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Abstract

Purpose To investigate the morphological

features of myopic maculopathy with a new

and noninvasive retro-mode imaging (RMI)

technique using a confocal scanning laser

ophthalmoscope.

Methods A total of 42 patients (69 eyes) with

myopic maculopathy were included. RMI

combined with fundus photography, fundus

fluorescein angiography, and optical coherence

tomography together were used to observe and

evaluate the morphological features of disease.

Results Four in 4 eyes (100%) with macular

retinoschisis were found with a characteristic

pattern by RMI (firework pattern centrally

with surrounding fingerprint pattern).

Twenty-four in 24 eyes (100%) with pigment

proliferation were found by RMI as dark

plain patches, and 23 in 24 eyes with

hemorrhage (95.8%) were found by RMI as

gray bump. Atrophy of different degrees

(12 in 14 eyes, 85.7%) was found by RMI as

an area of pseudo-3D choroidal vessels or

a fuzzy shadow but both without a clear

boundary. Choroidal neovascularization (12

in 16 eyes, 75%) was identified laboriously

by RMI as a vague raised region. Lacquer

cracks were difficult to figure out in RMI.

Conclusions Retinoschisis, pigment

proliferation, hemorrhage, and atrophy

secondary to myopic maculopathy have

characteristic morphologic features in RMI;

however, choroidal neovascularization and

lacquer crack are not easily distinguishable

in RMI.
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Introduction

High myopia is a common worldwide disease.

With age, eyes with high myopia can potentially

develop myopic maculopathy that includes

retinochoroidal degeneration in the macula,

lacquer crack, hemorrhage, choroidal

neovascularization (CNV), or proliferation and

atrophy of the retinal pigment epithelium (RPE),

all of which are conditions that can lead to poor

vision.1 However, because of the long axis oculi of

an eye with myopic maculopathy and the

complicated color changes precipitated by various

degenerations, it is difficult to clearly identify the

lesions via direct or indirect ophthalmoscope.2

Most secondary lesions of myopic maculopathy

can be discovered via fundus fluorescein

angiography (FFA), but this procedure is invasive

and relatively time consuming.3 Optical

coherence tomography (OCT) of the spectral

domain, which is a revolutionary technique, can

be used to quickly acquire noninvasive cross-

sectional images of maculae with myopic

maculopathy; however, this technique has

limitations in obtaining a holistic view of the

lesions.4 Therefore, a noninvasive, rapid, and

powerful imaging technique to investigate

myopic maculopathy is needed.

Because infrared imaging (IR imaging) can

penetrate deeper layers, it has been used to

better visualize deeper retinal structures.5
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Recently, retro-mode imaging (RMI) with infrared lasers

(Nidek F-10, Gamagori, Japan) and a confocal scanning

laser ophthalmoscope (cSLO) (based on the principles

of retro-illumination) were used to investigate several

fundus pathologies.6 Cystoid macular edema,7

polypoidal choroidal vasculopathy,8,9 subthreshold

laser scars,10 drusen,11 retinal atrophy,12 macular

dystrophies,13 idiopathic macular holes14 and RPE

alterations in the central serous chorioretinopathy,6,15 and

age-related macular degeneration16 were observed using

this technique; the results implied that RMI could be

useful in the study of deep retinal pathologies, RPE

changes, and even choroidal lesions. In contrast

with biomicroscopic examination, RMI enables the

observation of the cystoid spaces and retinal microfolds

underlying the epiretinal membrane from a three-

dimensional perspective.14 However, to date, only one

study has focused on myopic retinoschisis,4 and there

are no reports on using RMI to detect other fundus

characteristics in patients with myopic maculopathy.

The aim of this study was to observe the morphologic

features of myopic maculopathy in RMI. Meanwhile, we

also sought to compare the findings obtained using

this approach with those obtained using other imaging

modalities (fundus photography, FFA, and OCT).

Materials and methods

This study protocol followed the tenets of the Declaration

of Helsinki and was approved by the institutional ethics

board at the Zhongshan Ophthalmic Center of Sun

Yat-sen University. All participants signed an informed

consent form and were fully informed about the

purpose and procedures of this study.

