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Purpose: The aim of this study was to investigate changes in the retinal and choroidal thickness between high myopic amblyopia (HMA), low myopia (LM), moderate myopia (MM), high myopia (HM), and normal group (NG) using a spectral-domain optical coherence tomography (SD-OCT).

Materials and Methods: A total of 75 Chinese children (128 eyes; mean age 10.5 years) were recruited. Retinal thickness (RT) and choroidal thickness (CT) were measured at different locations including subfoveal (SF), and at 0.5 mm/1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm to the fovea in superior, nasal, inferior, and temporal sectors using enhanced depth imaging (EDI) system of SD-OCT. Axial length (AL), best-corrected visual acuity (BCVA), and refraction errors were also collected.

Results: No significant differences were found in subfoveal retinal thickness (SFRT). Moreover, a significantly thinner subfoveal choroidal thickness (SFCT) was found in HMA compared to NG, LM, and MM, but not compared to HM. RT at 0.5 mm to fovea, HMA was significantly thinner compared to LM and MM in the three sectors (superior, inferior, and temporal). Nevertheless, no significant differences were found compared to NG and HM. CT at 0.5 mm to fovea, HMA was the significantly thinnest in all four sectors compared to NG, LM, and MM. RT at 1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm to fovea, HMA was thinner compared to NG, LM, and MM. CT at 1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm to fovea, HMA was thinner compared to NG, LM, and MM. At the superior and inferior sectors, HMA showed to be statistically thinner compared with HM. Moreover, SFCT in the HMA, HM, and NG were negatively correlated with AL.

Conclusions: Thinner retina and choroidal tissue appear to be related to HMA, and thus can be used as useful parameters for discovering the underlying mechanisms of the disease.
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INTRODUCTION

Amblyopia is a neuro-developmental disorder of the visual cortex, caused by visual deprivation or abnormal binocular interactions, including unilateral strabismus, no corrective anisometropia, and high refractive error (1). Amblyopia is the most common cause of vision loss in children and adolescents, with an estimated incidence of 1–3.5% worldwide (2). Early detection and treatment offer the best outcome. If not detected and treated early in life, amblyopia can cause a permanent loss of vision (3). Compared to unilateral amblyopia, such as anisometropic amblyopia and strabismic amblyopia that offer good treatment outcomes especially at younger age (4), refractive correction of amblyopia combined with high myopia (HM) is a difficult clinical problem. Currently, there is no satisfactory surgical procedure for the correction of high myopic amblyopia (HMA).

It has been reported that the pathogenesis of amblyopia may involve various levels of visual pathways, such as the visual cortex, lateral geniculate nucleus, retina, and optic nerve (5, 6). Meanwhile, retinal abnormalities mainly include retinal photoreceptor cells, retinal pigment epithelium (RPE), retinal nerve fiber layer, and optic nerve abnormalities (5–7). Choroid is an important tissue structure in the eyeball, located in the outer layer of the retina, which provides nutrients and oxygen to the retinal pigment cells and the optic nerve (8). Previous studies have suggested that changes in retinal and choroidal thickness may be involved in amblyopia. However, the results are disputed (9, 10).

With the development of optical coherence tomography (OCT) technology, it has become possible to measure and analyze the choroidal thickness (CT) (11). Over the recent years, many studies have investigated the changes in CT in various eye diseases. Pachychoroid is a relatively new concept describing a phenotype characterized by attenuation of the choriocapillaris overlying dilated choroidal veins, and progressive retinal pigment epithelium dysfunction and neovascularization are also present (12). Pachychoroid disease spectrum includes (12–14) central serous chorioretinopathy (CSC) (12–15), pachychoroid neovasculopathy (PNV) (12–14), peripapillary pachychoroid syndrome (PPS) (12–14), polypoidal choroidal vasculopathy (PCV) (12–14, 16) /aneurysmal type 1 neovascularization (AT1) (12–14), focal choroidal excavation (FCE) (12–14), and pachychoroid pigment epitheliopathy (PPE) (12–14, 17). These images and data suggest that choroid has an important role in the occurrence and development of ophthalmic diseases. Similarly, choroid is closely related to axial length (AL) and refractive error. Myopia is associated with a higher spherical equivalent (SE), a longer AL, and thinner CT (18). Teberik et al. (19) have reported that subfoveal choroidal thickness (SFCT) was significantly thinner in the HM group than the healthy subjects (p < 0.001). However, according to our knowledge, there are no studies that have examined the retinal thickness (RT) and CT in HMA.

The aim of this study was to investigate changes in the retina and choroid from among HMA, low myopia (LM), moderate myopia (MM), HM, and normal group (NG) using spectral-domain optical coherence tomography (SD-OCT).



