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Abstract

Purpose: To evaluate the real-world visual outcomes of anti-vascular endothe-
lial growth factor (anti-VEGF) therapy, the frequency of delayed appointments
and the relationship between delays and visual outcomes in patients with neo-
vascular age-related macular degeneration (nAMD).

Methods: This single-centre retrospective study included a cohort of 3831
treatment-naive nAMD patients who were treated with bevacizumab mono-
therapy using a pro re nata protocol between 2008 and 2023, comprising a
total of 79 545 visits. Visual acuity (VA) was measured at the time of diagnosis
and during follow-up visits and was converted into Early Treatment Diabetic
Retinopathy Study letters. One eye per patient was included in the analy-
sis. Delayed visits were categorised as >6weeks and <8weeks, >8weeks and
<10 weeks and >10 weeks.

Results: After an initial stabilisation in VA during the first treatment year, VA
started to decline. The proportion of visits delayed >6 weeks varied between
24% and 36% per treatment year, with delays being more common during the
early years of the study when the new therapies were introduced. In general,
the decline in VA was more severe with a higher number and longer duration
of delayed visits.

Conclusions: Delays in anti-VEGF injections are common and strongly associ-
ated with vision loss. Therefore, it is important to improve patient awareness
and compliance. Use of new longer-acting therapies may support this process.

KEYWORDS
age-related macular degeneration, eye care, intravitreal injections, treatment frequency, visual
acuity

lead to suboptimal outcomes and potentially irreversible
vision loss.

Neovascular age-related macular degeneration (nAMD)
is a leading cause of vision loss in developed countries
(Steinmetz et al., 2021). The development of intravitreal
injections (IVIs) of anti-vascular endothelial growth
factor (anti-VEGF) has revolutionised its treatment,
significantly improving visual outcomes and quality
of life for patients (CATT Research Group et al., 2011;
Hujanen et al, 2023; Kataja et al., 2018; Purola
et al., 2021, 2023; Rosenfeld et al., 2006). However, even
the more flexible therapy regimens such as pro re nata
(PRN) require adherence to regular and timely visits
to maintain their efficacy. Delays or missed visits may

Real-world data (RWD) studies have consistently
shown that visual outcomes in routine clinical practice
are often less favourable than those reported in RCTs,
a discrepancy frequently linked to undertreatment
(Hujanen et al., 2023; Mehta et al., 2018). Missed or de-
layed follow-up and injection visits may contribute to
this undertreatment. A recent retrospective cohort study
demonstrated that even short lapses in care can lead to
vision loss in patients with diabetic macular oedema or
retinal vein occlusion, whereas nAMD patients experi-
enced only a slight decrease in visual acuity (VA), which
did not reach statistical significance (Song et al., 2021).
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However, the study did not determine whether these
changes were permanent, nor did it assess the long-term
impact of repeated delays, leaving the cumulative effects
unknown. It is also shown that treatment strategy and
the density of IVIs may influence the success of the ther-
apy (Gillies et al., 2020).

This study aims to investigate the impact of delayed
or missed visits on VA in nAMD patients, evaluate the
long-term effects of repeated lapses in care during a 15-
year follow-up, and assess how common delays in visits
are. Understanding the impact of delays in scheduled
treatments on treatment outcomes is vital for healthcare
providers, policymakers and stakeholders to optimise
care delivery. Assessing the consequences of delayed or
missed visits provides evidence to guide resource alloca-
tion, enhance patient education and develop systems to
support consistent access to care.

2 | MATERIALS AND METHODS

This single-centre retrospective study was conducted at
Tays Eye Centre, Tampere University Hospital, Finland.
We reviewed the electronic medical records (EMRs)
of all patients at Tays Eye Centre with an ICD-10 code
for nAMD (H35.31 in the International Classification
of Diseases, 10th revision) and >1 procedure codes for
intravitreal injection (NOMESCO Classification for
Surgical Procedures code CKDO05) between 1 January
2008 and 31 December 2023. Based on the search, we
identified 3984 treatment-naive patients (66.6% women,
mean age at the time of diagnosis 79 years) treated with
bevacizumab monotherapy with 79938 visits to Tays
Eye Centre, of which 47570 were IVI visits. We excluded
153 (3.8%) patients with a total of 393 (0.5%) visits who
had received fewer than three injections during the first
treatment year and whose follow-up ended within that
year. For the analysis, we included one eye per patient.
If both eyes were eligible for the study, we included
the first eye diagnosed with nAMD. If both eyes were
diagnosed with nAMD on the same day, we selected the
eye randomly. After these exclusions, the final dataset
comprised 3831 eyes and 79 545 visits.

