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ABSTRACT.

Purpose: To analyse the development of neovascular age-related macular
degeneration (nAMD) in the fellow eye in patients initially presenting with
unilateral nAMD, using data from the Swedish Macula Register.

Methods: This observational study included data on treatment-na€ıve patients
who initially underwent unilateral treatment for nAMD, and then required
bilateral treatment, between 2010 and 2018, according to the Swedish Macula
Register (SMR). The data were also stratified according into three time
periods (2010–2013; 2014–2016; 2017–2018). Treatment duration, best-
corrected visual acuity (BCVA) in the first and second eye, number of
injections in the first eye before falling ill in the second, and the time between
the last injection in the first eye and the start of treatment of the fellow eye
were analysed.

Results: 5216 out of 28 670 (18%) patients treated for nAMD subsequently
required bilateral treatment. The mean age was 77.7 � 7.3 years, and 69% were
female. The mean duration of treatment of the first eye before nAMD was
diagnosed in the fellow eye was 1.58 years, and the mean number of injections in
the first eye was 8.9 � 8.6. Best-corrected visual acuity, according to the ETDRS
chart, was higher in the second eye at the time when treatment started in that eye
compared to treatment start in the first eye: 62.8 (14.7) versus 57.6 (15.5);
p < 0.001, and was higher in the 66% whose first eye was still undergoing
treatment: 63.6 � 14.5 versus 61.0 � 14.8; p = 0.001.

Conclusions: The mean duration of treatment of the first eye before treatment
started in the fellow eye was 19 months, and treatment of the second eye had
started within 2 years in 61% of the patients. Best-corrected visual acuity was
higher in the second eye than in the first eye at the start of treatment of that
eye and was higher in the second eye at the start of treatment of that eye
when the first eye was still being treated.
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Introduction

Neovascular age-related macular
degeneration (nAMD) has been treated
with anti-VEGF injections for 14 years
worldwide, but choroidal neovascular-
ization (CNV) is still a major cause of
visual impairment in the elderly (Colijn
et al. 2017). Anti-VEGF treatment is
quite challenging due to the need for
frequent injections, and treatment must
be initiated as early as possible to
prevent deterioration in visual acuity.
Age-related macular degeneration is a
bilateral disease that progresses into
nAMD in about 15% of the affected
eyes. In most cases, nAMD disease is
initially found in one eye, but several
studies have shown that about 30% of
patients will develop nAMD in the
fellow eye after 2–6 years (Wong
et al. 2008; Joachim et al. 2017; Bek
& Klug 2018; Fasler et al. 2020). There
is thus a risk of developing nAMD in
the fellow eye.

We have previously shown that a
higher baseline best-corrected visual
acuity (BCVA) before treatment for
nAMD commences results in a better
BCVA outcome (L€ovestam Adrian
et al. 2019). Studies on the treatment
of fellow eyes with a better baseline
BCVA than the first-treated eye have
also demonstrated a better BCVA out-
come for the second-treated eye
(Zarranz-Ventura et al. 2014; Chew
et al. 2017). It is therefore of the
greatest importance to detect nAMD
in the second eye and treat it as early as
possible, especially if this is the
patient’s best-seeing eye.
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The detection and treatment of
nAMD in the second eye is dependent
on the treatment regimen for the first
eye, and how often the fellow eye is
examined in connection with treatment
of the first eye. Many studies have
reported the general undertreatment of
eyes with nAMD (Martin et al. 2012;
Schmidt-Erfurth et al. 2014; Maguire
et al. 2016; Qin et al. 2018), which will
affect the detection and treatment of
nAMD in the second eye. New anti-
VEGF treatment regimens have been
developed in an attempt to individual-
ize and facilitate treatment and, when
possible, reduce the number of injec-
tions and simplify the injection process.
The first of these was pro re nata
(PRN), that is injection when neces-
sary, and recently, the treat and extend
(T&E) regimen has been shown to be
efficient and robust (Hatz &
Pr€unte 2016; Hatz & Pr€unte 2017;
Kvannli & Krohn 2017; Augsburger
et al. 2019; Volkmann et al. 2020).
However, examination and monitoring
of the fellow eye may be missed or
delayed when using these regimens.

