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ABSTRACT
Background To evaluate the fulfilment of retreatment
criteria in recurrent neovascular age-related macular
degeneration (nAMD) for a pro-re-nata treatment regime
with ranibizumab in routine clinical care.
Methods Data from patients with treatment-naive nAMD
were analysed retrospectively. As an ‘upload’, all patients
had received three-monthly intravitreal ranibizumab
injections in a university eye hospital and were then seen
by ophthalmologists in private practice who referred them
back in case of recurrence. Recurrence was defined as a
decrease of visual acuity (VA) of one line or more
(functional retreatment criteria), a central retinal thickness
(CRT) increase of at least 100 mm upon Optical Coherence
Tomography (OCT) examination (morphological retreatment
criteria) or a new macular haemorrhage (clinical
retreatment criteria).
Results We included 92 patients (36 men and 56
women). The mean VA before retreatment of a recurrence
was −0.63±0.33 logMAR and improved significantly
(p<0.001) by 0.10±0.16 logMAR to −0.53±0.28
logMAR thereafter. Mean CRT before retreatment was
278.07±87.56 mm and decreased significantly (p<0.001)
by 71.22±106.93 to 206.85±60.30 mm. Evaluation of the
fulfilment of retreatment criteria revealed functional
retreatment criteria in 82.6% of patients. However, upon
re-evaluation of VA using Early Treatment Diabetic
Retinopathy Study (ETDRS) charts in the treatment centre,
mean decrease of VA was 10 letters as compared with the
end of upload therapy. All patients presented an increased
CRT when treated for recurrence of nAMD (mean increase
69.47 mm), but the morphological retreatment criteria
(CRT increase of 100 mm or more) were fulfilled in only
44.4% of patients upon Spectral Domain OCT (SD-OCT)
evaluation in the treatment centre.
Conclusions In a routine clinical care, evaluation of VA
using ETDRS charts seems to be more sensitive than
Snellen VA testing. Quantitative OCT-based retreatment
criteria (eg, increase of CRT of 100 mm or more) appear to
be not sensitive enough in a clinical setting with referring
ophthalmologists.

INTRODUCTION
Age-related macular degeneration (AMD) is the
leading cause of blindness in the elderly population
in industrial countries.1 2

Over the years, intravitreal anti-Vascular
Endothelial Growth Factor (VEGF) (ranibizumab,
pegaptanib, bevacizumab) injections have revolutio-
nised treatment of neovascular AMD (nAMD),
which is responsible for the majority of
AMD-related visual loss worldwide.3–6

Excellent results have been shown for the treat-
ment of choroidal neovascularisation (CNV) due to
AMD with ranibizumab.7 8 Various studies (PIER,
PrONTO, EXCITE, SUSTAIN, HORIZON, CATT)
have evaluated the course of functional (visual
acuity (VA)) as well as structural (central retinal
thickness (CRT)) parameters along intravitreal
anti-VEGF treatment.9–14

While the CATT study showed slightly better
results for monthly injections as compared with
treatment ‘as needed’, recent data indicate that in
routine clinical care, outcome of anti-VEGF treat-
ment ‘as needed’ remains behind expectation. This
is possibly due to a delayed detection of recur-
rence15–17 compared with ‘treat and extend’
regimes with more promising results.18

While in a study setting, testing of VA is performed
using Early Treatment Diabetic Retinopathy Study
(ETDRS) charts and permanent macular thickness
assessment by Optical Coherence Tomography
(OCT), this standard does not apply for routine clin-
ical care. The aim of this study was to investigate
retreatment criteria in case of recurrence after initial
upload treatment in routine clinical care of a univer-
sity eye hospital which collaborates with referring
ophthalmologists in private practice. Additionally, we
retrospectively analysed potential factors influencing
the development of VA during retreatment.

