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Abstract: Myopia is a common ophthalmic deficiency. The structure and function of choroid layer is assumed to be associated with myopia. In this study, a laboratory developed spectral domain optical coherence tomography scanning system is used to image human eyes. The axial resolution of the system is about 7 μm, and the acquisition rate is 100 kHz. Firstly, a cross-sectional image was acquired by averaging 100 images from imaging posterior segment of each eye. The choroid thickness was measured by 11 discrete points. The average thickness of normal human eyes was (0.296 ± 0.126) mm, whereas the average choroid thickness of myopic eyes was (0.220 ± 0.095) mm. Afterwards, the T test is used to calculate the data statistically. The analysis of the final result is based on the average thickness measured and the thickness of each measuring point. There was a significant difference in choroid thickness between myopia and normal eyes (P value < 0.01), which indicates that the choroid thickness of myopia was significantly thinner than that of normal eyes. Besides, there are findings that the choroidal thickness in nasal side is thinner than that in the fovea and temporal side in each eye. The choroidal thickness on temporal side in myopia eye has the most significant difference comparing with that in normal eye. The comprehensive evaluation of myopia and normal choroidal thickness using spectral domain optical coherence tomography may provide an important reference for the development of medical methods for diagnosis and treatment of myopia.
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1  Introduction

Myopia is a common ophthalmic deficiency/disease. Nowadays, as electronic equipment is more widely used, and heavy learning task of young people and other social phenomena, myopia has become a serious problem influencing the vision qualify and eye healthy.

Choroid layer is located between the retina and sclera of the human eye, which provides oxygen and nutrition for the human eye [1]. There is a large number of capillaries are distributed in the choroid. If the capillary space of choroid is too large or the vasculature flow is insufficient, it is related to macular disease or some other diseases of human eyes. Choroid thickness, as an intuitive parameter, may have a certain correlation with myopia [2,3].

Optical coherence tomography (OCT) has been developed since 1991 [4]. From time domain to spectral domain and swept source OCT, the imaging speed, imaging resolution and signal-to-noise ratio of the system have been greatly improved. The spectral domain OCT (SD-OCT) use spectrometer to collect the coherent light information, and analyze the signals in spectral domain, which make the acquisition speed in the depth direction is much faster than that of the time domain OCT [5]. With the development of this technology, and because of the superior imaging resolution of OCT and the need of ophthalmic examination, it has been widely used in the ophthalmic examination [6,7]. SD-OCT is a noninvasive optical imaging method, which can further analyze and determine the pathogenesis of myopia by analyzing the relationship between choroid and myopia in different age groups, so that in the adolescent stage, the development of corresponding medical methods can further intervene the incidence of myopia in and children and adolescents.

In this study, the SD-OCT system is used to image the morphological structure of the fundus of human eyes, so the structure images of the choroid could be acquired and the corresponding thickness of the choroid could be evaluated.

2  Experiment

2.1 Theory of SD-OCT

Unlike other traditional imaging methods, OCT uses a low coherent light source to illuminate the imaging sample, and then obtain the depth information of the sample by the interference signal extracted from the reflected light from the sample arm and reference arm. The detected signal from the system can be expressed by the following formula (1) [8]:


ID(k)=ρ4[S(k)[RR+RS1+RS2+...RSn]]+ρ2[S(k)∑n=1NRRRSn(cos[2k(ZR−ZSn)])]+ρ4[S(k)∑n≠m−1NRSnRSm(cos[2k(ZSn−ZSm)])]
(1)

In the formula (1), 
ID(k)
is the signal collected from SD-OCT, 
ρ
is the photoelectric conversion efficiency of the camera. 
S(k)
is the power spectrum function of the light source. 
RR
is the reflectivity of the reference arm. 
RSi
is the reflectivity of the sample arm. 
ZR
is the distance between the reference arm and the spectroscopic position. 
ZSi
is the distance between the sample and the spectroscopic position. 
k
is the wave vector. The first term in the above formula is the DC term, which is the superposition of the reflected light intensity from the reference arm and the sample arm. The second item is the interrelated item between the returned light of the reference arm and each layer of the sample. The third term is the self-coherent term, which is the interrelated item caused by the interference between different layers’ reflections of the sample arm. The imaging of OCT is mainly based on the second term, that is, the interrelated item. As shown in the above formula, with the deepening of the depth, the frequency of the signal is higher. After removing the DC term and self-coherent noise of the collected signal, the intensity information of different depths can be obtained by Fourier transform.