The purpose of this study was to
analyse data from the Swedish Macula
Register on patients who initially
underwent unilateral treatment for
nAMD and who later underwent bilat-
eral treatment. We investigated the
time before the fellow eye was affected,
the treatment regimen used and BCVA.

Methods

The study was conducted in accor-
dance with the tenets of the Declara-
tion of Helsinki and was approved by
the Ethics Board of Lund University.
The Swedish Macula Register (SMR)
was established in 2007 and today
includes data on about 86% of all eyes
treated for nAMD in Sweden (Svenska
Makula Registret 2019). Data were
obtained from the SMR after approval
from its Steering Committee.

Data collection and study population

The SMR has been described previ-
ously (Westborg et al. 2017). In 2015,
data from about 1.5% of the Swedish
population (aged ≥85 years) were
included in the registry. By 2020, this
had increased to 2.4%, and all 44 eye
clinics in Sweden were contributing to
the SMR. Comparison with the
National Patient Diagnosis Register,

where patients diagnosed with nAMD
with an indication for intravitreal
injection are included, confirmed that
data from approximately 86% of all
patients in Sweden treated for nAMD
are included in the SMR. This study
includes treatment-na€ıve patients who
initially received unilateral treatment,
and later bilateral treatment, for
nAMD during the period 2010–2018,
and who were followed up until
December 2020, at the latest.

Study variables and follow-up

Data were extracted from the patients’
electronic records in the SMR. Base-
line data were collected from 1 Jan-
uary 2010 until 31 December 2018.
The baseline visit was first defined as
the first visit at which nAMD was
diagnosed and treatment was pre-
scribed for the first eye, and when
treatment was started in the fellow eye,
it was defined as the baseline for the
fellow eye. Data at baseline were
obtained on patients’ age, sex, dura-
tion of symptoms (self-reported symp-
toms associated with nAMD that
caused the patient to consult an oph-
thalmologist, that is metamorphopsia,
reduced visual acuity, problems with
reading) and BCVA of the treated and
fellow eye measured with the Snellen
and ETDRS charts. At the time when
treatment of the fellow eye was initi-
ated, the following data were obtained
for the first eye: duration of treatment,
total number of injections given, treat-
ment regimen (PRN or T&E), treat-
ment intervals and BCVA. Data
obtained for the fellow eye on the first
occasion of treatment were the dura-
tion of symptoms and the BCVA using
the Snellen and ETDRS charts. In
cases where the BCVA had been mea-
sured using only the Snellen chart, the
results were converted into ETDRS
letters as described by Gregori
et al. (2010). Results had been
recorded using the ETDRS chart for
about 80% of the patients at baseline
and at 87% at the 1-year follow-up.
Visual acuity determined using hand
movements and amaurosis was
expressed as ETDRS = 0.001.

Difference in BCVA at treatment
start of the second eye, whether the first
eye was still under treatment or not
when initiating treatment of the second
eye, was analysed. The data were also
divided into different time periods:

2010–2013, 2014–2016 and 2017–2018,
and analysed.

The primary aim was to study char-
acteristics and the duration of treat-
ment of the first eye before treatment of
the second eye was initiated. The sec-
ondary aim was to compare the BCVA
in the first and second eye at the start
of treatment of each eye, and whether
the VA in the second eye depended on
whether the first eye was still being
treated or not.

Statistical analysis

The data are the values obtained from
the SMR, and the results are presented
as the mean, median, standard devia-
tion and range for continuous vari-
ables, and frequency counts and
percentages for categorical variables.
Comparisons of VA between two
groups were based on student’s t-test.
The chi-squared test was used to com-
pare frequencies. The Wilcoxon rank-
sum test was used when analysing
nonparametric values. Statistical sig-
nificance was defined as p < 0.05. SAS
version 9.4 was used for the statistical
calculations.

Results

Baseline characteristics

Of the 28 670 treatment-na€ıve patients
registered in the SMR between 2010
and 2018, 5216 (18%) were initially
treated for nAMD unilaterally and
then bilaterally. The mean age was
77.7 � 7.3 years when treatment was
initiated in the first eye, and 69% were
female. The baseline characteristics are
given in Table 1.

