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Abstract

Purpose: The administration frequency of intravitreal anti- vascular endothelial 

growth factor (anti- VEGF) in neovascular age- related macular degeneration (AMD) 

have been widely discussed. The primary objective of the study was to explore the as-

sociation between anatomical outcomes and changes in functional outcome.

Methods: This was a retrospective cohort study of patients with newly diagnosed 

neovascular AMD with a minimum of 12 months of follow- up. Only one eye per 

patient was included. Patients were treated according to the observe- and- plan or 

the pro- re- nata regimen. All patients were regularly examined from the time of 

diagnosis up to 24 months. The effect of intraretinal fluid (IRF), subretinal fluid 

(SRF) and pigment epithelium detachment (PED) at any time point on visual 

acuity (VA) was tested, as well as the long- term effect and the risk of losing VA. 

Further, the variability of central retinal thickness (CRT) was calculated for each 

eyes' individual measures during the observation period, excluding the monthly 

loading phase. The prognostic effect of each factor on VA was estimated by regres-

sion analysis. The primary outcome measure was VA, which was correlated with 

the presence or absence of fluid, seen as IRF, SRF or PED.

Results: A total of 504 treatment naïve eyes from 504 patients was included. The 

presence of IRF was associated with lower VA at all visits (p < 0.001). However, the 

presence of SRF or PED was not significantly associated with worse VA at any 

time point during the observation period. Patients in the upper quartile of CRT 

variance had a greater loss in VA after 12 and 24 months (p < 0.001).

Conclusions: In this retrospective cohort study, the presence of intraretinal fluid 

was associated with poorer visual outcome in neovascular AMD patients treated 

with anti- VEGF, but the presence of subretinal fluid and PEDs was not. This sug-

gests that IRF is worse than subretinal fluid and PEDs for AMD outcomes and 

therefore requires the most intensive treatment. Further, we found that patients 

with the highest CRT variability during the study period had poorer visual out-

comes after 12 and 24 months, indicating that stringent control of retinal fluid vol-

ume fluctuations is important to prevent visual acuity decline over time.

K E Y W O R D S
anti- vascular endothelial growth factor, central retinal thickness, neovascular age- related macular 
degeneration, subretinal fluid
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1 |  INTRODUCTION

Neovascular age- related macular degeneration (AMD) 
is a debilitating disease with grave impact on key aspects 
of daily life and self- maintenance (Stein et al.,  2003; 
Williams et al., 1998). Key features of neovascular AMD 
are the formation of macular neovascularization (MNV) 
in eyes with drusen maculopathy. Neovascularization is 
commonly associated with sub-  or intraretinal exuda-
tion and haemorrhages. The severity and prognosis vary 
between subgroups, but overall the result of untreated 
neovascular AMD is formation of fibrous membranes 
and disciform subretinal scars (Lim et al., 2012). Since its 
introduction, the treatment with intravitreal injections 
of anti- vascular endothelial growth factor (anti- VEGF) 
has drastically improved the prognosis of neovascular 
AMD. Treatment with anti- VEGF lowers vessel permea-
bility, inhibits formation of new vessels and prevents the 
associated destruction of the retinal tissue. The use of 
anti- VEGF has proven to be a game- changer in prevent-
ing AMD- associated blindness (Bloch et al., 2012).

Besides being a devastating disease to the affected 
person, neovascular AMD has also become a major 
socioeconomic issue. Neovascular AMD is a chronic 
disease that now requires life- long monitoring, and 
due to an ageing population, the number of patients 
with AMD worldwide is expected to rise from 196 mil-
lion in 2020 to 288 million in 2040 (Wong et al., 2014). 
Therefore, the treatment regimen has been debated 
widely. The MARINA and ANCHOR trials showed 
that monthly treatments successfully attenuate MNV 
formation (Brown et al.,  2009; Rosenfeld et al.,  2006). 
To limit the economic and clinical load of this therapy, 
physicians use other dosing schemes, such as ‘pro- re- 
nata’ scheme (PRN), where monthly visits are required 
but the treatment is only administered when the MNV 
is active (Lalwani et al.,  2009), the ‘treat- and- extend’ 
scheme (T&E), where the interval between visits and 
treatments is increased if the MNV is inactive (Gillies 
et al., 2019), and the ‘observe- and- plan’ (O&P) regimen, 
that starts with three loading doses followed by an ob-
servation period that measures the individual injection- 
recurrence interval and finally applies a slightly shorter 
interval in a planned series of injections without inter-
mediate monitoring visits (Gianniou, Dirani, Ferrini, 
et al., 2015). The individualized therapy scheme can lead 
to a reduction in treatment burden when the number of 
patient visits and injections are minimized. However, 
the choice of treatment regimen is deeply dependent on 
the physician's ability to distinguish whether the lesion 
is active or not.

