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ABSTRACT
Choroidal neovascularisation (CNV) is a common visionthreatening complication of myopia and pathological
myopia. Despite signiﬁcant advances in understanding
the epidemiology, pathogenesis and natural history of
myopic CNV, there is no standard deﬁnition of myopic
CNV and its relationship to axial length and other
myopic degenerative changes. Several treatments are
available to ophthalmologists, but with the advent of
new therapies there is a need for further consensus and
clinical management recommendations. Verteporﬁn
photodynamic therapy has been an established
treatment for subfoveal myopic CNV for many years, but
this treatment does not restore visual acuity and is
associated with long-term chorioretinal atrophy. More
recently, clinical trials investigating the efﬁcacy and
safety of anti-vascular endothelial growth factor agents
in patients with myopic CNV have demonstrated
substantial visual acuity gains and quality of life
increases compared with photodynamic therapy. These
enhanced outcomes provide updated evidence-based
clinical management guidelines of myopic CNV, and
increase the need for a generally accepted deﬁnition for
myopic CNV. This review critically summarises the latest
myopic CNV literature in the context of clinical
experience and recommends a myopic CNV treatment
algorithm.

PATHOGENESIS OF MYOPIC CNV
Several theories have been proposed to explain the
development of myopic CNV, reviewed in detail
elsewhere.4 The mechanical theory is based on the
assumption that the progressive and excessive
elongation of the anteroposterior axis causes a
mechanical stress on the retina, leading to an imbalance between pro-angiogenic and anti-angiogenic
factors, resulting in myopic CNV.7 In support, the
presence of lacquer cracks has been shown to be a
predisposing factor for the development of myopic
CNV.8 9
The heredodegenerative theory states that
myopic refractive errors are genetically predetermined.4 5 10 In support, studies have shown that
single nucleotide polymorphisms in several genes
(eg, pigment epithelium-derived factor) are associated with the development and progression of
myopic CNV.5 11 12
The haemodynamic theory for the development
of myopic CNV relates to perfusion changes in the
choroidal circulation of the myopic eye, such as
choroidal ﬁlling delay and diffuse thinning of the
choroid.4 13 However, evidence has shown that
myopic CNV can develop in eyes with shallow staphyloma and preserved choroidal circulation, suggesting that haemodynamic factors may not have a
strong role in the development of myopic CNV.14

DIAGNOSIS OF MYOPIC CNV
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Myopic choroidal neovascularisation (CNV) is a
common vision-threatening complication of
myopia and pathological myopia (PM).1–4 The clinical deﬁnition and terminology surrounding myopic
CNV varies, with myopic CNV also commonly
being referred to as subretinal neovascularisation in
PM, Fuchs’ spot or Forster–Fuchs’ retinal spot in
PM, and disciform degeneration in PM. While
myopic CNV is historically thought to only occur
in eyes with PM, it is now recognised that myopic
CNV can occur at any degree of myopia and in
eyes without typical myopic degenerative fundus
changes.5 6 Therefore, in clinical practice, CNV can
be attributed to be ‘myopic’ in aetiology by the
refractive status of the eye and the exclusion of
other disorders associated with CNV.
There are now effective therapeutic options for
myopic CNV, in particular anti-vascular endothelial
growth factor (VEGF) therapy. This review summarises current concepts in pathogenesis, epidemiology, natural history, and management options for
myopic CNV.

Myopic CNV is typically seen as a small, ﬂat,
greyish membrane on slit-lamp biomicroscopy that
may have a hyper-pigmented border if chronic or
recurrent.1–4 Symptoms of myopic CNV include a
decrease in vision, central scotoma and/or
metamorphopsia.15 16
The standard tests for diagnosing myopic CNV
are fundus biomicroscopy, ﬂuorescein angiography
(FA) and optical coherence tomography (OCT). FA
and OCT are generally recommended baseline diagnostic tests for myopic CNV in conjunction with
colour photos and clinical examination. FA demonstrates the presence, type, area and activity of
myopic CNV, and helps exclude other disorders.4 17
The majority of myopic CNV presents as a ‘classic’
pattern on FA,18 with well deﬁned hyperﬂuorescence in the early phases and leakage of ﬂuorescein
dye during the late phases.4 15 17 OCT is usually
mandatory for the identiﬁcation of the fovea,
assessment of retinal thickness and presence of
extracellular ﬂuid, and for establishing a baseline to
judge future treatment response.15 On OCT,
myopic CNV presents as a highly reﬂective area
contiguous above the retinal pigment epithelium
(sometimes referred to as ‘type 2 CNV’) with
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Other co-existing degenerative
changes associated with myopia
Myopic traction maculopathy (foveoschisis)
Macular hole
Retinal tear/detachment
Dome-shaped macula
Staphyloma
Atrophic changes (patchy atrophy,
tesselated changes and diffuse atrophy)

