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Core tip: Myopic choroidal neovascularization is one
of the leading causes of visual impairment worldwide,
with increasing significance in Asia. Previous treatments
aimed to maintain vision; however, new treatments
such as vascular endothelial growth factor inhibitors
have been shown to restore vision. However, their long
term efficacy and safety is still unknown.
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Abstract
Myopic choroidal neovascularization (mCNV), one of
the complications of pathological myopia, is also one
of the leading causes of visual impairment worldwide.
The socioeconomic impact of mCNV in Asian countries
is particularly significant due to the rising incidence of
pathological myopia. There have been major advances
in the treatment of mCNV in the past few years. Previous treatment modalities, such as thermal laser photocoagulation and photodynamic therapy, aimed to
prevent vision loss; however, newer modalities such
as intravitreal anti-vascular endothelial growth factor
(VEGF) agents have been shown to successfully restore
vision in many patients. Challenges remain as long term
safety and efficacy of anti-VEGF agents are unknown.
This article aims to provide a review of the literature
of the epidemiology, progression, clinical course and
treatment modalities as well as areas of future developments related to myopic CNV.

INTRODUCTION
Pathological myopia is characterized by the excessive
elongation of the globe and progressive degenerative
changes and is a major cause of visual loss worldwide.
The abnormal elongation of the eyeball in pathological myopia is associated with a spectrum of anatomical
changes of the posterior pole, such as posterior staphyloma, atrophy of the retinal pigment epithelium (RPE),
Bruch’s membrane cracks, subretinal hemorrhage, retinal
detachment and choroidal neovascularization (CNV).
Indeed, myopic CNV (mCNV) is one of the most vision
threatening complications in pathological myopia[1]. It has
been estimated that mCNV develops in 5%-11% of individuals with pathological myopia[2,3]. Affected individuals are often young and in their working life. The public
health impact and socioeconomic cost associated with
mCNV is therefore substantial.
There have been major advances in the treatment of
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mCNV in the past few years. Treatment modalities have
evolved from thermal laser photocoagulation and photodynamic therapy, which aim to prevent vision loss, to the
use of intravitreal anti-vascular endothelial growth factor
(VEGF) agents, which have been shown to successfully
restore vision in many patients. However, challenges to
maintain long term vision remain, from the risk of recurrence and development of chorioretinal atrophy around
the regressed CNV.
This article aims to provide a review of the literature
of the epidemiology, progression, clinical course and
treatment modalities as well as areas of future developments related to myopic CNV.

prevalence of pathological myopia to be 0.9%-3.1%. The
prevalence of visual impairment attributable to pathological myopia was reported to range from 0.1%-0.5% in
European studies and from 0.2%-1.4% in Asian studies[3].
Long term progression of myopic maculopathy
The myopic fundus has several clinical changes that may
contribute to visual loss. However, it has been shown
that these changes are not common in young myopes[19].
A study of myopia related changes in Singapore revealed
that posterior staphyloma was the most common form of
myopic macular change (23%), followed by chorioretinal
atrophy (19.3%) in high myopes (< -6 D) over the age of
40[20]. These features increased in prevalence with increasing age, myopic refraction and axial length. Furthermore,
long term follow-up of eyes with myopic maculopathy
demonstrated that progression of lesions developed in a
significant proportion[7,15,17,21,22]. Among individuals with
retinal changes related to high myopia, it is estimated
that 10% will develop CNV over 10 years[2,23]. However,
a clear understanding of the relationship between the severity of myopia and the progression to sight threatening
consequences remains elusive. One such theory suggests
a linear relationship between the increased risks of pathology with each increase in spherical equivalent in diopters or axial length. Another theory suggests that there
could be a threshold effect and the risk of pathology increases exponentially beyond a level of refractive error[24].
The thinning of the choroid and progressive stretching
of the retina leading to choroidal ischemia and RPE atrophy may contribute towards the eventual formation of
mCNV. Lacquer crack, which results from breaks in the
Bruch’s membrane, is also considered a main predisposing factor for the formation of neovascularization.

Definition of pathological myopia
There is currently no consensus on the definition of
pathological myopia. Commonly used criteria for defining pathological myopic include refractive error and biometric criteria. In addition, clinical features commonly
associated with pathological myopia, such as the presence
of staphyloma and fundus changes such as lacquer cracks
and chorioretinal atrophy, are often used[4,5]. In previously
published population studies, a range of criteria have
been used, such as refractive errors of -5 to -10 D and
axial lengths of at least 25.0 mm to 26.5 mm. For example, the Blue Mountains Eye study, the Handan Study and
the Hisayama study based their definition of high myopia
on a refractive error of -5.0 D and worse. The Singapore
Epidemiology of Eye disease program and the Shihpai
study used a more stringent criterion of refractive error
of -6.0 D and worse[6,7].
Epidemiology of myopia
The reported prevalence of pathological myopia based
on population studies is estimated to be between 2%
to 10% among adults aged 40 years and above [3,8-12].
There is a significant variation in the prevalence of high
myopia between populations and East Asian countries
have reported a significantly higher prevalence of high
myopia compared to the rest of the world[13]. The overall
prevalence of myopia also appears to be increasing, thus
reflecting a complex interplay of genetic, environmental
and epigenetic factors underlying the pathogenesis of this
condition[2]. A predominantly Caucasian population in
the United States, western Europe and Australia reported
the prevalence of myopia (< -5 D) as 4.5%[14], compared
to the Hisayama study in Japan which reported a higher
prevalence of 5.7%[15]. In the Singapore Eye Study, the
population prevalence was reported as 4.0%[6]. However,
there was a significant difference between ethnic groups,
with the prevalence among Chinese participants (6.1%)[9]
2-hold higher than that in Malay (3.0%)[8] and Indian
participants (2.8%)[6]. Correspondingly, the impact of
myopia is significantly higher in countries with a higher
prevalence. In Japan, pathological myopia is the leading
cause of blindness and in the Chinese population it has
been reported to be the second commonest cause of
blindness[7,16-18]. A recent systematic review reported the
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CNV secondary to pathological myopia
Myopia is the most common cause of CNV in individuals below the age of 50[25]. mCNV is also the second most
common cause of CNV following age-related macular degeneration, constituting 5%-10% of all CNV[12]. Sequelae
of mCNV[3] include macular atrophy and scarring, which
are major causes of visual loss in the long term[22,26-28]. The
overall prevalence of mCNV is estimated to be 0.04% to
0.05% in the general population[2]. In pathological myopes,
however, the incidence and prevalence have been reported
to be as high as 10% and 0.5% respectively[29] and bilateral
in 15%[3]. The risk of developing mCNV has been reported to increase with increasing severity of myopia[29,30] and
macular changes, such as tessellated fundi, lacquer cracks,
diffuse atrophy and patchy atrophy[23,31,32].
Clinical characteristics
CNV secondary to pathological myopia exhibits significant differences in clinical characteristics when compared
to CNV secondary to age-related macular degeneration
(AMD). Patients with mCNV often present earlier with
better visual acuity. They may report subtle visual symptoms such as metamorphopsia and central scotoma[28].
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Figure 1 Clinical features of a typical choroidal neovascularization secondary to pathological myopia. (A) Color fundus photography and corresponding fluorescein angiography (FA) (B and C) showing a younger patient with a small choroidal neovascularization lesion adjacent to the lacquer crack compared to (D) color
fundus photograph and corresponding FA (E and F) showing an older patient with a much larger lesion with significant intraretinal fluid and extensive background atrophic changes.