METHODS
Patients
Data from patients from the Department of
Ophthalmology, Ludwig-Maximilians University,
Munich, were analysed retrospectively. All patients
had received a standard ‘upload’ therapy for so far
untreated nAMD and had suffered from recurrence
which was retreated according to the then standar-
dised PrONTO scheme.
Inclusion criteria were recurrent nAMD treated

with ranibizumab as well as standard ‘upload’
therapy consisting of at least three injections at
monthly intervals. In addition, only patients
referred from outclinic ophthalmologists that had
been instructed in the then valid retreatment cri-
teria were included in our study.
Exclusion criteria included disorders of the pos-

terior pole other than AMD (such as occlusive vas-
cular diseases), a documented increase in lens
opacity, previous glaucoma or cataract surgery
between the termination of ‘upload’ therapy and
the patient presenting with a recurrence of wet
AMD.
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In the treatment centre, nAMD was diagnosed by a retina spe-
cialist via a complete ophthalmic examination and confirmed
with fluorescein angiography (HRA2/Spectralis, Heidelberg
Engineering, Heidelberg, Germany) and optic coherence tomog-
raphy (Stratus-OCT, Carl Zeiss-Meditec, Dublin, California,
USA).

All patients received at least three intravitreal injections at
1-month interval with ranibizumab (Lucentis, 0.5 mg) during
the upload phase. VA based on ETDRS charts, a complete oph-
thalmic examination and OCT were obtained before treatment
and monthly thereafter according to the PrONTO scheme10

until the intraretinal or subretinal fluid disappeared upon OCT
examination, which marked the end of ‘upload’ therapy. This
treatment was, according to the then valid recommendation of
the German Ophthalmologic Society (DOG) as well as the
general understanding of pharmacokinetics, considered valid at
that time. For further monthly surveillance, patients were sent
back to the referring ophthalmologist in private practice who
tested for Snellen VA but not with ETDRS charts. When a need
for retreatment occurred, those patients were referred back
immediately to the hospital. Retreatment criteria valid at the
time were based upon the PrONTO study: VA decrease of at
least five letters or one Snellen line, a CRT increase of at least
100 mm or a new macular haemorrhage.10 Upon presentation in
the clinic, VA was tested with ETDRS charts and macular assess-
ment using spectral domain OCT.

Statistical analysis
Data were collected and analysed using SPSS V.17.0 (SPSS Inc,
Chicago, Illinois, USA). A p value of <0.05 was considered as
statistically significant. Since the majority of ophthalmologists in
private practice obtained Snellen VA instead of ETDRS VA, all
obtained and documented VA results were transferred into
logMAR values.

RESULTS
In total, we included 92 patients. Baseline characteristics are
given in table 1. For ‘upload’ therapy, all patients needed a
mean of 3.6±1.6 injections compared with a mean of 4.4±2.1
injections required for treatment of recurrence.

The period of review beginning with date of ‘upload’ therapy
until the end of recurrence treatment was 447±195 days.

Fulfilment of retreatment criteria
The mean decrease in VA and increase of CRT between the end
of the ‘upload’ therapy and presentation with recurrence was
−0.26±0.26 logMAR and 99.7±101.1 mm, respectively, as
measured by ETDRS charts. While VA decrease was one Snellen

line at the referring ophthalmologist, this represented a mean
decrease of 10 ETDRS letters upon presentation in the
hospital.19

The functional retreatment parameter (decrease of VA of five
ETDRS letters/one line or more) was fulfilled in 82.6% of
patients. However, with a mean decrease of 10 letters as com-
pared with termination of upload treatment, the loss of VA
exceeded dramatically the PrONTO criteria for retreatment
(five letters).

The quantitative morphological retreatment criteria (increase
of CRT of at least 100 mm upon OCT examination) were ful-
filled in 44.4% of all patients. Overall, a mean increase of CRT
of 69.47 mm was observed and 95.7% of the patients presented
an increase of CRT.

Visual acuity
Mean VA of all patients presenting with treatment naive nAMD
before therapy was −0.62±0.33 logMAR and improved signifi-
cantly (p<0.001) by 0.24±0.25 to −0.37±0.24 logMAR after
‘upload’ therapy. The mean VA at the time of presentation at
our hospital with a recurrence diagnosed by the referring oph-
thalmologist was −0.63±0.33 logMAR, and improved signifi-
cantly (p<0.001) by 0.10±0.16 to −0.53±0.28 logMAR after
retreatment. Mean VA after ‘upload’ therapy was −0.37±0.24
logMAR and significantly (p<0.001) better than mean VA after
retreatment with −0.53±0.28 logMAR with a mean loss of VA
of −0.16±0.21 logMAR after successful treatment of recurrence
(see figure 1).

