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Abstract: In this work we propose the automatic estimation of the visual acuity of patients with
retinal vein occlusion using Optical Coherence Tomography by Angiography (OCTA) images. To do
this, we first extract the most relevant biomarkers in this imaging modality—area of the foveal
avascular zone and vascular densities in different regions of the OCTA image. Then, we use a support
vector machine to estimate the visual acuity. We obtained a mean absolute error of 0.1713 between
the manual visual acuity measurement and the estimated, being considered satisfactory results.
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1. Introduction

Optical Coherence Tomography by Angiography (OCTA) is the newest imaging modality in the
ophthalmic field. This imaging modality is mainly characterized by allowing the visualization of the
retinal vasculature non-invasively, being extracted in real time at different levels of depth. The most
relevant biomarker in this imaging modality is the Foveal Avascular Zone (FAZ), which represents a
region without vascular circulation in the macular area. In our previous work, we have performed
the automatic extraction of this biomarker [1]. Visual Acuity (VA) is the representation of a patient’s
vision. Problems related to the loss of microvasculature lead to a consequent loss of vision. In this
work, we present the estimation of the VA of patients with Retinal Vein Occlusion (RVO) using features
that were extracted directly from the OCTA images [2,3].

2. Materials and Methods

A dataset containing 860 OCTA images divided into different patient visits is used to validate
the proposed method. Each visit consists of four OCTA images representing different depths of the
retina (superficial and deep) as well as different zoom levels (3 × 3 mm2 and 6 × 6 mm2). For a more
detailed specification of the used dataset, see Reference [3].

In Figure 1, we can see the steps that were followed to estimate the VA. Using the input OCTA
images, we extract the FAZ using the methodology explained in Reference [1] and then we extract the
vascular density (VD). To extract the VD, a thresholding process using the Otsu’s algorithm was used,
followed by a skeletonization procedure. At this point, the image is divided into a grid, typically used
in the clinical domain, being the density in each of the regions of this grid calculated. Figure 2 shows a
representation of the extractions of these parameters. Finally, using a Support Vector Machine (SVM),
we estimate the visual acuity using the FAZ measurements, as well as the densities in each quadrant of
the employed grid.
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Figure 1. Steps of the presented methodology.
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Figure 2. Representative examples of the (a) FAZ extraction and (b) VD measurement process.

3. Results

To validate the methodology we used the Mean Absolute Error (MAE) to evaluate the distance
between the manually measured VA and the estimated one with the proposed method. The obtained
results reported a MAE of 0.1713 of variation in the VA estimation. Given that the VA takes values in
the range [0–1], and the results are obtained in real time (while the manual measurement of the VA is
long in time), we can conclude that the results are satisfactory.
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