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Abstract

Background: To study the clinical outcomes of pigment epithelial detachment (PED) associated with neovascular
age-related macular degeneration (nAMD) in patients switched from Ranibizumab to Aflibercept.

Methods: Retrospective non-comparative case series. 50 eyes with active nAMD and fovea involving PED of ≥100
μm measured manually using the caliper on the OCT, initially treated with intravitreal Ranibizumab (0.5 mg/0.05 ml)
and later switched to Aflibercept (2.0 mg/0.05 ml). The outcome measures of best corrected visual acuity (BCVA),
PED height, PED width and number of injections were measured at baseline and at time point of switch, 4 months,
1 year and at last follow up visit post-switch. Three paired t-tests and Pearson’s correlations were calculated to
analyze variables at switch and change in variables at 1 year.

Results: After switch to Aflibercept, the improvement of BCVA was 1.84 (p = 0.11), 1.74 (p = 0.21) and 1.16 (p = 0.45)
letters, the change in PED height was − 65.6μm (p < 0.001), − 50.64μm (p = 0.007) and − 68.48μm (p < 0.001) and the
change in PED width was − 36.6μm (p = 0.514), + 29.7μm (p = 0.922) and + 118.4μm (p = 0.210) at 4 months, 1 year
and the last visit respectively. There was a moderate negative correlation between reduction in PED height at 1
year after switch and PED height at the time of switch to Aflibercept (r = − 0.474, p < 0.05).

Conclusion: The improvement in BCVA and change in PED width was not statistically significant however the
reduction in PED height was significant after switching treatment to Aflibercept. The change in BCVA at 1 year after
switch was not correlated with any of the analyzed anatomical characteristics of PED.
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Background
Clinically active neovascular age related macular degen-
eration (nAMD) can manifest with sub-retinal fluid
(SRF), intra-retinal fluid (IRF) and retinal pigment epi-
thelial detachment (PED). PED can be categorised clinic-
ally and angiographically into drusenoid, serous and
fibrovascular [1]. Optical coherence tomography (OCT)

enables qualitative and quantitative assessment of the di-
mensions, reflectivity, progression and response to treat-
ment of PED lesions. The resolution of PED has largely
been unsatisfactory with treatments including laser,
photodynamic therapy, intraocular gas, intravitreal tri-
amcinolone [2–4]. Currently intravitreal anti-vascular
endothelial growth factor (anti-VEGF) agents are main-
stay treatment for nAMD. The current focus is to assess
functional and anatomical response of anti-VEGF agents
as Bevacizumab (Avastin®), Ranibizumab (Lucentis®) and
Aflibercept (Eylea®) on PED and also switching treat-
ment between these agents. In the United Kingdom,
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Ranibizumab and Aflibercept are both licensed for treat-
ment of nAMD [5, 6]. Ranibizumab is a humanized
monoclonal antibody antigen-binding fragment, which
inhibits all biologically active isoforms of VEGF-A
whereas Aflibercept is a recombinant fusion protein of
components of VEGF receptor and antagonizes
VEGF-A, VEGF-B and placental growth factor [7]. Land
mark VIEW 1 and VIEW2 studies have demonstrated
equal functional and anatomical efficacy of the 2 drugs
[8]. Aflibercept has been shown to have pharmacological
advantage of higher binding affinity to VEGF-A and a
longer ligand binding activity [9]. This theoretical advan-
tage and later introduction of Aflibercept have led to
several studies investigating the switching from ranibizu-
mab and/or bevacizumab to aflibercept in cases of re-
fractory or rapidly recurring fluid in nAMD. However,
there is scarcity of evidence for anatomical and func-
tional outcomes in PED following anti-VEGF therapy.
The purpose of this study is to evaluate the clinical re-
sponse in patients with PED associated with nAMD
whose treatment was switched from Ranibizumab to
Aflibercept.

Methods
This is a retrospective non-comparative case series that
was performed in Aberdeen Royal Infirmary, Aberdeen,
United Kingdom.

