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Purpose: To report long-term treatment outcomes of intravitreal bevacizumab in myopic
macular neovascularization (MNV).

Methods: Retrospective analysis of longitudinal, clinical data of patients with high
myopic MNV treated with intravitreal bevacizumab. One-hundred and seventeen eyes of
106 patients were followed from first injection up to 12 years. Outcome measures were
best-corrected visual acuity change during follow-up and myopic MNV recurrence.

Results: Mean (6SD) baseline best-corrected visual acuity (0.56 6 0.46 logMAR, 20/80)
significantly improved after first treatment (0.33 6 0.33, 20/50, P , 0.001). At 4 years (n =
86), best-corrected visual acuity was no longer significantly better than at baseline (0.55 6
0.57, P = 0.30) and continued to deteriorate to 0.84 6 0.76 (20/125) at 10 years (n = 27). Of
the 27 eyes (23%) who reached 10 years of follow-up, 53% developed MNV-related cho-
rioretinal atrophy. The cumulative incidence of recurrent myopic MNV was 34% at 2 years
and 59% at 5 years. Best-corrected visual acuity decrease in eyes with or without recurrent
MNV was similar (P = 0.58). Patchy chorioretinal atrophy (hazard ratio 3.0, P = 0.02) and
subfoveal MNVs (hazard ratio 2.5, P = 0.048) were significantly associated with recurrent
MNV.

Conclusion: This retrospective myopic MNV study revealed that visual improvement
after intravitreal bevacizumab injections was not maintained over time. Macular neo-
vascularization recurrences occurred frequently but did not alter the already poor visual
prognosis.
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Myopic macular neovascularization (MNV) is a
sight-threatening complication that occurs in

5% to 11% of eyes with high myopia.1 Antivascular
endothelial growth factor (anti-VEGF) agents, such as
bevacizumab, have proven their effectiveness and

safety to treat myopic MNV and are now the first-
line treatment.2–4 Although short-term results look
promising, the visual improvement after treatment is
of temporary nature.5–8 Development of chorioretinal
atrophy (CRA) around the regressed MNV lesion
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affects the visual acuity in the treated eye eventually.5–
9 Better visual outcomes were seen in eyes with higher
visual acuity at baseline, smaller MNV lesions, and
extrafoveal lesions.5,7,10 East-Asian patients seem to
have a higher visual acuity gain than White patients
after anti-VEGF treatment,11 but it is unclear whether
this also translates to a better visual prognosis on the
long-term compared with White patients.
In contrast to MNVs in age-related macular degen-

eration (AMD), highly myopic eyes usually do not
need lifelong treatment.5,12–15 Nevertheless, after suc-
cessful treatment of the first episode of myopic MNV,
studies have reported retreatment or recurrence of
MNV in 62% and 85% of patients.7,8 The risk profile
and visual outcome of persons developing multiple
myopic MNVs is currently unclear, which hampers
clinical management and patient counseling. There-
fore, the aim of this study was to investigate long-
term outcome of intravitreal bevacizumab (IVB) in
White patients with myopic MNV. We compared the
course of visual acuity in treated eyes with fellow
myopic eyes and to the current literature.

Methods

Participants

This retrospective study included consecutive
patients with myopic MNV treated with IVB between
January 2008 and December 2018 at the Rotterdam
Eye Hospital (Rotterdam, the Netherlands). Inclusion
criteria were high myopia (spherical equivalent [SE]
#26 Diopters (D) or axial length [AL] .26.5 mm);
active MNV confirmed by leakage on fluorescein angi-
ography or by optical coherence tomography (OCT)
angiography combined with signs of active MNV
(e.g., subretinal fluid) on SD-OCT and White ethnic-
ity. Exclusion criteria were MNV secondary to any
cause other than high myopia or eyes with other ocular
(coexisting) pathology such as AMD, advanced cata-
ract, intraocular inflammation, previous ocular trauma,
and hereditary chorioretinal diseases. Of the 196
screened patients, 90 (46%) were excluded because
of ethnicity (n = 42, 47%), SE . 26 D (n = 24,
27%), secondary MNV (n = 13, 14%) and unavailable
imaging or any follow-up (n = 11, 12%). This study
was approved by the institutional scientific review
board and adhered to the principles of the Declaration
of Helsinki.

