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Since the introduction of adaptive optics (AO) technology to ophthalmic imaging [1], the cone  
photoreceptor and retinal pigment epithelial cell mosaics have been routinely imaged to study the  
healthy and diseased retina [2-15]. Resolving inner retinal cells, however, has been more elusive,  
due to its transparency. AO optical coherence tomography has the required axial resolution and  
contrast to visualize the inner retina at the cellular level, but it has been limited by image  
speckle, acquisition speed and eye motion [11-13]. Non-interferometric AO phase imaging techniques  
that fraction the entrance and/or exit pupils have failed to provide the necessary axial resolution  
and contrast [16]. Recent advances in the optical design of AO scanning ophthalmoscopes (AOSOs)  
have allowed us to significantly improve the lateral resolution of our instruments, allowing, for  
example, visualizing the full and contiguous cone and rod photoreceptor mosaics in vivo. This  
increase in resolution has allowed us to resolve sub-cellular features in the retinal nerve fiber  
layer in reflectance that are consistent with the retinal ganglion cell (RGC) axonal varicosities,  
and cellular structures consistent with astrocytes and pericytes. These varicosities are  
approximately 3 mm in diameter in the healthy retina, and their size does not significantly  
vary across the retina, consistent with our findings. RGC axonal varicosities contain high  
concentrations of mitochondria, and therefore their visualization in vivo opens a new avenue for  
studying mechanisms of eye diseases such as glaucoma and Leber’s hereditary optic neuropathy, as  
well as neurological conditions such as multiple sclerosis and Parkinson’s disease. 
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