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Abstract
Purpose To assess the short-term and long-term visual outcomes in patients with choroidal neovascularisation (CNV)
secondary to angioid streaks treated with intravitreal anti-vascular endothelial growth factor (VEGF).
Methods Retrospective, single-centre study.
Results Overall 66 eyes of 52 patients were analysed. Follow-up ranged from 1 to 10 years. BCVA was 62 ETDRS letters at
baseline, 68 letters at 1 year, 60 ETDRS letters at 5 years and 58 letters at 7 years. At 2 years patients gained 5.7 ETDRS
letters from baseline but this gain was lost at 5 years. At 5 years there was an average loss of ETDRS letters from baseline of
3.3 letters. Sub-group analysis of subfoveal CNV showed worse outcome compared with eyes with extrafoveal and juxta-
foveal CNV. In subfoveal CNV, BCVA was 53 ETDRS letters at 1 year (p < 0.0001) and 39 ETDRS at 5 years (p= 0.0005).
Conclusion Anti-VEGF therapy is effective at stabilising visual acuity in patients with choroidal neovascularisation sec-
ondary to angiod streaks, however there is a gradual decline in visual acuity observed with 5–10 years of follow-up.
Furthermore, subfoveal CNV have worse visual outcome compared with extrafoveal and juxtafoveal CNV.

Introduction

Angioid streaks represent linear breaks within a calcified
and brittle Bruch’s membrane. Clinically they appear as
irregular bands with varying width that radiate from the
optic nerve and are often bilateral. The presence of angioid
streaks may be idiopathic or secondary to systemic dis-
orders including pseudoxanthoma elasticum, Paget’s dis-
ease, Ehlers–Danos syndrome and hemoglobinopathies [1].

Choroidal neovascularisation (CNV) is a significant sight
threatening complication of angioid streaks as the inter-
rupted mechanical integrity of Bruch’s membrane creates a
gateway for aberrant neovascularisation [2, 3]. CNV is
estimated to occur in 72–86% of patients [4, 5] with bilat-
eral involvement in up to 71% of patients [6]. The natural
history of angioid streak associated CNV typically leads to
profound visual loss and often legal blindness. Various

treatment modalities have been utilised in the past with
limited success including laser photocoagulation, photo-
dynamic therapy with verteporin and surgical intervention.
Currently intravitreal anti-vascular endothelial growth fac-
tor (VEGF) is the treatment of choice as these agents have
been shown to improve or stabilise the visual acuity [7, 8].
However most of the evidence is from small case series or
prospective studies with short-term follow-up and there is
limited long-term data on visual outcomes and the efficacy
of this treatment.

The primary aim of this study is to describe the short-
term (1–2 years) and long-term (5–10 years) visual out-
comes in patients treated with intravitreal anti-VEGF
in a real world clinical setting. This study represents one
of the largest retrospective reviews with the longest
follow-up reported in literature to date, on the treatment of
CNV secondary to angioid streaks with anti-VEGF
therapy.

Subjects and methods

This study is a retrospective, non-comparative review of
patients treated for CNV secondary to angioid streaks at
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Moorfields Eye Hospital, London, UK between January
2007 and December 2018.

The study adhered to the tenets of Declaration of Hel-
sinki and was approved by the Clinical Effectiveness
Committee at the hospital (CA18/MR/22–197).

Consecutive patients with CNV secondary to angioid
streaks were identified from the electronic medical records
at Moorfields eye hospital and only eyes which were
treatment naive and had at least 12 months of follow-up
were included. Patients who had concomitant ocular
pathology that affected the best corrected visual acuity
(BCVA) were excluded.

Data collected included patient demographics and BCVA
at baseline and follow-up at 1, 2, 5, 7 and 10 years (con-
verted to ETDRS letters for statistical analysis). The treat-
ment regime including the type of anti-VEGF drug, number
of injections and number of recurrences was also recorded.
Recurrence of CNV was defined as recommencement of
anti-VEGF therapy after 6 months or longer with no inter-
vention. Ancillary tests were also reviewed by two inde-
pendent reviewers to determine the angiographic
classification and the location of the CNV in relation to the
fovea and angioid streak.