Central retinal thickness
Measurements of CRT presented the following development:
Mean CRT before ‘upload’ therapy was 290.42±85.38 mm and
decreased significantly (p<0.001) by 81.82±98.60 mm to
208.60±69.12 mm after ‘upload’ therapy. Mean CRT before
retreatment was 278.07±87.56 mm and decreased significantly
(p<0.001) by 71.22±106.93 mm to 206.85±60.30 mm after
retreatment. Mean CRT after ‘upload’ therapy was 208.60
±69.12 mm and similar to (p=0.916) to mean CRT after
retreatment with 206.85±60.30 mm (see figure 2).

Table 1 Patients’ characteristics

Baseline characteristics

Number of patients 92
Age (years) 77.3±7.2 (range 58–89)
OD (right eye)/OS (left eye) 47/45
Sex (male/female) 36/56
Refraction
Sphere 1.52±1.93
Cylinder −1.31±1.00

Figure 1 Development of mean visual acuity (VA) in logMAR during
observation period before and after ‘upload’ therapy as well as before
and after retreatment of recurrence episode in patients with
neovascular age-related macular degeneration.
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Subgroup analysis
For further evaluation, we subdivided all study eyes into two
groups. In the first group (n=30, group 1)—which will be referred
to as ‘recovery’—VA after retreatment of the recurrence episode
was not decreased compared with VA after ‘upload’ therapy, as mea-
sured with ETDRS charts. In group 2, (n=62), the ‘non-recovery’,
VA after retreatment was below VA after ‘upload’ therapy. Both
groups did not present significant differences of VA before and after
‘upload’ therapy (see table 2). However, there was a significant dif-
ference between retreatment ‘recovery’ and ‘non-recovery’ concern-
ing the VA at the time of presentation with a recurrence:
‘non-recovery’ showed a significantly lower VA upon recurrence
than ‘recovery’ (−0.69±0.31 vs −0.50±0.32 logMAR).

CRT did not differ significantly before and after ‘upload’
therapy or retreatment (see table 3).

The fulfilment of retreatment criteria in the two groups was
as follows:
Group 1: functional retreatment criteria (decrease of VA of five
letters (ETDRS-chart) or more) were fulfilled in 56.7%. The mor-
phological retreatment criteria (increase of CRT of 100 mm or
more) were fulfilled in 41.7%. An increase of CRT, as compared
with after ‘upload’ therapy, was detected in 90.0% (27 out of 30
eyes) of the patients (mean increase 56.00±111.85 mm).

Group 2: functional retreatment criteria (decrease of VA of five
letters (ETDRS-chart) or more) were fulfilled in 95.2%. The
morphological retreatment criteria (increase of CRT of 100 mm
or more) were fulfilled in 44.0%. An increase of CRT as com-
pared with after ‘upload’ therapy was detected in 98.4% (61
out of 62 eyes) of the patients (mean increase 75.70
±94.62 mm).

DISCUSSION
In this retrospective analysis, both the functional and structural
parameters VA and CRT improved significantly in patients with
nAMD treated with intravitreal ranibizumab for the initial as well
as recurrent episode of CNV due to AMD. Our findings are in
agreement with previously published studies.20 While CRT
decreased significantly after treatment of the recurrence and was
not significantly different from CRTafter primary treatment of the
initial CNV, VA improved during the treatment of recurrent nAMD
but remained significantly worse than after ‘upload’ therapy
(−0.37±0.24 vs −0.53±0.28 logMAR) in our clinical routine care.

