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13.1            Introduction 

 Myopia is functionally classifi ed into two groups: 
non-pathologic myopia and pathologic myopia. 
Non-pathologic myopia is usually a minimal to 
moderate degree of myopia (usually less than 6 
diopters), and includes simple myopia or “school 
myopia.” Non-pathologic myopia has no dis-
order other than refl ective error and is easy to 
correct with glasses. Although there is no inter-
national standard defi nition, pathologic myopia 
is  generally defi ned as either a refl ective error of 
more than 8 diopters or an axial length of more 
than 26.5 mm. Pathologic myopia often causes a 
variety of fundus changes called myopic macu-
lopathy, choroidal neovascularization (CNV), 
myopic retinoschisis, foveal retinal detachment, 
or macular hole [ 1 ]. 

 The static visual fi eld    test is thought to be 
unsuitable to evaluate the abnormality in patients 
with pathologic myopia because these patients 
often have myopic maculopathy or a large peri-
papillary conus. Recently, new technology has 
produced the Microperimeter-1 (MP-1, NIDEK, 
Italy), as a detailed functional examination 
device. This chapter describes the abnormal 
visual fi eld in pathologic myopia using MP-1.  

13.2     Ophthalmoscopic Findings 

 As known, the fundus in pathologic myopia 
shows various changes. Tigroid fundus is the 
most common myopic sign even in simple 
 myopia. It is thought to result from the thinning 
of retinal pigment epithelium (RPE) associated 
with elongation of the axial length. Myopic 
conus, which is induced by dissociation 
between the optic disc and its surrounding tis-
sue, is also common. Focal and/or diffuse atro-
phic lesions are observed in all types of high 
myopia and these lesions indicate RPE degen-
eration, which is caused by a decreased blood 
supply from the choriocapillaris. These lesions 
can appear as brown or white areas resulting 
from the pigmentation or depigmentation of 
RPE. Lacquer crack lesions are the mechanical 
breaking of the Bruch’s membrane. It is diffi -
cult to determine their length and width on 
 ophthalmoscopic observation. At fundus auto-
fl uorescence, they appear as noninvasive 
 hypofl uorescent lines. Generally, posterior 
staphyloma develops after age 40 in severe 
myopia. The reason for the formation of poste-
rior staphyloma has not yet been identifi ed. The 
extent of staphyloma can be visualized using 
magnetic resonance imaging (MRI) according 
to recent reports [ 2 ,  3 ]. CNV appears on oph-
thalmoscopic examination as a gray lesion at 
the fovea and it is sometimes accompanied by 
subretinal hemorrhage. On fl uorescent angiog-
raphy, CNV is observed as the classic type with 
hyperfl uorescence at the beginning of the early 
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phase and late leakage. Old CNV lesions remain 
as pigmented fi ndings at the fovea, which are 
also called “Fuchs’ spots”.  

13.3     Optical Coherence 
Tomography Findings 

 Optical coherence tomography (OCT) is the 
most valuable device for the imaging of the mac-
ular area. In pathologic myopia, OCT can visu-
alize detailed morphologic changes that cannot 
be observed in a routine ophthalmic examination 
[ 4 ,  5 ]. It is very suitable to observe a foveal reti-
nal detachment using OCT because of minimal 
changes. Myopic foveal retinal detachment is 
frequently accompanied by foveal retinoschi-
sis. Foveal retinoschisis is one of the visual loss 
causes in pathologic myopia and it has recently 
been considered a major contributor of foveal 
retinal detachment and macular holes [ 6 – 8 ]. 
Foveal morphologic impairment in pathologic 
myopia is classifi ed into three groups: the reti-
noschis type, the foveal detachment type and the 
macular hole type. This classifi cation is essential 
for the prediction of visual prognosis [ 9 ,  10 ]. It 
is easy to distinguish these types on the Spectral 
OCT domain. Recent micro-incision vitreous 
surgery, even for retinoschisis, is safe and effec-
tive as long as the formation of macular holes 
are avoided   . 

 CNV is the main cause of central visual loss in 
pathologic myopia [ 11 ]. A typical case of myopic 
CNV is categorized as type 2 CNV, which extends 
into the subretinal space. Myopic CNV is gener-
ally observed as hyperrefl ective tissue above the 
RPE line. 