All patients with high myopia (spherical equivalent

o� 6.00 D and axial length 426.5 mm17) who visited our

macular service at the Zhongshan Ophthalmic Center

(Guangzhou, China) from January 2012 to August 2012

were clinically evaluated by two researchers. Eyes

with myopic maculopathy found using direct

ophthalmoscopy were included in this research and

underwent comprehensive ophthalmologic examinations

and imaging studies including RMI, fundus

photography, FFA, and OCT. All imaging studies

were performed on eyes with dilated pupils. Myopic

maculopathy was defined according to the system

described by Hayashi et al:18 the presence of tessellated

fundus, lacquer cracks, diffuse chorioretinal atrophy,

patchy chorioretinal atrophy, CNV, and macular atrophy.

Patients with other retinal diseases such as age-related

macular degeneration, diabetic retinopathy, central

serous retinopathy, or other retinal or choroidal diseases

were excluded from the study. Patients with dense

cataracts were also excluded because of the difficulty of

obtaining clear images. Fundus photography, FFA, and

OCT were used together to identify the morphological

features of myopic maculopathy. RMI was compared

with these methods in finding and displaying these

morphological features.

RMI of the posterior poles was performed using the

F-10 (Nidek Co.), and infrared laser (790 nm) light was

used to scan the fundus. The image field was 40 degrees,

the optical resolution was 16 to 20mm and the image size

was 1024� 720 pixels. Two different retro-mode images

per eye were consecutively obtained via two different

apertures (right- and left-deviated apertures). Fundus

photography and FFA were performed in both eyes of

each patient using a Zeiss FF450 plus fundus camera

(Carl Zeiss, Inc., Jena, Germany).19 The cross-sectional

OCT images were obtained via OCT (Spectralis,

Heidelberg Engineering, Heidelberg, Germany;

Carl Zeiss Meditec, Oberkochen, Germany). We used

both vertical and horizontal cross-sectional OCT scans.

The axial and transverse resolutions were 7 and 20 mm,

respectively, and an automated tracking function was

employed during scanning.

Two reviewers (YS and XZ) independently evaluated

each image by identifying and recording the various

morphologic alterations associated with myopic

maculopathy to interpret each lesion for the study.

In cases of disagreement, the final decision was

adjudicated by a third observer (FW). A descriptive

analysis of the data was performed.

Results

In all, 69 eyes of 42 patients were included in

the study. There were 19 men (33 eyes) and

23 women (36 eyes) aged 20 to 79 years (average:

47.3±17.3 years).

The morphological features were diagnosed by all

the methods together. There were 4 eyes with macular

retinoschisis, 14 eyes with atrophy, 16 eyes with CNV,

24 eyes with pigment proliferation, 24 eyes with

hemorrhage, and 45 eyes with lacquer cracks (Table 1).

Using RMI, we found 4 eyes with macular

retinoschisis, 12 eyes with atrophy, 12 eyes with CNV

(accompanied with macular retinoschisis in 1 eye),

24 eyes with pigment proliferation, 23 eyes with

hemorrhage, and 5 eyes with lacquer cracks (Table 1).

The comparison of the findings obtained using RMI

and the other imaging modalities (fundus imaging, FFA,

and OCT) in the 69 myopic maculopathy eyes is shown

in Table 1.

The RMI of macular retinoschisis showed a

characteristic figure, a firework in the center, and

fingerprint pattern surrounding it that consisted of the

retinal striae radiating from the central fovea and many
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light dots and linear reflexes surrounding the central

radiating retina striae (Figure 1). RMI showed CNV as a

slightly raised lesion (Figure 2). The hemorrhage showed

a slightly raised light region on RMI (Figure 3), and the

pigment proliferation appeared as a piece of dark patch;

the boundaries of both were clear (Figures 2 and 3). For

lacquer cracks, only a few small, raised light dots could

be found (Figure 3). The region in which the RPE and

choriocapillary were completely atrophic and in which

the sclera could be observed showed a fuzzy shadow

or reflection (Figure 3), whereas diffuse chorioretinal

atrophy clearly showed choroidal vessels in a pseudo-3D

image in Figure 3.

Discussion

RMI is a new method that can be used to visualize

chorioretinal disorder based on the infrared laser in

the SLO that noninvasively and clearly produces a

pseudo-3D image showing the details of deep retinal

structures.6,20 RMI has been used to investigate fundus

diseases such as central serous chorioretinopathy,

exudative age-related macular degeneration, and

diabetic retinopathy.7,15,21–23 This study is the first to

use RMI for the systematic investigation of myopic

maculopathy, and we were able to find out some

characteristics of myopic maculopathy using this new

technique, including macular retinoschisis, hemorrhage,

pigment proliferation, and atrophy. However, other

morphological features of myopia such as CNV and

lacquer cracks were not detected by RMI.

