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Purpose: To report the cumulative incidence and risk factors of second eye involvement after diagnosis of
myopic macular neovascularization (MNV) in the first eye.

Design: Retrospective analysis of longitudinal data from a tertiary hospital in the Netherlands.
Participants: Patients with high myopia (spherical equivalent [SE] � � 6 diopters [D]), of European ethnicity,

who were diagnosed with active MNV lesion in 1 eye between 2005 and 2018. Fellow eyes were free of MNV or
macular atrophy at baseline, and data were collected on the SE, axial length, and presence of diffuse or patchy
chorioretinal atrophy and lacquer cracks.

Methods: Incidence rate and 2-, 5-, and 10-year cumulative incidences were calculated; hazard ratios (HRs)
of second eye involvement were analyzed for potential risk factors using Cox proportional hazard models.

Main outcomes measures: Incidence of second eye involvement after onset of myopic MNV in the first eye.
Results: We included 88 patients over a period of 13 years with a mean age of 58 � 15 years, mean axial

length of 30 � 1.7 mm and SE �14 � 4 D at baseline. Twenty-four fellow eyes (27%) developed a myopic MNV
during follow-up. This resulted in an incidence rate of 4.6 (95% confidence interval [CI], 2.9e6.7) per 100 person-
years and a cumulative incidence of 8%, 21%, and 38% at 2, 5, and 10 years, respectively. Mean time until MNV
development in the fellow eye was 48 � 37 months. Patients aged < 40 years at the initial presentation had a 3.8
times higher risk of bilateral myopic MNV (HR, 3.8; 95% CI, 1.65e8.69; P ¼ 0.002). The presence of lacquer
cracks in the second eye seemed to increase risk, but this did not reach statistical significance (HR, 2.25; 95% CI,
0.94e5.39; P ¼ 0.07).

Conclusions: Our study of high myopes of European descent shows very similar incidence rates for second
eye myopic MNV compared with Asian studies. Our findings substantiate the importance for clinicians to monitor
closely and create awareness, especially in younger patients.

Financial Disclosure(s): The authors have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology Retina 2023;-:1e7 ª 2023 by the American Academy of Ophthalmology. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
One half of the world’s population is estimated to be myopic
by 2050, of which a significant proportion will experience
severe visual loss during their lifetime.1e3 Myopic macular
neovascularization (MNV) is a sight-threatening complica-
tion that occurs in 5% to 11% of patients with high myopia.4

Myopic MNV often leads to a sudden but progressive
decline of the visual acuity resulting in a poor visual
prognosis.5,6 For several years, anti-VEGF injections have
been the golden standard of care for treatment of myopic
MNV and have significantly improved the visual outcome in
these patients, at least in the short term.7e9 Early diagnosis
and treatment have been shown to be beneficial10 and seem
to lower the recurrence rate.11 Worse baseline best-corrected
visual acuity increases the risk of visual impairment and
blindness at 10 years,12,13 because of more prominent
chorioretinal atrophy (CRA) and fibrous scarring. It is
therefore of great importance to identify MNVs timely in
patients at risk of a myopic MNV in the fellow eye.14
� 2023 by the American Academy of Ophthalmology. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Published by
Elsevier Inc.
This study aimed to investigate the incidence rate (IR) of
second eye involvement after onset of myopic MNV in the
first eye and identify potential risk factors to improve
patient-centered clinical management.
Methods

In this retrospective study, a total of 106 patients had been diag-
nosed with myopic MNV between 2005 and 2018 at the Rotterdam
Eye Hospital, the Netherlands. The inclusion criteria were high
myopia with spherical equivalent (SE) of 6 diopters (D) or worse
and axial length of > 26.0 mm; active MNV was confirmed by
leakage on fluorescein angiography (92% of the cases) or by OCT
angiography combined with signs of active MNV (e.g., subretinal
fluid) on spectral domain OCT (8% of the cases). Review of
baseline fluorescein angiography and/or OCT angiography
confirmed the absence of myopic MNV in the fellow eye. Fellow
eyes that had been diagnosed with a myopic MNV (n ¼ 5),
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Table 1. Baseline Patient Characteristics and the Incidence Rate
of Second Eye Involvement after First-Onset Myopic MNV

