsive cases may be different from typical AMD.

Beside neovascular AMD, PED and SRF are also seen
in eyes with central serous retinopathy (CSR) and

Table 2 Patient characteristics
for morphological and functional
(complete) responders and com-
plete non-responders

Data are presented as mean ±
standard deviation and compared
using Mann–Whitney U test, un-
less otherwise mentioned

Complete responders1 : subjects
with morphological and function-
al response. Persistent subretinal
fluid present at all available visits;

complete non-responders 2 : sub-
jects who had subretinal fluid at
all available visits and who never
showed a visual acuity increase of
2 logMAR (logarithm of mini-
mum angle resolution);
3 thickness measured at foveal
center point (μm); 4 maximum
PED thickness (μm) measured
over 36 scans; 5 evaluation on
spectral-domain optical coher-
ence tomography; 6 evaluation
o n f u n d u s p h o t o g r a p h y ;
7 pvaluation on fluorescein angi-
ography; 8 presence of drusen on
study eye within ETDRS standard
grid (Early Treatment Diabetic
Retinopathy Study); 9 data are
presented in % and compared
using 2-sided Fisher exact test

Complete
responders 1

Complete non-
responders 2

P-value

N 12 8

Age (years) 74.3±6.8 68.5±4.5 0.047

Follow up (months) 44.7±11.7 41.8±16.7 0.624

Visual acuity (logMAR) 9

Best-corrected visual acuity (BCVA) (baseline) 0.35±0.31 0.31±0.29 0.734

Change in BCVA after initial three Inj\.ections 0.25±0.19 0.31±0.30 0.571

Change in BCVA (baseline–last visit) 0.04±0.30 0.18±0.26 0.343

Anti-VEGF injections

Total number of injections 18.7±6.7 24.3±15.4 0.521

Mean number of injections/year 5.2±1.9 6.7±2.9 0.343

Mean number of injections for “no fluid”5 4.6±2.1 not applicable

Quantitative SDOCT parameters 9

Choroid (baseline) 3 182.5±42.7 225.9±37.1 0.069

Change choroid (baseline–last visit) 3 −13.1±28.9 −9.4±16.8 0.791

Outer nuclear layer (ONL) (baseline) 3 103.5±32.8 68.43±15.2 0.011

Change ONL (baseline–last visit) 3 −17.9±24.5 −9.0±9.4 0.536

Photoreceptor layer (PR) (baseline) 3 73.3±19.7 75.43±18.4 1.000

Change PR (baseline–last visit) 3 −9.1±18.6 −22.3±12.0 0.070

Pigment epithelial detachment (PED) (baseline) 4 179.8±89.3 194.0±125.9 0.852

Change PED after initial three injections 4 −2.9±97.7 −50.3±104.9 0.108

Maximum PED height 4 389.7±370.1 206.13±116.6 0.115

Qualitative parameters (all images) 9

SRF decrease after initial three injections 5 83.3 % 50.0 % 0.161

Presence of any size of drusen 5,6,8 91.7 % 75.0 % 0.537

Intermediate/large drusen 5,6,8 91.7 % 62.5 % 0.255

Serous component of PED (baseline) 5 72.7 % 71.4 % 1.000

Development of cystoid spaces 5 16.7 % 12.5 % 1.000

Development of outer retinal tubulations 5 16.7 % 12.5 % 1.000

Incidence of retinal pigment epithelium tear 5,7 8.3 % 12.5 % 1.000
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pseudovitelliform lesions [33, 34]. Thus, these diseases
may be mistaken for active neovascular AMD, and may
be non-responsive to anti-VEGF therapy. Fluorescein
angiography may be helpful to distinguish those from
CNV. Vitelliform macular dystrophies typically present
with subfoveal yellowish lesions, which correspond to
areas of blocked fluorescence in the early phase of
fluorescein angiography, with staining in the late phase
[35]. SD-OCT shows subretinal hyperreflective material
[34]. Eventually the subretinal material disappears over
time, leaving an empty subretinal hyporeflective space
behind [34, 35]. In our study, eyes with subretinal
hyperreflective material and eyes with features sugges-
tive for vitelliform lesions have not been included.
However, we cannot fully exclude the possibility that
some patients have a vitelliform macular dystrophy with
complete absence of subretinal material and secondary
occult CNV.