Macular retinoschisis is present in 9 to 34% of high

myopia eyes24 that showed a special figure in RMI.

Usually, it was difficult to detect a macular retinoschisis

in myopic maculopathy via ophthalmoscopy. This could

be because the retina was thin and the chorioretinal area

Table 1 Comparison of findings from retro-mode imaging and other imaging modalities in 69 myopic maculopathy eyes

Presentation
Diagnoseda

(eyes)
Color fundus

photograph, n (%)b
FFA,

n (%)b
OCT,

n (%)b
Retro-mode

imaging, n (%)b

Macular retinoschisis 4 0 1 (25%) 4 (100%) 4 (100%)
Hemorrhage 24 18 (75%) 21 (87.5%) 24 (100%) 23 (95.8%)
Pigment proliferation 24 20 (83.3%) 21 (87.5%) 0 24 (100%)
Macular atrophy 14 14 (100%) 0 14 (100%) 12 (85.7%)
Lacquer cracks 45 45 (100%) 45 (100%) 0 5 (11.1%)
Choroidal
neovascularization

16 0 16 (100%) 16 (100%) 12 (75%)

Abbreviations: FFA, fundus fluorescein angiography; OCT, optical coherence tomography.
aDiagnosed eyes: the total number of morphological features diagnosed by all the methods together.
bThe numbers in the brackets mean the percentages taken in the diagnosed eyes.

Figure 1 Fundus photograph (a) only showed a tessellated fundus. FFA (b) showed a flaky high fluorescence (star). Retro-mode
imaging using the right-deviated aperture (c) and the left-deviated aperture (d) showed a firework pattern (arrowhead) in the macula;
this macular retinoschisis was confirmed via OCT (f). A firework pattern (yellow star), many light dots and linear reflexes (white stars),
and a fingerprint pattern (black star) could be observed in the enlarged image (e).
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was atrophied in highly myopic cases. OCT is a sensitive

method for detecting macular retinoschisis.25–27 In our

study, RMI revealed four eyes with macular retinoschisis

that were identified by OCT. RMI showed a firework

pattern in the central fovea that was consistent with the

distribution of the external plexiform layer. Considering

the morphologic arrangement in the central fovea, this

firework pattern may indicate the splitting of the

horizontally oriented internal cone fibers. There were

multiple dots and linear reflexes surrounding the central

radiating retinal striae that may be related to the cross-

section of the intraretinal columnar structure of macular

Figure 2 (i) A patient with macular retinoschisis. Fundus photograph (a) only showed hemorrhage, and the CNV appeared as a flaky
high fluorescence (yellow arrow) in the early and late stages of FFA (b, c). The retro-mode image (d) displayed a small raised gray
shadow (yellow arrow) in the center of the firework pattern (arrowhead). (ii) Another patient with CNV. From the leakage of
fluorescence (yellow arrow) in FFA (f, g), we can observe that the edema accompanied with CNV was serious. A small piece of raised
gray shadow (yellow arrow) was displayed in a retro-mode image (h). The pigment proliferation (white star) appeared as a piece of
dark shadow with a clear boundary in the fundus photograph (e), FFA (g), and retro-mode image (h).

Figure 3 A fundus photograph (a) showed the small hemorrhage (yellow arrow) and pigment proliferation (white star). FFA (b)
displayed a blocked fluorescence (yellow arrow) and did not clearly display the pigment proliferation. The retro-mode image (c)
displayed a slightly raised light region in a pseudo-3D image (box) and a piece of dark shadow (white star). The hemorrhage was
confirmed via OCT (d) (the dotted line in the fundus photograph indicated the OCT section). The region in which the RPE and
choriocapillary were completely atrophied and in which the sclera was revealed showed a white-yellow lesion (black star) in the
fundus photograph (e). In the retro-mode image (f), this lesion appeared as a piece of fuzzy shadow or reflection (black star). Via
the retro-mode image (h), the choroidal vessels were clearly displayed on a pseudo-3D image in diffuse chorioretinal atrophy.
The yellowish lacquer cracks (black arrow) were observed in a fundus photograph (g). The retro-mode image (h) could only reveal a
few small light dots that appeared to be raised (yellow arrow).
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retinoschisis. This result was similar to that found

by Tanaka et al.4 They asserted that this result was

because of the different retinal structures in the foveal,

parafoveal, and extrafoveal areas. RMI also revealed

the entire extent of the macular retinoschisis, but the

boundary was not very clear.