Data Collection

Patient characteristics were ascertained from medi-
cal records. The phenotypic features were determined

on multimodal imaging (color fundus imaging, OCT,
and fundus autofluorescence), and central macular
thickness and treatment regime at the first visit were
registered. The algorithms provided by the OCT
mapping software (Canon and Heidelberg) were used
to calculate central macular thickness. Myopic macular
degeneration was graded according to the META-PM
classification system based on the available
multimodal-imaging at baseline and at last visit.
Graders were masked to the clinical data of the
participants. The size of CRA and the MNV lesion
was indicated as a proportion of the disc size. Best-
corrected visual acuity (BCVA) was assessed at each
visit during follow-up. Macular neovascularization
was considered subfoveal when any portion of the
lesion was located underneath the fovea, juxtafoveal
when any portion was located #200 mm of the fovea,
and extrafoveal when the MNV was located .200 mm
of the fovea. Recurrent myopic MNV was defined as a
new MNV lesion or reactivation of a previous MNV
lesion more than 3 months after the last injection.
Blindness and vision impairment were defined accord-
ing to the World Health Organization criteria.16 In
brief, moderate vision impairment was defined as
visual acuity 0.52 LogMAR to 1.00 LogMAR, severe
vision impairment as 1.02 LogMAR to 1.30 LogMAR,
and blindness as more than 1.30 LogMAR.

Intervention

A 30-gauge needle was used to inject 1.25-mg
bevacizumab intravitreally. The patients underwent
ophthalmic examination including BCVA testing and
OCT one month after a loading dose of 1 to 3
injections. When fluid persisted on OCT or a new
retinal hemorrhage or hard exudates were observed,
monthly injections were continued. The number of
IVB injections at each episode was noted.

Outcomes and Statistical Analysis

Best-corrected visual acuity and recurrent myopic
MNV incidence were primary outcomes. The number
of injections and the incidence of vision impairment
and blindness were secondary outcomes. Descriptive
statistics of normally distributed data are summarized
using their mean and SD; not normally distributed data
using the median and interquartile range. Categorical
data were summarized using frequencies and propor-
tions. Decrease of BCVA per year was calculated per
patient: (BCVA at the last visit 2 BCVA after treat-
ment)/(Total follow-up duration 2 duration of treat-
ment). The paired t-test was used to assess BCVA and
central macular thickness differences before and after
treatment in the first episode. To study the effect of
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time on the BCVA, a linear mixed model was used to
account for the correlations between the eyes of one
patient. To investigate differences in continuous vari-
ables between different MNV locations, a one-way
ANOVA was used. Post hoc analysis was performed
with Bonferroni correction. Incidence rates and cumu-
lative incidences with their 95% confidence intervals
(CIs) were calculated for recurrent myopic MNV (at 2,
5, and 10 years), vision impairment (at 10 years), and
blindness (at 10 years). For recurrent myopic MNV,
the last treatment of the first episode was taken as a
starting point (T[0]), and for vision impairment and
blindness, the first treatment was taken as T[0]. The
analysis of the risk factors for recurrent myopic MNV
and VI/blindness was performed with a frailty model
with the subject identification number as random fac-
tor to account for analyzing both eyes in the same
patient. The analysis was performed using R, version
4.0.3. software, and a P value of 0.05 was considered
statistically significant.

Results

In this study, 117 highly myopic eyes of 106
consecutive patients treated with IVB for myopic
MNV were included. Sixty patients (57%) were
women; the mean age of MNV onset was 58 614
years, and the mean SE was 214 6 4 D. Signs of
myopic macular degeneration were present in 91 eyes
(81%) at the first visit. Macular neovascularization
lesions were located subfoveal (56 eyes, 48%), juxta-
foveal (39 eyes, 33%), or extrafoveal (22 eyes, 18%).
Other baseline characteristics are summarized in Table
1. Owing to the design of this study, follow-up ranged
between 20 months and 153 months (mean SD = 77 6
38 months). Ten eyes (9%) were lost to follow-up.

