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Purpose. is study aimed to evaluate the long-term e�ectiveness of intravitreal anti-vascular endothelial growth factor (VEGF)
injections in the treatment of choroidal neovascularization (CNV) associated with angioid streaks. Methods. Multicenter ret-
rospective cohort study, including eyes with CNV secondary to angioid streaks treated with anti-VEGF injections, were per-
formed. Best-corrected visual acuity (BCVA) in ETDRS letters; qualitative and quantitative (foveal thickness) OCT parameters;
anti-VEGF type; and number of injections were collected at baseline and at 3, 6, 12, 24, 36, 48, 60, and 72 months. Results. irty-
nine eyes from 29 patients, 17 (58.6%) females, were included. e mean follow-up time was 69.4± 34.5 months. BCVA was
59.3± 23.3 letters at baseline and 63.7± 21.9 letters at 48 months. At 3 months, BCVA improved 6.9± 11.7 letters (P � 0.003).
en, BCVA remained stable.emean foveal thickness decreased from 343.3± 120.2 μm at baseline to 268.3± 65.4 at 48 months
(P � 0.021). e mean number of injections was 4.6± 2.1 at 12 months, decreasing to 1.7± 2.4 injections between 36 and 48
months (P � 0.093). Conclusion. is real-world study suggests that the functional and morphologic response to anti-VEGF
therapy for CNV related to angioid streaks is generally satisfactory and maintained in the long term.

1. Introduction

Angioid streaks were �rst described as irregular red/brown
lines that surround concentrically or radiate out of the optic
nerve head [1, 2]. Currently, the estimated prevalence of
angioid streaks is unknown. e onset of angioid streaks
commonly lies between the second and �fth decades [3].

Pseudoxanthoma elasticum (PXE) is the most common
associated disease [4]. Patients with angioid streaks are
generally asymptomatic, unless the lesions extend towards
the fovea or develop complications, such as macular cho-
roidal neovascularization (CNV) [2, 4]. In fact, CNV is the
most serious complication of angioid streaks, with an in-
cidence of 72% to 86% [1].
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Around the fourth to fifth decades of life, the visual
acuity of untreated patients is less than 20/200 due to dis-
ciform scar formation and concomitant atrophy [2]. .e
management of CNV secondary to angioid streaks with
intravitreal anti-vascular endothelial growth factor (VEGF)
injections, irrespective of the molecule (i.e., bevacizumab,
ranibizumab, or aflibercept), has shown superior functional
and morphologic results compared with previous thera-
peutic options, such as photocoagulation laser and photo-
dynamic therapy (PDT). Most literature on anti-VEGF
treatment in CNV related to angioid streaks was based on
single case reports, case series, or short-term cohorts
[2, 4–11]. Recently, long-term retrospective and prospective
studies reinforced the previous findings that anti-VEGF
injections had remarkably improved the prognosis of CNV
secondary to angioid streaks [12–14]. However, these studies
only included ranibizumab as the first option of anti-VEGF
treatment and one of these studies only included patients
with PXE. Also, few results presented a follow-up of 60
months, and as far as we concern, there are no results at 72
months of follow-up. Moreover, these studies do not clarify
whether the results may be generalized to all anti-VEGF and
to all patients with CNV secondary to angioid streaks re-
gardless of the associated systemic pathology.

.erefore, the primary endpoint of this study was to
evaluate the effectiveness of intravitreal anti-VEGF injec-
tions at 48 months in the treatment of CNV associated with
angioid streaks in a real-world study. .e secondary end-
points were to evaluate the functional and structural changes
after 60 and at 72 months of anti-VEGF treatment for those
patients with longer follow-up.

2. Methods and Materials

2.1. Study Design. .is is a multicenter retrospective cohort
study, which included eyes with CNV secondary to angioid
streaks treated with intravitreal anti-VEGF injections (with
or without previous alternative treatments, such as laser
photocoagulation or PDT). .is study adhered to the tenets
of the Declaration of Helsinki and was approved by the local
Ethics Committee of five Portuguese hospitals.