No difference was found in the
reported duration of symptoms in the
first- and second-treated eyes. Best-
corrected visual acuity (ETDRS chart)
before the start of treatment was
higher in the second-treated eye than
in the first-treated eye: 62.8 � 14.7
versus 57.6 � 15.4; p < 0.0001. How-
ever, the BCVA of the second-treated
eye decreased after the initiation of
treatment in the first eye: from
73.1 � 13.4 to 62.8 � 14.7; p < 0.001
when treatment was initiated in the
second eye. Best-corrected visual acu-
ity in the first eye was slightly
improved when treatment began in
the second eye: from 57.6 � 15.5 to
58.2 � 16.7.
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Status of the first eye at time of initiating

treatment of the fellow eye

The mean time between the initiation
of treatment of the first eye and the
second eye was 1.58 � 1.54 years
(19 months), median 1.11 (Q1 0.41;
Q3 2.30) years for the whole group.
The results obtained for the different
time periods studied are shown in
Fig. 1. Sixty-one per cent of the
patients had developed nAMD in the
fellow eye within 2 years. The shorter
treatment duration before the second

eye was diagnosed with nAMD in the
last time period reflects the shorter
follow-up time.

The mean number of injections in
the first eye when treatment was initi-
ated in the second eye was 8.9. The
mean number of days for the latest
treatment interval for the first eye,
before initiating treatment in the sec-
ond, was 60 days, and the number of
days between the latest treatment in the
first eye before starting treatment in the
second was 67 days.

When dividing the data into three
periods, the latest treatment interval
for the first eye before initiating treat-
ment in the fellow eye was 54 days in
2017–2018; 61 days in 2014–2016 and
61 days in 2010–2013. The number of
days between the latest injection in the
first eye and the start of treatment in
the second was 44 days in 2017–2018;
62 days in 2014–2016 and 82 days in
2010–2013.

Over the whole period, 2010–2018,
68% (n = 3544) of the first-treated eyes
were still receiving treatment when
treatment was initiated in the second
eye. When the data were divided into
different time periods, 78% were still
receiving treatment in the first eye in
2017–2018; 72% in 2014–2016 but only
61% in 2010–2013; p < 0.0001, when
treatment started in the second eye.
The treatment regimen used for the
first eye was not recorded during the
first period of 2010–2013. In the period
2014–2016, the regimen was recorded
as 21% T&E and 6% PRN; the corre-
sponding values for the last period,
2017–2018, being 78% T&E and 12%
PRN.

Visual acuity

Visual acuity during different time
periods is shown in Fig. 2A. Over the
whole study period, the baseline BCVA

Table 1. Baseline characteristics.

N = 5216 First eye Second eye

Age 77.7 � 7.3 79.3 � 7.9

Sex, Female 69% 69%

CNV type

Not classified 20% 25%

Type 1 34% 32%

Type 2 30% 27%

RAP 14% 14%

PCV 2% 2%

Symptom duration

<0–2 month 40% 39%

2 ≤ 4 month 25% 24%

4–6 month 15% 14%

>6 month 20% 18%

Visual Acuity

ETDRS letters 57.6 � 15.4 62.8 � 14.7***
Snellen 0.35 � 0.20 0.43 � 0.23

At treatment start of first/second eye.

*** p < 0.0001.

Fig. 1. Kaplan-Meier curve showing duration of treatment of the first eye before treatment start of the second eye for the different time periods. The

number of patients; 2010–2018, n = 5218; 2010–2013, n = 2428; 2014–2016, n = 1946 and 2017–2018 n = 844.
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(ETDRS chart) was higher at the time
treatment started in the second eye,
than when treatment was started in the
first eye: 62.8 (14.7) versus 57.6 (15.5);
p < 0.0001. When analysing the data in
different time periods, the BCVA at
start of treatment of the second eye was
higher in 2014–2016 than in 2010–2013;
p = 0.0001 and higher in 2017–2018
versus 2010–2013; p = 0.0001. There
was a decrease in BCVA in the second

eye between the first measurement
when treatment was started in the first
eye and the measurement when treat-
ment was started in the second eye.
This decrease in BCVA in the second
eye became smaller over time.