Inclusion and exclusion criteria
In this series we identified eyes with active nAMD and
PED that were treated with intravitreal anti-VEGF injec-
tions between July 2013 to November 2015. The inclu-
sion criteria were: 1) The patients initially treated with
intravitreal Ranibizumab (0.5 mg/0.05 ml) and later
switched to Aflibercept (2.0 mg/0.05 ml); 2) fovea in-
volving PED; 3) minimum height of PED of 100 μm
(μm) at time of switch, as observed on Spectral Domain
OCT (SD-OCT) (Heidelberg Spectralis plus, Heidelberg
Germany). Patients were switched to Aflibercept if
deemed to have inadequate clinical response (anatomical
or functional) to Ranibizumab when assessed clinically.
Patients with any other co-existent retinal disease affect-
ing the macula were excluded.

Treatment protocol
The initial treatment protocol with Ranibizumab con-
sisted of 3 monthly loading doses followed by pro re
nata (PRN) schedule. The treatment protocol with Afli-
bercept consisted of a fixed dosing regimen comprising
of monthly injections for first 3 months, followed by
2-monthly injections in first year of treatment. From
year two onwards, individualised treatment regime was
adopted, either PRN or treat-and-extend (T&E).

Baseline evaluation
At each visit, the patients were assessed for best cor-
rected visual acuity (BCVA) using the Early Treatment
of Diabetic Retinopathy Study (ETDRS) letter score, in-
traocular pressure, anterior segment assessment and di-
lated fundoscopy. Patients had fundus fluorescein
angiography (FFA) (Topcon 50DX) at baseline and
SD-OCT imaging with cube scan at each visit. Selected
patients also had indocyanine green angiography (ICG)
(Topcon 50DX). FFA was repeated during the follow-up
period if deemed necessary.
Baseline characteristics were recorded for age, sex, activity

of nAMD and PED reflectivity on OCT. The variables
BCVA, PED height, PED width, presence of intraretinal fluid
(IRF), subretinal fluid (SRF) and number of injections were
measured at baseline (first Ranibizumab) and at 4 other time
points: switch (first Aflibercept); 4 months after switch (fol-
lowing the loading phase of 3 monthly Aflibercept); 1 year
after switch; and at last follow up visit. The PED height and
width were measured manually using the caliper on the
OCT software. The PED height was measured as the max-
imum vertical distance from the base of the RPE to Bruch’s
membrane. PED width was measured as the horizontal PED
diameter between two points of RPE elevation at the pos-
ition of greatest PED height. For consistency both measure-
ments were performed on a single SD-OCT cut running
through fovea. PED was classified as solid, hollow, or mixed
based on reflectivity of material under the RPE on the OCT
scans.

Data collection
The anonymised data were extracted from a single
electronic medical records (EMR) system (Medisoft
Ophthalmology, Medisoft Limited, Leeds, UK), which
ensured collection of a standardized dataset through-
out the nAMD care pathway. The data entry into
EMR was defined prospectively for nAMD treatment
which could be extracted retrospectively for audit
purposes by authorized users. The standardized data
entry and collection ensured its credibility and repeat-
ability than a conventional analysis of the unstruc-
tured data in a retrospective chart review. The
anonymized database analyses of this type do not re-
quire ethical permission as they are viewed as audit
or service evaluation (see https://www.hra.nhs.uk/
approvals-amendments/what-approvals-do-i-need/).
This study was conducted in accordance with the
declaration of Helsinki, and the UK’s Data Protection
Act.

Outcome measures
The primary outcomes were assessed for change in BCVA
and change in PED height and width from baseline treat-
ment with Ranibizumab to switch to Aflibercept and from
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switch to all other time points (i.e at 4 months, 12 months
and at last follow up). Three paired t-tests were conducted
for each of BCVA, PED height and width comparing first
Aflibercept to 4 months, 1 year and last follow up visit. In
addition, association between the following continuous
variables were evaluated using Pearson’s correlations:
change in BCVA, PED height and PED width from the
time of first Aflibercept to 1 year and BCVA, PED height
and PED width at the time of first Aflibercept. Analyses
were conducted using SPSS v.24. A significance level of
0.05 was used without adjustment for repeated testing.