Variables

Number of eyes 88
Female, n (%) 51 (58)
Age, yrs (mean � SD) 58 � 15
Axial length of fellow eye, mm (mean � SD)* 29.3 � 2.2
Time to follow-up, mos (mean � SD) 92 � 46
Incident MNV, n (%) 24 (27)
Incidence rate per 100 person-yrs (95% CI) 4.6 (2.9e6.7)
Time to fellow eye involvement, mos (mean � SD) 48 � 37

CI ¼ confidence interval; MNV ¼ macular neovascularization; SD ¼
standard deviation
*Axial length was available for 46 eyes.
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macular atrophy (n ¼ 4) according to the meta-analysis of patho-
logic myopia classification system,15 or patients with monocular
vision (n ¼ 9) were excluded. Monocular vision was defined as
sight in 1 eye as the result of physically losing an eye or a best-
corrected visual acuity of � 1.30 logarithm of the minimum
angle of resolution because of trauma or previous ocular disease,
such as rhegmatogenous retinal detachment. Patients with sec-
ondary MNV because of age-related macular degeneration, intra-
ocular inflammatory diseases (e.g., punctate inner choroidopathy
and multifocal chorioretinitis), or central serous chorioretinopathy
were also excluded. This resulted in 88 patients suitable for anal-
ysis. This study was approved by the ethical review board of the
Erasmus Medical Center and the scientific review board of the
Rotterdam Eye Hospital and adhered to the principles of the
Declaration of Helsinki. The requirement for informed consent was
waived because of the retrospective nature of the study.
Data Collection

Patient characteristics (gender, age, SE, and, when available, axial
length) were ascertained from medical records; phenotypic features
(i.e., degree of myopic macular degeneration and presence of lacquer
cracks) were determined on multimodal imaging (color fundus im-
aging, OCT, and fundus autofluorescence), and the treatment regime
at first visit was registered. Myopic macular degeneration was
defined as the presence of diffuse CRA, patchy CRA, and/or the
presence of lacquer cracks; and the degree of myopic macular
degeneration was graded according to the meta-analysis of patho-
logic myopia classification system.15 Macular neovascularization
location was considered subfoveal when any portion of the lesion
was located under the fovea; juxtafoveal when any portion was
located � 200 mm of the fovea, and extrafoveal when the myopic
MNV was located > 200 mm of the fovea.
Figure 1. Cumulative incidence of second eye involvement per year after diag
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Outcomes and Statistical Analysis

The main outcome was incident MNV in the second eye after a
diagnosis of myopic MNV in the first eye. Secondary outcomes
were other phenotypic lesions related to myopia in the second eye.
Descriptive data were summarized using the mean (standard de-
viation), median (interquartile range), and percentages where
appropriate. The IR of second eye involvement was calculated as
the number of incident cases per 100 person-years of follow-up; the
2-, 5-, and 10-year cumulative incidences were calculated as
(cumulative incidence ¼ 1 � e(�IR � time)). Cox proportional
hazard analysis was used to estimate hazard ratios (HRs) for the
determinants age, gender, number of intravitreal injections, SE, and
axial length in the fellow eye and the presence of lacquer cracks
and CRA. A P value of < 0.05 was considered statistically
nosis of myopic macular neovascularization in the first eye.
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significant. All analyses were conducted using R software version
4.0.3 (http://www.R-project.org/).

Results

Study Population

This study included 88 patients with high myopia and unilateral
MNV who received the diagnosis, treatment, and control visits
between January 2005 and December 2018. The mean age at
myopic MNV onset was 58 � 15 years; 51 (58%) of patients were
female (Table 1). At baseline, mean SE was higher in the eye with
myopic MNV than in the fellow eyes (�13.6 � 4.1 D vs. �12.6 �
5.5 D; P ¼ 0.02); this corresponded to a longer mean axial length
(30.0 � 1.7 mm in the first eye vs. 29.3 � 2.2 mm in the second

eye; P ¼ 0.003). Fundus changes at the first presentation in
the first eye were diffuse CRA in 36 (43%) of 84 eyes, patchy
CRA in 27 (32%) of 84 eyes, and lacquer cracks in 34 (41%) of
82 eyes. In the fellow eyes, fundus changes at the initial pre-
sentation were diffuse CRA in 22 (25%) of 87 eyes, patchy
CRA in 16 (18%) of 87 eyes, and lacquer cracks in 18 (22%) of
83 eyes. In 37 patients (45%), both eyes showed at least diffuse
CRA. Eighty-four eyes (95%) were directly treated with anti-
VEGF therapy, and the median (interquartile range) number of
injections bevacizumab was 2 (1e5). Photodynamic therapy was
initially conducted in 4 eyes before the availability of anti-
VEGF therapy. Myopic MNV was located subfoveally in 44
(50%) eyes, juxtafoveally in 30 (34%) eyes, and extrafoveally in
11 (13%) eyes. The mean duration of follow-up was 92 (stan-
dard deviation, 46) months; 1 patient (1%) had been followed-
up at < 2 years, 25 patients (28%) had been followed-up be-
tween 2 and 4.9 years, 30 patients (34%) had been followed-up
between 5 and 7.9 years, and 32 patients (36%) had been fol-
lowed-up at � 8 years. The total number of person-years
was 525.