A progressive damage of the neurosensory retina over the
course of the relapsing disease may result in an impairment of
retinal function after initial ‘upload’ therapy. Such an impair-
ment may be more resistant to therapy than the structural par-
ameter ‘retinal thickness’ caused by macular oedema.21 This
may be a possible explanation for the moderate difference
between structural versus functional outcome after recurrence
treatment of nAMD with ranibizumab. Interestingly, the most
frequent retreatment criteria in this clinical setting was a loss of
five letters or more, while the quantitative OCT retreatment cri-
teria of an increase of 100 mm or more were fulfilled in fewer
cases. Taking into account a recently published study by Patel
and Tufail which showed that most of the retreatment indica-
tions during retreatment in the prospective ABC study were
based upon the fulfilment of OCT retreatment criteria, we inter-
pret our observation to mean that obtaining Snellen VA as a
functional parameter alone may not be sensitive enough to
determine recurrence.22

This is of importance as recent studies on routine clinical care
situation in Germany (WAVE/COMPASS) show that the use of
OCT for detection of recurrences is not widely spread, and only
a small number of ophthalmologists (4.1%) use OCT for
control of macular oedema after anti-VEGF treatment.23

The observed mean decrease of VA at the time of presenta-
tion, with a recurrence in our hospital, was exceeding the
retreatment criteria (five letters, one Snellen line) by far. We
consider this may be due to different methods of VA testing.
While patients were referred with a decrease of one Snellen

Table 2 Mean visual acuity (VA) in logMAR for group 1 ‘recovery’, group 2 ‘non-recovery’ and their difference before and after ‘upload’
therapy and retreatment, respectively

Mean VA
group 1 ‘recovery’

Mean VA
group 2 ‘non-recovery’

Difference
group 1–group 2

95% CI of difference
group 1–group 2

VA before ‘upload’ therapy −0.67±0.36 −0.59±0.31 0.075±0.077
p=0.337

−0.080 to 0.230

VA after ‘upload’ therapy −0.41±0.27 −0.35±0.23 0.061±0.057
p=0.337

−0.053 to 0.177

VA before retreatment −0.50 ± 0.32 −0.69 ± 0.31 −0.197±0.071
p=0.007

−0.338 to −0.055

VA after retreatment −0.67 ± 0.36 −0.40 ± 0.28 −0.200±0.061
p=0.002

−0.322 to −0.078

Significant differences between group 1 and group 2 are shown in bold.

Figure 2 Development of mean central retinal thickness (CRT) during
observation period before and after ‘upload’ therapy as well as before
and after retreatment of recurrence episode in patients with
neovascular age-related macular degeneration.
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line, ETDRS testing revealed an average decrease of 10 letters.
It is known that VA testing using ETDRS charts is more sensi-
tive than Snellen charts.24 However, it seems that this notion is
even more pronounced in a routine clinical care situation.
Insensitive VA testing may fail to identify patients with slowly
decreasing VA in due course. In Germany, delay in retreatment
due to formal processes in public health system has been
shown to be associated with decreased functional recovery.25

This could be another reason for an ‘undertreatment’ of recur-
rent episodes in patients with nAMD, and it points out the
necessity of a close cooperation between all involved parties:
patients, referring ophthalmologists, treatment centre and
public health system.

The fact that even though the OCT retreatment criteria of an
‘increase of CRT of 100 mm’ or more were still not fulfilled by
all patients presenting with a decrease of VA of five letters or
more may be due to the assumption that an increase of 100 mm
of CRT bears a ceiling effect. In addition, the analysis of a CRT
change during upload therapy revealed a decrease of CRT of
less than 100 mm using an average of 3.6 injections. This
observed change of CRT is less than in clinical trials such as
CATT, ABC trial or PrONTO study. However, our results reflect
the group of patients being treated in a clinical routine setting.
Therefore, we interpret our results that quantitative OCT retreat-
ment criteria (such as increase of CRT of 100 mm or more) are
not sensitive enough for early detection of recurrence of nAMD
in a clinical routine setting. Instead, qualitative OCT criteria for
retreatment such as intraretinal or subretinal fluid, as used in the
CATT trial, should be used in daily clinical routine as they seem
to depict intraretinal or subretinal changes faster and more sensi-
tively than quantitative OCT-based retinal thickness measure-
ments.11 26 This is also emphasised by the fact that almost all
patients presenting with recurrence of nAMD showed some
increase of CRTwhen compared with the end of upload therapy.