Treatment of First Episode Myopic
Macular Neovascularization

Treatment loading dose(s) varied during the first
episode and was dependent on the managing clinician
(Table 1). Overall, the median total number of IVB
injections during the first episode was 2 (IQR 1–5).
In those who received a single dose, 30 of 93 eyes
(32%) responded well with complete inactivation of
the myopic MNV. Thirty of 117 eyes responded well
with inactivation of the MNV after two injections, and
in 20 of 117 eyes (17%) the MNV regressed after three
injections. The first episode resulted in inactivity of all
MNVs after a median period of 2 (IQR 0–5) months.
During treatment of the first myopic MNV episode, the
mean central macular thickness decreased significantly
from 345 6 86 mm to 286 6 58 mm (P , 0.001), and

the mean BCVA improved from 0.56 6 0.46 (20/80
Snellen) to 0.336 0.33 LogMAR (20/50 Snellen; P,
0.001). No ocular injection-related adverse events
were observed during the follow-up.

Recurrent Myopic Macular Neovascularization

The incidence rate of recurrent myopic MNV in
the studied population was 15.8 (95% CI:
12.4–19.7) cases per 100 persons per year. The
cumulative incidence of recurrent myopic MNV
was 34% (95% CI: 26%–43%) at 2 years, 59%
(95% CI: 48%–69%) at 5 years, and 67% (95%
CI: 55%–77%) at 10 years as shown in Figure 1A.
All recurrences were treated with IVB injections, the
median number of injections per recurrence was 2
(IQR 1–6). Sex, age at the first diagnosis, SE, lac-
quer cracks, and size of MNV lesion were not sig-
nificantly associated with recurrent myopic MNV
(Table 2). Recurrent myopic MNV was significantly
associated with the presence of patchy CRA (hazard
ratio [HR] 3.0, P = 0.02) at baseline and subfoveal
location of the MNV (HR 1.3, P = 0.048, Table 2).
Diffuse CRA was borderline significantly associated
with recurrent myopic MNV (HR 2.4, P = 0.059).

Table 1. Clinical Characteristics of Patients With Myopic
MNV Treated With Intravitreal Bevacizumab Injections

Characteristics

Total
(117 Patients/106

Eyes)

Age (years) 58 6 14
Sex, female 57 (60%)
SE (diopters) 214 6 4
Axial length (mm) 30.4 6 1.9
Pseudophakic 39 (46%)
Degree of myopic macular
degeneration*
None or fundus tessellation 17 (17%)
Diffuse CRA 27 (30%)
Patchy CRA 48 (53%)

Baseline BCVA (LogMAR) 0.56 6 0.46
Baseline CMT (mm) 345 6 86
Type 1 MNV (occult) 10 (9%)
Type 2 MNV (classic) 97 (83%)
Mixed Type 1 and Type 2 MNV 6 (5%)
MNV size (% disc diameter) 0.7 6 0.5
Subfoveal MNV 56 (48%)
Juxtafoveal MNV 39 (33%)
Extrafoveal MNV 22 (18%)
Treatment loading dose(s)
One dose 93 (80%)
Two doses 9 (7%)
Three doses 15 (13%)

Values are mean 6 SD unless otherwise indicated.
*The images of 92 eyes at baseline were graded for the

presence of myopic macular degeneration.
CMT, central macular thickness
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Course of Best-Corrected Visual Acuity

In this treated study population, the BCVA signif-
icantly improved from 0.56 6 0.46 LogMAR at base-
line to 0.38 6 0.45 at 12 months (P , 0.001) and
remained significantly better at 24 months (0.44 6
0.47 LogMAR, P , 0.001) and at 36 months (0.43
6 0.47 LogMAR, P = 0.001). At 48 months, the
BCVA was no longer significantly better than baseline
(0.55 6 0.57 LogMAR, P = 0.30) and decreased fur-
ther during the follow-up (Figure 2). The BCVA
decreased with a mean of 0.05 6 0.15 LogMAR per
year in the affected eye after regression of the first
MNV episode and 0.01 6 0.01 LogMAR per year in
the healthy fellow eye (P , 0.001). Best-corrected
visual acuity in eyes with recurrent myopic MNV
decreased at a similar rate as eyes with MNV without
recurrences (P = 0.58, 95% CI: 20.02 to 0.04). The
course of the BCVA in eyes with myopic MNV after
anti-VEGF treatment in this study and previous studies
is shown in Figure 3A.
In Table 3, the clinical characteristics per MNV

location are summarized. Patients with subfoveal
MNV had significantly shorter eyes (P = 0.007), a
larger MNV lesion (P , 0.001), and more IVB injec-
tions at the first episode (P = 0.008) compared with
patients with extrafoveal MNV. In Figure 3B the
BCVA course of treated myopic MNV eyes per loca-

tion are presented. Subfoveal MNV had a significant
worse baseline BCVA and final BCVA compared with
eyes with extrafoveal MNV (P , 0.001, P = 0.001)
and juxtafoveal MNV (P , 0.001, P = 0.049).