A recent consensus report found that signs of active 
MNV are haemorrhages, subretinal fluid (SRF), in-
traretinal fluid (IRF) or worsening of serous pigment 
epithelium detachment (PED) (Miotto et al.,  2018). 
However, the large comparison of age- related macular 
degeneration treatment trials (CATT) study found that 
IRF had a greater negative impact on visual acuity than 
SRF (Maguire et al.,  2016). The purpose of this retro-
spective cohort study was therefore to further explore 
the association of anatomical outcomes and changes in 
visual acuity in patients with neovascular AMD treated 

with anti- VEGF to assess the predictive value of changes 
in SRF, IRF and PED on visual outcome.

2 |  M ATERI A LS A N D M ETHODS

2.1 | Study design

This is a retrospective analysis using data from a pro-
spectively kept treatment log of patients with neovascu-
lar AMD treated with intravitreal anti- VEGF at Zealand 
University Hospital. The treatment log included ana-
tomical and functional outcomes for all patients.

All patients with a diagnosis of neovascular AMD 
that initiated treatment with ranibizumab (Lucentis) or 
aflibercept (Eylea) between January 2015 and December 
2018 were included. The minimum required follow- up 
period was 12 months.

In total, 504 eyes from 504 patients that had at 
least 1 year of follow- up, were included in this study. 
Observations of interest were extracted from the data-
bases at baseline, month 3, 6, 9, 12, 18 and 24 after the 
initiation of treatment with anti- VEGF.

The study was adhering to the Declaration of 
Helsinki and local regulations for retrospective data 
analyses in Denmark. Institutional Review Board/Ethics 
Committee ruled that approval was not required for this 
study. According to national law, a retrospective study 
does not require approval, when it consists of treatment 
results where the treatment is administered as part of 
routine clinical practice.

2.2 | Retinal diagnosis and treatment regimen

All patients were examined by a retina specialist at 
all visits. At the initial visit, all patients had measured 
best- corrected visual acuity according to the Early 
Treatment Diabetic Retinopathy Study (ETDRS) proto-
col (Kaiser, 2009). Examination also included slit- lamp 
biomicroscopy, digital fundus photography, spectral- 
domain optical coherence tomography and retinal angi-
ography using fluorescein and indocyanine green. The 
diagnosis of neovascular AMD was done in patients at 
the age above 50 years with deteriorating visual acuity, 
presence of drusen and fibrovascular pigment epithe-
lium detachments and with evidence of active choroi-
dal neovascularization seen as angiographic leakage 
(Seddon et al.,  2006). At the time of data extraction 
(August 2020), one investigator (CG) validated the di-
agnosis based on the angiographic images obtained at 
baseline, to secure diagnosis and excluded patients with 
MNV from other possible causes (e.g. myopia, central se-
rous chorioretinopathy).

Treatment was initiated briefly after diagnosis. 
Treatment was according to the PRN scheme until 
March 2017 and thereafter our centre shifted to O and 
P. All patients received three monthly loading injections 
initially. After initial treatment, the decision for subse-
quent treatments was based on clinical examinations 
including OCT. Findings of active disease— intraretinal 
fluid, subretinal fluid or haemorrhage— were treated 
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with three additional retreatments. For retreatments, 
the interval between injections and controls was set ac-
cording to treatment scheme (Gianniou, Dirani, Ferrini, 
et al., 2015; Lalwani et al., 2009), and the first treatment 
was administered immediately after examination. If an 
eye had been stable without the need for retreatment for 
a period of approximately 6 months, or if the lesion was 
deemed intractable due to fibrosis or atrophy, the patient 
would discontinue monitoring at the hospital, but con-
tinue monitoring at their private ophthalmologist.

