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(R 2  = 0.13; p = 0.027).  Conclusions:  Macular function is re-
duced in highly myopic eyes without any visible macular dis-
eases compared to controls, and a significant proportion of 
the macular function variability seems to be related to a re-
duced CT.  © 2014 S. Karger AG, Basel 

 Introduction 

 Myopia is one of the most common eye diseases (1–2% 
in the USA, 5–8% in Japan, 15% in Singapore)  [1–3] , 
characterized by excessive and progressive elongation of 
the globe and leading to stretching of retinal tissue and 
reduced retinal function  [4] .

  The most common fundus changes occurring in high-
ly myopic eyes are lacquer cracks, choroidal neovascular-
ization, chorioretinal atrophy, macular hole and macular 
schisis  [5–7] . Moreover, it has been described by histo-
logical studies that both vessel density and diameter are 
reduced in the choriocapillaris of highly myopic eyes  [8, 
9] . As the choroid supplies nutrition to retinal pigment 
epithelial cells and the outer retina, compromised choroi-
dal morphology and circulation may account, in part, for 
retinal dysfunction and vision loss that is seen in high 
myopia  [10, 11] .

  Until now it has not been possible to study in vivo non-
invasively the morphological characterization of the cho-
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 Abstract 
  Purpose:  To explore the retinal and choroidal thicknesses 
(RT, CT), as measured using enhanced depth imaging (EDI) 
optical coherence tomography (OCT, Spectralis) in highly 
myopic eyes and its relationship with visual function.  Mate-
rials and Methods:  Prospective, case-control, noninterven-
tional clinical study. CT was measured by EDI-OCT in highly 
myopic eyes ( ≥ 6 dpt) without any macular diseases and age-
matched control eyes. A complete ophthalmological exami-
nation, visual acuity assessment and MP1 microperimetry 
were obtained.  Results:  38 myopic (15 M/23 F, mean age 
51 ± 8.9 years) and 21 control eyes (5 M/16 F, mean age 50 ± 
5.4 years) were included. The myopic mean refractive error 
was –13.3 ± 4.9 dpt and axial length 29.2 ± 2.2 mm. The mean 
best-corrected visual acuity (BCVA) was lower in highly myo-
pic than in control eyes (77.3 ± 9.25 vs. 84.8 ± 0.6 letters, p = 
0.0001, respectively) as was the mean retinal sensitivity 
(MRS; 16.32 ± 2.6 vs. 19.9 ± 0.2 dB, p < 0.0001). While RT was 
similar between groups (291.5 ± 24.2 vs. 283.6 ± 13.9 µm, p = 
0.06, respectively), subfoveal CT was thinner in highly myo-
pic compared to control eyes (114.3 ± 78.5 vs. 272.6 ± 110.2 
µm, p  < 0.0001). A significant relationship was found be-
tween subfoveal CT and MRS (R 2  = 0.22; p = 0.003) and BCVA 
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roid. Recently the method called enhanced depth imaging 
spectral-domain optical coherence tomography (EDI-
OCT) has been developed to allow in vivo cross-sectional 
imaging of the choroid and choroidal thickness (CT) mea-
surement  [12] .

  A good reproducibility of CT measurement has been 
reported  [13, 14] , and reduced CT was found in highly 
myopic compared to control eyes  [11, 12, 15] . Moreover, 
a negative correlation between CT and axial length (AL) 
has been documented  [11, 12, 15, 16] . Previous studies 
have directly correlated CT and visual acuity in highly 
myopic eyes  [17] . Microperimetry allows a detailed point-
to-point evaluation of macular function and fixation sta-
bility, and previous studies reported a reduced retinal 
sensitivity in highly myopic compared to control eyes 
 [18–22] .

  The purpose of this study is to explore the retinal 
thickness (RT) and CT, as measured using EDI-OCT in 
highly myopic eyes without any macular diseases in 
comparison to emmetropic eyes and its relationship 
with visual function.

  Materials and Methods 

 In this prospective, noninterventional, case-control clinical 
study, consecutive highly myopic patients and age-matched con-
trol subjects, who visited the Department of Ophthalmology of 
IRCCS Fondazione G.B. Bietti from November 2011 and April 
2012, were enrolled.

