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Development and application of multi-modal anterior eye

Abstract

Imaging system
DUAN Zhengyu, XIAO Peng, LUO Zhongzhou, WANG Gengyuan, YUAN Jin
(Engineering Center, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou $10000, China)

Objective: To obtain the comprehensive information of the anterior eye image, establish complementary
information for the diagnosis and evaluation of ocular diseases. Methods: We developed a multi-modal, non-
invasive optical imaging platform by combining ultra-high resolution optical coherence tomography (UHR-OCT)
with a microvascular imaging system based on slit-lamp biomicroscopy. Results: The uHR-OCT module achieved
an axial resolution of approximately 2 pym in tissues. The lateral resolution of the ocular surface microvascular
imaging module under maximum magnification was approximately 3.5 ym. By combining the imaging optical
paths of different modules, the customized multi-modal eye imaging platform was capable of performing real-

time cross-sectional UHR-OCT imaging of the anterior eye, conjunctival vessel network imaging, high-resolution
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conjunctival blood flow videography, and traditional slit-lamp imaging on a single device. With self-developed

software, a conjunctival vessel network image and blood flow videography were further analyzed to acquire

quantitative morphological and hemodynamics parameters, including vessel fractal dimensions, blood flow

velocity and vessel diameters. Conclusion: The ability of the multi-modal anterior eye imager to provide both

structural and functional information for ophthalmic clinical applications can be demonstrated in a healthy human

subject and a keratitis patient.
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Figure 1 Schematic of the eye imaging system
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Figure 2 Experimental results of the healthy subject
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(A, B) Slit-lamp corneal imaging of healthy subjects, the red dashed line indicates the OCT scanning position. (C, D) OCT image of the
healthy cornea and the zoom-in area showing clear corneal layer structures. EP: epithelial layer; BL: Bowman'’s layer; ST: stroma; ED:
endothelial layer. (E) Screenshots of eye microvascular dynamics in the selected area of conjunctival microvascular network. (F) The bulbar
conjunctival vessel network image of the healthy subject. (G, H) The segmented vessel network image and the skeletonized vessel network

image of the selected region.
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Figure 3 Experimental results of the keratitis patient
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(A) Appearance image of the keratitis patient’s eye; the red dashed line indicates the OCT scanning position; (B) Fluorescein stain image
of the keratitis patient; (C, D) OCT image of the inflamed cornea and the zoom-in area showing the highly reflective, inflamed lesion. (E)
Screenshots of eye microvascular dynamics in the selected area of conjunctival microvascular network; (F) The bulbar conjunctival vessel

network image of the keratitis patient; (G, H) Results of skeletonization of conjunctival microvascular network.
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Table 1 Comparison of the quantitative vessel parameters
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