 Another type of foveal retinal detachment 
formation in pathologic myopia has recently 
been reported. Dome-shaped macula (DSM) 
is a new entity associated with highly myopic 
eyes [ 12 ]. It might be a particular type of poste-
rior staphyloma, and defi ned as a convex eleva-
tion of the macula on OCT. Subretinal fl uid is 
sometimes observed in DSM, and it may cause 
the choroidal outfl ow disorder associated with 
local morphological changes of choroid and 
sclera at the fovea [ 13 ]. Although the tilted disc 

 syndrome is usually associated with good visual 
 prognosis, foveal complications, such as foveal 
retinal detachment, are sometimes observed. 
Tilted disc syndrome is often accompanied by 
moderate to severe myopic  refractive error. 
Foveal retinal detachment in tilted disc syn-
drome, together with DSM, is thought to be a 
local morphologic change associated with the 
inferior staphyloma [ 14 ].  

13.4     Microperimetry 
for Pathologic Myopia 

 OCT can capture subtle morphologic changes, 
but cannot evaluate functional changes. Although 
visual acuity is still a traditional valuable indica-
tor for visual function, it refl ects only the status 
of fovea and perifovea. On the other hand, the 
perimeter refl ects a much wider macular area 
function than visual acuity. MP-1 microperimeter 
is the recently developed device that can provide 
the automatic lesion-related perimetry for moni-
toring the fundus. 

 The characteristics of MP-1 are the auto 
eye-tracking system for involuntary eye move-
ments, the follow-up mode, the possibility of 
creating composed images using color fundus 
photos and perimetry results and the possibil-
ity of customizing patterns of stimulus points. 
The auto tracking system is an advantage dur-
ing the examination, especially in pathologic 
myopia. Composite images of a fundus photo 
and sensitivity results are useful for evaluating 
the various lesions of myopic maculopathy. 
However, the operator should pay attention to 
the overlay of fundus photos and perimetry 
results because of the blurry images in highly 
myopic eyes. CNV size in pathologic myopia 
might be smaller than in age-related macular 
degeneration. It is useful to evaluate the small 
changes correctly using the customized stimu-
lus points in an MP-1. A follow- up mode is 
helpful for measuring small changes in small 
lesions. There are several reports about micro-
perimetry in eyes with pathologic myopia 
 [ 15 – 23 ]; several cases are discussed in more 
detail below.  
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13.5     Case Presentation 

13.5.1     Dome-Shaped Macula (DSM) 
(Fig.  13.1 ) 

    DSM is a new pathologic myopia-related entity, 
which is sometimes associated with subretinal 
fl uid. Gaucher et al. originally reported that it can 
be found in the 20 % of all highly myopic eyes 
[ 12 ]. We evaluate DSM using spectral domain 
OCT and the subretinal fl uid due to the relative 
scleral thickening at the subfovea. There are no 
reports of using MP-1 for DSM. 

 Figure  13.1  refers to a case of a 71-years-old 
woman with bilateral blur vision. Decimal visual 
acuities with intraocular lenses in both eyes are 0.9 
in the right eye and 0.7 in the left eye. Her axial 
lengths are 34.44 mm in the right eye and 34.06 mm 
in the left. Both eyes show a large peripapillary 
conus and widespread RPE atrophy. A swept 

source OCT captures the convex elevation of the 
macula in both eyes. Using MP-1, almost normal 
sensitivity is measured in the right eye and rela-
tively low sensitivity in the left eye. These fi ndings 
correlate with the higher macular elevation of the 
left eye compared to the right eye.  

13.5.2     Tilted Disc Syndrome (TDS) 
(Fig.  13.2 ) 

    TDS is known as the characteristic inferonasal tilt-
ing of the optic disc, associated with congenital 
inferonasal crescent and inferior staphyloma. 
Staphyloma in TDS is often observed in the infe-
rior ocular area, and the superior edge of the staph-
yloma sometimes involves the macula; this is the 
reason why these anatomic changes at the superior 
edge of the staphyloma may lead to foveal weak-
ness and subsequent complications. 

  Fig. 13.1    Dome-shaped macula. A 71-year-old female. 
Best-collected visual acuity is 0.9 in the right eye and 0.7 in 
the left eye. Axial length is 34.44 mm in the right eye and 
34.06 mm in the left eye ( top column ). Microperimetry-1 
results with composite fundus photo in both eyes. Right eye 

is almost normal, however left eye shows the partial sco-
toma corresponding to the chorioretinal atrophy (  bottom 
column ). Vertical scan images of swept source optical 
coherence tomography in both eyes reveal the convex ele-
vation of the macula. There is no subretinal fl uid at all       

 

13 Myopia



132

 Figure  13.2  refers to a 63-year-old woman 
with 0.4 decimal visual acuity in the left eye. The 
spherical equivalent is −12 diopters and the axial 
length is 27.09 mm in the left eye. Inferior staph-
yloma is observed with retinoschisis on swept-
source OCT. Relatively less sensitivity on MP-1 
is measured in correspondence of the inferior 
staphyloma with retinoschisis.  