  The study protocol adhered to the tenets of the Declaration of 
Helsinki and was approved by the local Institutional Review Board, 
and each patient signed an informed consent before enrolment.

  Our inclusion criteria were: high myopia with a spherical 
equivalent refraction  ≥ –6.00 dpt, age between 40 and 60 years, and 
healthy volunteers with no ophthalmic or systemic pathology and 
spherical equivalent refraction between ±1 dpt.

  The exclusion criteria were the presence of any macular dis-
eases such as foveal lacquer cracks, choroidal neovascularization, 
chorioretinal atrophy, macular hole, myopic macular schisis, or a 
history of vitreoretinal surgeries such as scleral buckling procedure 
and pars plana vitrectomy.

  Patients with media opacities such as corneal abnormalities 
and cataract, which could bias functional and structural retinal 
testing, were also excluded.

  All enrolled patients performed best-corrected visual acuity 
(BCVA) measurement with Early Treatment Diabetic Retinopa-
thy  Study (ETDRS) charts, slitlamp biomicroscopy with intra-
ocular pressure assessment by Goldmann applanation tonometry, 
AL measurement using IOLMaster (Carl Zeiss Meditec, Jena, 
 Germany), spectral-domain OCT (Spectralis, version 1.5.12.0; 
Heidelberg Engineering, Heidelberg, Germany) scan acquisition 
and MP1 microperimetry (Nidek Technologies, Padova, Italy). 
The patients’ mean retinal sensitivity (MRS) was tested using a cus-
tomized radial grid of 36 stimuli covering the central 10° (centered 

on the fovea), the time between stimuli was equal to 1 s, stimulus 
size equivalent to Goldmann III, white background set at 4 asb, a 
bright red cross of 2° as the fixation target. A 4-2 double staircase 
strategy was carried out and the first stimulus was presented at the 
level of 10 dB. MRS was calculated in the whole 10° and in the 2-de-
gree central area. The stability of fixation, graded on the basis of the 
preferred retinal locus, was reported as  stable, relatively unstable 
 and  unstable   [23] . In each patient microperimetry was performed 
twice within 1 week to rule out potential learning effects, and the 
second test was used for the analysis. Moreover patients underwent 
a brief training session at the beginning of each test. Tropicamide 
1% was used to dilate the pupil in the selected eye.

  EDI-OCT images were obtained by Heidelberg Spectralis, and 
RT and CT were measured with the EDI system. The scanning pro-
tocol used was the Volume Fast program. RT measurements of each 
of the 9 subfields corresponding to the ETDRS areas were consid-
ered for the analysis. ETDRS areas are defined by 3 concentric rings 
centered into the fovea with diameters of 1, 3 and 6 mm, respec-
tively, with the 2 outer rings divided into quadrants by 2 intersecting 
orthogonal lines. Measurement of central RT, mean thickness in the 
central 1-mm diameter area, was obtained. The EDI-OCT tech-
nique, used to obtain CT, was already described elsewhere  [11, 12] . 
The method involves placing the objective lens of the spectral-do-
main OCT device closer to the eye such that an inverted image is 
obtained. By performing this maneuver, the deeper structures are 
placed closer to zero delay, allowing better visualization of the cho-
roid. Seven horizontal sections were obtained within a 5 × 30-degree 
area centered at the fovea, with 100 averaged scans for each section 
using the automatic averaging and eye tracking features to reduce 
noise and to improve image quality. CT was defined as the distance 
from the retinal pigment epithelial line to the hyperreflective line 
behind the large vessel layers of the choroid, presumed to be the 
choroid-sclera interface. If the choroid was tilted, the distance was 
measured right to the retinal pigment epithelial line. CT was manu-
ally measured behind the fovea (subfoveal CT) and at 500 μm from 
the fovea on the horizontal and vertical axes. The average CT was 
then calculated as the mean of the subfoveal CT measurement and 
4 CT measurements obtained at 500 μm from the fovea.

  The OCT measurements were made by 2 examiners indepen-
dently, and if the difference in their thickness measurements was 
greater than 15% of the mean of the 2 values, there was open adju-
dication with the senior author.