2.3 | Data collection and statistical analysis

Data on treatment outcomes (change in BCVA and CRT 
from baseline to follow- up) were extracted for all patients 
(baseline, first follow- up [3– 4 months after treatment start] 
and 6, 9, 12, 18 and 24 months from initial visit). In cases 
where both eyes were eligible for inclusion, we included 
the right eye. We used the last observation carried forward 
in cases where patients discontinued treatment between 
12 and 24 months owing to predefined criteria which was 
either an untreatable lesion with fibrosis or atrophy and 
VA below 20 letters, or a dry macula without the need for 
retreatment, as these cases were deemed to be stable.

All macular scans were evaluated for presence or 
absence of IRF, SRF and PED. Imaging and analyses 
were done using Heidelberg Eye Explorer (Heidelberg 
Engineering, Heidelberg, Germany). Each scan was com-
posed of 19 B scans. Scan area was 20° × 15° (5.7 × 4.3 mm), 
and the distance between scans was 236 μm. We regis-
tered the finding of intraretinal fluid (presence/absence), 
subretinal fluid (presence/absence) and pigment epi-
thelium detachment (presence/absence). Pigment epi-
thelium detachment was defined as a separation of the 
retinal pigment epithelium from the underlying Bruch's 
membrane.

Retinal thickness was measured from Bruch's mem-
brane to the internal limiting membrane, and OCT im-
ages were analysed for central retinal thickness (CRT), 
defined as the average thickness of the central 1 mm of the 
retina using the Early Treatment Diabetic Retinopathy 
Study (ETDRS) Grid automatically centred on the fove-
ola and manually adjusted when needed.

Further, we analysed the variance and range of re-
peated CRT measures from month 3 to month 24 to 
describe the association between visual outcomes and 
CRT variability. The baseline measure was excluded 
from analysis, since the initial effect of loading dose was 
considerable and does not necessarily reflect the stabili-
zation of CRT over time.

Associations were considered statistically significant 
whether p- values where below 0.05. However, trends 
towards statistical significance were included where 
deemed clinically relevant. The exact p- values were spec-
ified in these cases.

2.3.1 | Long- term effect of fluid

To assess the effect of fluid in a given structural layer 
during the entire observation period, we divided all 

patients into response groups, based on the presence 
or absence of fluid in the structural layers (IRF, SRF 
or PED), so that all patients were represented in each 
group, regardless of combination (e.g. IRF and SRF at 
the same examination).

• No fluid was defined as the complete regression of the 
fluid component after initiation of treatment (at month 
3) and within the full observation period to month 24.

• Relapse was defined as complete regression of the fluid 
component after initiation of treatment (at month 3), 
but with reformation of the fluid component later in 
the observation period (at least one visit from month  
6 to 24).

• Persistent was defined as the presence of the fluid 
component after initiation of treatment (at month 3) 
and at one or more visits in the observation period 
(from month 6 to 24).

For the evaluation of functional outcome, we calcu-
lated the change in VA at each visit as change from base-
line. The loss of more than one line (five letters) on the 
ETDRS chart was defined as outcome event and the time 
to event was used for Cox regression analysis and com-
pared between the groups using log- rank Test.

3 |  RESU LTS

This study included 504 eyes of 504 patients. The mean 
age at onset of neovascular AMD was 80.0 years (SD: 
8.2), and 63% of patients were female. The mean baseline 
VA was 57.2 ETDRS letters (SD: 16.7) (Table 1). A total of 
94% of eyes were treated with aflibercept, 3% of eyes were 
treated with ranibizumab, and 3% received both drugs 
during the observation period. Treatment was initiated 
briefly after diagnosis was made (median: 6 days, IQR:  
1– 14). A total of 56 eyes (11.1%) only needed the three load-
ing injections and remained stable with no MNV activity 
during the follow- up period. A description of this group of 
patients is provided in Table S1. Ten eyes from ten patients 
discontinued treatment during the second year.