Vision Impairment and Blindness

The incidence rate of moderate vision impairment
after the first diagnosis of myopic MNV was 6.7
(95% CI: 4.7–9.2) cases per 100 persons per year,
the incidence rate of severe vision impairment was
2.7 (95% CI: 1.6–4.3) cases per 100 persons per
year, and the incidence rate of blindness was 2.1
(95% CI: 1.1–3.5) cases per 100 persons per year.
The cumulative incidence of moderate vision
impairment at 5 years was 27% (95% CI: 19%–

36%) and at 10 years 44% (95% CI: 31%–56%);
of severe vision impairment 12% (95% CI: 7%–

19%) and 22% (95% CI: 12%–34%) and of blind-
ness 11% (95% CI: 6%–19%) and 25% (95% CI:
12%–40%) as shown in Figure 4. Baseline BCVA
was significantly associated with developing moder-
ate vision impairment (HR 4.9 95% CI: 2.2–11.0, P
, 0.001), severe vision impairment (HR 4.9 95%
CI: 2.1–11.4, P , 0.001), and blindness (HR 4.3
95% CI: 1.6–11.4, P = 0.003) after adjusting for
age. Subfoveal location of the MNV was also asso-
ciated with worse visual outcome (Table 2).

Fig. 1. A. and B. Recurrence probability of myopic MNV after the first onset in all eyes (A) and in eyes with or without CRA (B). Diffuse and patchy
CRA were combined to a single line.
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Chorioretinal Atrophy

Chorioretinal atrophy developed or increased between
baseline and the final visit in 61 of 116 eyes (53%).
Figure 5 shows an example of a high myopic patient
after treatment with IVB injections. Of the 23 eyes with
tessellated fundus at baseline, three eyes (13%) pro-
gressed to diffuse CRA, two eyes (9%) to patchy
CRA, and two eyes (9%) to macular atrophy. Ten
(20%) of the 49 eyes with diffuse CRA at baseline pro-
gressed to patchy atrophy and 10 (20%) eyes to macular
atrophy. In 40 eyes (90%) with patchy CRA at baseline
the size of atrophy increased, and in 13 eyes (30%), the
atrophy progressed to the fovea. Eyes with increase of
CRA during follow-up had a worse baseline BCVA and
worse final BCVA (P = 0.003, P = 0.003, respectively).

Discussion

This study investigated the long-term outcome of
IVB in White patients with myopic MNV. A median
of two injections per MNV episode sufficed to
successfully treat half of the patients, and 9% needed
more than 10 injections to establish regression of the
neovascular lesion. In most of the patients, BCVA
improved significantly at the initial phase but
decreased below baseline after approximately 5 years.
The myopic eyes which had developed MNV had a
worse decline of BCVA than myopic fellow eyes
without MNV. After 10 years, one of two eyes with
macular neovascularization was at least moderately
visually impaired. Recurrence of MNV occurred

Table 2. Univariate and Multivariable Frailty Model of Associated Risk Factors for Recurrent Myopic MNV, Moderate and
Severe Vision Impairment

Univariate Frailty Model

Recurrent MNV
Moderate Vision

Impairment
Severe Vision
Impairment

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P

Sex 1.09 (0.65–1.82) 0.75 0.80 (0.42–1.55) 0.52 0.47 (0.18–1.25) 0.13
Age 1.01 (0.99–1.03) 0.47 1.01 (0.99–1.04) 0.28 1.05 (1.01–1.09) 0.02
SE 1.04 (0.96–1.13) 0.32 1.02 (0.94–1.10) 0.71 0.97 (0.87–1.09) 0.63
Tessellated fundus 1.0 — 1.0 — 1.0 —