IR and Cumulative Incidence of Second Eye
Involvement

Overall, 24 (27%) fellow eyes developed a myopic MNV during
follow-up. From this, we calculated an IR of 4.6 (95% CI,
2.9e6.7) per 100 person-years for second eye involvement
(Table 1). This corresponded to a cumulative incidence of 8%
(95% CI, 4%e15%) at 2 years, 21% (95% CI, 13%e30%) at 5
years, and 38% (95% CI, 23%e52%) at 10 years (Fig 1,
Table 2). Figure 2 shows a representative case of patients with
myopia who developed bilateral myopic MNV during follow-up.
Table 2 shows the IRs and cumulative incidences of incident
MNV in the fellow eye from this study in comparison to
previous studies. The baseline age (HR, 0.96; 95% CI,
0.93e0.99; P ¼ 0.003) was significantly associated with second
eye involvement in this study (Table 3). Patients aged < 40
years at the initial presentation had an increased risk of a MNV
in the fellow eyes (HR, 3.8; 95% CI, 1.65e8.69; P ¼ 0.002).
The presence of lacquer cracks in the second eye seemed to
increase risk, but this did not reach statistical significance (HR,
2.25; 95% CI, 0.94e5.39; P ¼ 0.07). This was also the case for
gender, SE, axial length, presence of fundus changes, MNV
location, MNV size, and the number of intravitreal injections
(Table 3).
3
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Figure 2. Representative case of a patient with myopia with second eye involvement after first-onset myopic macular neovascularization (MNV). A, Fundus
photographs of a 58-year-old man at baseline. The axial length is 32.1 mm in the right eye and 30.6 mm in the left eye, and the left eye shows a retinal
hemorrhage (white arrow). B, Fluorescein angiography (FA) showed hyperfluorescence with active leakage in the left eye (white arrow) and no signs of a
myopic MNV in the right eye. C, OCT-imaging of the right eye, without signs of a myopic MNV and a subfoveal MNV in the left eye (white arrow). The
patient was treated with 4 intravitreal Bevacizumab injections, after which the lesion was resolved as shown in (D). E, At 39 months of follow-up, FA and
(F) OCT revealed a myopic MNV in the right eye. The patient was treated with 4 intravitreal Bevacizumab injections. OD ¼ right eye; OS ¼ left eye.
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Discussion

This study reports the incidence of second eye involvement
after myopic MNV in the first eye. From our data, we
calculated a 10-year cumulative incidence of 38%. We
found that age of < 40 years was significantly associated
with second eye MNV. Other risk factors of myopic MNV,
such as lacquer cracks, could not be confirmed in this study.
4

Prevalences of second eye involvement provided by
previous studies range from 5% to 23%,5,18e20 but data on
time of occurrence after the first eye are scarce. This lack of
knowledge hampers both useful clinical counseling for the
patient as well as practical clinical management for the
doctor. To date, 2 studies followed patients with unilateral
myopic MNV over time but reported the incidence of
second eye involvement as a timeless proportion.



Table 3. Risk of Second Eye Involvement of Myopic MNV for Personal and Retinal Characteristics

Determinants Events/Total Number

Univariate Multivariate

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

Age at first-onset, continuous. 24/88 0.96 (0.93e0.99) 0.003 0.97 (0.94e0.99) 0.02
Gender (reference ¼ male) 12/37 1.00 - - -
Female 12/51 0.75 (0.33e1.67) 0.48

Fellow eye
Refractive error 24/88 0.98 (0.91e1.05) 0.51 - -
Axial length 13/46 1.17 (0.91e1.52) 0.22
Fundus changes (reference ¼ none) 13/49 1.00 - - -
Diffuse chorioretinal atrophy 8/22 1.71 (0.70e4.17) 0.17 - -
Patchy chorioretinal atrophy 2/16 0.50 (0.11e2.22) 0.58 - -