Because of the complicated color changes in various

degenerations, hemorrhage and pigment proliferation

were sometimes difficult to be recognized in color fundus

photography. However, it was easy to distinguish

hemorrhage and pigment proliferation in RMI because

they have different features. In our study, 23 eyes with

hemorrhage and 24 eyes with pigment proliferation

were found in RMI, which were more than FFA or color

fundus photography. An obvious difference between

hemorrhage and pigment proliferation could be

observed in RMI. The hemorrhage showed a light

region that was raised slightly, whereas the pigment

proliferation showed a black piece with clear boundaries.

Retro-mode could be used to prevent the direct light

reflection from crossing and could thus allow the

scattered light from only one direction to pass through.28

For this reason, the hemorrhage formed a small bump

upon RPE and a slightly raised light region in the

pseudo-3D image. The pigment proliferation

demonstrated a flat RPE alteration that is difficult for

infrared lasers to pass through.29 Therefore, the pigment

proliferation appeared as a dark shadow in RMI.

Atrophy was the final pathologic change in myopic

maculopathy. In diffuse chorioretinal atrophy, the retina

becomes thinner and the RPE is not completely atrophic. In

this scenario, we could clearly observe choroidal vessels in

a pseudo-3D image in RMI that we could not observe

using FFA. However, if the RPE and choriocapillaris were

completely atrophic and the sclera was revealed, the RMI

showed a piece of fuzzy shadow or reflection, and it was

difficult to show the boundary of atrophy. RMI could be

used to determine the degree of atrophy.

CNV is an important factor for severe visual loss in

myopic maculopathy patients.30 FFA is useful in

identifying the type, extension, and activity of CNV

and has for many years been considered the leading

technique in diagnosing patients with high myopia.31

In our study, 16 eyes with CNV were found using FFA,

and only 10 of them were found using RMI. This

difference may be related to the depth and size of the

CNV.21 We could observe a vague raised region in RMI

conformed as CNV in FFA. It seems that the RMI showed

the edema accompany CNV and could not show the

vascular network of CNV. In other studies, the area of the

edema showed a correlation with its height, as measured

with OCT.21,32 Therefore, it was difficult to determine

the presence of CNV when the edema was mild or the

size of the CNV was small. It could only display the

macular edema, retinoschisis, and retinal microfolds

that accompany CNV (Figure 2). Pilotto et al21 and

Takeda et al16 also discovered that RMI could reveal

the presence of CNV in exudative age-related macular

degeneration, as the RMI was sensitive in detecting

neuroretina detachment, pigment epithelium

detachment, macular edema, and epiretinal membrane.

Thus, CNV images with clear edges and good contrast

could be easier to obtain via RMI when accompanied by

edema, retinoschisis, pigment epithelium detachment, or

epiretinal membrane.

Slight RPE alterations such as lacquer cracks were also

difficult to recognize in RMI. Given this situation, RMI

could only find a few small light dots that appeared to be

raised; the size and number of these dots could not be

determined, possibly because it was difficult to pick out

small light dots on a complex background.

The limitations of this study were that the sample size

was small and some other features in myopic

maculopathy such as macular hole were not included.

Further investigations with larger samples are needed.

In our study, RMI could display macular retinoschisis,

hemorrhage, pigment proliferation, and different degrees

of atrophy with characteristic images. It could also show

edema and retinal microfolds accompanied by CNV.

However, it is difficult to tell lacquer cracks and the

vascular network of CNV.

Summary

What was known before

K The lesions were difficult to identify via direct or
indirect ophthalmoscope because of the long axis oculi
and complicated color changes precipitated by various
degenerations. A noninvasive, rapid, and powerful
imaging technique to investigate myopic maculopathy is
needed. Retro-mode imaging could show deep retinal
pathologies and RPE changes in some retina diseases.

What this study adds
K Retro-mode imaging could be used for investigating

myopic maculopathy. Retinoschisis, pigment
proliferation, hemorrhage, and atrophy secondary to
myopic maculopathy have characteristic morphologic
features in RMI. Choroidal neovascularization and
lacquer crack are not easily distinguishable in RMI.
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