Diffuse CRA 2.34 (0.91–6.04) 0.08 1.46 (0.56–3.79) 0.44 5.65 (0.72–44.08) 0.10
Patchy CRA 3.14 (1.17–8.48) 0.02 1.14 (0.41–3.20) 0.80 2.36 (0.26–21.16) 0.44
Lacquer cracks 1.19 (0.59–2.38) 0.63 1.22 (0.60–2.48) 0.59 1.62 (0.61–4.32) 0.34
Location; extrafoveal
MNV

1.0 — — — — —

Juxtafoveal MNV 1.86 (0.72–4.81) 0.20 — — — —

Subfoveal MNV 2.72 (1.11–6.65) 0.03 2.51 (1.11–5.66) 0.03 1.58 0.43
Baseline BCVA — — 6.43 (3.21–12.89) ,0.001 4.32 (1.95–9.59) ,0.001
Size of MNV 1.31 (0.63–2.77) 0.47 2.20 (1.39–3.47) ,0.001 2.01 (1.39–3.47) 0.04

Multivariate Frailty Model

Variable

Recurrent MNV
Moderate Vision
Impairment*

Severe Vision
Impairment

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Sex — — — — — —

Age — — 1.00 (0.97–1.04) 0.81 1.06 (1.01–1.10) 0.01
SE — — — — — —

Tessellated fundus 1.0 — — — — —

Diffuse CRA 2.38 (0.97–5.84) 0.059 — — — —

Patchy CRA 3.04 (1.19–7.78) 0.02 — — — —

Lacquer cracks — — — — — —

Location; extrafoveal
MNV

1.0 — — — — —

Juxtafoveal MNV 1.55 (0.59–4.06) 0.38 — — — —

Subfoveal MNV 2.52 (1.01–6.29) 0.048 2.21 (0.91–5.38) 0.08 — —

Baseline BCVA — — 5.95 (2.34–15.14) ,0.001 4.90 (2.10–11.44) ,0.001
Size of MNV — — — — — —

For each variable, HR and 95% CI are reported. The patient identification number was used as a random factor to account for analyzing
both eyes of the same patient.
*Adjusted for age.
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frequently in our patients; however, visual outcome in
eyes with recurrences was similar to eyes without.
This study has strengths and limitations. Strengths

include the routine care setting and the long duration of
follow-up. Although follow-up was variable for each
patient, at least one of five eyes completed 10 years of
follow-up. In contrast to clinical trials, we had very few

exclusion criteria, which facilitates external validity and
may direct patient management in routine clinical
practice. Another strength is the comparison with
BCVA in non-MNV myopic fellow eyes, which served
as a reference for the natural course in highly myopic
eyes. Potential limitations of this study are the retro-
spective design, relative small sample size,

Fig. 2. Changes in the mean BCVA
(LogMAR) after treatment with
IVB injections. The error bars
illustrate the standard error of the
mean. The horizontal line repre-
sents the mean BCVA before
treatment. Mean BCVA signifi-
cantly improved compared with
baseline during the first 3 years of
follow-up (all P , 0.05, linear
mixed model). After returning to
baseline at 5 years, the BCVA
deteriorates even further (all P $
0.05).

Fig. 3. A. and B. Changes of the mean BCVA (LogMAR) after IVB injections in myopic MNV. A. shows the course of the BCVA in this study and
previous myopic MNV studies. Patients in this study (n = 117) and in the studies of Kasahara et al5 (n = 36), Mallone et al9 (n = 30), and Ruiz-Moreno
et al7 (n = 97) received IVB, while patients in the studies of Onishi et al10 (n = 51), Ruiz-Moreno et al17 (n = 19), Pastore et al22 (n = 17), and Tan et al
(n = 41) were treated with intravitreal ranibizumab. B. Shows the mean BCVA per MNV location in this study. Eyes with subfoveal MNV had a
significant worse final BCVA compared with juxtafoveal lesions (P = 0.049) and extrafoveal lesions (P , 0.001).
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Fig. 4. Cumulative incidence of moder-
ate vision impairment, severe vision
impairment and blindness after treatment
for MNV in high myopic eyes during
follow-up.