On clinical examination, the CNV typically appears as a
grayish membrane with or without retinal hemorrhages.
The tessellated fundus often makes determination of retinal swelling challenging. In addition, the amount of intraretinal and subretinal fluid that accompanies the mCNV
is often less than that seen in CNVs secondary to AMD.
A more effective pump mechanism in the retinal pigment
epithelium in these eyes, especially in younger patients,
has been postulated as a potential explanation of this difference. The minimal exudation is postulated to be due to
the attenuated nature of the choroidal blood circulation
in the pathological myopic fundus[33]. In an older patient,
however, the clinical features tend to show more overlapping features with CNVs secondary to AMD (Figure 1).
These eyes often have larger lesions and more exudative
changes and may eventually lead to the formation of
disciform scars[27]. If the underlying etiology of the CNV
is not clear, the presence of myopic changes in the fundus, such as the presence of staphyloma, lacquer crack
and peripapillary atrophy, may help distinguish a mCNV
from AMD. In addition, type Ⅰ CNVs, which are the
most common type in AMD, are relatively uncommon in
pathological myopia[34,35].

lesion above the reflective band corresponding to the
retinal pigment epithelium (RPE). Intraretinal fluid and
disruption of the retinal layers often accompany the hyperreflective lesion. However, the amount of intraretinal
or subretinal fluid may vary. In younger patients with
small mCNV there may be relatively limited surrounding
intraretinal fluid and the contour of the internal limiting
membrane may be minimally altered in some of these
cases. As the lesion becomes less active, OCT can be
used to monitor the decrease in the size of the lesion.
The outline of the lesion also becomes increasingly distinct and exhibits high reflectivity. Correspondingly, the
amount of intraretinal fluid surrounding the lesion can be
seen to decrease progressively as activity decreases (Figure
2)[34].
In addition to demonstrating the mCNV lesion, other
myopia-related morphological changes are often seen on
OCT. These include the presence of staphyloma and a
relatively thin choroid. In addition, other co-existing pathologies, such as epiretinal membrane and retinoschisis
can also be documented.
There are, however, some limitations in the use of
OCT, especially in highly myopic eyes. The image resolution may be affected by optical factors in the presence
of very long axial length and posterior staphyloma. The
accuracy of quantitative data, such as central macular
thickness measurement, in highly myopic eyes can be
variable due to distortion in highly elongated eyes and the
lack of normative data. Recently, Keane et al[36] developed
software that attempts to improve the accuracy of retinal
thickness measurement and may be helpful in the outcomes of treatment.
The ability of using enhanced depth imaging (EDI)-

DIAGNOSTIC CHARACTERISTICS
Optical coherence tomography
Optical coherence tomography (OCT) is a non-invasive
imaging modality, which provides an in vivo cross section
tomograph of the retina. It provides valuable information regarding the localization, character and activity of
CNV.
Myopic CNV typically appears as a hyperreflective
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Figure 2 Optical coherence tomography showing corresponding changes in activity. (A) Shows hyperreflective lesion corresponding to a small juxtafoveal
myopic choroidal neovascularization (arrow) located above the retinal pigment epithelial cell layer with minimal exudation. After 3 mo (B), the lesion had scarred up,
represented by a highly reflective lesion with sharp outline, and no intraretinal fluid is seen, which suggests an inactive lesion (arrow).

OCT techniques to image choroidal thickness has led to
considerable interest in studying the role of the choroid
in the pathogenesis of mCNV[37-39]. It has been shown
that choroidal thickness decreases with age and myopia.
Several studies have suggested that reduced choroidal
thickness along with the presence of lacquer cracks
and posterior staphylomas are significant risk factors
for developing myopic CNV[40-43]. In addition, regional
variations in choroidal thickness have also been shown.
This thinning of the retina and choroid coupled with
age related retinal-choroidal attenuation leads to a loss in
choroidal vasculature, which is unable to meet the oxygen demands of the retina, and predisposes these eyes to
developing myopic related retinal dysfunction[44]. Using
3-dimensional reconstruction, other authors have demonstrated that the edge of staphyloma may contribute
towards a dome-shaped macula appearance described in
some eyes[45].

of the lesion has been found to be an important prognostic factor. In addition, the amount of leakage on FFA
is a good indicator of the level of activity of the lesion,
which is an important factor in determining treatment
options for the disease.
Indocyanine green angiography
As most mCVN lesions are type 2 CNV, FA and OCT
provide adequate information in most cases. However,
ICGA may provide additional information in selected
cases, particularly where masking from blood might obscure visualization of the CNV on FA. A simple bleed
associated with lacquer crack without CNV, or Fuchs’
hemorrhage, can be distinguished from mCNV on ICGA
findings. Abnormal vasculature or a hyperfluorescence
on ICGA may indicate the presence of CNV when information from FA is limited due to masking by blood.
In Fuchs’ hemorrhage, however, no abnormalities of the
choroidal vasculature will be seen on ICGA[47]. ICGA can
also be used to detect and characterize lacquer cracks,
which appear as linear hypofluorescent streaks in late
phase ICGA[48].

Fundus fluorescein angiography
Although OCT provides valuable information for followup, fundus fluorescein angiography (FA) remains the
gold standard for the confirmation of any CNV lesion at
baseline. FA is also more sensitive in detecting mild activity from leakage in cases where OCT shows questionable
presence of intraretinal fluid. The lesions typically display a classic pattern of leakage, in keeping with a type 2
CNV[46]. It is important to distinguish a subfoveal mCNV
from a juxtafoveal or extrafoveal mCNV as the location
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Treatment options for myopic CNV
Over the last decade, various treatment options for
mCNV have been proposed, including thermal laser photocoagulation, photodynamic therapy and submacular
surgery. The success rate of these treatment modalities
was variable. With the success of anti-vascular endothe-
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macular edema secondary to retinal vein occlusion. Favorable results of anti-VEGF therapy in mCNV have
been reported in a series of mostly non-randomized,
uncontrolled studies. Rapid gain of vision of 10-15 letters within an average of 1 to 3 injections over a 12 mo
period has previously been reported[61-66].
The REPAIR study is a phase 2, open-label, single
arm study which investigated the efficacy of intravitreal
ranibizumab in mCNV. After a single ranibizumab injection at baseline, patients were retreated on a pro re nata
(PRN) basis. At month 5, the mean best corrected visual
acuity (BCVA) improved by 12.2 letters compared to
baseline. The mean number of retreatments was 1.9 injections up to month 6[67].
The strongest evidence for the beneficial effects of
anti-VEGF therapy in the treatment of mCNV comes
from two recently completed phase Ⅲ clinical trials; the
Ranibizumab and PDT (verteporfin) evaluation in myopic choroidal neovascularization (RADIANCE) trial and
the VEGF Trap-Eye in Choroidal Neovascularization
Secondary to Pathological Myopia (MYRROR) Study.
The RADIANCE trial was a phase Ⅲ, 12 mo, randomized, double-masked, multi-center, active-controlled
study which compared the efficacy and safety of ranibizumab 0.5 mg against verteporfin photodynamic therapy
(vPDT) in 277 patients with myopic CNV. This study
demonstrated that ranibizumab treatment provided superior best-corrected visual acuity (BCVA) gains (10 ETDRS letters) vs vPDT (2.2 ETDRS letters) at 3 mo. The
secondary outcome showed that ranibizumab treatment
guided by disease activity criteria (2.5 injections) was noninferior to VA stabilization criteria (3.5 injections) up to
month 6. Over 12 mo, individualized ranibizumab treatment was effective in improving and sustaining BCVA
and was generally well tolerated in patients with myopic
CNV. The anatomical outcomes of this study were consistent with the gains in BCVA. There was a reduction
in the proportion of patients with subretinal fluid, intraretinal edema and/or intraretinal cysts from baseline to 1
year, with a median of 3.5 injections in the disease activity criteria group and 4.6 injections in the VA stabilization
group[68].
The MYRROR study was a multicenter, randomized,
double-masked, sham-controlled trial which assessed the
efficacy and safety of intravitreal administration of aflibercept (VEGF Trap-Eye; Eylea)[69]. The study was conducted in 20 sites across 5 Asian countries between 2010
and 2013. Patients were randomized in a 3:1 (aflibercept:
sham injections) and followed up for 24 wk. Patients in
the active treatment arm received one initial 2 mg dose
of aflibercept. Patients were subsequently evaluated every 4 wk and received additional aflibercept injections
determined by visual and anatomical criteria, through 20
wk. Patients on the sham arm received monthly sham
injections through week 20. Starting at week 24, patients
in both arms were eligible to receive aflibercept injections
on an as needed basis through week 48. At 24 wk, the
aflibercept group gained 12.1 ETDRS letters, which was