ID(k)=ρ8[γ(z)[RR+RS1+RS2+...RSn]]+ρ4[γ(z)⊗∑n=1NRRRSn(δ(Z±(ZR−ZSn)))]+ρ8[γ(z)⊗∑n≠m−1NRSnRSm(δ(Z±(ZSn−ZSm)))]
(2)

The formula (2) is obtained by performing Fourier transform to the formula (1). 
γ(z)
is the Fourier transform of 
S(k)
, 
⊗
represents convolution. By calculating the second item in the formula, we can get the signal information of A-line scan.
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Figure 1: (a) Signal of A-line and (b) B-scans composition

The signal of a single A-line is shown in Fig. 1. Different depth positions are denoted by the abscissa, while the signal intensity of different depths of tissue is shown by the ordinate. The complete two-dimensional choroid map, shown by the OCT B-scans, can be obtained, where the choroidal thickness can be measured. The thickness of choroid is calculated from the distance between the RPE and the choroidal border. The choroidal thicknesses from multiple locations of the thickness band could be evaluated.

The number of A-line in B-scans can be determined according to the requirements of the experiment. The imaging speed of the system can be improved by reducing the number of A-line appropriately. The number of A-line is not infinite, it is related to the lateral resolution of the system. The excessive number of A-line will cause over-sampling, which could increase the size of the data and the imaging time but not improve the quality of the image.

2.2 Experiment

Here, a SD-OCT system is used to image the fundus. The schematic and photograph of the imaging system are shown in Fig. 2.
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Figure 2: The structure diagram of the SD-OCT System

The initial light of the system is originated from an ASE light source (EXALOS), with a central wavelength of 840 nm and a bandwidth of 49 nm (−3 db), which is divided into two beams through an optical fiber coupler (50:50 coupling ratio, Thorlabs). One beam of the light enters the reference arm through the collimator (Thorlabs); the other beam of the light enters the sample arm through the optical fiber collimator, and then controls the tomography imaging position of the system through an X-Y scanning galvo mirror systems (Thorlabs). Finally, it passes through the objective lens group composed of L2 and L3, and then focuses on the retina and choroid area through the optical system of the eye. The reflected light from the reference arm and the backscattered light from the sample arm go into the imaging acquisition section after being coupled into the optical fiber couplers. The returned light passes through a collimated lens (focal length is 75 mm) and then hits on the grating (1800 L/mm, Wasatch). Then, through a focusing lens (focal length is 150 mm), the signal is collected on the photosensitive layer of the camera (E2V). The fastest imaging speed of the camera is 140 K. The imaging speed of the system is 100 kHz. The axial resolution of the system is about 7 μm. The measurement sample of this experiment is human eye fundus. Setting the average refractive index of its tissue to be 1.375. The power of the irradiated light at the pupil is about 2 mW, which meets the requirements of GB7247 and ISO-15004.

There were 10 volunteers in this experiment. The purpose and significance of the study have been informed to the subjects with agreements. In the 10 subjects, four of them have normal eyes and were used as control group A. Six of them have myopic eyes, which were used as experimental group B. Through imaging 20 eyes of the 10 subjects at the same specified period on different dates, clear choroid fundus images were obtained, and an average of 11 points of choroid were measured. Finally, the data sets were analyzed and compared.