All patients underwent an ophthalmologic examination,
including measurement of best-corrected visual acuity
(BCVA) using Early Treatment Diabetic Retinopathy Study
(ETDRS) charts, slit-lamp biomicroscopy, fundus color
photography, fluorescein angiography (FA), and spectral-
domain optical coherence tomography (SD-OCT). .e anti-
VEGF treatments assessed in this study were ranibizumab
(0.5mg/0.05mL), bevacizumab (1.25mg/0.05mL), and
aflibercept (2mg/0.05mL). As patients were treated by the
attending retina specialist in different institutions, different
treatment agents and protocols were applied (fixed, Pro re
nata—PRN, and “Treat and Extend”).

.e presence of fibrosis or atrophy was assessed using
SD-OCT.

2.2. Data Collected. We analyzed sociodemographic char-
acteristics (age, gender), systemic associated disease

conditions, previous treatments (photocoagulation laser,
PDT), and CNV location (foveal, juxtafoveal, extrafoveal).
BCVA (ETDRS letters); qualitative (atrophy and fibrosis)
and quantitative (subfoveal thickness) SD-OCT parameters;
and number of intravitreal injections were also collected at
baseline (i.e., at the time of CNV diagnosis/treatment ini-
tiation) and at 3, 6, 12, 24, 36, 48, 60, and 72 months after
initiating treatment.

2.3. Inclusion and Exclusion Criteria. Patients older than 18
years, treated with anti-VEGF agents for CNV secondary
with angioid streaks at the retina departments from the
previously referred Portuguese hospitals, were included.
Patients had to have at least 36 months of follow-up data
since the beginning of the anti-VEGF treatment. Eyes with
prior intraocular surgery were also included. Eligible pa-
tients were identified by review of medical records. Both eyes
of a patient were included for analysis, if eligible.

Patients were excluded if presented with any other ocular
disease that could compromise vision in the study eye.
Patients with systemic or ocular diseases that interfered with
the acquisition of OCT were also excluded.

2.4. Primary Outcomes/Endpoints. .e primary outcome
was the variation of BCVA at 48 months of follow-up after
initial anti-VEGF treatment.

2.5. Secondary Outcomes/Endpoints. .e secondary out-
comes were the variation of BCVA after 60 and at 72 months
of anti-VEGF treatment (for those patients with longer
follow-up), characterization of CNV location, variation of
central macular thickness (CMT), development of compli-
cations (fibrosis/atrophy), and the number of anti-VEGF
injections administered during follow-up.

2.6. Statistical Analysis. Statistical analysis was performed
using the SPSS® statistical software (version 26.0 for Win-
dows; SPSS Inc., Chicago, IL, USA).

Quantitative variables were described through mean-
± standard deviation and categorical variables through
absolute (n) and relative (%) frequencies.

.e Kolmogorov–Smirnov test and normal probability
plots were used to confirm the normal distribution of
continuous variables. Categorical variables were compared
using a chi-squared test or, for low count variables, Fisher’s
exact test. Continuous independent variables following a
normal distribution were compared using an independent-
samples t-test, or a nonparametric Mann–Whitney U-test,
whenever applicable, whereas continuous dependent vari-
ables were analyzed using a dependent-samples t-test or a
Wilcoxon signed-rank test. Repeated-measures analysis of
variance (ANOVA) was performed to analyze the changes in
BCVA and CMT. Bonferroni’s correction for multiple
comparisons was applied. .e association between two
quantitative variables was assessed through Pearson’s cor-
relation coefficient (r) or Spearman’s correlation coefficient
(rs) in case the normality assumption was not verified.
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Statistical significance for all the analyses was set at a P

value less than 0.05.
As previously stated, both eyes from the same patient

were included, which we considered an acceptable trade-off
for a larger sample size of this rare condition.

3. Results

3.1. Characterization of the Patients. .irty-nine eyes from
29 patients were included in the study. Demographic and
baseline characteristics are described in Table 1. Excluding
the 5 eyes previously treated with PDT, all the other eyes
included were treatment näıve CNVs.

Overall, the mean study follow-up was 69.4± 34.5
months (range 36–135).

3.2. Functional Changes in Affected Eyes after Initiation of
Anti-VEGF Treatment. .e mean BCVA was 59.3± 23.3
letters at baseline and 63.7± 21.9 letters after 48 months
(P � 0.85) (Figure 1). At 3 months, a significant improve-
ment in BCVA of 6.9± 11.7 letters was observed (P � 0.003).