lial growth factors (VEGF) described in the treatment of
CNV secondary to AMD, there have been many cases
series published advocating their use for mCNV as an
off label option. Recently, the results of two large clinical trials using anti-VEGF therapy in mCNV have been
released, both of which reported very favorable results.
Thermal laser photocoagulation
Thermal laser photocoagulation and surgery no longer
constitute the mainstay of treatment for myopic CNV.
This is due to the irreversible scarring, central scotoma
and high rates of recurrence.
For many years, laser thermal photocoagulation was
the only modality for treating mCNV. Due to the immediate severe reduction in vision and central scotoma,
laser thermal photocoagulation was limited to extrafoveal
lesions. However, even in these cases, the long term efficacy is limited by atrophic scar creep and the high rate of
recurrence[49].
Surgery
Myopic CNV, which is predominately a type 2 CNV,
theoretically can be excised surgically as it is located anterior to the RPE and hence can be removed with relative
preservation of the RPE layer. However, surgical excision
of subfoveal myopic CNV has had disappointing results
due to post-operative atrophic scar formation, central
scotoma and a high rate of recurrences[50-52]. With less
invasive therapies available, surgical excision is no longer
a viable option.
Other surgical techniques such as macular translocation (MT) have been proposed. The benefits stem from the
displacement of the neurosensory retina at the fovea to an
area that has a presumed healthier RPE-Bruch’s complex
together with the conversion of a subfoveal to an extrafoveal lesion which also allows for treatment modalities
that might otherwise harm the fovea[53]. The clinical efficacy of such procedures is variable and limited to reports
from case series[54-56].
Photodynamic therapy
The efficacy and safety of PDT in mCNV lesions was
studied in the verteporfin randomized, double masked,
placebo-controlled clinical trial[57]. The VIP study demonstrated a stabilization of visual acuity in 72% of eyes
with subfoveal CNV following PDT over a period of 12
mo. However, there was still a mean loss of visual acuity
of 2.8 letters at month 12. At month 24, the initial stabilization was not maintained. These findings are complemented by several smaller case series also showing
benefit in visual stabilization during the early phase[57-60].
Based on the VIP study, PDT was approved for treating
subfoveal mCNV.
Anti-VEGF treatment
The efficacy of anti-vascular endothelial growth factor
(anti-VEGF) therapy has already been demonstrated in
CNV secondary to AMD, diabetic macula edema and
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Figure 3 Resolution seen with anti-vascular endothelial growth factor treatment in myopic. Choroidal neovascularization (CNV) color fundus photograph (A),
fluorescein angiography (FA) (B) and optical coherence tomography (OCT) (C) showing a larger juxtafoveal myopic CNV with significant amount of intraretinal fluid.
Note the lacquer cracks which are clearly visible on the FA. After a course of intravitreal bevacizumab, OCT demonstrated resolution of intraretinal fluid and consolidation of the CNV (D).

significantly better than the sham injection group, which
experienced a 2 letters loss. The efficacy gains at week 24
in the treatment arm extended further until week 48. Patients in the treatment group received a median of 2 injections in the first quarter of the study (baseline to week
12). In each of the following three quarters, the median
of injections was 0.
These results support the efficacy of anti-VEGF therapy in mCNV (Figure 3). However, there are currently
no randomized controlled trials on the use of other antiVEGF agents, such as bevacizumab, in mCNV. Neither
are there high quality head-to-head comparison studies to
examine whether there may be difference in the efficacy
and safety between different anti-VEGF agents. A retrospective study by Lai et al[70], however, shows promising
results in the long term efficacy of both bevacizumab or
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ranibizumab as primary treatment for subfoveal mCNV
where visual gains and number of retreatments appeared
to be similar between bevacizumab and ranibizumab.

TREATMENT REGIMENS
Loading regimen
A 3 monthly injection (loading phase) is often practiced
in anti-VEGF therapy in AMD. However, current evidence suggests this may not be necessary in mCNV.
Indeed, the VEGF load in mCNV has been suggested to
be lower than that in AMD[71]. A series of uncontrolled
studies have reported favorable results using a pro re nata
(PRN) regimen. Iacono et al[72] demonstrated favorable
outcomes with stabilization of vision and > 90% closure
of CNV with the use of bevacizumab on an as-needed
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lighting the safety profile between the two drugs[85]. In a
US Medicare study, higher risks of stroke and all-cause
mortality were observed with intravitreal bevacizumab
compared with ranibizumab[86]. Furthermore, there are
potentially additional ocular specific complications in
highly myopic eyes. Worsening of retinoschisis, macular
hole and macular detachment have been described after
intravitreal anti-VEGF for mCNV[87]. As seen in other
treatment modalities, progression of chorioretinal atrophy around the mCNV has also been described following
anti-VEGF therapy[26,88] (Figure 4). However, the proof
of any causal relationship remains difficult with no clear
evidence from clinical trials.

basis with an average of 4.74 injections in the first year.
Wakabayashi et al[73] compared a PRN regimen with a 3
monthly followed by PRN regimen and concluded that
there was similar visual outcome over 12 mo with fewer
injections in the group without initial loading[73]. Neither
the RADIANCE nor MYRROR studies mandated an
initial loading phase and reported low (< 3) mean and
median number of injections up to month 6 and week 24
respectively.
Follow-up regimen
Both the RADIANCE and MYRROR studies followedup participants on a monthly basis. However, this may be
challenging in the clinical setting. In the case of AMD,
various modifications to allow longer follow-up have
been studied in trials such as the efficacy and safety of
monthly versus quarterly ranibizumab treatment in neovascular age-related macular degeneration (EXCITE
study), Prospective OCT Study With Lucentis for Neovascular AMD (PrONTO study) and treatment-and-extend regimen[74-77]. In mCNV, however, there are currently
no published data in this respect.

Monitoring of disease activity
FA remains the standard for diagnosis and disease activity monitoring of mCNV[89,90]. With the advent of antiVEGF treatment, there is growing importance in the use
of OCT as a simple non-invasive alternative of disease
monitoring. There are, however, shortfalls of the use
of OCT in disease monitoring of mCNV. In myopic
eyes, the retina and choroids are thin and mCNV typically have minimal leakage with minimal intra/subretinal
fluid; hence, OCT findings may not be as informative
compared to its use in AMD CNV. Introni et al[91] suggest
that there is no evidence for central retinal thickness or
sub/intraretinal fluid in mCNV. Instead, they suggest the
use of outer retinal characteristics on SD OCT: identification of a hyperreflective lesion with fuzzy borders and
a more highly reflective core above the RPE, and “absent
or altered” IS/OS junction as signs of activity, and they
found a regression of these findings and RPE thickening
after treatment[91].

Retreatment
The assessment of treatment response and decision of
when to stop treatment is based on multiple factors, including visual acuity, symptomatology, clinical assessment
and imaging results. Common regimens include “treat to
dry” based on OCT assessment and “treat to stable vision” based on visual acuity. In the RADIANCE study,
two dosing regimens were compared. In the visual acuity
stabilization group, dosing was stopped if there was no
change in BCVA compared to 2 preceding monthly visits.
In the disease activity group, dosing was stopped if there
was no disease activity based on vision impairment attributable to intra or subretinal fluid or active leakage. The
study reported that ranibizumab treatment driven by disease activity showed non-inferiority to treatment driven
by stabilization criteria, with respect to mean BCVA from
baseline to month 6, gaining 11.7 and 11.9 letters respectively. The corresponding number of injections was 2.5
in the disease activity group and 3.5 in the stabilization
group.