The image acquisition speed by the system is set to 100 kHz. Each picture consists of 1000 A-line, that is, the size of the picture is 1024 pixels × 1000 pixels, and the frame rate is 100 Hz. A total of 100 pictures were collected per collection, the acquisition time is 1 s. Then, 100 pictures were averaged, and a representative image was obtained in Fig. 3. As to the measurement of the choroid thickness, 11 measuring points were selected, including the measuring point 5 showing in the fovea region, 4 measuring points on the left (nasal) side of the central fovea, and 6 measuring points on the right (temporal) side of the central fovea. The measuring points of each picture were consistent with the same location and intervals.
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Figure 3: Demonstration of fundus cross-sectional map and measurement positions of different choroid thicknesses. Left: nasal side; right: temporal side. Scale bar is 200 μm

3  Analysis and Discussion

The collected data, incorporating average value, positive and negative deviation, were analyzed by SISS 25 software. The t test was implemented to the measured data independently, and P < 0.05 difference denotes statistically significant. The results were shown in Table 1 & Fig. 4. According to Table 1, the thickest region of choroid was in the temporal side, followed by the central fovea thickness. The nasal side was the thinnest, which was consistent with the previous study [9]. As shown in Table 1, the average measurement result of the choroid thickness in normal human eyes was 0.296 (±0.126) mm. The average choroid thickness of myopic eyes was (0.220 ± 0.095) mm. The T value of T test was 20.262, P < 0.01, that is to say, the choroid thickness of myopia group was significantly different from that of normal human eyes. Moreover, there were significant differences at each measuring point, which indicated that the choroid thickness of myopic eyes became thinner than that of normal eyes. The choroidal thickness on temporal side in myopia eye has the most significant difference comparing with that in normal eye.
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Figure 4: The schematic diagram of the measured results. Choroidal thickness values in normal eyes are denoted by the blue bars. Choroidal thickness values in myopia eyes are denoted by the orange bars

4  Conclusion

Overall, a comprehensive evaluation of myopia and normal choroidal thickness using spectral domain optical coherence tomography is reported here. The choroid thickness of myopia was significantly thinner than that of normal eyes (P value < 0.01). The choroidal thickness on temporal side in myopia eye has the most significant difference by comparing with that in normal eye. Besides, the choroid thickness values in temporal, fovea and nasal areas become thinner gradually. The study may provide an important reference for the development of therapeutic strategies for myopia.

5  Discussion

The thickness of choroid is negatively correlated with the degree of myopia, that is, the thinner the choroid is, the deeper the degree of myopia. In the future, three dimensional imaging of the choroid morphological structure and the choroid blood vessels will be compared and analyzed with the degree of myopia. Relationship between myopia and the volumetric structure and function of the choroid will be investigated.
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OEBPS/Images/table-1.png
Table 1: Measurement and evaluation of the choroidal thickness in normal and myopia eyes

Choroidal thickness Normal (mm) Myopia (mm) T P value
Average thickness 0.296 + 0.126 0.220 + 0.095 20.262 <0.01
Nasal thickness 0.2327 0.17787 9.731 <0.05
Temporal thickness 0.3313 0.2514 23.631 <0.01
point 1 0.170 £ 0.110 0.126 + 0.059 11.496 <0.01
point 2 0.211 £0.122 0.149 + 0.070 13.140 <0.01
point 3 0.251 £ 0.116 0.176 £ 0.073 14.355 <0.01
point 4 0.299 + 0.108 0.218 £0.118 16.042 <0.01
point 5 0.341 £ 0.078 0.248 £ 0.134 17.007 <0.01
point 6 0.366 + 0.065 0.275+0.114 19.251 <0.01
point 7 0.371 + 0.066 0.277 £ 0.093 22.599 <0.01
point 8 0.356 £ 0.086 0.270 + 0.086 22.817 <0.01
point 9 0.325 + 0.069 0.247 + 0.089 21.685 <0.01
point 10 0.302 + 0.063 0.228 £ 0.075 20.343 <0.01
point 11 0.269 + 0.062 0.211 = 0.079 22.141 <0.01
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