The data collected from EMRs consisted of age, gen-
der, VA at the baseline (time of diagnosis) and during
follow-up visits, dates of IVIs and monitoring visits,
the anti-VEGF compound used and date of death. The
data were collected from the date of nAMD diagnosis
until the end of treatment, monitoring, death or until 31
December 2023. A total of 2098 (52.7%) patients were
considered dropouts because their follow-up ended be-
fore 31 December 2023. These patients were still included
in the analyses using all available follow-up data. The
maximum follow-up time was limited to 10years due to
the low number of patients with longer follow-ups, ex-
cluding the survival curves in which the maximum fol-
low-up lasted 12.7years.

During the search, we limited the study sample to
treatment-naive eyes receiving bevacizumab mono-
therapy using a PRN protocol. Treatment was initiated
with a loading dose of three monthly anti-VEGF IVIs,
after which the disease activity was assessed monthly

or in case of inadequate therapeutic response or dis-
ease reactivation, treatment was continued with cycles
of three monthly injections. The treatment criterion was
VA 0.1 and active disease. More details on the treat-
ment protocols and modifications implemented between
2008 and 2020 have been reported previously (Hujanen
etal., 2023).

VA was measured using the Nidek AR-360A autore-
fractometer (Nidek Co., LTD, Gamagori, Aichi, Japan)
or Snellen chart and refraction, habitual correction, pin-
hole or a combination as described in an earlier study
(Hujanen et al., 2023). Snellen VA was converted into
Early Treatment Diabetic Retinopathy Study (ETDRS)
letters using the formula 85+50xlog(Snellen fraction)
(Gregori et al., 2010). Very low VA measurements were
analysed by substituting counting fingers with three
ETDRS letters, hand movements with two letters and
light perception with one letter (Mehta et al., 2018). Eyes
without baseline VA (n=126; 3.3%) were excluded from
visual outcome analyses. The mean Snellen VA at the
baseline in the final dataset was 0.30, with 563 eyes hav-
ing VA >0.5, 1221 eyes having VA between 0.5 and 0.32
and 1921 eyes having VA <0.32.

We assessed VA change by calculating the long-term
mean change in ETDRS letters from baseline to the last
visit of each treatment year and the final outcome of
the last treatment year. For all VA analyses, excluding
survival curves, we used Last-Observation-Carried-
Forward (LOCF) analysis (Shao & Zhong, 2003), in
which the last recorded ETDRS value was carried for-
ward up to the maximum of 10 years among patients with
shorter follow-up to account for missing VA data.

To evaluate the impact of delayed visits, we defined
and categorised visit delays. The cut-off point for a de-
layed visit was set at >6 weeks. Delays were further graded
into three categories: >6 weeks to <8 weeks, >8 weeks to
<10weeks and >10 weeks.

We conducted all analyses using R software (v. 4.2.1,
R Core Team, R Foundation for Statistical Computing,
Austria). Patients with missing data in relevant vari-
ables were excluded. The results were summarised using
means, standard deviations (SDs) and percentages.
Potential correlations were evaluated using Spearman
correlation coefficients. Survival curves were created
based on Kaplan—Meier estimators. The statistical sig-
nificance of the final VA outcomes in comparison to the
annual mean number of delays was tested using the z-test
as the data were normally distributed. For all analyses,
a two-tailed p-value of <0.05 was considered statistically
significant.

2.1 | Ethics approval and informed consent
The study was approved by the Tays Research Services
(number R21519/2021) and was conducted in accordance
with the Declaration of Helsinki. As patient identifiers
were completely removed after data collection, the ethics
committee of Pirkanmaa Hospital District determined
that formal ethics approval was not required. Patients or
the public were not involved in the design, conduct or
reporting of our research.
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FIGURE 1
neovascular age-related macular degeneration.
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FIGURE 2 Survival curves showing the decline of 22 lines, 23 lines, >4 lines and 28 lines from the baseline visual acuity at the end of the
follow-up among 3705 patients with neovascular age-related macular degeneration.

3 | RESULTS
The long-term mean change in VA from baseline to the
last visit of each treatment year is shown in Figure I.
Following initial stabilisation in VA during the first
treatment year (mean change +0.04 ETDRS letters),
there was a clear negative trend, with mean changes of
=2.5, 4.5, =5.8, —6.6, —7.4 and —7.8 ETDRS letters after
treatment years 2, 3, 4, 5, 7 and 10, respectively.

Survival curves depicting the decline of >2 lines, >3
lines, >4 lines and >8 lines from the baseline VA are

shown in Figure 2. In general, the more severe the level
of vision loss at the end of the follow-up, the slower it
developed.

