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Background: Retina is the light sensing organ that transfers the photon energy into electric signal, and 
further creates vision by relaying the signal to the visual cortex.  Being one of few internal organs that is 
directly accessible by light, retinal structures and functions have been greatly revealed by emerging 
modern optical microscopic techniques. Because the energy source of retina solely depends on the 
glucose and oxygen delivered through the capillary network of the retinal circulation, and also because 
there is little redundancy in the retinal vasculature, the retinal 
capillary dysfunction becomes a critical aspect of various 
blinding diseases.  In this presentation, we will focus a novel 
multi-modal volumetric imaging techniques that we termed 
oblique scanning laser ophthalmoscopy (oSLO) to uniquely 
assess the retinal capillary functions.   
Oblique scanning laser ophthalmoscopy: The state-of-the-
art retinal imaging methods all employ coaxial alignment for 
excitation and emission/reflection detection.  This alignment 
relies on the Rayleigh range of the focusing beam to provide 
depth resolution, which trading off the field of view (FOV).  
Therefore, the current techniques inherit the limitation of 
either lack of resolution or FOV.  The oSLO breaks the 
conventional coaxial alignment of the optical system, and 
utilizes an oblique illumination and angled detection.  This 
configuration allows the cross sectional imaging with a single 
snapshot of the camera, completely mitigating the z-stacking 
process as commonly used in confocal and multiphoton 
microscopy (Fig. 1).  At the same time, the laser scanning 
method also allows multi-model imaging in combination of 
optical coherence tomography angiography (OCTA), which 
is a motion sensitive label-free modality that visualize the 
blood flow.   
Applications: The multimodal retinal imaging has direct 
clinical applications on retinal vasculopathy, such as diabetic 
retinopathy and age-related macular degeneration (AMD), 
both of which affect millions of Americans.  The oSLO can 
also utilizes multiphoton process to improve the resolution 
and avoid the physiological effect of single photon excitation 
with a visible light source.  It is also expected to provide new 
tools for biophysical understanding of neurovascular 
coupling, photochemical reaction within photoreceptors and 
other fundamental biological problems.  

 
Fig. 1. In vivo volumetric oSLO FA and OCTA 
acquired simultaneously from the rat retina. (a-c) 
Examples of cross sectional OCT B-scan, and the 
corresponding OCTA and oSLO FA.  (d-f) Depth-
resolved oSLO fluorescence images at varying 
depth ranges. (g-i) The corresponding depth-
dependent OCTA images. Bar = 200 μm.  