CSR frequently occurs in young and middle-aged
individuals. In chronic CSR, severe visual loss may
occur due to retinal atrophy [36]. In addition, secondary
development of occult CNV may occur [37]. In eyes
with angiographically occult CNV and PED as well as
SRF on SDOCT, it may be difficult to distinguish
between AMD and CSR as the underlying disease
mechanism. AMD may be more likely in older patients
and the presence of drusen, CSR may be more likely in

younger patients, and the presence of multifocal areas of
RPE disturbance on FA or fluorescein leakage in the
typical smoke stack shape. Those FA features of CSR
have not been detected in our patients. On SDOCT,
eyes with CSR frequently present greater choroidal
thickness than eyes with AMD [38–41]. In our study,
complete non-responders had a slightly thicker choroid
at baseline in comparison to complete responders; how-
ever, this did not reach statistical significance. It re-
mains to be shown if SRF in patients with CSR and
occult CNV may be less responsive to anti-VEGF ther-
apy than that in eyes with neovascular AMD.

Kloos et al. analyzed the effect of PDT in a small
group of non-responders to anti-VEGF treatment with
isolated SRF, and demonstrated stabilization in VA fol-
lowing PDT [42]. In some of our patients (n =5) with
morphological non-response, PDT has been performed
as an alternative treatment option; however, our study
population is too small to draw clear conclusions.

Various anti-VEGF agents may show differences regarding
the response of morphological parameters [43]. Possible ex-
planations include differences in binding affinity to VEGF or
in molecular size. Further, tachyphylaxis is a possible reason
for late non-response to anti-VEGF treatment [21, 44, 45].
Switching to another anti-VEGF drug may be favourable for
patients with attenuated response [46]. Recently, the recombi-
nant fusion protein aflibercept, which binds all isomers of the

Fig. 1 Patient with
morphological and functional
non-response. a +b Baseline
fluorescein angiography shows
low active occult choroidal
neovascularisation with retinal
pigment epithelium disturbance.
c Baseline spectral-domain
optical coherence tomography
(SDOCT) with pigment epithelial
detachment (PED) and subretinal
fluid (SRF). Best-corrected visual
acuity is 20/32 (Snellen). d
SDOCT after 42 months
following treatment with 30×
ranibizumab, 1× bevacizumab,
1× photodynamic therapy with
verteporfin. Best-corrected visual
acuity is 20/63 (Snellen). * Outer
nuclear layer (ONL) thickness
measurement
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VEGF-A family and placental growth factor, was reported to
achieve improved anatomical outcomes in patients with non-
response to ranibizumab [47–49], including a rapid response
of subretinal and sub-RPE fluid in eyes with PEDs [47, 50].
Thus, non-responsive patients in our group may be favourable
for the transition to this anti-VEGF agent. In our study, a
decrease in SRF after the initial three anti-VEGF injections
was less frequent in patients showing persistence of SRF at
some point during follow-up. A lack of initial response of SRF
may therefore help to identify patients that may benefit from
transition, although there was no difference with regard to
functional response in our study.

Various studies have analysed prognostic factors for VA
outcome in neovascular AMD [11, 12, 23, 24, 51]. These
studies indicate that eyes with lower baseline VA may dem-
onstrate a greater increase in vision, but nevertheless still show
lower VAvalues at last follow-up. In our study, initial VAwas
not different between responders and non-responders. Larger
retinal thickness values at baseline have been reported to be
associated with greater increase in VA [23]. In our dataset,
eyes with cystoid spaces were excluded, and thus retinal
thickness was low. This may partially explain the lack of
strong increase in VA during follow-up.

Our study has several limitations, including its retrospec-
tive design, the use of Snellen VA, the use of PDT in some
cases, the small study population, and the lack of a control
group. In addition, our study was not designed to draw
conclusions about the frequency of the described SDOCT
phenotype. Comparison between our study and results from
larger clinical trials such as MARINA are limited, as CNV
lesion subtypes in our study are based on SDOCT instead of
FA. Whereas occult and minimally classic CNV lesion sub-
types were included in the MARINA trial, our study popula-
tion presents a subtype of occult CNV.

In summary, our results indicate that eyes with the
specific SDOCT phenotype with isolated fibrovascular
PED and SRF frequently demonstrate non-response to
anti-VEGF therapy. Although our study group was
small, we could identify younger age and lower ONL
thickness as risk factors for morphological as well as
functional non-response in this group. A lack of initial
decrease in SRF appeared to be more frequent in pa-
tients with persistence of SRF during follow-up. The
non-response to anti-VEGF therapy may be attributed
to several reasons (e.g., persistence of fluid due to
restricted RPE pump function or RPE breaks in chronic
disease, undertreatment, tachyphylaxis), or may indicate
that the underlying disease mechanism is different from
neovascular AMD. Possible beneficial effects from
switching to other treatment options such as PDT or
aflibercept remain to be demonstrated. These prelimi-
nary findings should be evaluated in a larger prospec-
tive study to elucidate the reason for frequent non-

response of eyes with PED and SRF to anti-VEGF therapy,
and to develop strategies to improve the morphological as well
as functional outcome.
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