Results
We identified 218 eyes that were switched from Ranibi-
zumab to Aflibercept for the treatment of nAMD during
the period July 2013 to November 2015. Fifty eyes met
the inclusion criteria. The age, median (range) of these
patients was 83 (52–90) years. 16 patients were male
and 34 were female. The duration of treatment, mean
(SD) [range] with Ranibizumab was 13.2 (4) [3–50]
months. The number of intravitreal Ranibizumab injec-
tions, mean (SD) [range] received during this time was
7.8 (4.2) [3–21]. The duration of treatment with Afliber-
cept was 22 (1.2) [6–30] months. The mean number of
Aflibercept injections was 11.84 (9.9) [3–19]. The dur-
ation of treatment from first Ranibizumab to last follow
up was 35.3 (5.2) [12.7–58.3] months (Table 1).
The PED morphology on SD-OCT at baseline was hol-

low in 17, solid in 15 and mixed in 18 patients respect-
ively. At the time of switch, the presence of SRF was
observed in 32 eyes, IRF in 9 eyes, and both SRF and
IRF in 8 eyes along with PED. One eye had PED only
with no SRF and IRF.
The parameters of BCVA, PED height and PED width

mean (SD) at each of the five time points (Table 2). The
BCVA improved by 4.12 letters from 56.30 (14.10) to
60.42 (14.90) letters from first Ranibizumab to first
Aflibercept. After switch to aflibercept, the BCVA

improved by 1.84 (p = 0.11), 1.74 (p = 0.21) and 1.16 (p =
0.45) letters at 4 months, 1 year and the last visit re-
spectively which was not statistically significant at any
time point (Fig. 1).
The PED height reduced by − 38.4μm from 374.1μm

(166.9) to 335.7μm (155.4) from first Ranibizumab to
the time of switch to Aflibercept. After switch, the re-
duction in PED height was − 65.6μm (P < 0.001), −
50.64μm (P = 0.007) and − 68.48μm (P < 0.001) at 4
months, 1 year and at last visit, representing a statisti-
cally significant reduction at each time point (Fig. 1).
The PED width increased by + 460.3μm from

2130.5μm (774.0) to 2590.8μm (819.6) on Ranibizumab
before switch to Aflibercept. After switch it changed by
− 36.6μm (p = 0.514), + 29.7μm (p = 0.922) and +
118.4μm (p = 0.210) at 4 months, 1 year and last visit
with no significant difference at any time point (Fig. 1).
Pearson’s correlations were calculated for the change in

BCVA, PED height and PED width from the time of
switch i.e. first Aflibercept to 1 year and BCVA, PED
height and PED width at first Aflibercept (Table 3). Most
of the correlations were moderate or low. The change in
BCVA at 1 year after switch was not correlated with any
of the analyzed anatomical characteristics of PED. There
was a moderate negative correlation between reduction in
PED height at 1 year after switch and PED height at first
Aflibercept (r = − 0.474, p < 0.05). A moderate negative
correlation was identified between PED width and BCVA
at the time of switch (r = − 0.438, p < 0.05) and a moderate
positive correlation was identified between PED width and
PED height at switch (r = 0.418, p < 0.05).
The change in BCVA, PED height and PED width for

lesions of different OCT reflectivity and retinal fluid sta-
tus was analyzed at the time of first Aflibercept to year
one (Table 4). The hollow PED showed most improve-
ment in vision 1 year after switch whereas mixed PED
showed most reduction in PED height. The eyes with
SRF had most improvement in BCVA and reduction in
PED height and increase in PED width compared to eyes
with IRF or both IRF and SRF. None of the study eyes
had any serious adverse events following anti-VEGF
treatment.