Results

The study analysed 66 eyes of 52 patients (21 female and 31
male). The mean age at presentation was 52 years (range
18–82). The angioid streaks were secondary to pseudox-
anthoma elasticum in 33 patients, sickle cell disease in one
patient and abetaproteinemia in one patient. In the remain-
ing 17 patients, there was no information regarding sys-
temic association.

The location of the CNV was subfoveal in 21 eyes,
juxtafoveal in 25 eyes and extrafoveal in 20 eyes. Fluor-
escein angiogram showed classic Type 2 lesions in 50 eyes
(76%) and occult Type 1 lesion in 8 eyes. The CNV was
identified adjacent to the angioid streak on FFA in 41 eyes
(62%) (Table 1).

Bevacizumab was used as the initial agent in 64 eyes, 11
of which were then switched to ranibizumab or aflibercept.
Ranibizumab was used as the initial agent in two eyes.
Patients were treated in a pro re nata regime based on
clinical evaluation and OCT findings. The mean number of
injections was 5.5 in the 1st year, 2.7 in the 2nd year and
5.3 between the 3rd and 5th year. In patients who had 5 or
more years of follow-up, a recurrence rate of 70% was
observed with an average of 3 recurrences.

Mean BCVA of all patients at baseline was 62 ETDRS
letters (6/19). At 1 and 2 year follow-up, the BCVA was 68
ETDRS letters (6/15) and 67 ETDRS letters (6/15),
respectively. For patients who had 5 or greater years of

follow-up, the mean BCVA was 60 ETDRS letters (6/19) at
5 years, 58 ETDRS letters (6/24) at 7 years and 66 ETDRS
letters (6/15) at 10 years. On average patients gained 5.7
ETDRS letters in the first 2 years. After 5 years there was an
average loss of ETDRS letters from baseline of 3.3 letters.
The decline in visual acuity was also observed at 7 and 10
years, although this was not statistically significant
(Table 2).

Sub-group analysis of the 21 eyes with subfoveal CNV
showed worse outcome compared with eyes with extra-
foveal and juxtafoveal CNV. Eyes with subfoveal CNV had
a BCVA of 53 ETDRS letters (6/30) at 1 year follow-up
while eyes with extrafoveal and juxtafoveal CNV had a
BCVA of 75 ETDRS letters (6/10) (p < 0.0001). At 5 years
follow-up the BCVA was 39 ETDRS (6/48) in eyes
with subfoveal CNV while the BCVA was 68 ETDRS
letters (6/15) in eyes with extrafoveal and juxtafoveal CNV
(p= 0.0005). Patients with subfoveal CNV gained 4.6 let-
ters in the first year of treatment but showed a gradual loss
of ETDRS letters from baseline in the ensuing years
(Table 3).

On presentation, 19 patients had poor visual acuity
(BCVA ≤ 6/60) in the contralateral eye from a previous
CNV. Two patients had a BCVA between 6/18 and 6/36 in

Table 1 Anatomic location and angiographic features of CNV lesions.

Lesion Number (total 66)

Extrafoveal 20

Juxtafoveal 25

Subfoveal 21

FFA features

Classic Type 2 50

Occult Type 1 8

Undetermined (Large haemorrhage
masking FFA)

3

No FFA (allergic or second eye) 5

CNV adjacent to angioid streak on FFA 41

Table 2 Best corrected visual acuity at baseline and follow-up for all
CNV lesions.

Number Vision
(ETDRS)

Letter gain from
baseline

Baseline 66 62 (SD 18) N/A

12 month 66 68 (SD 19) +5.7 (SD 14)

2 year 57 67 (SD 21) +5.8 (SD 12)

5 year 41 60 (SD 25) −3.3 (SD 21)

7 year 26 58 (SD 26) −7.4 (SD 23)

10 year 8 66 (SD 25) −4.8 (SD 26)
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the contralateral eye from a previous CNV. Seventeen
patients developed CNV in the contralateral eye within the
review period, however three of these patients were not
included in the analysis as they did not have 12 months of
follow-up. Overall, we observed bilateral disease in 38 of
the 52 patients (73%).