At baseline, 10 (25.6%) eyes had a BCVA inferior to 35
letters. After 48 months, 3 of 28 (10.7%) eyes had a BCVA
inferior to 35 letters, 6 of 28 (21.4%) eyes showed a BCVA
gain of ≥15 letters, and 12 of 28 (42.9%) had a stable BCVA
(Table 2).

Baseline BCVA was significantly and negatively corre-
lated with the difference between BCVA at 48 months and at
baseline (rs � −0.635; P � 0.001). Furthermore, baseline
BCVA was negatively correlated with baseline CMT
(r� 0.514; P � 0.004).

3.3. Anatomical Changes after Initiation of Anti-VEGF
Treatment. .e mean baseline CMT decreased from
343.3± 120.0 μm to 318.8± 127.5 μm at 3 months
(P � 0.091) and to 298.7± 83.8 μm at 12months (P � 0.055).
Although in the first 36 months, changes in CMT were not
significant, at 48 months, CMT decreased significantly to
268.3± 65.4 μm (P � 0.021) compared with baseline (Fig-
ure 2). At 48 months, a CMTreduction superior to 10% was
observed in 11 (45.8%) eyes, remained stable in 10 (41.7%)
eyes, and increased more than 10% in 3 (12.5%) eyes. CMT
variation during the first 48months of follow-up is described
in Table 3.

3.4. Number of Intravitreal Anti-VEGF Injections. .e mean
number of anti-VEGF injections was 4.6± 2.1 injections in
the first 12 months (median 4, range 1–9), decreasing sig-
nificantly across the study time points: 2.6± 2.9 injections
(median 3, range 1–11) at 24 months (P � 0.007 vs. 12
months); 2.3± 3.2 injections (median 2.5, range 1–17) at 36
months (P � 0.003 vs. 24 months); and 1.7± 2.4 injections
(median 2, range 1–8) at 48 months (P � 0.002 vs. 36
months) (Figure 3). .e total mean number of intravitreal
injections administered at the end of the 48-month follow-
up was 10.8± 9.0 (range 2–44). .e mean number of in-
jections received in the first 3 months was 2.2 injections.

Table 1: Demographic and baseline characteristics of patients with choroidal neovascularization secondary to angioid streaks.

Mean± std. deviation (relative frequency)
No. of patients included 29
No. of eyes included 39
Female 17 (58.6%)
Age (years) 53.0± 12.3
Both eyes affected 10 (34.5%)
PEX 15 (51.7%)
Age in PEX patients (years) 49.0± 10.5 (P � 0.023)

PDT (eyes) 5 (12.8%)
CNV location
Subfoveal 13 (33.3%)
Juxtafoveal 22 (56.4%)
Extrafoveal 4 (10.3%)

Baseline BCVA (ETDRS letters) 59.3± 23.3
Baseline CMT (µm) 343.3± 120.0
Follow-up (months) (minimum-maximum) 69.4± 34.5 [36–135]
BCVA: best-corrected visual acuity, CMT: central macular thickness, CNV: choroidal neovascularization, ETDRS: Early Treatment Diabetic Retinopathy
Study, PDT: photodynamic therapy, PEX: pseudoxanthoma elasticum.
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Figure 1: Best-corrected visual acuity (ETDRS letters) variation
until 48 months (primary outcome). ∗P< 0.05.
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Sixteen of 39 (41%) eyes received loading dose, consisting of
3 injections in the �rst 3 months. No statistically signi�cant
association was found between eyes that received loading
dose and BCVA at 48 months (P � 0.746).

In a subgroup analysis, the a�ected eyes were divided
according to the cumulative number of injections performed
between baseline and 48 months: subgroup A—equal or less
than 5 cumulative injections (n� 10), subgroup B—between
6 and 10 cumulative injections (n� 6), and subgroup
C—equal or more than 11 cumulative injections (n� 10). No
statistically signi�cant associations were observed between
any of the subgroups for cumulative number of injections
and BCVA at 48 months. Moreover, in a univariate re-
gression analysis, no statistically signi�cant association was
found between the number of injections performed and
BCVA (P � 0.093).