Prognostic factors
Many studies have studied the prognostic factors for
mCNV. Prognostic factors for visual outcome after antiVEGF therapy include age, CNV size and location,
baseline VA, presence of chorioretinal atrophy, choroidal
thickness and recurrence of mCNV[92]. Other factors
such as refractive error, axial length and lens status have
been variably described. Furthermore, prior PDT has
also been suggested to limit visual prognosis. In addition,
age, CNV size, baseline choroidal thickness and the presence of lacquer cracks have been described as prognostic
factors for needing a larger number of injections[93].

Safety of anti-VEGF therapy
The systemic safety of anti-VEGF has been questioned
and remains a possible concern[78-80]. The pivotal clinical
trials of ranibizumab and aflibercept in AMD did not
show a significant increase in stroke risk or thrombotic
events[81-83]. However, a pooled analysis of five randomized controlled trials using ranibizumab suggested that
patients with a history of previous stroke may be at
increased risk of developing stoke after anti-VEGF therapy[84]. It is also unclear whether the anti-VEGF agents
differ significantly with respect to safety. Carneiro et al[85]
reported that VEGF plasma levels decreased 42% in
patients treated by intraocular injection of bevacizumab
but not in ranibizumab-treated patients, potentially high-
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Age of onset of CNV: Younger patients generally obtained more favorable results than elderly subjects. In
various studies, a significant improvement in vision was
generally seen in younger patients (mean age 48-53) than
studies enrolling older patients (mean age 60). This may
be attributed to the age related deterioration of the RPE
which decreases the inhibition of CNV growth. Elderly
patients require more anti-VEGF injections compared to
younger subjects. In addition, the younger subjects have
a smaller area of pre-existing chorioretinal degeneration,
resulting in the significant improvement in vision follow-
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Figure 4 Progression of atrophy around treated choroidal neovascularization. Color fundus photograph (A) showing inactive choroidal neovascularization (CNV)
after 1 year therapy with ranibizumab, color fundus photography (B) showing increase in CNV related chorioretinal atrophy two years later. No further therapy was
given during the intervening period. Autofluorescence imaging (C) demonstrating clearly the area of retinal pigment epithelial atrophy as hypoautofluorescent area.
The fellow eye showed diffuse atrophy but no significant progression was seen during the same follow-up period (D-F).

ing anti-VEGF treatment[72,94-96].

emia, damage to RPE and photoreceptors and choriocapillary atrophy[94,98].

Location of CNV: Subjects with subfoveal CNV generally had a worse final VA compared to subjects with
lesions that were non subfoveal. Hayashi et al[97] also
showed that the incidence of chorioretinal atrophy in
subfoveal CNV was 80% compared to 6% in non subfoveal CNV, with a significant difference in the size of
chorioretinal atrophy[97].

Baseline vision: In a multivariate analysis of a retrospective, observational case series of 103 eyes of 89 consecutive patients with subfoveal myopic CNV by Yang et al[92],
baseline BCVA, along with other factors such as choroidal thickness and CNV size, was associated significantly
with poor final BCVA. This poor functional outcome in
eyes with poorer baseline VA may just reflect the more
aggressive CNV which would have a poor prognosis with
any treatment modality[92].

Size of CNV: Nakanishi et al[95] showed that pre-treatment CNV size was significantly associated with both the
BCVA and the change in the BCVA at 24 mo after the
initial anti-VEGF therapy. Eyes with smaller mCNV had
both better BCVA and better improvement of BCVA at
24 mo after the initial treatment than those with larger
myopic CNV. Similar findings were reported for agerelated macular degeneration (AMD) where the size of
the CNV before PDT or anti-VEGF therapy was a predictive factor for the post-treatment BCVA. However, the
mechanism of how the CNV lesion size influences the
visual outcome after these treatments has not been determined[95].

Recurrence
Recurrence of mCNV is a well-recognized challenge. In
the RADIANCE study, 19.0% to 29.1% of eyes continued to have CNV leakage on FA at month 12. In the disease activity group, 37.1% of eyes required additional injections according to retreatment criteria between month
6 and month 11[68]. In a retrospective observational case
series of 103 eyes with mCNV, recurrence was reported
in 23.3%. Most of the first recurrences (72.7%) occurred
during the first year of follow-up. Baseline CNV size and
the presence of lacquer cracks have been described as
prognostic factors for recurrence[92].

Prior PDT: Several studies have performed sub group
analysis of eye outcomes with anti-VEGF treatment with
and without prior PDT treatment. Ruiz-Moreno et al[94]
specifically studied the influence of PDT on visual outcomes in eyes with myopic CNV treated with intravitreal
bevacizumab. These studies all show similar conclusions
that prior treatment with PDT seems to adversely affect
the BCVA outcome with additional anti-VEGF treatment. Poorer visual outcome in this group with prior
PDT may due to several factors, including choroidal isch-
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CONCLUSION
Myopic CNV is one of the most common vision threatening complications of pathological myopia, with a
significant socioeconomic impact as it affects a younger,
working age group of patients compared to other common blinding diseases. The natural progression of
mCNV shows an early stabilization of vision followed by
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gradual decrease in VA over time due to the development
of chorioretinal atrophy. The final visual outcome relates
closely with the distance of CNV from the fovea and inversely with the size of CNV. Subfoveal location of CNV
is associated with worse visual outcome when compared
with a juxtafoveal and extrafoveal location; however,
there is a high likelihood of conversion of these CNVs
to subfoveal type or extension of the CNV within the
fovea.
Currently, anti-VEGF treatment appears to be the
most promising treatment modality for myopic CNV.
Compared to previous treatment options like PDT which
have been shown to only stabilize vision in the short
term, there is now level 1 evidence to support the efficacy of specific anti-VEGF agents in mCNV with visual
outcome superior to that achieved with PDT.
While these studies affirm anti-VEGF treatment for
short term gains in vision, further research is still needed
regarding the optimal follow-up interval, rate and risk of
recurrence and late atrophy on treated eyes. In the long
term, the development and enlargement of chorioretinal
atrophy around regressed CNV remain the determining
factors on final visual outcome. Hence, further research
is necessary to investigate the underlying mechanisms of
chorioretinal atrophy and to establish the best treatment
modalities to prevent these late complications.
Other future directions of study would be to determine the risk factors associated with the development of
myopic CNV in pathological myopic eyes. With newer
imaging technologies available, such as swept source
OCT, the state and health of the choroid in myopes can
be better assessed. This can help in the understanding of
the changes in retinal metabolic support in highly myopic
patients and the role of choroidal abnormalities in the
pathogenesis of myopic degenerative diseases.
In summary, myopic CNV remains a common
cause of vision loss. With better understanding of the
pathophysiology, risk factors and natural history, better
therapies can be developed to both prevent and treat the
disease.

6

REFERENCES

17

1

2
3

4
5

7

8

9

10

11

12
13
14

15

16

Neelam K, Cheung CM, Ohno-Matsui K, Lai TY, Wong
TY. Choroidal neovascularization in pathological myopia.
Prog Retin Eye Res 2012; 31: 495-525 [PMID: 22569156 DOI:
10.1016/j.preteyeres.2012.04.001]
Curtin BJ, Karlin DB. Axial length measurements and fundus changes of the myopic eye. Am J Ophthalmol 1971; 71:
42-53 [PMID: 5099937]
Wong TY, Ferreira A, Hughes R, Carter G, Mitchell P. Epidemiology and disease burden of pathologic myopia and
myopic choroidal neovascularization: an evidence-based
systematic review. Am J Ophthalmol 2014; 157: 9-25.e12
[PMID: 24099276 DOI: 10.1016/j.ajo.2013.08.010]
Morgan IG, Ohno-Matsui K, Saw SM. Myopia. Lancet
2012; 379: 1739-1748 [PMID: 22559900 DOI: 10.1016/
s0140-6736(12)60272-4]
Tokoro T. On the definition of pathologic myopia in group
studies. Acta Ophthalmol Suppl 1988; 185: 107-108 [PMID:
2853512]