Dividing patients into ‘recovery’ and ‘non-recovery’ depending on
whether they reach the same VA after treatment of their recurrence
compared with their VA after initial ‘upload’ therapy showed that
both subgroups did not differ in VA and CRTup until the end of the
initial ‘upload’ therapy. VA after upload therapy and after retreat-
ment differed significantly between groups 1 and 2. Additionally, the
functional retreatment parameter (decrease of VA five letters or
more) was less often fulfilled in group 1 than group 2. We interpret
this subgroup analysis as an indicator for a weakness of the func-
tional retreatment parameter in a more clinical setting. Recent
recommendations include more detailed retreatment criteria such as
the presence of any fluid or increase of any retinal thickness.

In the routine clinical care setting investigated, we failed to
identify any other markers than ‘drop of VA’ to be of a predict-
ive value for visual recovery after retreatment of nAMD.

Our study bears several weaknesses. First, it is a retrospective
study with all known limitations. Additionally, we cannot
comment on the outcome of all patients in the clinical setting
investigated, as we only observed those who presented with a
recurrence according to the then valid retreatment criteria.
Although we believe this is the main reason for the clinical
shortcoming of anti-VEGF treatment based upon these retreat-
ment criteria, the results for all patients treated at that time may
be even more behind expectations. However, as we intended to
investigate a routine clinical care setting with referring ophthal-
mologists, this seems to be the most adequate study design for
our main outcome variables.

Second, we cannot comment on other clinical setups in a
single clinical centre with more uniform and standardised oper-
ational procedures. However, from our experience, the setting
investigated in our current study is the most widely spread
model for anti-VEGF therapy worldwide. In addition, the
German public healthcare system does not cover newer treat-
ment regimes such as ‘treat and extend’.

Additionally, we did not evaluate quantitative findings such as
fibrosis or atrophy. This was due to the retrospective nature of
the study, which did not allow a standardised description or
imaging during the follow-up.

As seen by the data during standardised ‘upload’ therapy, it
seems that, in clinical routine, VA increase as well as CRT
decrease differs from the observations in large prospective stan-
dardised clinical trials. However, for successful treatment of all
patients, these data from routine clinical practice also have to be
taken into account.

In summary, repeated intravitreal ranibizumab injections
improve both VA and CRT of patients with naive and recurrent
nAMD. In a routine clinical care setting, it seems that Snellen
VA testing alone as a functional parameter is clearly not suffi-
cient for the detection of early recurrence. Quantitative OCT
retreatment criteria such as an increase of CRT of 100 mm or
more are also not sensitive enough to detect early recurrence
in daily clinical routine. Instead, qualitative OCT-based retreat-
ment criteria should be preferred. A further evaluation of more
specific OCT retreatment criteria in a clinical setting is needed
to provide and optimise treatment protocols for patients suffer-
ing from nAMD.

Contributors All the authors were involved in: 1) substantial contributions to
conception and design, acquisition of data, or analysis and interpretation of data; 2)
drafting the article or revising it critically for important intellectual content; and 3)
final approval of the version to be published.

Competing interests None.

Ethics approval Internal medical board.

Provenance and peer review Not commissioned; externally peer reviewed.

Table 3 Mean central retina thickness (CRT) in mm for group 1 ‘recovery’, group 2 ‘non-recovery’ and their difference before and after ‘upload’
therapy and retreatment, respectively

Mean CRT group 1
‘recovery’

Mean CRT group 2
‘non-recovery’

Difference
group 1–group 2

95% CI of difference
group 1–group 2

CRT before ‘upload’ therapy 319.39±95.01 279.09±79.55 −40.30±025.28
p=0.123

−92.18 to 11.58

CRT after ‘upload’ therapy 215.67±70.75 205.33±69.05 −10.33±20.01
p=0.609

−51.07 to 30.40

CRT before retreatment 271.67±85.60 281.03±89.39 9.36±24.74
p=0.707

−40.89 to 59.60

CRT after retreatment 192.88±45.32 213.84±66.09 20.97±16.28
p=0.205

−11.89 to 53.83
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