No systemic or ocular side e�ects were registered during
the entire follow-up.

3.5. Complications during Follow-Up. Initially, 7 of 34
(20.6%) eyes had retinal atrophy and 6 of 35 (17.1%) eyes had
�brosis. At 48 months, 17 of 28 (60.7%) eyes had atrophy
and 17 of 28 (60.7%) had �brosis. At 48 months, foveal
atrophy was statistically associated with inferior BCVA
(P � 0.047); however, foveal �brosis was not associated with
BCVA (P � 0.647).

At 36 months, no statistically signi�cant association was
found between the CNV location and atrophy (P � 0.412) or
�brosis development (P � 0.509). Moreover, we did not
observe a signi�cant association between CMT and CNV
location (P � 0.628).

3.6. In the Subgroup of Patients with 60 and 72 Months of
Follow-Up. Twenty (51.3%) eyes completed 60 months of
follow-up. e mean BCVA was 59.0± 5.1 letters at baseline
and 58.8± 5.6 letters at 60 months (P � 0.974). e mean
CMT was 361.5± 37.0 μm at baseline and 243.5± 54.6 μm at
60 months (P � 0.018).

Fourteen (35.9%) eyes completed 72 months of follow-
up. e mean BCVA was 52.8± 24.1 letters at baseline and
62.5± 21.9 letters at 72 months (P � 0.060). e mean CMT
was 347.7± 146.0 μm at baseline and 231.0± 47.7 μm after 72
months (P � 0.200).

4. Discussion

Our real-world study suggested that treatment with anti-
VEGF leads to a signi�cant improvement in BCVA in the
�rst 3 months, varying from 59.3± 23.3 ETDRS letters at
baseline to 66.8± 19.5 letters at 3 months (P � 0.003). After
this time point, BCVA remained stable in 21 of 28 (75%) eyes
at 48 months (Table 1).

e MINERVA study was the �rst phase III randomized
controlled clinical trial to evaluate the e¨cacy and safety of
ranibizumab 0.5mg in patients with CNV associated with
causes other than AMD and myopic CNV. In this study, 18
eyes with CNV secondary to angioid streaks were included.
At 2 months, a treatment e�ect of 10 letters was observed
with ranibizumab compared with sham in the CNV-angioid
streaks [15], being similar to our results at 3 months.

In this study, patients had a mean age of 53.2± 12.1 years
at the time of CNV diagnosis/treatment initiation, which is
consistent with previous studies [12, 16, 17]. Moreover, the
mean age of patients with PXE and angioid streaks com-
plicated with CNV seems to be signi�cantly lower than in
patients with no PXE, 49.0± 10.5 years vs. 58.1± 12.4,
P � 0.023.

Tilleul et al. included 35 eyes with CNV secondary to
angioid streaks treated with ranibizumab. At 4 years of
follow-up, BCVA remained stabilized or improved in 22 of
35 eyes (62.9%). Macular thickness stabilized or decreased in
16 of 35 eyes (45.7%) [13]. In Tilleul et al. study, patients
were older than the patients included in our study (mean age
63.7± 13.9 years [13] vs. 59.3± 23.3 years, respectively). e
inferior results in BCVA obtained in Tilleul et al. study,
compared with our study, could be explained partly by the
older age of patients.

e PIXEL study included 98 eyes of 72 patients with
PXE and CNV secondary to angioid streaks treated with
ranibizumab [12]. e mean BCVA was 64.6 letters at
baseline and 64.7 letters at 12 months, and it stabilized until
the 4-year follow-up [12]. In our study, the mean BCVA was

Table 2: Best-corrected visual acuity variation (in ETDRS letters) by groups until 48 months (primary outcome).