Adverse events recorded over the 10-year period were
minimal. One patient had an ischaemic cerebrovascular
event 4 months after injection with bevacizumab for idio-
pathic angioid streaks at the age of 54. Another patient had
an ischaemic coronary vascular event 2 weeks after intra-
vitreal bevacizumab at the age of 63. There is limited
information on the cardiovascular risk factors and family
history of these two patients. A young female patient had
three bevacizumab injections during pregnancy starting at
24 weeks gestation with no adverse effect on the foetus or
pregnancy.

Discussion

CNV is a severe and prevalent complication of angioid
streaks. It often impacts a relatively young working popu-
lation and has a poor visual prognosis if left untreated. In
the last decade treatment with anti-VEGF therapy has
revolutionised the management of CNV of all aetiologies
and short-term data has been promising in the subset of
CNV secondary to angioid streaks.

In our series, with maximum follow-up of 10 years,
treatment with anti-VEGF showed overall stabilisation of
visual acuity (±10 ETDRS letters). However, the small gain
in BCVA achieved in the 1st and 2nd year was lost by the

5th year. Between the 5th and 10th year we observed a
small decline in ETDRS letters from baseline. Although
there are no other studies describing visual outcomes with
5–10 years of data, evaluation of the limited literature does
suggest a gradual decline in vision with time. Tilleul et al.
showed in their case series that while treatment with rani-
bizumab was effective at maintaining BCVA, the visual
acuity outcomes achieved at 2 years were not maintained at
4 years. Their results showed that 48.6% of eyes maintained
visual acuity (±2 lines) with loss of VA (≥3 lines) occurring
in 37.1% of eyes at final follow-up (mean of 48 months) [9].
The PIXEL study which evaluated treatment with Ranibi-
zumab in PXE patients, showed at 2 years (n= 44) 77.3%
of eyes maintained BCVA (±15 letters), with loss of VA
(>15 letters) occurring in 11.4% of eyes. At 4 year follow-
up, although the sample size was smaller consisting of 19
eyes, they showed a similar trend as BCVA was maintained
in only 52.6% of eyes and 26.3% showed loss of VA (>15
letters) [10].

In the sub-group analysis of subfoveal CNV, the visual
outcomes were less favourable compared with extrafoveal and
juxtafoveal CNV. The mean BCVA at baseline was 48
ETDRS letters (6/38) and while there was a small gain in
BCVA at 12 months, this was not maintained at 2 years. At 5
years follow-up eyes with subfoveal CNV had a BCVA of 39
ETDRS letters (6/48), which was significantly worse com-
pared with a BCVA of 68 ETDRS letters (6/15) in eyes with
extrafoveal and juxtafoveal CNV (p= 0.0005). This was in
concordance with the findings of Giacomelli et al. In their
case series, they showed that at 36 month follow-up, ten eyes
with extrafoveal CNV lost 0.18 logmar, while 13 eyes with
subfoveal CNV lost 0.59 logmar. They found the linear trend
in visual acuity to be significant (p < 0.001) suggesting a
worse outcome for eyes with subfoveal lesions [11].

The gradual decline in the visual acuity and the worse
outcome for subfoveal CNV may be due to a number of
factors including the inexorable nature of the disease. One
significant factor is the high recurrence rate. We observed
that the rate of recurrence was 70% in patients with 5 or
more years of follow-up with an average of 3 recurrences. A
period of 6 months of quiescence and no treatment was used
to determine recurrence of disease in this review. This
timeframe was proposed by the authors to ensure true
recurrence of the disease and eliminate any false-positive
results from patients who had prolonged disease activity or
were under-treated in a PRN regime. We do however
acknowledge that we may have omitted patients with
recurrent disease at earlier periods of 4 or 5 months and
hence the true recurrence rate may be greater than 70%.

The challenge with recurrence lies not only in the need
for prompt treatment but also the aggressive nature of the
CNV in this subset as demonstrated by Iacono et al. In their
case series of non-foveal CNV, they observed recurrence

Table 3 Best corrected visual acuity at baseline and follow-up for
subfoveal and non-foveal CNV lesions.