Lacquer cracks (reference ¼ none) 14/65 1.00 - 1.00
Present 8/18 2.25 (0.94e5.39) 0.07 2.07 (0.86e4.98) 0.11

Eye with first-onset
Location of MNV (reference ¼ subfoveal) 14/44 1.00 - - -
Juxtafoveal 3/30 0.33 (0.10e1.17) 0.09 - -
Extrafoveal 4/11 0.96 (0.32e2.94) 0.95 - -

Number of intravitreal injections 21/84 1.01 (0.96e1.07) 0.72 - -
Size of MNV lesion 19/73 1.74 (0.71e4.31) 0.23 - -

CI ¼ confidence interval; HR ¼ hazard ratio; MNV ¼ macular neovascularization.
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In epidemiology, IR is calculated by dividing the number of
new cases in the population at risk by the number of years of
observation and is expressed as person-years. The cumula-
tive incidence is calculated as the number of new events
divided by the total number of individuals in the population
at risk for a given timepoint but can also be inferred from
IR. Mallone et al17 reported that 8 of 30 patients with high
myopia developed a myopic MNV in the second eye at 10
years of follow-up; Ohno-Matsui et al16 followed 46
patients with unilateral MNV and found that 16 (34.8%)
developed MNV in the fellow eye after an average
follow-up of 7.6 years. We converted these figures to IRs
and cumulative incidences and found very similar in-
cidences for our study compared with the study from
Japan16 and somewhat lower figures for the Italian study.17

The latter involved older patients, which may have
contributed to a lower rate.

Older patients in our study population had a lower risk of
myopic MNV development in the second eye and impaired
VEGF upregulation with age may be an explanation. The
structural changes that occur in the retina and choroid of
high myopes is known to result from excessive axial elon-
gation, and hypoxia in the retinal pigment epithelial cells
and glia cells are hypothesized to trigger VEGF upregula-
tion and angiogenesis. Animal studies have shown that this
angiogenetic process is associated with age; for instance, the
expression of VEGF in ischemic tissues was lower in the
older rabbits than in young ones.21

Patchy CRA, lacquer cracks, and thinning of the cho-
riocapillaris and choroid are established risk factors for first-
onset myopic MNV.16,22 Similarly, we found that lacquer
cracks were borderline significantly associated with
myopic MNV development in the fellow eye in the
univariate analysis. This corresponds to the results of
Ohno-Matsui et al,16 who mentioned the close
resemblance in phenotype between first and second eye
MNV. Current insights are that European and Asian
patients show a similar myopic phenotype, with age and
axial length as the most important drivers for myopic
maculopathy.23 Also, the genetic drivers of refractive error
seem to be highly correlated between European and Asian
individuals.24 Taking these parallels together, it is valid to
assume that the risk and presentation of myopic MNV for
first and second eyes of patients with high myopia is not
determined by ethnicity.

This study has strengths and limitations. Strengths of
our study include the long and almost complete follow-up
after onset of myopic MNV in the first eye. Another
strength is the limited number of exclusion criteria,
allowing direct translation of findings to the clinic. A
limitation is the retrospective design of the study, which
allowed for variability in patient management and cannot
exclude selection bias. Nevertheless, our strict requirement
of multimodal imaging to exclude MNV in the fellow eye
at baseline validated its occurrence during the study
period. Another important drawback was the limited
number of outcome events, which lowered the statistical
power and our ability to find a comprehensive risk profile.
Another limitation of retrospective research is the vari-
ability in follow-up duration. Loss of follow-up was
limited to 7 eyes (8%), of which 1 eye already had a
second eye involvement before dropping out. The cumu-
lative incidence in this study can still be an underesti-
mation of the number of second eye involvements. Large,
prospective, long-running studies, with perhaps multicenter
cohorts, that employ extensive multimodal imaging are
needed to further investigate all determinants associated
with the risk of myopic MNV.

In conclusion, this study evaluated the IR and cumulative
incidence of MNV in the fellow eye of patients with high
myopia after onset of myopic MNV in the first eye. The 2-,
5-, and 10- year cumulative incidences were 8%, 21%, and
5
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38%, respectively. An age of < 40 years was a prominent,
significant risk factor. Our findings substantiate the impor-
tance for clinicians and patients to monitor closely and start
6

treatment immediately in case of symptoms. This will create
an optimal starting point for saving sight in patients with
high myopia.
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