ETDRS letter changes 12 months (n� 35) 24 months (n� 35) 36 months (n� 33) 48 months (n� 28)
≥+ 15 letters 8 (22.9%) 7 (20.0%) 7 (21.2%) 6 (21.4%)
+6 to + 14 letters 4 (11.4%) 5 (14.3%) 5 (15.2%) 3 (10.7%)
+5 to −5 letters 16 (45.7%) 15 (42.9%) 15 (45.5%) 12 (42.9%)
−6 to −14 letters 3 (8.6%) 3 (8.6%) 1 (3.0%) 3 (10.7%)
≤− 15 letters 4 (11.4%) 5 (14.3%) 5 (15.2%) 4 (14.3%)
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Figure 2: Mean central macular thickness (μm) variation until 48
months (primary outcome). ∗P< 0.05.
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inferior at baseline, with 57.1± 23.8 letters compared with
64.6 letters in the PIXEL study. However, at 48 months, the
mean BCVA in our study improved to 63.7± 21.4 letters,
compared with 60.5 letters in PIXEL study. erefore, our
patients had an initial improvement in BCVA that was
superior to PIXEL study and were able to maintain their
BCVA values in the long term. One possible explanation for
this observation was the fact that, in our study, patients had a
lower BCVA at presentation and, thus, were expected to
improve more than patients who had better BCVA at
baseline. However, not all studies are consensual regarding
the improvement of BCVA and its stability over time after
anti-VEGF treatment. For instance, Giacomelli et al. ob-
served a progressive deterioration in BCVA after treatment
with ranibizumab or bevacizumab in PRN protocol [16].
Iacono et al. investigated the e�ects of intravitreal bev-
acizumab in 15 patients with non-subfoveal CNV secondary
to angioid streaks and observed a statistically signi�cant
BCVA worsening at 3 years (65.8± 15.0 letters) compared
with BCVA at 1 year (80.1± 5.4 letters) [18]. ere are
several factors that can lead to the di�erent conclusions
observed in the aforementioned studies, including CNV
location, initial treatment delay, previous treatments (e.g.,
laser photocoagulations and PDT), and di�erent treatment
protocols (e.g., �xed, “treat and extend,” or PRN).

In the �rst 12 months, in our study, a mean number of
4.6± 2.1 injections were performed, being similar to the
PIXEL study (4.1± 2.3 injections) [12], but inferior to Gliem
et al.’s study (6.7± 2.6 injections) [19]. e total mean
number of injections at the end of 48 months of follow-up

was 10.8± 9.0 injections. In the Rosina et al.’s study, the
median number of intravitreal injections was 2.5 (range 1–6)
injections during a mean follow-up of 52 months. However,
8 (50%) eyes were previously treated with PDT (7 eyes) or
argon laser (1 eye).e signi�cant number of eyes previously
treated with laser therapy could have biased in the results,
explaining the lower number of injections needed in this
study [20]. Finger et al. included 16 eyes treated with an
average of 6.5± 5.7 injections over 28 months [17]. One
possible explanation for the di�erence in the mean number
of injections was the di�erent regimen of treatment. As we
stated before, as patients included in our study were treated
in di�erent institutions, by di�erent retina specialists and
over a long period of time, the treatment regimen was not
uniform for all the patients. For instance, in Gliem et al.’s
study, all patients received one initial injection of a±ibercept,
and further injections were based on monthly assessment of
persistent or recurrent CNV activity [19]. Di�erently, other
studies included in their sample eyes with �xed and PRN
regimens, which might in±uence the �nal average number of
injections [21]. Moreover, we would like to emphasize that,
although the best timetable and criteria for injections have
yet to be determined, the high recurrence of exudation in
CNV proves the need for repeated injections. Unfortunately,
there is still a great variability in access to intravitreal
treatment as we can conclude for our study given the var-
iance in the number of injections performed at 48 months.
Similarly, other studies reported progressively less injections
during the follow-up period [12, 13, 17, 18]. ese obser-
vations are in agreement with the previous knowledge that
inactivation of the CNV secondary to angioid streaks usually
requires fewer injections than those associated with exu-
dative age-related macular degeneration [13, 18].

Regarding the CMTvariation, we observed a progressive
reduction during the follow-up, as observed in other studies
[12, 19, 20]. However, BCVA did not show a progressive
improvement despite the decreasing trend in CMT, possibly
due to RPE and photoreceptor damage with the long-
standing of disease. It seems that, from the anatomic point of
view, anti-VEGF agents are e�ective in reducing all the signs
of CNV exudation, even though a morphologic recovery
does not always correspond to a functional gain.