At the start of treatment of the
fellow eye, BCVA was higher when
the first eye was still being treated than
when the first eye was no longer being
treated; 63.6 � 14.5 versus

61.0 � 14.8; p = 0.0001. This was also
true for the time periods 2010–2013;
p < 0.001 and 2014–2015; p = 0.0019,
but not for the last time period; p = 0.4
(Fig. 2B).

A difference was found in the VA of
the first eye when treatment was started
in the second eye, between patients
whose first eye was still being treated
and those whose first eye was no longer
being treated; p < 0.001. In patients

(A)

(B)

Fig. 2. (A) Demonstrating different time periods and the number of patients within each time period. BL1 = Baseline 1; visual acuity for the first and

second eye at treatment start of the first eye. BL2 = Baseline 2; visual acuity for the first and second eye at treatment start of the second eye. (B)

Demonstrating different time periods and the number of patients at treatment start of the second eye divided by the first eye still treated or not. Visual

acuity for the first eye, Eye 1, and second eye, Eye 2, at treatment start of the second eye divided by the first eye treated or not.
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still receiving treatment of the first eye,
the first eye showed an increase in VA
compared with the baseline, at the time
when treatment was initiated in the
second eye, while a decrease in VA was
seen in the first eye in patients no
longer receiving treatment in the first
eye (Fig. 2A and B).

Discussion

In the present study, we found that the
incidence of bilateral treatment in
treatment-na€ıve patients with nAMD
who started with unilateral treatment
was about 11% within 2 years. It is well
known that CNV in one eye is a strong
predictor of developing CNV in the
second eye, andourfindings are inparity
with those of the CATT study (2013)
(Comparison of Age-Related Macular
DegenerationTreatments Trials), where
the incidence of CNV in the fellow eye
within 2 years was found to be between
16% and 20%. However, other studies
havereportedwidelyvaryingresults.For
example, in a retrospective study, Bar-
bazetto et al. (2010) reported the devel-
opment of CNV in 24% to 39% of
patients within 2 years, while Ueta
et al. (2008) found involvement of the
felloweye in3.4%after 1 yearand in9%
after 3 years. Furthermore, the analysis
of pooled results from several prospec-
tive studies has shown that 20%–25%of
unilaterally treated patients required
bilateral treatment within 5 years (Joa-
chim et al. 2017).

In the present study, we found that
nAMD was diagnosed in the fellow eye
in 60% of the patients within 2 years
and in about 20% within 6 months.
The risk of developing nAMD in the
second eye increased with time, and
thus, the risk of nAMD developing in
the second eye was greater in the group
with the longer follow-up period. How-
ever, in the two earlier periods, 50%–
60% of the patients had started treat-
ment in the second eye within 2 years.

Symptoms such as metamorphopsia,
reading difficulties and impaired VA
cause the patient to seek medical
attention. We found no differences in
the duration of symptoms between the
first- and second-treated eye. One rea-
son for this could be the fact that the
shortest symptom interval that can be
chosen in the SMR is 0–2 months. This
is quite a long time and does not
discriminate between early symptom
duration and longer. In the SMR,

around 40% of the symptom durations
are ticked at this interval. Another
reason could be that many nAMD
lesions may be asymptomatic for a
long time (Chew et al. 2017) and that
patients already receiving treatment in
one eye may wait until their next visit
to report symptoms in the other eye.
With a mean interval for the last
treatment interval of the first eye of
60 days, the symptom duration might
well be 1–2 months for the second eye.
In line with this, some membranes also
might have been detected in connection
with a clinical visit for the first eye
before giving any obvious symptoms
and therefore the clinician might have
ticked a longer symptom duration. In
order to include a new eye/patient in
the register, it is obligatory to decide
for a symptom duration. It is not
possible to avoid it or to choose ‘un-
known’. The longer symptom dura-
tions are on the whole more uncertain,
since the patient group is quite old and
it might be difficult to remember when
the symptoms started. If there are
uncertainties, it is challenging for the
physician to decide and often a longer
symptom duration is chosen.