Discussion
Our study represents real world anatomical and func-
tional response of PED after switching between two li-
censed anti-VEGF agents with 1 year or more follow up.
Treatment naive AMD lesions are expected to show bet-
ter functional and anatomic response to anti-VEGF ther-
apy as compared to the switch group due to lack of
chronic changes in outer retina. This is reflected with
our findings of initial improvement in visual acuity while
on treatment with Ranibizumab, which then remained
stable after switch to Aflibercept. Although there was a

Table 1 Baseline characteristics, the mean ± SD [Range] of
duration of treatment and number of injections of Ranibizumab
and Aflibercept

Age (years) Median (range) 83 (52–90)

Gender (Male: Female) 16:34

Duration of treatment in months

Treatment with Ranibizumab before
switch to Aflibercept

13.2 ± 4 [3–50]

Treatment with Aflibercept after switch 22 ± 1.2 [6–30]

Treatment from first Ranibizumab to
last follow up

35.3 ± 5.20 [12.7–58.3]

Number of injections

Ranibizumab before switch to Aflibercept 7.8 ± 4.2 [3–21]

Aflibercept following switch 11.84 ± 9.9 [3–19]
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Table 2 Descriptive results for BCVA, PED height and PED width as mean (SD) at 1st Ranibizumab, switch to Aflibercept, 4 months,
1 year after switch and at last follow up visit

Baseline (1st Ranibizumab) Switch (1st Aflibercept) 4 months after switch 1 year after switch Last follow-up visit

BCVA 56.30 (14.10) 60.42 (14.90) 62.26 (16.05) 62.16 (15.92) 61.58 (16.40)

PED height 374.1 (166.9) 335.7 (155.4) 270.1 (129.7) 285.0 (146.6) 265.3 (133.3)

PED width 2130.5 (774.0) 2590.8 (819.6) 2554.2 (790.9) 2583.9 (834.8) 2702.3 (847.2)

BCVA in ETDRS letters, PED height and width in micrometers

Fig. 1 The change in best corrected visual acuity (BCVA), pigment epithelial detachment (PED) height and width mean at five time points
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trend to vision improvement at all measured time points
after switch, it was not statistically significant. None of
the analyzed parameters (BCVA, PED height and width
at switch and PED height and width change at 1 year
after switch) were found to be correlated with the
change in BCVA at 1 year after switch to Aflibercept.
We chose the PED height of ≥100 μm in order to be
able to appreciate vertical change better on manual mea-
surements. The fact that the PED remains high despite
previous Ranibizumab treatment may suggest an active
lesion with CNV leakage, or a larger lesion. These higher
PEDs showed less decrease in height after switch to
Aflibercept representing resistant lesions less likely to re-
spond to further or different anti-VEGF. This may ex-
plain the negative correlation found in our study
between PED height at time of switch to Aflibercept and
change in PED height at 1 year post-switch.
The switch patients in nAMD represent a group which

is chronic and refractory to previous treatment. The re-
sponse to treatment is different than in treatment naïve
patients who have new active disease and usually show
good outcome with early initiation of anti-VEGF treat-
ment. For treatment naive patients with nAMD related
PED, most studies have reported anatomical improve-
ment in terms of reduction in PED height with

Bevacizumab [10–13] Ranibizumab [10, 11, 13–22] and
Aflibercept [10, 20–22]. With Bevacizumab (1.25 mg)
treatment, Freeman WR et al. showed no statistically
significant change in SRF and IRF resorption or visual
acuity improvement in PED and non-PED groups.
[11]. In studies involving ranibizumab, some studies
have reported improvement in VA [14, 15] whereas
others have reported variable visual results with no
correlation between change in BCVA and PED height
[16, 17]. Chan et al. demonstrated improvement of
visual acuity with higher doses of Ranibizumab
(2 mg) at 12 months [18]. A post hoc subgroup ana-
lysis in the HARBOR study of patients presenting
with PED at baseline reported PED height reduction
and BCVA gain with Ranibizumab across PEDs of all
heights but a decrease in vision in eyes with
extra-large PEDs treated with higher dose of Ranibi-
zumab [19]. With aflibercept treatment H J Cho and
Balaskas K have reported greater reduction in PED
height compared to ranibizumab [20, 22] at 1 year.
They also noticed improved BCVA at 1 year in both
groups but variable correlations to baseline parame-
ters. Similar trend of improved anatomical outcomes
with aflibercept compared to both ranibizumab and
bevacizumab was noticed by A Au at 6 months [10].

