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ABSTRACT 
 
Adaptive optics (AO) fundus imaging is an optoelectronic 
technique allowing an improvement of an order of 
magnitude of lateral resolution of retinal images. Currently, 
its main applications in ophthalmology span from 
photoreceptor to retinal pigment epithelial cells and vessels, 
each of them being affected by specific diseases. 
Technological and image processing improvements are 
expanding the scope of its medical applications. Here we 
will review some of the current and envisioned applications 
of AO in clinical practice. 
 

Index Terms— adaptive optics retinal imaging, age-
related macular degeneration, photoreceptors, arterial 
hypertension. 
 

1. INTRODUCTION 
 
Adaptive optics (AO) is an optoelectronic technique that 
compensates for optical aberrations by the mean of a 
deformable mirror. AO imaging was first developed in 
astronomy and later applied to fundus images. AO improves 
the lateral resolution of fundus images, which can reach the 
micrometric scale. AO-based fundus cameras allow in vivo 
visualization of microstructures of the retina, making the 
retina the only human tissue in which subcellular structures 
may be routinely observed in vivo. High resolution imaging 
of photoreceptors therefore holds promises for cellular-scale 
diagnosis and guidance of therapy. An increasing number of 
clinical applications are identified for AO imaging, hence it 
is progressively translating from the lab to the clinics and 
will undoubtedly become a routine procedure for many 
retinal diseases in the next years. 

The main applications of AO in ophthalmology span from 
photoreceptor to retinal pigment epithelial cells and vessels, 
each of them being affected by specific diseases. The first 
photoreceptor images using AO were obtained more than 15 
years ago [1]. However, there are still some obstacles that 
prevent the widespread use of AO in clinical routine. One 

relates to the integration of information from AO into 
medical decisions. Although AO fundus imaging technology 
and image processing is reaching technological maturity, 
clinical interpretation of the complex features of diseased 
retina indeed remains challenging because of a number of 
factors. Among these factors are the level of pigmentation of 
the fundus, the transparency of the retina, the presence of 
other sources of light reflection in diseased retina, the spatial 
and temporal variability of photoreceptor reflectance, and 
the variable orientation of photoreceptor outer segments. 
Other issues are related to the fundus image technology: 
scanning laser and flood illumination show some differences 
in term of resulting imaging which are not yet fully 
understood. A crucial factor is also that, in order to optimize 
the management of these complex images by 
ophthalmologists, carefully designed structure-specific 
softwares for image processing and analysis are necessary . 

We will show here that there are some clinical 
applications of AO in public health that already offers 
promising opportunities for clinicians. Most of this paper 
relates to flood illumination-based AO. 
 

2. MEDICAL APPLICATIONS OF ADAPTIVE 
OPTICS IMAGING 

 
2.1. Photoreceptors 
 
Historically, photoreceptors were the first microstructures 
specifically identified by AO imaging. The diameter of the 
largest cones reaches ~3µm, making them visible under the 
aspect of a mosaic of hyperreflective dots (Figure 1). Rods 
and the smaller foveal cones became more recently 
accessible with the increasing resolution of AO imaging 
systems. This allowed documenting the loss of 
photoreceptors in diseases such as retinitis pigmentosa. A 
precise counting of residual photoreceptors may be an 
essential biomarker of the effect of biotherapies such as 
gene or cell therapy. 

Image processing has brought major improvements to AO 
imaging. Cone counting algorithms have now reached a 
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during GA is important for the estimation of its long-term 
prognosis and consequently for the evaluation of therapeutic 
results. It is likely that improved imaging of small GA 
lesions may allow evaluating the effect of treatment at 
earlier stages of the disease, where such treatment may be 
more susceptible to show efficacy.  

AO imaging improves the resolution of the changes 
affecting the RPE [13] (figure 5). Time-lapse imaging revealed 
for the first time the migration of these cells, presumably 
inflammatory cells. Such dynamic changes can be observed 
within as well as outside atrophic areas. Time-lapse AO 
imaging also allowed detection of very small spots of atrophy 
and follow-up of their progression.  
 

 
Figure 5. Illustration of pigment redistribution in a case of 
geographic atrophy. Note the multiple black dots in the AO 
image, presumably representing inflammatory cells.  
 

AO imaging is therefore of interest to detect the emergence 
of atrophic spots, to document the progression of GA at a small 
temporal and spatial scale, and also to investigate the dynamic 
process underlying the redistribution of (presumed) 
inflammatory cells. A complex, dynamic process of 
redistribution of melanin-loaded cells indeed precedes and 
accompanies the emergence and progression of GA. Further 
studies correlating AO to conventional en face imaging and 
OCT would help to better define the place of AO imaging in 
the management of GA patients. 
 
 
2.4. Vascular inflammation 
 
Recently, we observed that AO may reveal paravascular 
cellular infiltrates in eyes with vascular inflammation [14], 
which are not otherwise detectable. This offers the 
opportunity of diagnosing vascular inflammation and also 
monitoring the therapy of such patients in a noninvasive 
way. Since vascular inflammation occurs in many general 
diseases, including multiple sclerosis, detection of 
paravascular infiltrates may of interest in a number of 
neurological and/or inflammatory diseases. 
 

3. CONCLUSION 
 
Up to now, the main application of AO fundus imaging has 
been photoreceptor detection and counting; this somewhat 
overshadowed the exploration of other retinal structures. 

With a simple procedure applicable in a routine setting, AO 
imaging can document microscopic features of common 
ophthalmological and general diseases and will possibly 
become a reference tool for their monitoring. Such medical 
applications will rely heavily on image processing and 
analysis, for which specific applications are needed for each 
structure of interest, and possibly of each disease. 
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