13.5.3     Macular Hole Retinal 
Detachment (MHRD) (Fig.  13.3 ) 

    MHRD is one of the most serious complica-
tions in pathologic myopia; myopic CNV is the 
other complication associated with severe 
visual loss. 

 Figure  13.3  refers to a case of a 70-year-old 
woman with a history of CNV removal surgery. 
Axial length is 29.57, and  decimal visual acu-
ity is 0.5 in the right eye. Large RPE atrophy is 
observed at the macular area where a low sensi-
tivity is also measured. One year later, MHRD 
appears at the macula, and MP-1 shows a further 
sensitivity decrease.  

13.5.4     Myopic Choroidal 
Neovascularization (Myopic 
CNV) (Fig.  13.4 ) 

    Myopic CNV induces central visual loss and 
scotoma. Recently, bevacizumab, an anti- 
vascular endothelial growth factor, has been 

  Fig. 13.2    Tilted disc syndrome. A 63-year-old female. 
Decimal visual acuity is 0.4 in the left eye. The spherical 
equivalent is −12 diopters and axial length is 27.09 mm in 
the left eye ( right ). Color fundus shows the inferior-nasal 

tilted disc with conus. Microperimetry-1 results show rela-
tive lower sensitivity at the inferior half than superior half of 
the macula ( left ). Vertical scan of swept source optical coher-
ence tomography shows retinoschisis at the inferior macula       

  Fig. 13.4    Myopic choroidal neovascularization. A 72-year-
old female with myopic choroidal neovascularization in the 
right eye. Axial length on the right eye is 28.58 mm ( top 
left ). Fluorescein    angiography at baseline shows the clas-
sic choroidal neovascularization lesion with leakage on 
the early phase ( top right ). Optical coherence tomography 
shows the hyperrefl ective tissue above retinal pigment epi-

thelium representative characteristics of type 2 choroidal 
neovascularization lesion ( bottom left ). Microperimetry-1 
results at the baseline shows the reduced sensitivity at the 
area of the choroidal neovascularization lesion ( bottom 
right ). One month after intravitreal bevacizumab, visual 
acuity did not change at all, but the slight improvement was 
measured on Microperimetry-1       
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  Fig. 13.3    Macular hole retinal detachment. A 70-year-
old female with history of CNV removal surgery. Axial 
length is 29.57, and decimal visual acuity is 0.5 in the 
right eye ( left ). Large RPE atrophy is observed in the mac-

ular area and here a low sensitivity is measured ( right ). 
One year later, MHRD appears at the macula, and MP-1 
shows a further sensitivity decrease       

Baseline fluorescein

Baseline Vd=(0.2) 1month after IVB Vd=(0.2)

Baseline OCT
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 considered the most effective treatment for 
myopic CNV. Exudative lesions disappear for 
only a short time with  intravitreal bevacizumab; 
however, a long-term follow- up still needs to be 
done. 

 Figure  13.4  refers to a case of a 72-year-old 
woman with myopic CNV in the right eye. Axial 
length of the right eye is 28.58 mm. Fluorescein 
angiography at the baseline shows a classic CNV 
lesion with early-phase leakage. OCT shows 
hyperrefl ective tissue above RPE representative 
characteristics of type 2 CNV. MP-1 shows the 
reduced sensitivity at the area corresponding to 
CNV. One month after intravitreal bevacizumab, 
visual acuity did not change at all; however, a 
slight improvement was measured on the MP-1.   

    Conclusions 

 Pathologic myopia often shows complications 
such as CNV, retinoshisis, foveal detachment, 
macular holes, and RPE atrophic changes. 
However, visual acuity is not enough a valu-
able index to evaluate the effectiveness of treat-
ment or improvement in pathologic complicated 
myopia. Although we have several advanced 
devices, such as OCT, to evaluate morphologi-
cal changes, we had not the possibility to mea-
sure functional changes. Now, in some cases 
MP-1 may provide helpful information about 
visual function more than visual acuity. The 
fi xation training programs (reading test and 
feedback test) are also involved in MP-1 for 
patients with central scotoma. MP-1 is very 
helpful because it allows to use both research 
and clinical fi elds for pathologic myopia.     
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