Table 3 Pearson Correlations for BCVA, PED height and PED width at the time of switch i.e. 1st Aflibercept to the change at 1 year
from switch

BCVA change PED height
change

PED width
change

BCVA at 1st
Aflibercept

PED height at
1st Aflibercept

PED width at
1st Aflibercept

BCVA change 1

PED height change −0.181 1

PED width change 0.095 0.058 1

BCVA at 1st Aflibercept −0.216 0.107 0.304* 1

PED height at 1st Aflibercept 0.114 −0.474** −0.053 − 0.246 1

PED width at 1st Aflibercept 0.276 −0.126 −0.271 − 0.438** 0.418** 1

* p < 0.05, ** p < 0.01
BCVA measurements in ETDRS letters, PED height and width in micrometers

Table 4 The change in mean (SD) for BCVA, PED height and PED width 1 year after switch to Aflibercept in different PED
morphologies and retinal fluid

PED Morphology Number BCVA Change
(ETDRS letters)

PED height change
(micrometers)

PED width change
(micrometers)

Hollow 17 3.41 (13.20) −34.0 (71.1) −43.6 (414.3)

Mixed 18 0.00 (7.78) − 91.1 (152.1) − 0.111 (647.7)

Solid 15 1.93 (6.89) −20.9 (136.4) 26.6 (385.2)

Retinal Fluid

None 1 −2.00 6.0 48.0

SRF 32 2.53 (7.28) − 69.5 (131.5) 93.9 (474.9)

IRF 9 1.78 (7.10) −2.78 (118.0) −97.4 (571.8)

SRF and IRF 8 −1.00 (18.67) −36.3 (118.5) − 314.9 (419.1)
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Ranibizumab and Bevacizumab have been in use for
nAMD for some time, with Aflibercept being introduced
later [5, 6]. Switching of treatment to Aflibercept was
attempted in patients who were either unresponsive or
partly responsive to other drugs. These patients usually
had persistent SRF, IRF, PED and some degree of RPE at-
rophy to retina due to long term anti-VEGF use and dis-
ease process itself. Some patients had shown good
earlier response but later reached a plateau due to tachy-
phylaxis or tolerance. Pharmacological difference in
drugs and binding abilities to different receptors on ret-
ina led way to try Aflibercept in refractory patients. The
knowledge and data of its real world effectiveness is cur-
rently evolving. The effect of switching treatment from
Ranibizumab or Bevacizumab to Aflibercept is currently
being reported in recent studies [23–29]. Most studies
showed reduction in PED size and reduction in SRF and
IRF but the effect of the switch on visual acuity proved
to be variable. Some studies reported improvement in vi-
sion [23, 24] whereas others reported no change or
worsening of vision [25–27]. These studies have assessed
smaller height PED [27] or shorter duration of follow up
after switch [23, 24]. These observations contribute to
early outcomes however it’s difficult to draw parallels
and uniform conclusion.
In coherence with other studies, we found decrease

in PED height with Ranibizumab and further reduc-
tion at month 4 (post loading) with Aflibercept was
much more compared to 1 year. The reduction in
PED height achieved on Aflibercept was more at all
time points than on Ranibizumab before switch. Simi-
lar findings were reported by S de Massougnes [27].
Broadhead et al. noticed that spacing of injections
from monthly to 2 monthly after loading phase re-
sulted in increase in height, width and length for
1 month after injection compared with 2 months after
injection. This implies that such lesions probably need
more frequent treatment. We also observed increase
in width on Ranibizumab treatment. The width tem-
porarily decreased at month 4 (post loading) after
switch but again continued to increase at 1 year and
last follow up. This was in contrast to Broadhead et
al. who noticed consistent reduction in PED height,
width and length at 24 and 48 weeks after switch
[28]. The fact that we measured width in the plane of
greatest PED height, and not independently of each
other, might explain this variability. It could be
hypothesised that flattening of lesion broadened the
base of lesion due to its mechanical properties. This
is more likely to be the case in fibrovascular PED
than in serous PED. The BCVA gain in our study was
also much less than other studies.
We noticed that improvement of vision and reduction