MATERIALS AND METHODS


Ethics Statement

This study was approved by the local ethics committee of Guangzhou hospital of integrated traditional and western medicine and was in accordance with the principles of the Declaration of Helsinki. All subjects and their guardians provided written informed consent.



Study Population and Data Collection

A total of 75 Chinese children (128 eyes) were recruited from the department of ophthalmology at Guangzhou hospital of integrated traditional and western medicine, between July 2014 and November 2014 (Table 1). The subjects were aged between 4 and 15 years. All participants underwent a comprehensive ophthalmic examination, including visual acuity (VA), slit-lamp biomicroscopy, cycloplegic refraction, dilated fundus examination with indirect ophthalmoscopy, and A-scan ultrasound biometry for measuring AL. In addition, each participant had no history of other ocular diseases, and a detailed medical history was also obtained.


Table 1. Demographic and clinical data for each group.
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Visual acuity was measured using LogMAR E chart, and refractive (spherical equivalent, SE) error was determined using retinoscopy with cyclopentolate 1%. All subjects had astigmatism ≤1.0 D without strabismus. For NG (22 eyes), VA should be ≥0.6 for children aged 4 years, ≥0.8 for children aged 5–6 years, and 1.0 or better for children aged 7 years and above. The SE was between −0.5 D and −3.0 D for LM, between −3.0 D and −6.0 D for MM, and more than 6.0 D for HM. Amblyopia is usually classified as BCVA should be < 0.5 for children aged 4, < 0.6 for children aged 5–6 < 0.8 for children aged 7 and above, and an interocular difference in SE of less than 2.0 D in the same child.

All subjects with dilated pupils were examined using enhanced depth imaging (EDI) system of SD-OCT (Heidelberg Engineering, Heidelberg, Germany). All imaging data were collected by a single skilled technician during the day, but not at the same time due to randomness of the subjects' visits. Each image was averaged for 100 scans using the automatic averaging and eye tracking characteristics. The RT was measured from the outer portion of the hyperreflective line corresponding to the internal limiting membrane (ILM) to the retinal pigment epithelium (RPE) (Figure 1). CT was measured from the outer portion of the hyperreflective line corresponding to RPE to the inner surface of the sclera (Figure 2). These RT and CT were measured at the subfoveal and at 500 μm intervals from the fovea to 3 mm superior, nasal, inferior, and temporal sectors (20).


[image: Figure 1]
FIGURE 1. Spectral-domain optical coherence tomography (SD-OCT) scans showing retinal thickness of high myopic amblyopic eyes. (Top left) Fundus image showing vertical scan lines go through the fovea in 6-year-old subject. (Top right) The retinal thickness (red brace) was defined from ILM (redline, blue arrow) to the basal aspect of the RPE (redline, yellow arrow). (Bottom) The retinal thickness 212 μm (red brace, red boxes) was measured vertically at the subfoveal by Heidelberg own software, and at 500 μm intervals from the fovea to 3 mm superior, inferior.



[image: Figure 2]
FIGURE 2. Spectral-domain optical coherence tomography (SD-OCT) scans showing choroidal thickness of high myopic amblyopic eyes. (Top left) Fundus image showing horizontal scan lines go through the fovea in 6-year-old subject. (Top right) The choroidal thickness (red brace) was defined from the basal aspect of the RPE (redline,yellow arrow) to the outer border of the choroid (redline, blue arrow). (Bottom) The choroidal thickness 374 μm (red brace, red boxes) was measured vertically at the subfoveal by Heidelberg own software, and at 500 μm intervals from the fovea to 3 mm nasal, temporal.




Data Analysis

All data were analyzed with an analysis software program (SPSS 18.0; SPSS, Inc., Chicago, IL). All data were reported as mean ± standard deviation (SD), with a 95% confidence interval (CI). Analysis of variance (ANOVA) was used to analyze differences in retinal and choroidal thickness among normal, LM, MM, and HMA. Pearson correlation was used to analyze the relationship between subfoveal RT (SFRT), SFCT, and axial length, and gender. A value of p < 0.05 was considered statistically significant.