Differential diagnosis for CNV
Neovascular AMD
Myopic macular haemorrhage due
to lacquer cracks
Punctate inner choroidopathy
(usually coexists with myopia)
Multifocal choroiditis
Idiopathic CNV*

*Idiopathic CNV in a myope is myopic CNV.
AMD, age-related macular degeneration; CNV, choroidal neovascularisation.

minimal subretinal ﬂuid.4 Fundus autoﬂuorescence, which
allows the visualisation of accumulated lipofuscin within the
retinal pigment epithelium, may be included as part of any basic
diagnosis and follow-up examination, as it may aid in the assessment of myopic CNV progression (and associated geographic
atrophy).4
There are several differential diagnoses and pathologies that
must be excluded from myopic CNV when examining a patient

with myopia and vision loss (table 1). Other complications of
PM should be identiﬁed with OCT/FA, such as myopic traction
maculopathy, epiretinal membrane, vitreomacular traction and
myopic full-thickness or lamellar macular hole, as these require
different treatments from myopic CNV. In particular, retinal
haemorrhage due to new lacquer crack formation and macular
exudative changes associated with a dome-shaped macula or a
staphyloma should be identiﬁed and excluded on OCT/FA
(ﬁgure 1).4 In case of signiﬁcant haemorrhage, indocyanine
green angiography (ICGA) can identify the presence of lacquer
cracks and/or CNV. It should be noted that OCT alone cannot
differentiate myopic CNV from subretinal bleeding due to new
lacquer crack formation, which could lead to unnecessary treatment by anti-VEGF therapy for subretinal bleeding without
CNV. In addition, myopic CNV should be differentiated from
other causes of CNV (eg, multifocal choroiditis or punctate
inner choroidopathy or age-related macular degeneration
(AMD)).19–21 Importantly, myopic CNV has different lesion
characteristics to AMD-CNV, especially in younger individuals,4 22 but is a predominantly ‘classic’, ‘type 2’ CNV; that is,
smaller than that of AMD, with minimal subretinal ﬂuid and an
absence of drusen at the typical age of onset.4

EPIDEMIOLOGY OF MYOPIC CNV
A recent systematic review has indicated that the prevalence of
PM is 1–3% in adults, and that 5–11% of patients with PM

Figure 1 Differential diagnosis for myopic choroidal neovascularisation (CNV): (A and B) haemorrhage due to lacquer cracks; (C) dome-shaped
macula with serous retinal detachment; and (D and E) macular ﬂuid due to staphyloma.
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Table 1 Coexisting pathologies and differential diagnosis for
myopic CNV
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NATURAL HISTORY OF MYOPIC CNV
Several of the phenotypic features of PM are associated with
increased risk of myopic CNV—these include lacquer cracks,8
patchy atrophy,8 thinning of the choriocapillaris and choroid,13
and CNV in the fellow eye.6 In a retrospective study of 73
patients with PM, 17 (23%) presented with bilateral myopic
CNV.24 Furthermore, one study has shown that after initial presentation of myopic CNV, CNV develops in the fellow eye in