  Statistical Analysis 
 Data were expressed as means ± SD for continuous variables and 

frequencies for categorical variables. Between-group comparisons 
were performed by the independent t test after normality check of 
data distribution by the Shapiro-Wilk test. Relationships between 
CT and RT and visual function were explored by regression analysis. 
The analysis was performed with JMP (version 9; SAS Institute Inc., 
Cary, N.C., USA). p < 0.05 was considered statistically significant.

  Results 

 Data analysis included 38 myopic eyes of 38 patients 
(15 males; 23 females, mean age 51 ± 8.9 years) and 21 
emmetropic control eyes of 21 patients (5 males, 16 fe-
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males, mean age 50 ± 5.42 years). The myopic eyes had a 
mean refractive error of –13.32 ± 4.89 dpt (range 6.5–23) 
and an AL of 29.23 ± 2.25 mm (range 25.9–33.9). The 
control eyes had a mean refractive error of 0.21 ± 0.33 dpt 
(range 0 to +1) and an AL of 23.66 ± 0.91 mm (range 
22.2–25.5). The mean BCVA was significantly lower in 
highly myopic than in control eyes (77.26 ± 9.25 vs. 
84.85 ± 0.65 letters, p = 0.0001, respectively). MRS was 
significantly lower in highly myopic compared to control 
eyes (16.32 ± 2.57 vs. 19.9 ± 0.25 dB, p < 0.0001, respec-
tively). While the mean central RT was similar between 
groups (291.5 ± 24.18 vs. 283.57 ± 13.9 µm, p = 0.06), the 
subfoveal CT was significantly thinner in highly myopic 
compared to control eyes (114.28 ± 78.48 vs. 272.57 ± 
110.25 µm, p < 0.0001, respectively;  fig. 1 ,  2 ).

  MRS, evaluated in the 10°, was found to be directly and 
significantly related to subfoveal CT (R 2  = 0.22; p = 0.003) 
and average CT (R 2  = 0.23; p = 0.004). Also the MRS in the 
central 2-degree area was directly and significantly related 
to subfoveal CT (R 2  = 0.17; p = 0.0101) and average CT 
(R 2  = 0.20; p = 0.005). Fixation was stable in 97% (37/38) in 
highly myopic and in 100% (21/21) in control eyes (21/21) 
and relatively unstable in 3% (1/38) in highly myopic eyes.

  Our data showed also a significant direct relationship 
between BCVA and subfoveal and average thicknesses 
and CT (R 2  = 0.13; p = 0.027, R 2  = 0.14; p = 0.031, respec-

tively). Differently no significant relationships have been 
found between either MRS and BCVA and central RT 
(R 2  = 0.04; p = 0.2, R 2  = 0.04; p = 0.23, respectively).

  A significant relationship was found between AL and 
CT (R 2   = 0.37; p  < 0.0001) and between AL and both 
BCVA and MRS (R 2  = 0.24; p = 0.0015, R 2  = 0.55; p < 
0.0001) while the relationship between AL and CRT was 
not statistically significant (R 2  = 0.09; p = 0.06).

  Discussion 

 In this study we explored the relationship between vi-
sual function and RT and CT in highly myopic eyes. Our 
data showed an impairment of macular function, as ex-
pressed by both visual acuity and retinal sensitivity, in 
highly myopic eyes without any macular diseases in com-
parison with control eyes. Moreover visual acuity and ret-
inal sensitivity appeared to be significantly related to 
macular CT in our population; that is the lower the CT, 
the lower the expected visual function measures. The 
same is not true for RT which was not found to be related 
to macular function in our data.

  While BCVA is the gold standard used to assess the 
functional impact of macular abnormalities and, although 
useful, quick, economic and reproducible, it represents 

  Fig. 1.  Retinal sensitivity ( a ) measured us-
ing MP1 microperimetry and CT ( b ) with 
EDI-OCT measured subfoveally and at 500 
μm from the fovea in highly myopic eyes. 