WJO|www.wjgnet.com

18

19

20

43

Pan CW, Zheng YF, Anuar AR, Chew M, Gazzard G, Aung T,
Cheng CY, Wong TY, Saw SM. Prevalence of refractive errors in a multiethnic Asian population: the Singapore epidemiology of eye disease study. Invest Ophthalmol Vis Sci 2013;
54: 2590-2598 [PMID: 23513059 DOI: 10.1167/iovs.13-11725]
Hsu WM, Cheng CY, Liu JH, Tsai SY, Chou P. Prevalence
and causes of visual impairment in an elderly Chinese
population in Taiwan: the Shihpai Eye Study. Ophthalmology 2004; 111: 62-69 [PMID: 14711715 DOI: 10.1016/
j.ophtha.2003.05.011]
Wong TY, Chong EW, Wong WL, Rosman M, Aung T, Loo
JL, Shen S, Loon SC, Tan DT, Tai ES, Saw SM. Prevalence
and causes of low vision and blindness in an urban malay
population: the Singapore Malay Eye Study. Arch Ophthalmol 2008; 126: 1091-1099 [PMID: 18695104 DOI: 10.1001/archopht.126.8.1091]
Wong TY, Foster PJ, Hee J, Ng TP, Tielsch JM, Chew SJ,
Johnson GJ, Seah SK. Prevalence and risk factors for refractive errors in adult Chinese in Singapore. Invest Ophthalmol
Vis Sci 2000; 41: 2486-2494 [PMID: 10937558]
Wong TY, Foster PJ, Johnson GJ, Seah SK. Education, socioeconomic status, and ocular dimensions in Chinese adults:
the Tanjong Pagar Survey. Br J Ophthalmol 2002; 86: 963-968
[PMID: 12185116]
Wong TY, Foster PJ, Johnson GJ, Seah SK. Refractive errors, axial ocular dimensions, and age-related cataracts: the
Tanjong Pagar survey. Invest Ophthalmol Vis Sci 2003; 44:
1479-1485 [PMID: 12657582]
Vongphanit J, Mitchell P, Wang JJ. Prevalence and progression of myopic retinopathy in an older population. Ophthalmology 2002; 109: 704-711 [PMID: 11927427]
Lin LL, Shih YF, Hsiao CK, Chen CJ. Prevalence of myopia
in Taiwanese schoolchildren: 1983 to 2000. Ann Acad Med
Singapore 2004; 33: 27-33 [PMID: 15008558]
Kempen JH, Mitchell P, Lee KE, Tielsch JM, Broman AT,
Taylor HR, Ikram MK, Congdon NG, O’Colmain BJ. The
prevalence of refractive errors among adults in the United
States, Western Europe, and Australia. Arch Ophthalmol
2004; 122: 495-505 [PMID: 15078666 DOI: 10.1001/archopht.122.4.495]
Asakuma T, Yasuda M, Ninomiya T, Noda Y, Arakawa
S, Hashimoto S, Ohno-Matsui K, Kiyohara Y, Ishibashi
T. Prevalence and risk factors for myopic retinopathy in
a Japanese population: the Hisayama Study. Ophthalmology 2012; 119: 1760-1765 [PMID: 22578442 DOI: 10.1016/
j.ophtha.2012.02.034]
Xu L, Li J, Cui T, Hu A, Fan G, Zhang R, Yang H, Sun B, Jonas JB. Refractive error in urban and rural adult Chinese in
Beijing. Ophthalmology 2005; 112: 1676-1683 [PMID: 16111755
DOI: 10.1016/j.ophtha.2005.05.015]
Xu L, Wang Y, Li Y, Wang Y, Cui T, Li J, Jonas JB. Causes
of blindness and visual impairment in urban and rural
areas in Beijing: the Beijing Eye Study. Ophthalmology
2006; 113: 1134.e1-1134.11 [PMID: 16647133 DOI: 10.1016/
j.ophtha.2006.01.035]
Yamada M, Hiratsuka Y, Roberts CB, Pezzullo ML, Yates
K, Takano S, Miyake K, Taylor HR. Prevalence of visual impairment in the adult Japanese population by cause and severity and future projections. Ophthalmic Epidemiol 2010; 17:
50-57 [PMID: 20100100 DOI: 10.3109/09286580903450346]
Samarawickrama C, Mitchell P, Tong L, Gazzard G, Lim L,
Wong TY, Saw SM. Myopia-related optic disc and retinal
changes in adolescent children from singapore. Ophthalmology 2011; 118: 2050-2057 [PMID: 21820741 DOI: 10.1016/
j.ophtha.2011.02.040]
Chang L, Pan CW, Ohno-Matsui K, Lin X, Cheung GC,
Gazzard G, Koh V, Hamzah H, Tai ES, Lim SC, Mitchell
P, Young TL, Aung T, Wong TY, Saw SM. Myopia-related
fundus changes in Singapore adults with high myopia. Am
J Ophthalmol 2013; 155: 991-999.e1 [PMID: 23499368 DOI:

August 12, 2014|Volume 4|Issue 3|

Teo K et al . Choroidal neovascularization and pathological myopia

21

22

23

24
25
26

27

28

29

30
31

32

33
34

35
36

10.1016/j.ajo.2013.01.016]
Gao LQ, Liu W, Liang YB, Zhang F, Wang JJ, Peng Y, Wong
TY, Wang NL, Mitchell P, Friedman DS. Prevalence and
characteristics of myopic retinopathy in a rural Chinese
adult population: the Handan Eye Study. Arch Ophthalmol
2011; 129: 1199-1204 [PMID: 21911668 DOI: 10.1001/archophthalmol.2011.230]
Hayashi K, Ohno-Matsui K, Shimada N, Moriyama M,
Kojima A, Hayashi W, Yasuzumi K, Nagaoka N, Saka N,
Yoshida T, Tokoro T, Mochizuki M. Long-term pattern
of progression of myopic maculopathy: a natural history
study. Ophthalmology 2010; 117: 1595-1611, 1611.e1-e4 [PMID:
20207005 DOI: 10.1016/j.ophtha.2009.11.003]
Ohno-Matsui K, Yoshida T, Futagami S, Yasuzumi K, Shimada N, Kojima A, Tokoro T, Mochizuki M. Patchy atrophy
and lacquer cracks predispose to the development of choroidal neovascularisation in pathological myopia. Br J Ophthalmol 2003; 87: 570-573 [PMID: 12714395]
Gözüm N, Cakir M, Gücukoglu A, Sezen F. Relationship
between retinal lesions and axial length, age and sex in high
myopia. Eur J Ophthalmol 1996; 7: 277-282 [PMID: 9352283]
Cohen SY, Laroche A, Leguen Y, Soubrane G, Coscas GJ.
Etiology of choroidal neovascularization in young patients.
Ophthalmology 1996; 103: 1241-1244 [PMID: 8764794]
Kojima A, Ohno-Matsui K, Teramukai S, Yoshida T, Ishihara Y, Kobayashi K, Shimada N, Yasuzumi K, Futagami
S, Tokoro T, Mochizuki M. Factors associated with the
development of chorioretinal atrophy around choroidal
neovascularization in pathologic myopia. Graefes Arch Clin
Exp Ophthalmol 2004; 242: 114-119 [PMID: 14648134 DOI:
10.1007/s00417-003-0803-9]
Yoshida T, Ohno-Matsui K, Ohtake Y, Takashima T, Futagami S, Baba T, Yasuzumi K, Tokoro T, Mochizuki M. Longterm visual prognosis of choroidal neovascularization in
high myopia: a comparison between age groups. Ophthalmology 2002; 109: 712-719 [PMID: 11927428]
Secrétan M, Kuhn D, Soubrane G, Coscas G. Long-term visual outcome of choroidal neovascularization in pathologic
myopia: natural history and laser treatment. Eur J Ophthalmol 1997; 7: 307-316 [PMID: 9457451]
Yoshida T, Ohno-Matsui K, Yasuzumi K, Kojima A, Shimada N, Futagami S, Tokoro T, Mochizuki M. Myopic
choroidal neovascularization: a 10-year follow-up. Ophthalmology 2003; 110: 1297-1305 [PMID: 12867382 DOI: 10.1016/
s0161-6420(03)00461-5]
Hotchkiss ML, Fine SL. Pathologic myopia and choroidal
neovascularization. Am J Ophthalmol 1981; 91: 177-183 [PMID:
6162388]
Ikuno Y, Jo Y, Hamasaki T, Tano Y. Ocular risk factors for
choroidal neovascularization in pathologic myopia. Invest
Ophthalmol Vis Sci 2010; 51: 3721-3725 [PMID: 20207975 DOI:
10.1167/iovs.09-3493]
Ikuno Y, Sayanagi K, Soga K, Sawa M, Gomi F, Tsujikawa M,
Tano Y. Lacquer crack formation and choroidal neovascularization in pathologic myopia. Retina 2008; 28: 1124-1131
[PMID: 18779719 DOI: 10.1097/IAE.0b013e318174417a]
Avetisov ES, Savitskaya NF. Some features of ocular microcirculation in myopia. Ann Ophthalmol 1977; 9: 1261-1264
[PMID: 921147]
Baba T, Ohno-Matsui K, Yoshida T, Yasuzumi K, Futagami
S, Tokoro T, Mochizuki M. Optical coherence tomography
of choroidal neovascularization in high myopia. Acta Ophthalmol Scand 2002; 80: 82-87 [PMID: 11906310]
Grossniklaus HE, Green WR. Pathologic findings in pathologic myopia. Retina 1992; 12: 127-133 [PMID: 1439243]
Keane PA, Liakopoulos S, Chang KT, Heussen FM, Ongchin
SC, Walsh AC, Sadda SR. Comparison of the optical coherence tomographic features of choroidal neovascular membranes in pathological myopia versus age-related macular
degeneration, using quantitative subanalysis. Br J Ophthal-