Number Vision
(ETDRS letters)

Letter gain from
baseline

Subfoveal CNV

Baseline 21 48 (SD 17) NA

12 month 21 53 (SD 21) +4.6 (SD 18)

2 year 18 49 (SD 22) −0.6 (SD 23)

5 year 11 39 (SD 27) −11.2 (SD 29)

7 year 9 43 (SD 27) −8.3 (SD 33)

10 year 3 52 (SD 38) −7.7 (SD 49)

Juxtafoveal + extrafoveal CNV

Baseline 45 69 (SD 14) NA

12 month 45 75 (SD 13) +6.2 (SD 12)

2 year 39 75 (SD 15) +4.8 (SD 15)

5 year 30 68 (SD 20) −0.6 (SD 17)

7 year 17 66 (SD 23) −7.1 (SD 16)

10 year 5 75 (SD 11) −3.8 (SD 6)
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with extension of the CNV toward the fovea in 1/3 of the
patients by the 3rd year suggesting a high growth rate of the
CNV [12]. Furthermore, they observed that while the
BCVA was maintained at 1 year in non-foveal CNV, there
was a decline in BCVA at 3 years. Their data illustrates that
the rapid growth pattern of recurrences can inflict a more
detrimental effect on the visual acuity.

Atrophy of the retinal pigment epithelium is also a para-
mount factor leading to decline in visual acuity. These
atrophic changes can occur due to the natural history of the
disease, but has also been hypothesised to be accelerated by
anti-VEGF treatment as the breaks in Bruch’s membrane
allow high permeability of the drug into the choriocapillaris
[13, 14]. It is postulated that high concentrations of anti-VEGF
drug in the densely vascular choriocapillaris can lead to
atrophy with subsequent degeneration of the apically located
RPE. Finger et al. showed in his series of PXE patients treated
with bevacizumab that the size of the RPE atrophy and retinal
fibrosis increased in both the treated and contralateral eye from
baseline to follow-up [15]. However, given the small number
of gradable images, there was no comparison whether the rate
of atrophy was greater in the treated eye.

Treatment and monitoring protocol may also be a con-
tributory factor to loss of BCVA over time. A PRN regime
is the widely accepted treatment regime for most non-age
related macular degeneration (AMD) CNV, however a PRN
regime relies on patients’ early recognition of symptoms
and immediate self-referral. Furthermore, the decision to
treat is at the discretion of the consulting doctor and there is
no consensus on long-term follow-up. In our study, fewer
injections were administered in the 2nd year and 3rd to 5th
year, compared with 5.5 injection administered in the first
year. While the fewer injections over time correlated with
worse visual acuity, this was not statistically significant. We
also observed heterogeneity in the follow-up protocol but
we did not analyse this to determine its effect on visual
outcome. However, it can be inferred that in a disease where
recurrence is a hallmark, a PRN regime with a lax follow-up
protocol may struggle to achieve visual stabilisation.

Our study has strength in the relatively robust sample
size and the long period of follow-up. The limitations of the
study however lie in the retrospective nature lending to an
inherent selection bias and the absence of a control group.
Conducting a randomised controlled clinical trial however
is not feasible as with-holding treatment for CNV in the
current era of effective anti-VEGF therapy is not viable.
Furthermore, given that angioid streaks are rare, large-scale
prospective trials are also difficult to conduct.

CNV secondary to angioid streaks is a chronic disease
and remains a therapeutic challenge. The perplexity in
management arises from the younger demographic that is
affected, coupled with the high rate of recurrence and the
natural progression of fibrosis and atrophic changes.

Treatment with anti-VEGF therapy however is safe and
effective in stabilising and slowing the progression of the
disease. Our findings emphasise the need for close follow-
up in the long term to be able to detect early recurrence and
treat promptly. Furthermore, close monitoring of the con-
tralateral eye is also crucial in preserving vision.

Summary

Anti-VEGF therapy is effective at stabilising choroidal
neovascularisations in angioid streaks, however long-term
data shows a high rate of recurrence and gradual decline in
vision over time. Furthermore, subfoveal CNV have worse
visual outcome compared with juxtafoveal and
extrafoveal CNV.

What was known before

● Anti-VEGF therapy is effective for CNV for AMD.
● Limited evidence shows efficacy of anti-VEGF for CNV

secondary to angled streaks.

What this study adds

● Shows what the long-term effects of anti-VEGF for
CNV secondary to angioid streaks.

● Despite treatment, there is a gradual decline in VA from
baseline in CNV secondary to angioid streak treated
with anti-VEGF.
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