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Diabetic Retinopathy

Abstract

Diabetic retinopathy Is a vascular disease in the retina that can cause vision loss. Severe
cases of this disease are characterized by neovascularization of blood vessels in the eye. In
this study, we will use fractal dimension to attempt to determine a difference in the complexity
of retinal blood vessels between individuals who have diabetic retinopathy and those without
the disease.

Diabetic retinopathy Is a disease caused by damage to retinal blood vessels that occurs Iin
people with diabetes. This disease is nonproliferative In its early stages, but as it progresses,
It can potentially become proliferative. Proliferative diabetic retinopathy is characterized by
neovascularization, the formation of additional blood vessels. Neovascularization occurs to
make up for the function of the damaged vessels, but the newly formed vessels are much
weaker and susceptible to tearing, which could lead to hemorrhage and subseguent vision
loss.

A fractal is an image that typically maintains its complexity on an
Infinite number of scales. A classic example of a fractal is the
Sierpinski Triangle (right). This shape is formed by dividing a
triangle into four sections and removing the middle section, and
this process is repeated an infinite number of times for the
remaining sections. If you zoom in on one section of the triangle,
the shape will always maintain its complexity, no matter how far
you zoom In. The complexity of a fractal can be calculated by
determining its fractal dimension. For any planar figure, the fractal
dimension will be between 0 and 2. The fractal dimension
Increases as the complexity of the fractal increases. One way of
computing fractal dimension is through the box-counting method.
In this method, you count the number of boxes, denoted N, that
cover a fractal on multiple scales, denoted s. Then, you create a
scatter plot with In(1/s) on the x-axis and In(N(1/s)) on the y-axis
and find the best fit line. The slope of the resulting best fit line Is
the fractal dimension.

The structure of blood vessels is a fractal because blood vessels continue to grow
smaller as they branch out while still maintaining their complexity. We wanted to
discover If there was a difference In fractal dimension between healthy eyes and eyes
with diabetic retinopathy. The images we used in this study had a grade of either 0 or 3;
eyes that were grade 0 did not have retinopathy, and eyes that were grade 3 had severe
cases of retinopathy. We used the box-counting method to compute the fractal
dimension of ten images each of grade 0 and grade 3 retinopathy. We focused on the
area of the optic nerve and placed boxes on the blood vessels using a computer
program from a scaling factor of 1/8 to a scaling factor of 1/128.
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Results References

When we compared the two means, we obtained a p value less than 0.05, which means there Is a statistically significant
difference Iin the fractal dimension of the retinal blood vessel structures between eyes with grade 0 and grade 3 diabetic

retinopathy.
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