Overall, there was an initial improvement of 2.7 let-
ters (SD: 13.4) 3  months after baseline, followed by a 
gradual decline, to −1.4 letters (SD: 17.3) after 24 months. 
Central retinal thickness (CRT) decreased by 103.6 μm 
(SD: 128.7), 3  months after the initiation of treatment, 
corresponding to the resolution of fluid in all structural 
layers. The initial decrease in CRT remained relatively 
stable during the 24 months. The patients received on 
average 5.5 (SD: 1.8) injections during the first year of 
treatment and 4.7 (SD: 2.2) in the second year.

3.1 | Effect of fluid in structural retinal layers

Patients with IRF at baseline had a significantly lower 
VA at baseline compared to those without any IRF, 
with a mean difference of 8.2 letters (95% CI: 5.0– 11.4, 
p < 0.001). At the following visits, all eyes free of IRF 
showed a better VA than eyes with IRF (p < 0.001). 
After 3 months the mean difference was 7.0 letters (95% 

 17553768, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15233 by D

et K
ongelige, W

iley O
nline L

ibrary on [06/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



180 |   HAJI et al.

CI: 3.5– 10.5), after 1 year the difference was 8.7 letters 
(95% CI: 4.9– 12.6), and after 2 years the mean differ-
ence was 6.3 letters (95% CI: 2.4– 10.1). Patients without 
SRF at baseline visit, had slightly better VA compared 
to patients with SRF even though this difference did not 
reach statistical  significance, mean difference was 3.0 
letters (95% CI: −0.7 to 6.7, p = 0.057). During the course 
of disease, there is no association between SRF and VA, 
and interestingly, after 2 years patients with SRF had sig-
nificantly better VA compared to patients without SRF, 
mean difference of 7.2 letters (95% CI: 3.3– 11.2, p < 0.001).

The presence of PED was not associated with VA at 
baseline or at any of the following visits (mean differ-
ence below 2.5 letters and p- value above 0.1 at all visits). 
Visual acuity was higher in patients with SRF or PED 
present during the observation period, whereas the pres-
ence of IRF during the observation period was associ-
ated with lower VA at all time points (Figure 1).

When comparing the groups with no fluid in a given 
structural layer (IRF, SRF or PED) during the entire 
observation period, we found a significantly better 

visual outcome in patients who remained free from IRF 
(χ2  =  7.8, p  =  0.020) (Figure  2). However, we found no 
difference in patients regarding the presence of SRF 
(χ2 = 2.5, p = 0.286) or PED (χ2 = 2.5, p = 0.291).

3.2 | Effect of fluctuations in central retinal 
thickness overtime

There was a significant association between VA and CRT 
at baseline (Spearman's rho = −0.39, p < 0.001). This asso-
ciation remained statistically significant but diminished in 
magnitude over time (Spearman's rho = −0.21, p < 0.001 at 
12 months; Spearman's rho = −0.14, p = 0.002 at 24 months).

On average, patients had a mean range of CRT of 
84 μm during the 2 years of follow- up (95% CI: 77– 91). 
We found that patients in the upper quartile of CRT 
variance (mean range 190.4 um) had a lower VA after 
12 months compared with patients in the lower quar-
tile (mean range 9.7 μm). The difference remained after 
24 months (p < 0.001, Kruskal– Wallis Test, Figure 3).

3.3 | Prognostic factors

We found that a better baseline VA and high fluctuations 
in CRT measures over time was predictive of a greater 
loss of visual function after 12 and 24 months (both 
p < 0.001). The VA was better if the retina remained free 
from IRF after 12 (p = 0.087) and 24 months (p = 0.031) 
(Table 2).