of PED height was maximum in eyes associated with

SRF alone. This was probably achieved due to a better
control of the CNV activity and leakage. The internal re-
flectivity of lesion on SD-OCT is believed to be based
on content of PED with serous PED being hyporeflec-
tive, fibrovascular lesions having mixed reflectivity and
solid drusenoid lesions being hyperreflective but a re-
view by Zayit-Soudry, Shiri et al. found this interpret-
ation to be inaccurate [1]. Punjabi et al. found that less
reflective PEDs on SD-OCT responded better to
anti-VEGF therapies. [30]. In our study, hollow PED
showed most improvement in BCVA whereas mixed
PED showed most reduction in PED height. These find-
ings were similar to Broadhead et al. [28]. This could be
due to drying of serous component in hollow PED and
change in morphology of neovascular component in
mixed PED. More recently K Balaskas et al. have evalu-
ated change in reflectivity based on pixel intensity of
PED content using a novel software [22]. This might be
useful in future studies.
The main limitations of our study include its retro-

spective design and small numbers. The treated PED
itself forms a small subset of treated nAMD cases
and analyzing switches in treatment in this subgroup
generated even fewer yet significant numbers to draw
some meaningful interpretation on switching treat-
ment. This information could be useful in designing
further studies where power calculations can be done
at the start of the study to help decide the length of
the study with more number of cases. The assessment
of PED parameters was done for height and width
only, rather than total internal geometry of lesion.
Without accurate data on PED volume it might be
hypothesised that reduction in PED height may in-
crease the basal diameter of PED, therefore keeping
the PED volume constant. Assessment of PED volume
would offer a more accurate picture on the effect of
anti-VEGF treatment on PED but the OCT software
available to us in clinical practice does not allow for
accurate PED volume measurement. Although PED
volume can be estimated by mathematical formulation
(taking into account PED height and width and as-
suming the PED has a regular shape), due to the
large variability in PED shape in a real world setting
such a simplistic calculation would run the risk of in-
ducing a large error in the final results. This
prompted us to choose PED height and width to-
gether with presence of SRF and IRF as the variables
to be included in the final calculations. Some patients
may have had progression of cataract and cataract
surgery during the treatment however this was not
assessed as a part of this study. It is difficult to pre-
dict if any visual improvement could be due to cata-
ract surgery. However, no such significant surgical
event was recorded in the database.
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Conclusion
Different studies have analysed response to anti- VEGF
in PEDs of heights varying from 35 μm to 1400 μm. It is
difficult to draw comparisons or pool data from other
studies due to different study designs, baseline charac-
teristics and treatment regimes. There is growing evi-
dence that recalcitrant nAMD is associated with outer
retinal layer and photoreceptor/RPE damage due to per-
sistent leakage and scarring. Therefore, switching be-
tween intravitreal anti-VEGF agents may offer
anatomical improvement with further drying and flatten-
ing of macula but no functional improvement due to ir-
reversible internal changes in retina. As Aflibercept was
licensed after Ranibizumab, we had a substantial number
of patients with switch from Ranibizumab to Aflibercept
but not vice versa. It would be useful to have a study
looking at outcomes after switch from Aflibercept to
Ranibizumab for comparison but at present we are lim-
ited by numbers and hence could not include it as part
of this study. Our paper adds strength to outcomes in
switching treatment to different anti-VEGF drug in re-
calcitrant CNV with PED with substantial follow-up be-
fore and after switch. Our study also adds that
recalcitrant PEDs which remain high after Ranibizumab
treatment may be less likely to respond to further
Aflibercept injections.
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