Delays in treatment during the study period are
demonstrated in Figure 3. The proportion of visits de-
layed >6 weeks varied between 24% and 36% per treat-
ment year, without noticeable trends. Visits delayed from
>6weeks to <8 weeks accounted for 13%-15%, while de-
lays from >8 to <10weeks accounted for 5%—6%. Visits
delayed >10weeks were 6% during the first treatment
year and ranged from 13% to 16% in subsequent years.



PUROLA ET AL.

B /2 Ophiaimoloic

100

90

80

70

60

50

Visits (%)
40

30

20

10

— -

0

1 2 3 4
27374 15820 10202 7175

5 6 7 8 9
5117 3405 2369 1712 1156

10
713

Treatment year and number of visits

—4—<6 weeks >6 weeks and <8 weeks

FIGURE 3

100

—&—>8 weeks and <10 weeks  ==>¢=>10 weeks

Distribution of visits due to neovascular age-related macular degeneration with or without delays based on treatment year.

90

80

70 \
60

Visits (%) 50 \ /

40 ”

30

20

10 — w

O - . - -
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
100 1129 1692 2072 3191 5084 5386 5349 5529 4906 5415 6190 6709 6956 7901 8105

Study year and number of visits
——<6 weeks >6 weeks and <8 weeks  =#—>8 weeks and <10 weeks  =>¢=>10 weeks

FIGURE 4 Distribution of visits due to neovascular age-related macular degeneration with or without delays based on study year.

Figure 4 represents the proportion of delayed visits ac-
cording to study years, showing that delayed visits were
more common during the early years, 2008-2012. Since
2013, the proportion of visits delayed >6 weeks has varied
between 17% and 36% without consistent trends. There
were no significant age and gender differences in relation
to the number of delayed visits (Spearman correlation
coefficient<0.1, p>0.05).

The long-term mean change in VA from the baseline
to the last visit of each treatment year in relation to the
mean number of visits delayed >6weeks or >10weeks
per year is shown in Figure 5. During the first treatment
year, VA remained stable regardless of the number and
length of delays, but during the second treatment, VA
started to decline in all patients excluding those with a
mean of >0 and <0.5 visits delayed >10 weeks. The most
rapid decline occurred during treatment years 2—4.

The decline in VA was more severe the higher the
number of delayed visits (Figure 5). The final outcome in
VA was significantly worse among patients with a mean
of >2 visits delayed >6weeks in comparison to patients

without >6week delays (p<0.001). Similarly, the final
outcome in VA was significantly worse among patients
with a mean of >2 visits delayed >10weeks in compared
to patients without >10week delays (p<0.016). In gen-
eral, the decline in VA was also more severe the longer
the delays were. While the final outcome in VA was more
severe among patients with a mean of >2 visits delayed
>]0weeks compared to patients with a mean of >2 vis-
its delayed >6weeks, this difference was not statistically
significant.

Survival curves depicting the decline of >2 lines, >4
lines and >8 lines from the baseline VA in relation to the
mean number of visits delayed >6weeks are shown in
Figure 6. In general, the decline developed more rapidly
with a higher number of delays.

4 | DISCUSSION

This study explored the real-world visual outcomes
of bevacizumab therapy for nAMD, the frequency of
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number of visits delayed >6 weeks per year=0, n=630; Mean number of visits delayed >6 weeks per year >0 and <0.5, n=47, Mean number of
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delayed >6weeks per year 22, n=982.

delayed visits and the impact of these delays on patients'
visual outcomes. The results show that the mean VA
starts to decline during the second treatment year.
Approximately 1 out of 4 visits per treatment year is
delayed over 6 weeks, while 1 out of 10 visits is delayed
over 10weeks. Over the ten-year follow-up, the severity
of VA decline worsened with the increasing number and
length of delayed visits. In general, the study findings
indicate a strong association between delays in anti-
VEGF injections and vision loss.

Population-based studies have shown that the preva-
lence of nAMD is increasing in Finland and other devel-
oped countries likely due to the aging of the population
(Colijn et al., 2017; Liet al., 2020; Purola et al., 2025; Rein
et al., 2022). Studies have also reported significantly
poorer mean distance and near VAs among nAMD
patients compared to general population (Bourne
et al., 2018; Purola et al., 2025; Steinmetz et al., 2021).
A recent Finnish population-based study showed that
the treatment of new-onset nAMD is started early in
Finland, which is vital for the preservation of visual acu-
ity, yet there remains a strong association between the

disease and vision loss, indicating limitations and chal-
lenges in its treatment (Purola et al., 2025).

In the current study, the mean VA started to decline
during the second treatment year regardless of the num-
ber or length of delayed visits. Two previous Finnish
real-world single-centre studies conducted during 2008—
2013 and 2008-2020 reported that anti-VEGF treatment
for nAMD using a modified PRN regimen and mostly
bevacizumab resulted in stabilisation of VA for at least
3years (Hujanen et al., 2023; Kataja et al., 2018). Similar
to our study, Brynskov and colleagues reported a grad-
ual decline in VA after the first treatment year based
on a real-world study of a 10-year follow-up (Brynskov
et al., 2020).

