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Due to differences in eye anatomy, local variation in image blur can 
be a problem in widefield fundus images. This forms a spatially 
varying defocus estimation problem that has recently been 
addressed using multi-scale deep learning (DL) methods for blind 
motion deblurring. This study aims to characterize the 
performance of a DL network to improve vessel sharpness in 
fluorescein angiograms.

 Processed images were graded as the same or better in overall image sharpness in 90.2% of images, in retina 
appearance in 82.9% of images, and in choroid appearance in 97.6% of images. 

 In 8 cases, the processed image was graded as worse. In these cases, a more detailed analysis was done. In 6 
cases, small vascular details were removed. 

 In 1 case, perivascular dye leakage appeared sharpened. In another, the vessel-like structures were generated in 
an area with no blood vessels. 

PURPOSE RESULTS

 We used a multi-scale approach with convolutional neural 
networks (CNN) in residual U-Net architecture.

 Fluorescein angiograms (FA) taken with a prototype slit scanning 
ophthalmoscope were used in this study

 For training, sharp patches from FA images were blurred with 
point spread functions modelled with realistic aberration 
parameters. 

 The network was trained using 30,000 patches of size 256x256.

 Each patch was deconvolved separately and recombined into 
the final image

 Images were graded by a clinician for the following:

• Overall sharpness was graded from 1 to 5, with 5 
being the sharpest. 

• The appearances of retinal and choroidal vessels were 
graded separately as better, same, or worse than the 
original

• To further characterize the clinical utility of the 
images, a more detailed grading was done in the areas 
of disease, and evaluated in the context of dye transit 
time and disease state

 Forty-one images were included in the validation set from 
different dye transit times and diseases. 

METHODS
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CONCLUSIONS

In this study, despite general improvements to image sharpness, some images showed undesired results. The 
purpose of fundus imaging is to reliably depict the anatomy of the eye, allowing clinicians to rely on the images in 
medical decision making. Changes that add or remove features may affect clinical utility and should be avoided. 
Caution should be taken when applying DL for image processing. Because DL relies on large amounts of annotated 
data for training, rare or atypical diseases may have a higher chance of producing poor results. 

Figure 1: Original FA image (left) and processed FA image (right). Overall sharpness of the processed image is better 
compared to the original image. Artifacts introduced in the processed image by the algorithm are highlighted. The 
artifacts give the appearance of vessel-like structures.


