Retinal vascular indexes and renal function in hypertensive patients: relationship between different microvascular networks
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Methods – Appendix 1
Angio-OCT images underwent pre-processing steps to extract key features for subsequent analysis. Using image binarization, grayscale images were converted into binary images. The adaptive Niblack algorithm [1] was employed, which calculates the threshold T locally for each pixel within a 3×3 window as follows:
T = μ + k · σ
where μ and σ represent the mean and standard deviation of pixel intensities within the window, respectively, and k=0.2. Following binarization, the binary object was reduced to a 1-pixel-wide representation using skeletonization. Peripheral pixels were then iteratively removed using the Zhang thinning algorithm [2] until image stabilization was achieved.
The image was divided into four quadrants: superonasal, superotemporal, inferonasal, and inferotemporal. Fractal Dimension (FD), Vessel Tortuosity (VT), Vessel Length Density (VLD) and Capillary Density Index (CDI) were calculated for each quadrant and a mean of the area. Formulas of each parameter are reported.
Fractal Dimension (FD) measurement
The Fractal Dimension (FD) is employed to quantify the complexity of a given pattern, e.g. the vessel morphology in OCT image. Its estimation is achieved through the application of the box-counting method. The binarized and skeletonized image is initially overlaid with a grid of N boxes, each with an initial side length of L. The number of boxes, denoted as N(L), is then determined. Subsequently, the process is iterated by subdividing each box containing a white pixel into smaller boxes, and N(L) is recalculated for each iteration. A log-log plot of L versus N(L) is then generated, and the FD is computed as the slope of this plot using a linear least squares regression analysis [3,4].
Vessel Tortuosity (VT) measurement
Vessel Tortuosity (VT) is defined as the ratio between the sum of the actual lengths of all vessel branches and the sum of the Euclidean distances between the start and end points of each branch. Mathematically, it can be expressed as

where Branches represents the set of all branches identified within the skeletonized image, length(b) denotes the sum of white pixels constituting branch b, and EUDist represents the Euclidean distance function. The small constant ε is introduced to prevent division by zero in cases where only circular branches exist [5].
Vessel Length Density (VLD) measurement
The VLD is defined as the total length of blood vessels within the acquired image, excluding the Foveal Avascular Zone (FAZ). The total vessel length is computed using the following formula:

where Skel and Bin represent the operations of skeletonization and binarization of the image, respectively, and  computes the image area [6].
Capillary Density Index (CDI) measurement
Capillary density index (CDI) is defined as the ratio of the luminal area to the total area of the unit area under study. It was calculated on the white pixels of the binarized image within a circular region centered on the image center, with a radius equal to half the image width.
The CDI for each quadrant was calculated as the ratio of white pixels to the total area of the quadrant. The global CDI was computed as the mean of the four quadrant values.
Mathematically, this can be expressed as:



Where  the area of the image corresponding to the quadrant . The global CDI is then calculated as the mean of the CDI values of all four quadrants [7].
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