35% of patients within 8 years.8 There appears to be three main
stages of myopic CNV, all of which are associated with vision
loss (ﬁgure 2).4 The initial phase results in direct damage to
photoreceptors, causing central visual loss.3 25 26 Then, as the
CNV regresses,26 a ﬁbrous pigmented scar forms, sometimes
referred to as Fuchs’ spot or Forster–Fuchs’ retinal spot. Finally,
atrophy forms around the regressed CNV, which is a major late
complication of myopic CNV and a key contributor to the poor
long-term visual outcomes associated with the condition.4 25 26
It is important to note that CNV can occur in eyes with no
other evident degenerative changes or isolated tesselated
fundus.1 27 28
Factors generally associated with poor visual prognosis include
subfoveal (rather than juxtafoveal or extrafoveal) location (determined via OCT),3 29 age >40 years,27 28 size of the CNV lesion
(>400 mm)3 and lower baseline best-corrected visual acuity

Figure 2 Active myopic choroidal neovascularisation (CNV) imaged via (A) colour fundus photography; (B) ﬂuorescein angiography; and (C) optical
coherence tomography. (D) A ﬁbrous pigmented scar (Fuchs’ spot). (E) Chorioretinal atrophy following regression of active myopic CNV.
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develop CNV.23 While these data provide some insight into the
epidemiology of myopic CNV, the results should be interpreted
with caution, since the deﬁnitions of myopia, PM and myopic
CNV between studies were not uniform.23 Furthermore, the
data were based on only a few published studies, indicating the
need for further incidence and prevalence studies in different
populations.
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TREATMENT OPTIONS FOR MYOPIC CNV
Before the introduction of intravitreal anti-VEGF therapy for
CNV, laser photocoagulation, verteporﬁn photodynamic therapy
(vPDT) and surgical excision or macular translocation were performed to treat CNV. These were recently reviewed elsewhere4;
the most common treatments are summarised below.

Laser photocoagulation
Laser photocoagulation was used widely to treat extrafoveal
myopic CNV,32–34 although evidence supporting its use is
limited.4 Laser causes retinal tissue damage with laser scar
expansion or atrophy, does not maintain long-term visual acuity
and is associated with a high rate of recurrence.33–35

Verteporﬁn photodynamic therapy
vPDT is an established, approved treatment for subfoveal
myopic CNV. In the Verteporﬁn Photodynamic Therapy (VIP
trial), while vPDT was well tolerated and more efﬁcacious than

placebo over 12 months of treatment, vPDT generally stabilised
but did not improve visual acuity.18 These ﬁndings are supported by 12 short-term (<12 months)36–47 and 6 long-term
(≥36 months)40 45 47–50 studies. However, a 2-year follow-up of
the VIP trial showed no statistically signiﬁcant beneﬁt in visual
outcome with vPDT compared with placebo, although the trial
may be underpowered to detect differences.51
The most important limitation of vPDT is long-term chorioretinal atrophy which may develop in some patients, contributing
to vision loss.40 49 However, since atrophy is a prominent
feature of myopic CNV, further studies are required to determine whether this atrophy is accelerated by vPDT or is part of
the disease’s natural history.8

Anti-VEGF therapy
Ranibizumab
Currently, ranibizumab (Lucentis) is the only licensed anti-VEGF
therapy for treatment of myopic CNV. Its use is supported by
data from phase II (REPAIR) and phase III trials
(RADIANCE).52–54 In addition, the 12-month efﬁcacy and
safety of ranibizumab for myopic CNV have been demonstrated
in several small prospective and retrospective studies with lower
levels of evidence55 (table 2).56–63 Further small studies have

Table 2 Mean change in BCVA after 12 months’ treatment with anti-VEGF therapy
Patients receiving
anti-VEGF
treatment

Mean change
in BCVA (ETDRS
letters)

Injection number
over 12 months
(mean)

277

106*
116†

13.8
14.4

4.6
3.5

2

65

65

13.8

3.6

4

39

39

4.3

4.1

4

Prospective case series

23

23

9.5

1.5

4

Prospective case series,
multicentre
Retrospective case series
Retrospective case series
Prospective case series
Prospective case series

32

32

8

3.6

4

16
63
29
20

16
63
29
20

15‡
11.5‡
12‡
18.2

3.8
2.4
3.6
4.0

4
4
4
4

38

6.3
7.2
8.7

3.2
1.7
1††

4

107

18§
20¶
107

55

25

11.2

3.5

3

30

30

3.8

4.7

4

Prospective case series

30

30

16.4

4.1

4

Prospective case series

69

69

10.5‡

NR‡‡

4

Prospective case series

156

43

11.5‡

1.6

4

Drug

Study

Design

Ranibizumab

RADIANCE52

Phase III, randomised, double
masked, active controlled,
multicentre
Phase II, prospective, open
label, multicentre
Retrospective case series