WJO|www.wjgnet.com

37

38

39

40

41

42
43

44

45

46

47

48

49

50
51

52
53

44

mol 2008; 92: 1081-1085 [PMID: 18586903 DOI: 10.1136/
bjo.2008.138891]
Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth
imaging spectral-domain optical coherence tomography.
Am J Ophthalmol 2008; 146: 496-500 [PMID: 18639219 DOI:
10.1016/j.ajo.2008.05.032]
Margolis R, Spaide RF. A pilot study of enhanced depth
imaging optical coherence tomography of the choroid in
normal eyes. Am J Ophthalmol 2009; 147: 811-815 [PMID:
19232559 DOI: 10.1016/j.ajo.2008.12.008]
Wei WB, Xu L, Jonas JB, Shao L, Du KF, Wang S, Chen
CX, Xu J, Wang YX, Zhou JQ, You QS. Subfoveal choroidal
thickness: the Beijing Eye Study. Ophthalmology 2013; 120:
175-180 [PMID: 23009895 DOI: 10.1016/j.ophtha.2012.07.048]
Ikuno Y, Tano Y. Retinal and choroidal biometry in highly
myopic eyes with spectral-domain optical coherence tomography. Invest Ophthalmol Vis Sci 2009; 50: 3876-3880 [PMID:
19279309 DOI: 10.1167/iovs.08-3325]
Nishida Y, Fujiwara T, Imamura Y, Lima LH, Kurosaka D,
Spaide RF. Choroidal thickness and visual acuity in highly
myopic eyes. Retina 2012; 32: 1229-1236 [PMID: 22466466
DOI: 10.1097/IAE.0b013e318242b990]
Steidl SM, Pruett RC. Macular complications associated
with posterior staphyloma. Am J Ophthalmol 1997; 123:
181-187 [PMID: 9186123]
Cheung CM, Loh BK, Li X, Mathur R, Wong E, Lee SY,
Wong D, Wong TY. Choroidal thickness and risk characteristics of eyes with myopic choroidal neovascularization.
Acta Ophthalmol 2013; 91: e580-e581 [PMID: 23834717 DOI:
10.1111/aos.12117]
Fujiwara T, Imamura Y, Margolis R, Slakter JS, Spaide RF.
Enhanced depth imaging optical coherence tomography of
the choroid in highly myopic eyes. Am J Ophthalmol 2009;
148: 445-450 [PMID: 19541286 DOI: 10.1016/j.ajo.2009.04.029]
Ellabban AA, Tsujikawa A, Matsumoto A, Yamashiro K,
Oishi A, Ooto S, Nakata I, Akagi-Kurashige Y, Miyake M,
Elnahas HS, Radwan TM, Zaky KA, Yoshimura N. Threedimensional tomographic features of dome-shaped macula
by swept-source optical coherence tomography. Am J Ophthalmol 2013; 155: 320-328.e2 [PMID: 23127750 DOI: 10.1016/
j.ajo.2012.08.007]
Photodynamic therapy of subfoveal choroidal neovascularization in pathologic myopia with verteporfin. 1-year results
of a randomized clinical trial--VIP report no. 1. Ophthalmology 2001; 108: 841-852 [PMID: 11320011]
Ohno-Matsui K, Ito M, Tokoro T. Subretinal bleeding without choroidal neovascularization in pathologic myopia. A
sign of new lacquer crack formation. Retina 1996; 16: 196-202
[PMID: 8789857]
Ohno-Matsui K, Morishima N, Ito M, Tokoro T. Indocyanine green angiographic findings of lacquer cracks in
pathologic myopia. Jpn J Ophthalmol 1998; 42: 293-299 [PMID:
9749870]
Oshima Y, Harino S, Tano Y. Scanning laser ophthalmoscope microperimetric assessment in patients with successful laser treatment for juxtafoveal choroidal neovascularization. Retina 1998; 18: 109-117 [PMID: 9564690]
Ruiz-Moreno JM, de la Vega C. Surgical removal of subfoveal choroidal neovascularisation in highly myopic patients.
Br J Ophthalmol 2001; 85: 1041-1043 [PMID: 11520751]
Essex RW, Tufail A, Bunce C, Aylward GW. Two-year
results of surgical removal of choroidal neovascular membranes related to non-age-related macular degeneration. Br J
Ophthalmol 2007; 91: 649-654 [PMID: 17446505 DOI: 10.1136/
bjo.2005.089458]
Uemura A, Thomas MA. Subretinal surgery for choroidal
neovascularization in patients with high myopia. Arch Ophthalmol 2000; 118: 344-350 [PMID: 10721956]
Chan WM, Lam DS, Liu DT, Wong TH, Yuen KS. Photodynamic therapy for recurrent myopic choroidal neovascu-