Overall, many patients find it diffi-
cult to interpret their own visual
changes, especially subtle, monocular
or varying changes, even with the
support of additional home tests as
the Amsler test or when already receiv-
ing treatment in the other eye. Maybe it
is part of the ordinary patient, calm
culture and trust in the healthcare
system to plan a follow-up appoint-
ment at an appropriate time point that
many patients have in Sweden.

To preserve a good visual outcome,
it is crucial to detect and treat nAMD
as early as possible, as demonstrated in
a Danish study (Rasmussen
et al. 2015). We have previously shown
in the INSIGHT study, in which data
on patients treated with aflibercept
taken from the SMR were analysed,
that a better baseline visual acuity is a
strong predictor of good visual out-
come after 2 and 3 years (L€ovestam
Adrian et al. 2019). This has also been
shown in other large-scale studies, for
example, CATT and UK neovascular
AMD EMR (Ying et al. 2013; Lee
et al. 2015). In the present study, we
found that the second eye had a higher
BCVA when treatment was initiated
than in the case of the first eye,
although there was a decrease from

the first registered BCVA. We also
found that the BCVA of the second
eye was higher at the start of treatment
during the two later time periods, than
in the earliest time period. However,
this may be an effect of the shorter
follow-up time for the later time peri-
ods as more of the first eyes were still
being treated, which we could demon-
strate rendered a higher BCVA at the
start of treatment in the second eye.
During the latest time period, there was
a trend towards higher BCVA in the
second eye when the first eye was still
being treated, although this was not
statistically significant. This is probably
due to the shorter follow-up time, when
more first eyes were still being treated.

Various treatment regimens have
been developed since the start of the
anti-VEGF era. According to the data
in the SMR, about 21% were treated
with the T&E regime in 2014–2016 and
up to 78% in more recent years, with
the last treatment interval in the first
eye before the second eye was diag-
nosed ranging from 54 to 60 days. The
shorter interval for the latest time
period, 2017–2018, reflects the short
treatment duration of 10 months of the
first eye in this group, given there had
been less time to extend the intervals.
In addition, the time between the last
injection in the first eye and the first
injection in the second eye differed
between the time periods; being only
around 40 days in the later time
period, but more than 80 days for the
first period, 2010–2013. The T&E reg-
imen had not been introduced in the
earliest period, and patients were trea-
ted more irregular in time. However,
the T&E regimen does not necessarily
mean that the second eye is examined
on a regular basis. In an attempt to
simplify the procedure, attention is
mostly focussed on the eye being
treated, and the clinical visit thus
includes optical coherence tomography
(OCT) imaging of the treated eye and
an anti-VEGF injection. This may lead
to the risk of missing the development
of a macular lesion in the second eye.
We found that the BCVA in the second
eye at the start of treatment of that eye
was higher when the first eye was still
being treated. This indicates a greater
probability of early diagnosis of the
second eye if the patient’s first eye is
still being treated and thus regularly
examined. The importance of examin-
ing both eyes and regular monitoring
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of the second eye has been pointed out
previously to ensure timely treatment
and thus improved visual outcome
(Wolf et al. 2016; Chew et al. 2017;
Wong et al. 2020).

After the registration of baseline data
for both eyes, registration of data on the
second eye is optional in the SMR and is
often done in connection with a more
detailed clinical examination. We found
that thebaselineBCVAof the secondeye
at the start of treatmentwashigher in the
latertimeperiods,andthedecrease inVA
from the baseline when treatment was
started in the first eye was less pro-
nounced. One reason for this could be
that patients are seen on a more regular
basis in the T&E regimen. Another
reason could be that 78%of the patients
were still receiving treatment on their
firsteyewhenAMDwasdiagnosedinthe
second eye in the period 2017–2018,
compared to 61% in the earlier period,
2010–2013.

In conclusion, the mean duration of
treatment of the first eye before treat-
ment was started in the fellow eye was
19 months, and treatment had been
started in the second eye of 61% of the
patients within 2 years. The visual
acuity was higher in the second eye
than in the first eye, at the time when
treatment was initiated in that eye, and
it was higher in the second eye at the
start of treatment when the first eye
was still being treated.
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