REPAIR53
Franqueira et al
201257
Monés et al
200959
Silva et al 201060

Bevacizumab

Lai et al 200962
Ikuno et al 200964
Chan et al 200965
Gharbiya et al
200966
Ruiz-Moreno et al
201167
Ruiz-Moreno et al
201068
Ruiz-Moreno et al
2011, 201369 70
Iacono et al
201171
Gharbiya et al
201272
Hayashi et al
201273
Hayashi et al
200974

Prospective, comparative,
non-randomised multicentre
Retrospective case series,
multicentre
Prospective, randomised,
multicentre
Prospective case series

Total sample
size (patients)

OCEBM level
of evidence55

4

OCEBM levels of evidence grades are as follows: 1: systematic review of randomised trials; 2: randomised trial; 3: non-randomised controlled cohort/follow-up study; 4: case series, case
control, or historical controlled study; 5: mechanism-based reasoning.
*Retreatment according to visual acuity stabilisation criteria.
†Retreatment according to disease activity criteria.
‡Approximate ETDRS changes, based on reported logMAR values.
§Patients received three monthly loading doses.
¶Patients received one loading dose.
††For 60% of patients.
‡‡1.8 injections over 2 years.
BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; logMAR, logarithm of the minimum angle of resolution; OCEBM, Oxford Centre for
Evidence-Based Medicine; NR, not reported; VEGF, vascular endothelial growth factor.
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(BCVA).27 29 Long-term studies show almost all patients lose signiﬁcant vision.3 26–31 In a 10-year follow-up of 25 patients with
myopic CNV, visual acuity was <20/200 in 89% and 96% of
patients 5 and 10 years after onset of CNV, respectively.26

Review

Bevacizumab
Bevacizumab (Avastin) is not approved for intraocular use, and
evidence on its safety and efﬁcacy proﬁle is limited.75 76
Increasing concerns regarding its safety have been raised, particularly with regards to the increased risk of cardiovascular
events (eg, stroke) compared with ranibizumab,77 78 and the
potential risk of infection after repackaging the drug for intravitreal use.78 79 Despite this, bevacizumab is used by many
ophthalmologists, and several retrospective and prospective
studies have shown increases in visual acuity of between 4 and
18 letters after 12 months (table 2).64–74 80–82 However, these

studies are small and provide lower levels of evidence.
Additionally, comparisons between trials should be made with
caution, due to differences in study designs, patient populations
etc.
Recent data have shown that the initial gains in visual acuity
may not be maintained up to 5 years after treatment, and that
this is associated with retinal thinning (V Sarao et al, ARVO
Annual Meeting, Seattle, USA, 2013). This could indicate the
development of chorioretinal atrophy, and like vPDT, it is not
yet known whether this is related to treatment. However, a
4-year follow-up of 92 patients treated with bevacizumab
(n=68) or ranibizumab (n=24) has shown good long-term outcomes, with changes in visual acuity of 9.4 letters at 12 months
and 7.0 letters at 48 months (mean of 4.9 injections).83
Variability in treatment responses with anti-VEGF therapies in
eyes with myopic CNV has been attributed to the size of the
CNV lesion at baseline and the presence of single nucleotide
polymorphisms in the VEGF gene.84 85 Further studies with
larger numbers of patients are required to determine long-term
outcomes with anti-VEGF therapies and prognostic factors for
treatment responses.
As there have been no large prospective, randomised clinical
trials with bevacizumab in myopic CNV, the optimal dosing frequency has not been established. In two studies directly comparing bevacizumab with ranibizumab in patients with myopic
CNV, there were similar improvements in BCVA,86 87 but the
number of bevacizumab injections required was signiﬁcantly
higher in one study (4.7 vs 2.6, p=0.0004).87 This may indicate
an increased treatment burden with bevacizumab, but further
studies are required.