Table 3. Clinical Characteristics of Patients With Myopic MNV per Location

Group 1:
Subfoveal

MNV

Group 2:
Juxtafoveal

MNV

Group 3:
Extrafoveal

MNV
P

ANOVA

Group 1 Versus
Group 2

P = (95% CI)
Group 1 Versus Group 3

P = (95% CI)

No. of eyes 54 38 21
Age (years) 60 6 13 58 6 14 52 6 16 0.04 NS 0.04 (0.2–17.4)
SE (diopters) 213 6 3 214 6 4 216 6 5 0.006 NS 0.005 (0.8–6.0)
Axial length (mm) 29.8 6 1.5 30.6 6 1.8 32.4 6 2.6 0.008 NS 0.007 (24.6 to 20.6)
BCVA (LogMAR)
Baseline 0.76 6 0.47 0.40 6 0.34 0.34 6 0.42 ,0.001 ,0.001 (0.18–0.61) ,0.001 (0.16–0.68)
After treatment 0.45 6 0.37 0.25 6 0.28 0.14 6 0.16 ,0.001 0.004 (0.06–0.38) ,0.001 (0.13–0.52)
Last visit 0.77 6 0.66 0.49 6 0.55 0.29 6 0.43 ,0.001 0.049 (0.00–0.59) 0.001 (0.21–0.93)

Baseline CMT
(mm)

381 6 86 319 6 71 300 6 76 ,0.001 0.006 (14–106) 0.001 (29–142)

MNV size (% disc
diameter)

0.9 6 0.6 0.7 6 0.3 0.4 6 0.3 ,0.001 NS ,0.001 (0.2–0.7)

Number of
injections
First episode,
median (IQR)

3 (2–6) 2 (1–4) 1 (1–3) 0.007 NS 0.008 (1.1–9.3)

Total, median
(IQR)

7 (5–17) 4 (2–12) 2 (1–7) 0.05 — —

Values are mean 6 SD unless otherwise indicated. None of the post hoc tests between juxtafoveal and extrafoveal MNV were
significant and therefore not stated in this table.
CMT, central macular thickness; NS, not significant
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nonstandardized treatment regimen, and irregular
follow-up. Nevertheless, this study is one of the largest
studies on myopic MNV. Treatment loading dose was
depended on the treating physician; which in some
cases led to initiation of a series of IVB injections. This
may resulted in an overestimation of the number of IVB

injection needed in some cases. However, only 11 of
the 24 cases that received two or three injections as a
treatment loading dose did not require further treatment.
In contrast to MNV’s in AMD, highly myopic eyes

usually do not need lifelong treatment. Ruiz-Moreno
et al17 reported that one single loading dose in eyes

Fig. 5. A.–G. Development and enlargement of the MNV-related atrophy after IVB for myopic MNV. A. Left eye of a 58-year-old man with an axial
length of 30.6 mm; the black arrow indicates a hemorrhage. B. Fluorescein angiogram shows hyperfluorescence with active leakage in the macula
(white arrows). BCVA was 20/63, and the patient was treated with four IVB injections. C. Four years after the initial treatment, small atrophic lesions
are present in the macula. D. Eight years after treatment the lesions have merged into one large macular lesion. Optical coherence tomography shows the
development of the MNV-related atrophy with the subfoveal lesion at baseline (E), after 4 years (F), and after 8 years (G).
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with myopic MNV had similar anatomical and visual
outcomes as three loading dosages. Other studies con-
firmed the efficacy of a single dose in 33% to 67% of
the eyes.5,12,14,15,18,19 These results changed the clini-
cal routine for myopic MNV in many clinics to injec-
tion of one single loading dose followed by additional
injections when needed. In this study, 80% of the eyes
were treated with one single injection during the first
episode of myopic MNV, of which 32% was success-
ful. Thus, 20% was treated with 2 to 3 loading doses,
which may not have been necessary. The RADIANCE
study11 showed that larger myopic MNV lesions will
require more injections; and similar results have been
found by Ruiz-Moreno et al.7 These results could not
be supported in our study. However, eyes with sub-
foveal MNV required significant more IVB injections
than eyes with extrafoveal MNV. In addition, subfo-
veal MNV lesions were significantly larger than extra-
foveal MNV lesions. These results suggest that either
location or size of the lesion contribute to the total
number of injections. In contrast to the standard neo-
vascular AMD protocol, we recommend to start with a
single injection for MNV due to myopia. Highly myo-
pic eyes are at significant risk of developing atrophy,20