August 12, 2014|Volume 4|Issue 3|

Teo K et al . Choroidal neovascularization and pathological myopia

54
55

56

57

58

59

60

61

62

63

64

65

66

67

larisation after limited macular translocation surgery. Br J
Ophthalmol 2003; 87: 1188-1189 [PMID: 12928298]
Au Eong KG. Initial experience of macular translocation in
Singapore - one-year results. Ann Acad Med Singapore 2004;
33: 641-648 [PMID: 15531962]
Mateo C, Moreno J, Rosales G, Lechuga M, Castillo R, Vaz
F, Corcóstegui B. Two-year results of macular translocation
with scleral infolding in myopic choroidal neovascularisation. Semin Ophthalmol 2004; 19: 29-42 [PMID: 15590532 DOI:
10.1080/08820530490520013]
Hamelin N, Glacet-Bernard A, Brindeau C, Mimoun G,
Coscas G, Soubrane G. Surgical treatment of subfoveal
neovascularization in myopia: macular translocation vs
surgical removal. Am J Ophthalmol 2002; 133: 530-536 [PMID:
11931787]
Blinder KJ, Blumenkranz MS, Bressler NM, Bressler SB,
Donato G, Lewis H, Lim JI, Menchini U, Miller JW, Mones
JM, Potter MJ, Pournaras C, Reaves A, Rosenfeld P, Schachat AP, Schmidt-Erfurth U, Sickenberg M, Singerman LJ,
Slakter JS, Strong HA, Virgili G, Williams GA. Verteporfin
therapy of subfoveal choroidal neovascularization in pathologic myopia: 2-year results of a randomized clinical trial-VIP report no. 3. Ophthalmology 2003; 110: 667-673 [PMID:
12689884]
Hussain N, Khanna R, Das T, Narayanan R, Sunday OT,
Bansal AG, Reddy R. Two years follow-up outcome of
verteporfin therapy for subfoveal choroidal neovascularization in pathologic myopia in Indian eyes. Indian J Ophthalmol
2008; 56: 465-468 [PMID: 18974516]
Lam DS, Liu DT, Fan DS, Lai WW, So SF, Chan WM. Photodynamic therapy with verteporfin for juxtafoveal choroidal
neovascularization secondary to pathologic myopia-1-year
results of a prospective series. Eye (Lond) 2005; 19: 834-840
[PMID: 15375364 DOI: 10.1038/sj.eye.6701681]
Hayashi K, Ohno-Matsui K, Shimada N, Moriyama M,
Hayashi W, Wang J, Yoshida T, Tokoro T, Mochizuki M.
Long-term results of photodynamic therapy for choroidal
neovascularization in Japanese patients with pathologic myopia. Am J Ophthalmol 2011; 151: 137-147.e1 [PMID: 20970774
DOI: 10.1016/j.ajo.2010.06.046]
Konstantinidis L, Mantel I, Pournaras JA, Zografos L, Ambresin A. Intravitreal ranibizumab (Lucentis) for the treatment of myopic choroidal neovascularization. Graefes Arch
Clin Exp Ophthalmol 2009; 247: 311-318 [PMID: 19043731
DOI: 10.1007/s00417-008-0995-0]
Lai TY, Chan WM, Liu DT, Lam DS. Intravitreal ranibizumab for the primary treatment of choroidal neovascularization
secondary to pathologic myopia. Retina 2009; 29: 750-756
[PMID: 19357555 DOI: 10.1097/IAE.0b013e31819ed6bd]
Monés JM, Amselem L, Serrano A, Garcia M, Hijano M.
Intravitreal ranibizumab for choroidal neovascularization
secondary to pathologic myopia: 12-month results. Eye
(Lond) 2009; 23: 1275-1280; quiz 1281 [PMID: 19478826 DOI:
10.1038/eye.2009.88]
Ikuno Y, Sayanagi K, Soga K, Sawa M, Tsujikawa M, Gomi F,
Tano Y. Intravitreal bevacizumab for choroidal neovascularization attributable to pathological myopia: one-year results.
Am J Ophthalmol 2009; 147: 94-100.e1 [PMID: 18774550 DOI:
10.1016/j.ajo.2008.07.017]
Gharbiya M, Allievi F, Mazzeo L, Gabrieli CB. Intravitreal
bevacizumab treatment for choroidal neovascularization
in pathologic myopia: 12-month results. Am J Ophthalmol 2009; 147: 84-93.e1 [PMID: 18774547 DOI: 10.1016/
j.ajo.2008.07.022]
Chan WM, Lai TY, Liu DT, Lam DS. Intravitreal bevacizumab (Avastin) for myopic choroidal neovascularisation: 1-year
results of a prospective pilot study. Br J Ophthalmol 2009; 93:
150-154 [PMID: 18801766 DOI: 10.1136/bjo.2008.145797]
Tufail A, Patel PJ, Sivaprasad S, Amoaku W, Browning AC,
Cole M, Gale R, George S, Lotery AJ, Majid M, McKibbin

WJO|www.wjgnet.com

68

69
70

71

72

73

74

75

76

77

78
79

80

45

M, Menon G, Yang Y, Andrews C, Brittain C, Osborne A.
Ranibizumab for the treatment of choroidal neovascularisation secondary to pathological myopia: interim analysis
of the REPAIR study. Eye (Lond) 2013; 27: 709-715 [PMID:
23449508 DOI: 10.1038/eye.2014.11]
Wolf S, Balciuniene VJ, Laganovska G, Menchini U, OhnoMatsui K, Sharma T, Wong TY, Silva R, Pilz S, Gekkieva M.
RADIANCE: a randomized controlled study of ranibizumab
in patients with choroidal neovascularization secondary
to pathologic myopia. Ophthalmology 2014; 121: 682-692.e2
[PMID: 24326106 DOI: 10.1016/j.ophtha.2013.10.023]
Ohno-Matsui K, editor VEGF Trap-Eye in CNV secondary to pathologic myopia (MYRROR). New Orleans: AAO
Retina subspecialty Day, 2013
Lai TY, Luk FO, Lee GK, Lam DS. Long-term outcome of
intravitreal anti-vascular endothelial growth factor therapy
with bevacizumab or ranibizumab as primary treatment
for subfoveal myopic choroidal neovascularization. Eye
(Lond) 2012; 26: 1004-1011 [PMID: 22595908 DOI: 10.1038/
eye.2012.97]
Tong JP, Chan WM, Liu DT, Lai TY, Choy KW, Pang CP,
Lam DS. Aqueous humor levels of vascular endothelial
growth factor and pigment epithelium-derived factor in polypoidal choroidal vasculopathy and choroidal neovascularization. Am J Ophthalmol 2006; 141: 456-462 [PMID: 16490490
DOI: 10.1016/j.ajo.2005.10.012]
Iacono P, Parodi MB, Papayannis A, Kontadakis S, Sheth
S, Bandello F. Intravitreal bevacizumab therapy on an asper-needed basis in subfoveal choroidal neovascularization
secondary to pathological myopia: 2-year outcomes of a
prospective case series. Retina 2011; 31: 1841-1847 [PMID:
21775926 DOI: 10.1097/IAE.0b013e31821800a4]
Wakabayashi T, Ikuno Y, Gomi F. Different dosing of intravitreal bevacizumab for choroidal neovascularization because of pathologic myopia. Retina 2011; 31: 880-886 [PMID:
21242860 DOI: 10.1097/IAE.0b013e3181f2a293]
Schmidt-Erfurth U, Eldem B, Guymer R, Korobelnik JF,
Schlingemann RO, Axer-Siegel R, Wiedemann P, Simader
C, Gekkieva M, Weichselberger A. Efficacy and safety of
monthly versus quarterly ranibizumab treatment in neovascular age-related macular degeneration: the EXCITE study.
Ophthalmology 2011; 118: 831-839 [PMID: 21146229 DOI:
10.1016/j.ophtha.2010.09.004]
Lalwani GA, Rosenfeld PJ, Fung AE, Dubovy SR, Michels
S, Feuer W, Davis JL, Flynn HW, Esquiabro M. A variabledosing regimen with intravitreal ranibizumab for neovascular age-related macular degeneration: year 2 of the PrONTO
Study. Am J Ophthalmol 2009; 148: 43-58.e1 [PMID: 19376495
DOI: 10.1016/j.ajo.2009.01.024]
Abedi F, Wickremasinghe S, Islam AF, Inglis KM, Guymer
RH. Anti-vegf treatment in neovascular age-related macular
degeneration: A Treat-and-Extend Protocol Over 2 Years.
Retina 2014; 34: 1531-1538 [PMID: 24637667 DOI: 10.1097/
iae.0000000000000134]
Shienbaum G, Gupta OP, Fecarotta C, Patel AH, Kaiser RS,
Regillo CD. Bevacizumab for neovascular age-related macular degeneration using a treat-and-extend regimen: clinical
and economic impact. Am J Ophthalmol 2012; 153: 468-473.e1
[PMID: 21996309 DOI: 10.1016/j.ajo.2011.08.011]
Wong TY. Age-related macular degeneration: why should
stroke physicians care? Stroke 2010; 41: 575-576 [PMID:
20150541 DOI: 10.1161/strokeaha.109.574475]
Hagstrom SA, Ying GS, Pauer GJ, Sturgill-Short GM, Huang
J, Maguire MG, Martin DF. VEGFA and VEGFR2 gene
polymorphisms and response to anti-vascular endothelial
growth factor therapy: comparison of age-related macular
degeneration treatments trials (CATT). JAMA Ophthalmol
2014; 132: 521-527 [PMID: 24652518 DOI: 10.1001/jamaophthalmol.2014.109]
Chakravarthy U, Harding SP, Rogers CA, Downes SM,