Aﬂibercept
The efﬁcacy and safety of aﬂibercept (Eylea) for myopic CNV
was evaluated in the ongoing phase III, multicentre, randomised, sham-controlled, 12-month MYRROR study in Asian
patients (N=121; NCT01249664).88 Patients received aﬂibercept according to a PRN schedule based on visual and anatomical criteria.89 Interim 6-month results reported a 12.1-letter
improvement in BCVA compared with a 2-letter loss in those
receiving sham injection,89 and recent reports indicate sustained
BCVA gains up to 12 months (K Ohno-Matsui et al, AAO
Annual Meeting, New Orleans, USA, 2013).

TREATMENT RECOMMENDATIONS FOR MYOPIC CNV
Based on the evidence above, the following clinical management
algorithm is proposed for diagnosis and treatment of myopic
CNV (ﬁgure 3).

Assessment and diagnosis
Patients with myopia and reduced vision, central scotoma and/
or metamorphopsia should be referred to a retinal specialist. An
early or urgent referral is recommended due to the potential for
severe visual loss associated with the active stage of myopic
CNV.3 26 31 Myopic CNV may also regress spontaneously resulting in chorioretinal atrophy (ﬁgure 3), and the retinal specialist
could lose the opportunity to treat the active CNV. Slit lamp
biomicroscopy examination and imaging (FA and OCT) should
be used to diagnose myopic CNV and differentiate it from other
causes of CNV and other causes of visual loss associated with
PM. ICGA may be required in selected cases.

Initial treatment
Once diagnosed, prompt treatment with a single intravitreal
injection of anti-VEGF therapy is recommended due to the
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demonstrated that BCVA gains are maintained up to 36 months
after initiation of treatment.56–58 61
The 12-month, randomised RADIANCE trial (N=277)
assessed the efﬁcacy and safety of ranibizumab, administered
under two different pro re nata (PRN) schedules for myopic
CNV compared with vPDT.52 Patients receiving PRN ranibizumab were treated according to two criteria: visual acuity stabilisation criteria (no treatment if no change in BCVA compared
with two preceding monthly visits) or disease activity criteria
(treatment if there is vision impairment attributable to intraretinal or subretinal ﬂuid, or active leakage secondary to PM as
assessed by OCT and/or FA).
RADIANCE showed that both PRN regimens of ranibizumab
induced signiﬁcantly greater gains in BCVA than vPDT (10.5
(visual acuity stabilisation criteria) and 10.6 (disease activity criteria) vs 2.2 letter change (vPDT)) at month 3.52 By month 12,
the mean changes in BCVA were 13.8 (visual acuity stabilisation
criteria) and 14.4 (disease activity criteria) letters for the two
ranibizumab groups (with a median of 4.0 and 2.0 injections,
respectively), compared with 9.3 letters for patients receiving
vPDT who could be switched to ranibizumab from month 3
onwards (with a median of 2.0 injections between months 3
and 12). This indicates that patients who previously received
vPDT could still gain vision when switched to ranibizumab.52
The results also suggested that either early treatment of myopic
CNV with ranibizumab is important in preventing irreversible
retinal damage, or that initial treatment with vPDT may have
induced retinal damage, since patients in the vPDT arm switched
to ranibizumab did not achieve the same visual gains as those
treated initially with ranibizumab. Anatomical outcome
improvements were also observed with ranibizumab and vPDT;
the proportion of patients with CNV leakage and intraretinal
oedema decreased substantially in all groups during the study.52
RADIANCE also revealed signiﬁcant improvements in several
quality of life parameters (ie, Visual Functioning Questionnaire
25 composite, general vision, mental health and dependency
subscale scores) for patients treated with ranibizumab compared
with vPDT, which were maintained through to 12 months (K
Ohno-Matsui et al, ARVO Annual Meeting, Seattle, USA,
2013).
RADIANCE conﬁrmed the results of the REPAIR trial
(N=65), in which patients received one injection of ranibizumab
followed by monthly monitoring and a PRN treatment regimen
based on disease activity.53 In REPAIR, after 12 months of treatment, there was a mean BCVA change from baseline of 13.8
letters after receiving a median of 3.0 injections.53 Data from
RADIANCE and REPAIR indicate that the safety proﬁle of ranibizumab for treatment of myopic CNV is similar to that for
AMD-CNV, retinal vein occlusion and diabetic macular
oedema,52 53 with no new safety signals identiﬁed. Importantly,
there were no retinal detachments, which is a concern in eyes
with high myopia.52 53