RESULTS

A total of 75 Chinese children (128 eyes) were recruited in this study, including 22 NG eyes, 37 LM eyes, 22 MM eyes, 22 HM eyes, and 25 HMA eyes. The mean age of the participants was 10.5 years (range, 4–15 years), and there were 45 males (60%) and 30 females (40%). With reference to RT, no significant differences in subfoveal region were observed between HMA and the other four groups (all p > 0.05) (Tables 2, 3). However, at 0.5 mm, RT in the superior, inferior, and temporal sectors were thinner in the HMA patients compared with the LM and MM groups (p < 0.05), while no significant differences were observed compared to the NG and HM group (p > 0.05). At 1.0 mm, RT was significantly thinner in all four sectors in HMA compared to the LM and MM groups (p < 0.05). Meanwhile, compared to the NG, RT was significantly thinner in the inferior, nasal, and temporal sectors (p = 0.000) in HMA, while no significant differences were observed for the superior sector. In addition, in HMA, RT was thinner in inferior sector compared to the HM group (p < 0.05). At 1.5 mm (except in the superior sector) and at 2.0 mm (except in the temporal sector) no significant differences were found between HMA and other groups, and the other measurement points were the thinnest compared with the other four groups (p < 0.05). At 2.5 mm, no difference in the RT of the inferior and temporal sectors were found between HM and MM groups (p > 0.05). At 3.0mm, HMA showed statistically significant thinning compared with NG, LM, and MM in all four directions (P <0.05), and there was also significant thinning compared with HM in inferior(P < 0.05).


Table 2. Subfoveal retinal and choroidal thickness, axial length in all five groups.
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Table 3. Retinal thickness in each group.
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The CT at the subfoveal and 0.5 mm/1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm in the four directions (superior/nasal/inferior/temporal) was significantly thinner in HMA compared with NG, LM, and MM groups (p = 0.000) (Tables 2, 4). In addition, compared with HM, CT in HMA was also significantly thinner at 1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm in superior and inferior sectors (p < 0.05); nevertheless, there was no significant difference in the nasal and temporal sectors (p > 0.05).


Table 4. Choroidal thickness in each group.
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As shown in Tables 5, 6, in the five groups, SFRT and SFCT were not correlated with age and sex, and there was no significant correlation between SFRT and AL (Table 7). SFCT in HMA, HM, and NG was negatively correlated with AL. In addition, the SFCT in HMA (r = −0.531; p = 0.013) showed a correlation with AL for the subfoveal location, similar to NG (r = −0.538; p = 0.010). Compared with LM (r = −0.334; p = 0.050), MM (r = −0.353; P = 0.108), and HM (r = −0.483; p = 0.036), SFCT in HMA (r = −0.531; p = 0.013) showed a negative correlation with AL (Figure 3, Table 8).


Table 5. Correlation between subfovea retinal thickness and age in each group.
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Table 6. Correlation between subfovea choroidal thickness and age in each group.
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Table 7. Correlation between subfovea retinal thickness and axial length in each group.
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[image: Figure 3]
FIGURE 3. Pearson correlation analysis of subfoveal choroidal thickness and axial axis in high myopic amblyopic eyes.



Table 8. Correlation between subfovea choroidal thickness and axial length in each group.
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DISCUSSION

High myopic amblyopia is a special type of amblyopia that has received little attention. In this study, we used EDI-OCT to evaluate the mean RT and CT in different refractive eyes.

Previous studies have reported that RT showed variations by sex and age, and CT can be significantly influenced by age and AL in normal eyes (21, 22). Nevertheless, in this study, we found no correlation between SF RT/SFCT and age (Tables 5, 6) in NG, as well as those with LM, MM, or HMA. In addition, no significant correlation between SFRT and AL was observed between the groups (Table 7). However, SFCT was negatively correlated with AL in NG, HM, and HMA (Table 8). Furthermore, after examining the RT of 0.5 mm to fovea, HMA was the significantly thinnest compared to LM and MM in three sectors (superior, inferior, and temporal); nevertheless, no significant differences were found compared to HM. In addition, no statistical difference at SFRT was found between HMA and other groups. Our data was not consistent with previous reports. Pang et al. (10) examined 31 amblyopic eyes with HM and found significant changes in macular thickness (MT) between amblyopic eyes and normal fellow eyes. Moreover, similar data were reported by Araki et al. (23), who measured 46 amblyopic eyes (31 with myopic anisometropia and 15 with hyperopic anisometropia). Average MT was calculated in the center, inner, and outer macular regions, and the normal eyes did not have SE grading, which might explain the difference in their results.

Although the area of 1 mm diameter range around the fovea is the main imaging area for central vision, our results suggested that the structure of the retina cannot fully reflect its function, and we should look at the problem as a whole rather than locally. In this study, we found that at 1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm to fovea, HMA has thinner RT in all four sectors compared to NG, LW, and MM, except for two points. RT of HMA was thinner than HM at each measurement point in the four directions, and was more significant in the inferior, with statistical difference. This may be due to particularity of HMA, in which retinal structure itself is different. It might also be that the retinal tissue structure becomes thinner as the AL increases. According to our current study, there was no difference between HMA and HM on AL, while the treatment effect was poor in HMA. BCVA was below normal, which induced the question whether reducing RT to a certain extent would affect VA.