4 |  DISCUSSION

Treatment of neovascular AMD with anti- VEGF injec-
tions remains a major challenge in everyday clinical prac-
tice because of the high prevalence of disease, its chronic 

TA B L E  1  Participant's characteristics, N = 504

Baseline 3 months 6 months 9 months 12 months 18 months 24 months

Number of observations 504 422 363 307 350 302 319

Age, years, mean (SD) 80.0 (8.2)

Gender, female N (%) 319 (63)

Treatment, N (%)

Aflibercept 473 (94)

Ranibizumab 14 (3)

Combined/switched 17 (3)

BCVA (or change in BCVA 
from baseline), mean 
(SD)a

57.2 (16.7) +2.7 (13.4) +3.2 (14.7) +1.3 (15.0) +1.2 (16.5) +0.65 (15.1) −1.4 (17.3)

CRT (or change in BCVA 
from baseline), mean 
(SD)a

415.5 (128.0) −103.6 (128.7) −91.1 (120.0) −110.0 (140.0) −106.8 (130.6) −108.5 (120.4) −118.0 (133.3)

Presence of IRF, % 72 34 37 32 41 34 33

Presence of SRF, % 81 37 32 31 38 36 29

Presence of PED, % 74 54 56 54 59 53 46

Presence of IRF, SRF and 
PED

42 10 11 11 15 10 9

aFirst column presents baseline measure, and the following columns presents the change in measure from baseline.

F I G U R E  1  Displays the mean visual acuity of all patients with 
the presence of fluid in a given structural layer at any time point 
during follow- up visits.
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character and the constant need for retreatment (Brown 
et al., 2016; Cruess et al., 2007). Neovascular AMD has 
devastating consequences to the patient and is closely 
linked to reduced quality of life (Marakis et al., 2020). 
Therefore, it is important to optimize the administration 
of treatment. In this study, we found that during the first 
2 years of treatment for neovascular AMD, the strongest 
predictor for poor visual outcome was the presence of 
intraretinal fluid and large fluctuations in central retinal 
thickness. Our results are in line with previous studies 
in terms of the detrimental effect of intraretinal fluid on 
VA outcome (Jaffe et al., 2013; Sharma et al., 2016), show-
ing that patients that remained free of IRF achieved bet-
ter functional outcome. The recent EAGLE study also 
showed that absence of fluid after the anti- VEGF treat-
ment loading phase led to better visual outcomes after 
1 and 2 years (Staurenghi et al.,  2021). The importance 
of keeping the central retinal thickness stable over time 
has gained less attention among physicians, but simi-
lar results have been shown in a recent retrospective 
cohort study analysing macular fluid volume fluctua-
tions (Chakravarthy et al.,  2021). Fluctuations in CRT 
in patients with neovascular AMD could be due to an 

aggressive MNV despite of intensive treatment or be-
cause of delayed or missed follow- up or sub- optimal 
treatment or a combination of these.

The individual need for retreatment is very variable 
between patients. However, our data show that approx-
imately 10% of patients do not require retreatment after 
the first three loading doses. This is an important infor-
mation, given that it is well established that insufficient 
treatment leads to poorer visual outcomes in patients 
with neovascular AMD, but intensive treatment could 
also increase the risk of complications and atrophic le-
sions (Grunwald et al., 2014; Hasler et al., 2015).

We found that presence of subretinal fluid at baseline 
and during follow- up does not significantly affect the vi-
sual outcome, contrary to current clinical practice, which 
suggests that subretinal fluid is an indication of an ac-
tive MNV and requires retreatment (Miotto et al., 2018). 
Similar to our results, other studies have also showed 
that presence of SRF does not impact VA outcomes sig-
nificantly (Kim et al., 2021; Maguire et al., 2016). Some 
recent studies have even found that functional outcome 
is improved in cases with persistent subretinal fluid, 
and that the presence of SRF could even reduce the oc-
currence of atrophy and fibrosis (Llorente- Gonzalez 
et al., 2021; Zarbin et al., 2021). It has been suggested that 
SRF might have a neuroprotective effect, potentially by 
providing a fluid buffer, between the MNV and the outer 
segments of the photoreceptors or by separating photo-
receptor cells from toxicity by direct contact to suffer-
ing retinal pigment epithelium cells. The subretinal fluid 
could also be a marker for low- grade MNV activity, pro-
viding trophic support to the retinal tissue (Gianniou, 
Dirani, Jang, & Mantel, 2015; Siedlecki et al., 2020).