In 2006, the �rst favorable results for the treatment of
CNV secondary to angioid streaks were achieved with
bevacizumab [9]. Afterwards, several small studies about
e�ectiveness of anti-VEGF in CNV secondary to angioid
streaks were done with ranibizumab, bevacizumab, and
a±ibercept [17, 22–27]. Recently, Sekfali et al. concluded that
switching from intravitreal ranibizumab to a±ibercept
represents a valid therapeutic option in patients with re-
fractory or recurrent CNV secondary to angioid streaks [14].
In our study, we included patients treated with three anti-

Table 3: Central macular thickness variation by groups until 48 months (primary outcome).

CMT variation 12 months (n� 25) 24 months (n� 28) 36 months (n� 25) 48 months (n� 22)
Decrease>− 50 μm 7 (28.0%) 8 (28.6%) 7 (28.0%) 8 (36.4%)
Between −50 and + 50 μm 15 (60.0%) 17 (60.7%) 15 (60.0%) 12 (54.5%)
Increase >+ 50 μm 3 (12.0%) 3 (10.7%) 3 (12.0%) 2 (9.1%)
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Figure 3: Mean number of injections per period until 48 months
(primary outcome).emean number of intravitreal injections was
reduced signi�cantly between 12 and 24 months (P � 0.007), be-
tween 24 and 36 months (P � 0.003), and between 36 and 48
months (P � 0.002) compared with the number of injections
performed in the �rst 12 months of follow-up.
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VEGF agents (i.e., ranibizumab, bevacizumab, and afli-
bercept). For all three anti-VEGF agents, a positive outcome
for BCVA was reported over time, indicating that these
treatments could be considered as the first-line therapy for
CNV secondary to angioid streaks. However, as patients
were treated in different institutions, by different retina
specialists and over a long period of time, the treatment
regimen was not uniform for all the patients. .erefore,
taking into account the great variability in the treatment, not
only in relation to the treatment regimen (fixed, PRN, treat,
and extend) but also in relation to the type of drug ad-
ministered, we were not able to perform a statistical analysis
to obtain valid conclusions.

.is study had important limitations. First, the obser-
vational design and the retrospective nature of the study
were limitations as data from all patients were not available
at each and every time point because some patients were not
observed on the analyzed time points. Another drawback
was related to the treatment with different anti-VEGF agents
and the different treatment protocols. As this study included
patients from different Portuguese institutions, the treat-
ment regimen varied according to the clinical practice at
each institution and according to the retinal specialist who
assisted the patient. In addition, the anti-VEGF used, as well
as the criteria for drug switch, varied between institutions
and some patients were treated with different anti-VEGF
agents over time. .us, as previously referred, this study was
not able to analyze the functional and structural outcomes
caused by individual anti-VEGF agent or according to the
treatment protocol. As CNV secondary to angioid streaks is
a rare disorder, we included patients treated previously with
PDT, which may bias the results.

.erefore, despite the limitations explained before, our
study described the expected results in the real-world setting,
contrary to many clinical trials that show promising results,
but do not reflect the conditions of our daily clinical practice
such as patients’ difficulties to attend medical appointments
and to comply with therapeutic regimens. Moreover, it
presents favorable results that support the current clinical
practice in Portugal and other European centers with anti-
VEGF therapy for CNV related to angioid streaks.

Our study’s strengths lie in its long-term follow-up, the
significant number of patients included, and the fact that it
describes the results of a real-life multicenter setting. To our
knowledge, this is one of the studies with the longest follow-
up time of patients with CNV secondary to angioid streaks
performed so far.

In conclusion, this study demonstrated that the func-
tional and morphologic response to anti-VEGF therapy for
CNV related to angioid streaks is generally satisfactory and
may be maintained on the long term. Of notice, the com-
parison across retrospective and real-world studies should
be done with caution as the study populations vary with
respect to the study settings, dosing regimens, previous
treatment profiles, and underlying comorbidities. Further
long-term prospective studies with a larger sample size are
needed to evaluate the long-term effectiveness and the best
protocol regimen of anti-VEGF treatment in CNV sec-
ondary to angioid streaks.
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