Review

superior efﬁcacy of anti-VEGFs over other treatment modalities.52 Currently, ranibizumab is the only anti-VEGF therapy
licensed for myopic CNV, although other agents are being evaluated. While some small studies in myopic CNV involved three
initial injections followed by PRN dosing,56 58 the RADIANCE
and REPAIR trials support the use of a single ranibizumab injection followed by PRN dosing.52 54 Patients previously treated
with vPDT with recurrence of myopic CNV may also be
switched to anti-VEGF therapy, as increases in BCVA were
observed following a switch in treatment in the RADIANCE
trial.52 The results from a recent meta-analysis demonstrated
that anti-VEGF therapy was more effective than vPDT in
improving BCVA.90
Patients with extrafoveal CNV should also receive immediate
treatment, as CNV-related chorioretinal atrophy could develop
and affect central vision. In this instance, patients can also
receive ﬁrst-line treatment with anti-VEGF therapy, as the
RADIANCE trial included patients with extrafoveal CNV.52
However, vPDT could also be used when anti-VEGF therapy is
not available or contraindicated.

Follow-up
After the initial anti-VEGF injection, patients should be monitored monthly for the ﬁrst 2 months for disease activity, with
clinical evaluation and appropriate imaging (OCT and/or FA).91
To assess the progression of myopic CNV, fundus autoﬂuorescence may also be informative.4 Disease activity is deﬁned as a
drop in vision, new or persistent visual symptoms (eg, metamorphopsia) or signs of myopic CNV disease activity on FA/OCT
(eg, intraretinal or subretinal ﬂuid or active leakage). If disease
activity is present, the patient should receive another anti-VEGF
injection. This algorithm is supported by the efﬁcacious outcomes of the REPAIR and RADIANCE studies, where patients
were treated based on disease activity, deﬁned as any leak on
OCT/FA and/or a drop in BCVA associated with CNV activity.52–54 An alternative retreatment approach of treating based
on visual acuity stability (also assessed in the RADIANCE trial)
resulted in a similar visual acuity gain beneﬁt relative to treating
the morphology but required more treatments.52
If there is no disease activity after the initial injection and the
two successive monthly visits, three-monthly visits may be considered for the ﬁrst year.91 For some patients, quarterly monitoring
may result in under treatment, so patients should be educated to
294

re-present to the retinal specialist if they experience any decrease
in vision or recurrence of metamorphopsia. More frequent monitoring and treatment could be established by the treating retinal
specialist if there is evidence of disease activity. After 1 year, the
monitoring frequency should be established by the retinal specialist
in consultation with the patient,91 and the patient should be
advised to return if they experience any drop in vision.
During monitoring, the treating retinal specialist should also
check for additional pathologies, such as myopic traction maculopathy (foveoschisis), macular hole, retinal tears and rhegmatogenous detachments, which can also be causes of visual loss and
require different treatments.92–95 This is particularly important
for myopic traction maculopathy, as the acute shrinkage of CNV
by anti-VEGF therapy can worsen a pre-existing retinoschisis.96
Patients with PM and myopic CNV should also be educated
about the symptoms of these other retinal complications.
Of note, the number of anti-VEGF injections needed to treat
myopic CNV is substantially lower than for other conditions
such as AMD-CNV. The RADIANCE trial suggested patients
received a median of 2.0 (mean 3.5) injections in the ﬁrst
12 months under the PRN disease activity dosing regimen.52
Indeed, during months 6–12 of this trial, >60% of patients
receiving ranibizumab did not require any injections.52

CONCLUSION
Treatment of myopic CNV with anti-VEGF agents allows
promise of substantial visual acuity gain and quality of life. In
particular, there is now a high level of evidence for the use of
ranibizumab, the only anti-VEGF agent currently licensed, for
treatment of myopic CNV, although others such as aﬂibercept
are being evaluated in clinical trials. While the proposed treatment algorithm is based on the current knowledge and experience gained to date, further research will establish the best
management strategy, dosing frequency and timing of injection
and monitoring.
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