  Fig. 2.  Retinal sensitivity ( a ) measured us-
ing MP1 microperimetry and CT ( b ) with 
EDI-OCT measured subfoveally and at 500 
μm from the fovea in control eyes. 
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just one of the aspects of macular function. Microperim-
etry is able to quantify macular sensitivity in an exact fun-
dus-related fashion  [18–20, 24, 25]  integrating it to BCVA 
information regarding the degree and pattern of macular 
functional impairment in highly myopic eyes without any 
macular diseases with its intersubject variability. In our 
study highly myopic eyes showed a lower mean BCVA 
and MRS that were both found significantly related to AL. 
An impaired retinal sensitivity in young myopes com-
pared to that of emmetropes was reported by Gella et al. 
 [21]  and Qin et al.  [22] . In agreement with our data, a 
strong positive relationship of retinal sensitivity also with 
AL was found. This finding could be partially explained 
mechanistically by a change in the ocular structure due to 
increased AL in myopic eyes that determines an increased 
stretching of the macular area causing a coarser distribu-
tion of cones in the posterior retina  [26] . Electroretino-
gram testing, including multifocal electroretinography, 
has shown decreased b-wave amplitudes with increased 
AL in eyes affected by nonpathological myopia, which in-
dicates early injury of the cones  [27–30] .

  In our study we found that central RT was similar be-
tween highly myopic and control eyes without any rela-
tionship with AL and without any significant relationship 
with either BCVA or MRS. Also Gella et al.  [21]  evaluated 
in myopic eyes the retinal sensitivity at microperimetry 
and the retinal morphological characteristics including 
photoreceptor layer thickness and retinal pigment epithe-
lial thickness, by means of spectral-domain OCT. The au-
thors found that the retinal sensitivity was significantly re-
duced in myopes in spite of normal retinal morphology 
 [21] , concluding that the observed functional changes may 
either precede retinal structural changes or that additional 
morphological elements, such as CT, could contribute to 
explain the reduced retinal function in these eyes.

  For this reason we aimed to study the choroidal char-
acteristics in highly myopic eyes and to explore their re-
lationship with visual acuity and retinal sensitivity. In our 
study we found that highly myopic eyes had a strongly 
reduced subfoveal CT that was significantly related to the 
extent of AL (R 2  = 0.37; p < 0.0001), compared to control 
eyes (114.28 ± 78.48 vs. 272.57 ± 110.25 µm, p < 0.0001), 
and this finding is in agreement with the previous reports 
of a reduced subfoveal CT in myopic eyes  [11, 15, 16] . In 
our study BCVA was directly related to the thickness of 
the choroid with lower BCVA associated with lower mac-
ular choroid thickness. This finding is in agreement with 
previous reports where CT was found to be the most im-
portant predictor for visual acuity in highly myopic eyes 
without macular pathology  [17, 31, 32] .

  One strength of our work compared to previous re-
ports is the functional assessment performed in the whole 
macular area by means of fundus-related microperimetry 
that detected a significant reduction of macular sensitiv-
ity in highly myopic eyes compared to controls. Interest-
ingly retinal sensitivity appeared to be related to macular 
CT in our population and not to RT. These findings sug-
gest that anatomical changes such as choroidal thinning, 
and not retinal changes, could be related to the decrease 
in macular sensitivity in highly myopic eyes, without any 
macular diseases. A possible explanation is that choroidal 
thinning could determine a reduction in the choroidal 
blood flow and thus of oxygen and nutrient supply to the 
outer retina possibly influencing retinal function even in 
the absence of a manifest macular disease. In experimen-
tal settings form-deprived chick eyes decreased chorio-
capillaris density caused in myopic chick eyes may be due 
partly to capillary atrophy and partly to overall stretch of 
the capillary network caused by abnormal enlargement of 
the myopic eyes  [8, 33] .

  Nevertheless a limitation of our study could be due to 
magnification errors related to intersubject AL variability 
that could bias either the structural measurements and the 
projection of the stimuli of microperimetry, thus weaken-
ing the relationships between structure and function.

  In conclusion our data showed a reduction of central 
macular function, as expressed by visual acuity, and a 
functional impairment in the whole macular area, as eval-
uated by means of fundus-related microperimetry, in 
highly myopic eyes without any manifest macular diseas-
es. The observed functional impairment appeared to be 
directly related to macular CT and not to RT, suggesting 
that abnormalities of the choroid may play a role in the 
pathogenesis of myopic macular dysfunction and eventu-
ally degeneration.
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