The VA declined by 8 ETDRS letters on average during
the 10-year follow-up. Hujanen and colleagues reported a
mean decrease in VA of 4 ETDRS letters from baseline to
year 10 based on a Finnish real-world single-centre study
(Hujanen et al., 2023). A single-centre, non-interventional
cohort study reported an average decrease of 2 ETDRS
letters during a 10-year follow-up (Chandra et al., 2020).
Another real-world study conducted during 2007-2019
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reported an average decrease of 5 ETDRS letters during
a 10-year follow-up (Brynskov et al., 2020). The notice-
able differences in the results between the current study
and these previous ones could be due to differences in
the study period, study population, injection frequency,
baseline VA and methodology such as the use of LOCF
analysis in the present study. Our study also focused only
on bevacizumab, because it is the most commonly used
drugin IVIs (Hujanen et al., 2023; Kataja et al., 2018).

We observed that the annual proportion of visits de-
layed >6 weeks was very common, varying between 24%—
36% during the follow-up. After grading the length of
delays, the annual proportion of visits delayed >6 weeks
and <8weeks and >8weeks and <10weeks varied be-
tween 13% and 15%, and 5% and 6%, respectively. While
the proportion of visits delayed >10 weeks was 6% during
the first treatment year, it varied between 13% and 16%
during the rest of the follow-up. Delayed visits were more
common during the early years, 2008-2012, when the
new therapies started. To our knowledge, this is the first
study to report the frequency and lengths of delayed vis-
its and their impact on VA in detail. Most of the previous
publications on the subject either have reported the mean
or median frequency of annual injections rather than
specific proportions of delayed visits, or have included
a limited follow-up period, limited number of patients
or another type of IVI drug (Gillies et al., 2020; Lim
et al., 2012; Takahashi et al., 2015; Zehden et al., 2023).
Importantly, while clinic-based data has shown that the
average treatment frequency among nAMD patients is
rather low, population-based data has shown even lower
treatment frequencies (Purola et al., 2025).

Previous clinical studies have demonstrated that the
recommended delivery of monthly IVI dosing in clinical
practice is challenging, and as such alternative dosing
is common (Heloteré et al., 2024; Hujanen et al., 2023;
Schroeder et al., 2017; Tuuminen et al., 2017; Verbraak
et al., 2021). Barriers such as patients' transportation
difficulties, financial constraints, comorbidities and
systemic health issues often contribute to missed visits
among patients with nAMD. Due to the increased num-
ber of patients, the healthcare system may have difficul-
ties in delivering therapies on time.

Despite these challenges in the treatment of nAMD,
according to Finnish national register data, visual im-
pairment due to AMD has started to decline since the
early 2010s (Purola et al., 2023). Furthermore, the age at
the onset of visual impairment due to AMD has delayed
and the severity of visual impairment due to AMD has
decreased (Purola et al., 2023). A similar decline in visual
impairment and blindness due to AMD in the 2000s has
been reported in other countries (Bourne et al., 2018).
These positive developments are likely reflecting the im-
plementation of anti-VEGF treatment in Finland and
other countries since the late 2000s.

The strengths of our study include the long-term
setting and the non-selected study population consid-
ering that Tays Eye Centre is the only clinic providing
nAMD treatment for the population living in the hospi-
tal serving area. The treatment protocol has remained
PRN during the entire study period. The number and
reasons for dropouts were clearly reported and have

been discussed in a previous study from the same centre
(Hujanen et al., 2023).

Our study also has some limitations. As it is common
to any real-world setting, dropout rates were high and
there was likely selection bias among patients with lon-
ger follow-up times, probably related to the high mean
age of the treated patients. The number of patients with
9-10years of treatment was also rather low. We gener-
ated missing VA values using LOCF method, which may
overestimate VA since the trend of VA is generally de-
clining over time.

In conclusion, delays in anti-VEGF injections are
common and strongly associated with vision loss. As the
aging of the population continues to increase the role of
delays in nAMD therapy, it is vital to find ways to reduce
the number of delayed visits and the consequent detri-
mental impact on VA. The development and implementa-
tion of longer-acting therapies are anticipated to reduce
the frequency of both injections and clinic visits. This
reduction offers a dual benefit for improving the quality
of care: it enhances treatment adherence by mitigating
the probability of missed appointments and alleviates the
strain on healthcare provider capacity. Additionally, in-
creasing patient awareness of the importance of adhering
to the injection schedule can further help improve com-
pliance and reduce the risk of missed doses.
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