August 12, 2014|Volume 4|Issue 3|

Teo K et al . Choroidal neovascularization and pathological myopia

81

82

83

84

85

86

87

88

89

Lotery AJ, Culliford LA, Reeves BC. Alternative treatments
to inhibit VEGF in age-related choroidal neovascularisation:
2-year findings of the IVAN randomised controlled trial.
Lancet 2013; 382: 1258-1267 [PMID: 23870813 DOI: 10.1016/
s0140-6736(13)61501-9]
Brown DM, Kaiser PK, Michels M, Soubrane G, Heier JS,
Kim RY, Sy JP, Schneider S. Ranibizumab versus verteporfin
for neovascular age-related macular degeneration. N Engl
J Med 2006; 355: 1432-1444 [PMID: 17021319 DOI: 10.1056/
NEJMoa062655]
Heier JS, Brown DM, Chong V, Korobelnik JF, Kaiser PK,
Nguyen QD, Kirchhof B, Ho A, Ogura Y, Yancopoulos GD,
Stahl N, Vitti R, Berliner AJ, Soo Y, Anderesi M, Groetzbach
G, Sommerauer B, Sandbrink R, Simader C, Schmidt-Erfurth
U. Intravitreal aflibercept (VEGF trap-eye) in wet age-related
macular degeneration. Ophthalmology 2012; 119: 2537-2548
[PMID: 23084240 DOI: 10.1016/j.ophtha.2012.09.006]
Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK,
Chung CY, Kim RY. Ranibizumab for neovascular age-related macular degeneration. N Engl J Med 2006; 355: 1419-1431
[PMID: 17021318 DOI: 10.1056/NEJMoa054481]
Bressler NM, Boyer DS, Williams DF, Butler S, Francom
SF, Brown B, Di Nucci F, Cramm T, Tuomi LL, Ianchulev
T, Rubio RG. Cerebrovascular accidents in patients treated
for choroidal neovascularization with ranibizumab in randomized controlled trials. Retina 2012; 32: 1821-1828 [PMID:
23011184 DOI: 10.1097/IAE.0b013e31825db6ba]
Carneiro AM, Costa R, Falcão MS, Barthelmes D, Mendonça
LS, Fonseca SL, Gonçalves R, Gonçalves C, Falcão-Reis FM,
Soares R. Vascular endothelial growth factor plasma levels
before and after treatment of neovascular age-related macular degeneration with bevacizumab or ranibizumab. Acta
Ophthalmol 2012; 90: e25-e30 [PMID: 21958440 DOI: 10.1111/
j.1755-3768.2011.02240.x]
Curtis LH, Hammill BG, Schulman KA, Cousins SW. Risks
of mortality, myocardial infarction, bleeding, and stroke
associated with therapies for age-related macular degeneration. Arch Ophthalmol 2010; 128: 1273-1279 [PMID: 20937996
DOI: 10.1001/archophthalmol.2010.223]
Shimada N, Ohno-Matsui K, Yoshida T, Futagami S, Tokoro
T, Mochizuki M. Development of macular hole and macular
retinoschisis in eyes with myopic choroidal neovascularization. Am J Ophthalmol 2008; 145: 155-161 [PMID: 17988641
DOI: 10.1016/j.ajo.2007.08.029]
Sayanagi K, Ikuno Y, Soga K, Wakabayashi T, Tano Y. Marginal crack after intravitreal bevacizumab for myopic choroidal neovascularization. Acta Ophthalmol 2009; 87: 460-463
[PMID: 18479492 DOI: 10.1111/j.1755-3768.2008.01291.x]
Leveziel N, Caillaux V, Bastuji-Garin S, Zmuda M, Souied
EH. Angiographic and optical coherence tomography char-

90

91

92

93

94

95

96

97

98

acteristics of recent myopic choroidal neovascularization.
Am J Ophthalmol 2013; 155: 913-919 [PMID: 23352343 DOI:
10.1016/j.ajo.2012.11.021]
Iacono P, Battaglia Parodi M, Papayannis A, Kontadakis S,
Da Pozzo S, Cascavilla ML, La Spina C, Varano M, Bandello
F. Fluorescein Angiography and Spectral-Domain Optical
Coherence Tomography for Monitoring Anti-VEGF Therapy in Myopic Choroidal Neovascularization. Ophthalmic Res
2014; 52: 25-31 [PMID: 24861045 DOI: 10.1159/000358331]
Introini U, Casalino G, Querques G, Gimeno AT, Scotti F,
Bandello F. Spectral-domain OCT in anti-VEGF treatment
of myopic choroidal neovascularization. Eye (Lond) 2012; 26:
976-982 [PMID: 22538218 DOI: 10.1038/eye.2012.75]
Yang HS, Kim JG, Kim JT, Joe SG. Prognostic factors of
eyes with naïve subfoveal myopic choroidal neovascularization after intravitreal bevacizumab. Am J Ophthalmol
2013; 156: 1201-1210.e2 [PMID: 24075429 DOI: 10.1016/
j.ajo.2013.08.002]
Wang J, Kang Z. Summary of prognostic factors for choroidal neovascularization due to pathological myopia treated
by intravitreal bevacizumab injection. Graefes Arch Clin
Exp Ophthalmol 2012; 250: 1717-1723 [PMID: 23007232 DOI:
10.1007/s00417-012-2159-5]
Ruiz-Moreno JM, Montero JA, Gomez-Ulla F. Photodynamic therapy may worsen the prognosis of highly myopic
choroidal neovascularisation treated by intravitreal bevacizumab. Br J Ophthalmol 2009; 93: 1693-1694 [PMID: 19939802
DOI: 10.1136/bjo.2008.147611]
Nakanishi H, Tsujikawa A, Yodoi Y, Ojima Y, Otani A,
Tamura H, Yamashiro K, Ooto S, Yoshimura N. Prognostic
factors for visual outcomes 2-years after intravitreal bevacizumab for myopic choroidal neovascularization. Eye
(Lond) 2011; 25: 375-381 [PMID: 21252956 DOI: 10.1038/
eye.2010.226]
Kuo JZ, Ong FS, Yeung L, Wu WC, Chen YP, Wang NK,
Lai CC. Predictive factors for visual outcome to intravitreal
bevacizumab in young Chinese patients with myopic choroidal neovascularization. Retina 2011; 31: 1835-1840 [PMID:
21878845 DOI: 10.1097/IAE.0b013e31821ba2dc]
Hayashi K, Shimada N, Moriyama M, Hayashi W, Tokoro T,
Ohno-Matsui K. Two-year outcomes of intravitreal bevacizumab for choroidal neovascularization in Japanese patients
with pathologic myopia. Retina 2012; 32: 687-695 [PMID:
22173286 DOI: 10.1097/IAE.0b013e3182278bae]
Voykov B, Gelisken F, Inhoffen W, Voelker M, BartzSchmidt KU, Ziemssen F. Bevacizumab for choroidal neovascularization secondary to pathologic myopia: Is there a
decline of the treatment efficacy after 2 years? Graefes Arch
Clin Exp Ophthalmol 2010; 248: 543-550 [PMID: 20111971
DOI: 10.1007/s00417-009-1285-1]
P- Reviewer: Iacono P, Xu CS, Yokoyama Y S- Editor: Ji FF
L- Editor: Roemmele A E- Editor: Lu YJ

WJO|www.wjgnet.com

46

August 12, 2014|Volume 4|Issue 3|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.