and at this stage, it is still unclear whether anti-VEGF
accelerates this process.
Our data support previous studies which demon-

strated efficacy of anti-VEGF agents in improving
visual acuity in myopic eyes with MNV as an initial
response.5–8,13,15,21 Most longer-term studies re-
ported that the improved visual acuity could not be
maintained. Ruiz-Moreno et al7 retrospectively stud-
ied the long-term outcomes of highly myopic eyes
with MNV treated with IVB (78 eyes) or ranibizu-
mab (19 eyes) and was unable to detect a significant
difference in BCVA at 48 months. Kasahara et al5

reported a significant increase of the BCVA in 36
highly myopic eyes after treatment with IVB, but
this could not be maintained at 6 years. In their
series, the baseline BCVA, size of the MNV lesion,
and size of the MNV-related atrophy were signifi-
cant predictors for the final BCVA. Recently, Mal-
lone et al9 reported 10-year treatment outcomes of
IVB injections in 30 highly myopic eyes. Although
all eyes had developed MNV-related CRA at 5
years, BCVA remained significantly better com-
pared with baseline at 10 years. In contrast to our
study where most MNVs were located subfoveally,
most of the MNVs in their study were located jux-
tafoveal (47%) or extrafoveal (33%), which could
explain the stable BCVA over time. Pastore et al22

investigated intravitreal ranibizumab in 17 eyes with
myopic MNV. Best-corrected visual acuity initially
improved measured at 12 and 24 months; however,

at 60 months, BCVA returned to baseline where it
remained. Wu et al23 showed a similar pattern in 18
eyes with mostly subfoveal MNV lesions, and Holtz
et al11 reported that at 48 months, the BCVA gain
could be maintained in all 16 eyes in post RADI-
ANCE observations. Both studies used intravitreal
ranibizumab. Our study includes one of the longest
follow-up period of treatment outcomes in myopic
MNV reported up until now; our results demonstrate
that BCVA not only returns to baseline after 5 years
but continues to deteriorate to 1.21 LogMAR (20/
320 Snellen) after 12 years. Interestingly, this course
does not seem to be specific for myopic MNV
because neovascular AMD shows a similar pattern
after treatment.24,25 As we summarized in Figure
3A, our study and most other long-term follow-up
studies, show a similar pattern of BCVA after IVB
injections for myopic MNV up to approximately 6
years. However, the development of CRA seems an
important predictor for the final visual function, and
this study in addition to other reports, also shows
that the location of the MNV is crucial for the visual
prognosis.
The terminology for recurrent myopic MNV varies

widely among previous studies. Tan et al showed that
9.8% of their patients developed a MNV recurrence
during 48 months of follow-up, which corresponded to
an annualized rate of 0.06 recurrences/year. Other
studies have reported on the number of eyes that re-
mained free of retreatment. These reports however do
not have further specifications. In our study recurrence
of a myopic MNV was defined as a reactivation or a
new MNV more than 3 months after the last injection;
others did not provide definitions hampering a true
comparison. We show that the risk profile for recurrent
myopic MNV is similar to that of the first myopic
MNV, namely presence of patchy CRA. In addition,
eyes with subfoveal MNVs are more likely to develop
a recurrent MNV. Other factors, such as age, SE, and
MNV size were not significant predictors for MNV
recurrence in this study. All recurrent myopic MNVs
were treated with IVB injections, it is however of
interest that these recurrences did not alter the visual
prognosis.
To summarize, this retrospective myopic MNV

study in White patients showed that the positive
treatment effect of anti-VEGF injections lasted for 5
years. Lifelong treatment is not necessary for most
myopic MNV: 1 to 10 injections were enough to cause
regression of the MNV in 91% of cases. One of two
eyes developed a recurrent myopic MNV over time,
but recurrences did not worsen the course of the
BCVA. Large prospective studies using multimodal
imaging are needed to build on these findings and
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elude biomarkers to optimize treatment and visual
outcome.

Key words: antivascular endothelial growth factor
therapy, bevacizumab, macular neovascularization, myo-
pia, visual outcome, recurrence, chorioretinal atrophy.
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