It should however be highlighted that our study did not 
analyse fluid volume and location. Two recent post hoc 
analysis of the FLUID study have shown that increased 
SRF volume in the 1– 6 mm ring of the fovea are asso-
ciated with reduced BCVA, indicating that SRF fluid 
volume should be taken into account in clinical practice 
(Grechenig et al., 2021; Reiter et al., 2021), although, this 
is in contrast to the findings of Jaffe et al. (2019).

Our results suggest that patients with smaller 
amounts of subretinal fluid that remain stable despite of 
retreatment and where VA is stable might benefit from 
observation with close monitoring, instead of instant re-
treatment. A less aggressive treatment may also reduce 
the risk of development of macular atrophy and the risk 
of endophthalmitis (Jaffe et al., 2013; Sharma et al., 2016). 
A less aggressive retreatment approach might also re-
duce patient discomfort and increase adherence to treat-
ment. The knowledge on which MNV activity markers 
are most important to treat, allows the retinal clinic to 
prioritize resources and thereby minimize the socioeco-
nomic burden of AMD.

Several limitations and biases may be associated with 
this retrospective cohort study that need to be acknowl-
edged. The number of protocol violations such as missed 
or delayed visits were relatively high, and the reasons 
where not known. It may have influenced our outcomes 
negatively if patients received delayed or insufficient 
treatment for an active MNV. Also, we did not obtain 
data on the reasons for discontinuation of treatment. 

F I G U R E  2  Risk of losing more than five letters (ETDRS) based 
on retinal structural findings during the first 24 months of treatment 
for neovascular age- related macular degeneration.
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Furthermore, carrying the observations at 12– 24 months 
might have led to some erroneous inferences, although 
the impact on our results was considered low since it was 
only done for 10 patients. Due to the observational nature 
of the study, and the individualized treatment intervals 
and observation periods, not all participants were in-
cluded for each of the chosen time points. A prospective 

design would have allowed a more precise analysis of the 
retinal morphology.

In conclusion, we find that intraretinal fluid is im-
portant to treat aggressively, and stabilization of the 
central retinal thickness is important to obtain a good 
visual outcome in neovascular AMD patients. Our study 
also shows that the presence of subretinal fluid and PED 

F I G U R E  3  Visual acuity after 12 and 24 months dependent on CRT variance quartiles (both p < 0.001, Kruskal– Wallis test). The CRT 
quartiles had a mean range as follows: Q1 = 9.7 μm (1– 22); Q2 = 41.3 μm (23– 64); Q3 = 86.8 μm (66– 111); Q4 = 190.4 μm (113– 496).

TA B L E  2  Multiple linear regression with change in visual acuity (VA) after 12 months and after 24 months of treatment as dependent 
variable

Change in VA after 12 months Change in VA after 24 months

Standardized coefficient p- Value Standardized coefficient p- Value

Age, years −0.096 0.193 −0.078 0.281

Baseline VA, letters 0.428 <0.001 0.412 <0.001

Presence of IRF at baseline −0.013 0.877 −0.005 0.949

Presence of SRF at baseline 0.049 0.552 −0.056 0.486

Prescence of PED at baseline 0.075 0.327 0.054 0.462

Absence of IRF over time 0.146 0.087 0.174 0.031

Absence of SRF over time 0.066 0.449 −0.040 0.648

Absence of PED over time −0.021 0.786 −0.054 0.467

Number of injections 0.123 0.128 0.142 0.078

CRT Range, μm −0.326 <0.001 −0.277 <0.001
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alone is not associated with loss of visual acuity, indi-
cating that patients with smaller amounts of persistent 
subretinal fluid and/or PEDs that remains stable de-
spite of retreatment and where VA is stable might ben-
efit from observation with close monitoring, instead of 
retreatment.
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