Yoon et al. (24) and Dickmann et al. (25) have investigated different types of amblyopia and found no difference in MT between the amblyopic and normal fellow eyes. In addition, Park and his team (26) reveal differences between amblyopic and fellow eyes in the thickness of some retinal layers, including a notable difference in the ganglion cell layer plus inner plexiform layer. Although, these studies included subjects with hyperopic amblyopia, whereas in the current study, we examined subjects with myopia and myopic amblyopia. In this study, participants with HMA were compared to HM, spherical equivalent (SE) refractive errors of these eyes was less than −6.0 D and no significant difference in AL was found between these two groups. Nonetheless, RT at most of the measurement points was statistically thinner (especially in the inferior sector) in the HMA compared to HM.

Furthermore, we found that HMA has thinner CT compared to NG, LW, and MM. In addition, at 1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm in superior and inferior sectors, HMA showed statistically thinner CT compared with HM, while no significant difference between HMA and HM was observed at subfoveal and 1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm in nasal and temporal sectors. Spaide et al. (11) used EDI technique to examine the SFCT in 17 normal subjects (average age was 33.4 years) and found that SFCT was 318 μm in right eyes and 335 μm in left eyes. Moreover, Margolis and Spaide (20) reported an SFCT of 287 μm in 30 subjects with an average age of 50.4 years, where nasal thickness rapidly decreased, thus reaching a minimum mean of only 145 μm at 3 mm nasal to the fovea. Ding et al. (27) have reported that SFCT was 261.93 μm in 210 volunteers (mean age, 49.73 years). Our present study showed that SFCT was 330.20 μm in 19 normal Chinese children subjects (22 eyes) with an average age of 10.18 ± 2.63 years, 262.68 μm at 3 mm of temporal sector, and 302.09 μm at 3 mm of nasal sector. Our results differed from previous studies in that our subjects were significantly younger than the average age of the study population, and choroid thickness thins with age.

With reference to the hyperopic amblyopi a, a large number of previous articles (28–32) have reported that SFCT with hyperopic anisometropic amblyopia is significantly thicker compared to the fellow eye and the age-matched controls. Yet, only a few studies have suggested that CT is related to the occurrence of amblyopia (29, 31, 32). Xu and colleagues (31) have suggested that SFCT in amblyopic eyes negatively correlated with AL, but did not correlate with SE, VA, or age. However, Xu et al. (31) did not describe the RT. Moreover, Araki et al. (23) found that in the strabismic amblyopia group, there was no significant difference in the mRNFL, GCL+IPL, GCC thicknesses and CT (subfovea, center 1 mm, nasal and inferior of the inner ring, nasal of the outer ring, and center 6 mm) among the amblyopic, fellow, and control eyes."

In this study, obviously thinner CT was observed at 1.0 mm/1.5 mm/2.0 mm/2.5 mm/3.0 mm in the superior and inferior sectors of HMA compared with HM. In addition, the CT was thinner in the inferior sector compared to the superior one. At the same time, at the 0.5 mm area outside the fovea in the inferior sector, HMA had thinner RT compared to HM, while no significant difference in SFCT and SFRT were observed between the two groups. This was a novel finding that was not consistent with previous research. Consequently, our data suggested that CT thinning is associated with RT thinning in HMA, and amblyopia influences RT and CT. Thus, thinner choroid supplies less blood to the outer retina, resulting in thinning of the retina. In our current study, we used different measurements, which is why the obtained data do not adequately reflect the areas. Therefore, future studies should use SD-OCT to measure RT and CT in four directions in HMA.

In the present study, changes in the RT and CT in HMA were the most remarkable in inferior area, except for the 0.5 mm measurement point. However, this still does not explain why HMA occurs.

Previous reports have disputed about CT before and after treatment for amblyopia. Araki et al. (33) have reported that there were no significant changes in SFCT, center 1 mm CT, or center 6 mm CT before and after treatment in the amblyopic and fellow eyes. In addition, Liu et al. (34) have used a meta-analysis and reported that the SFCT in unilateral amblyopia was thicker than that in the fellow and control eyes. In the current study, we did not observe the CT before and after the treatment of HMA, which should be addressed in future studies. On the other hand, Pang and his team (35) have reported that contrast sensitivity function at the middle and higher frequencies was reduced in the amblyopic eyes associated with myopic anisometropia compared to the fellow eyes with high myopia. Therefore, further studies on visual function are also necessary.

This study has the following limitations: First, it is difficult to match HMA and HM in the same subject. If HMA and HM can be identical with different eyes of the subject, the errors caused by individual differences can be excluded. Second, there were fewer subjects in the study. Third, no MRI was performed to rule out visual abnormalities.
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