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Abstract. Retinopathic changes are common to many ocular diseases and if
detected early, much of the change caused by various injuries can be prevented
or in some cases reversed. However, detection and quantification of these
changes currently requires tedious invasive and manual examination of retinal
wholemount images. To remedy the quantitative limitations, we have designed
a software system to automatically determine the vascular cell counts and
coverage of retina in wholemount trypsin digest images. To verify the utility of
the system, retinal trypsin digests from wild type (bcl-2 +/+) and bcl-2 deficient
(bcl-2 -/-) mice were compared. Bcl-2 is a critical regulator of apoptosis with a
significant role in retinal angiogenesis and vascularization. The bcl-2 -/- mice
exhibited significant reduction in retinal vascular density and complexity. Thus,
our results show the potential for automated evaluation of retinal trypsin digests
delineating the differences between the wild type and bcl-2-deficient retinal
vasculature.

Keywords: Classification, Fractals, Retinopathy, Fluorescence Microscopy,
Image Cytometry.

1 Introduction

Retinopathy can be caused by several disorders including, but not limited to, diabetes
[1], hypertension [2], and age related macular degeneration [3]. The manifestation of
diabetic retinopathy involves loss of existing vessels, ischemia, and growth of new
abnormal blood vessels in the retina. Unfortunately, the pathology of this injury is not
currently fully understood, and is currently a prominent area of research. However,
detection of this injury currently relies on laborious manual analysis of retinal
wholemount trypsin digests and subjective measures. Therefore, it would be
beneficial to create a system to automatically and reproducibly detect these changes.
With this end in mind, we have created a software package to determine retinal
vascular cell density and ratios. This package is capable of analyzing bright field and
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fluorescent images of the retinal vasculature for quantitative evaluations in a short
period of time, facilitating faster and more reliable determination of vascular changes.
In order to quantify the amount of injury experienced by the retina, the package
measures the cell count and vessel coverage of high-resolution fields of view of the
retinal wholemount trypsin digests, while requiring minimal input from the user.

Bright field and fluorescence images of stained wholemount retinal trypsin digests
were acquired in digital formats, and the fluorescence images were thresholded using
the histograms of intensity values in the fluorescent channel to separate vasculature
from background. The histogram of these images showed a bimodal distribution,
where the lower intensity mode corresponds to background and the higher intensity
mode corresponds to the vasculature. With this in mind, the threshold level is
determined independently for each image as the minimum value of the histogram (i.e.
the least frequent intensity) between these two modes, leading to a binary image
which contains the structure of the vasculature. The images acquired were saved as
TIFF files and analyzed in MATLAB (The MathWorks).

2 Feature Extractions

Vascular Cell Detection and Count. The location of cells in each image was
determined using the following segmentation algorithm. The location of foreground
markers (cells) was detected by applying an FIR semi-Laplacian filter to enhance the
contrast of the circular objects (using the center and surround method). The
background markers were computed by applying watershed detection on the resultant
binary mask of the previous stage. Then the gradient of the images is calculated and
modified so that its intensity becomes zero in both foreground and background
objects. The watershed transform of the modified gradient image is computed and
results in a binary mask containing the borders of the objects. Automatic cell
segmentation resulted in an accuracy of ~90% compared to manual cell detection and
counting.

Retinal Vessel Coverage. The vessel coverage is defined as the amounts of pixels
which are "on" in the thresholded image, which correspond to the area covered by the
entire retinal vasculature.

3 Results

The Retinas from Bcl-2 -/- Mice Have Fewer Numbers of Vascular Cells. The
results shown in figure 1 indicate that those retinas from a bcl-2 -/- mice contained
fewer cells than the retinas from bcl-2 +/+ mice. The 6 week old group images
contained a mean number of cells of 108.375 for the bcl-2 -/- mice and 152.875 for
bcl-2 +/+ mice (p < 0.005). Similarly, in the 3 week old group, the mean number of
cells was 137 for bcl-2 -/- mice compared with 177.75 for the bcl-2 +/+ mice (p <
0.001). Figure 1 shows the mean and standard deviations of the cell counts within
each group. As expected, the mean values were higher in the bcl-2 +/+ group than
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those in the bcl-2 -/- group, supporting the fact that the bcl-2 gene is an apoptosis
inhibitor with an important role in angiogenesis.

Wild Type Retinas have Higher Vessel Coverage. The results showed a significant
difference in the 3 week old group, but a much smaller difference in the 6 week old
group. In addition, the mean values of vessel caliber for the bcl-2 -/- and bcl2 +/+
mice in the 3 week old group were 7.6x10° and 8.7x10° (p < 0.05), respectively.
Figure 1 shows the mean and standard deviations of the vessel coverage.

| . | .
| . D .
Fig.1. Mean values and Standard Deviations of Cell Counts (a) and Vasculature Area (b).
Sample bright field (c and d) and fluorescence (e and f) images from 6 week old bcl-2 -/- (c and

e) and 3 week bcl-2 +/+ (d and f) mice. The bright field images have red lines surrounding
detected cells. * indicates a significant difference (p <0 .05).
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4 Discussion

We have developed a system capable of automatically quantifying several parameters
of retinal trypsin digest images. The features used for this classification include the
cell count and vasculature area. The cell count is an important indicator of
retinopathy, as it is directly related to the early loss of vascular cell and later growth
of new blood vessels. Therefore, we expect the concentration of cells in the retina to
be a precursor to injury. Similarly, as new vessels grow, the area of the vasculature
increases, so the measurement of this feature is also important.

The automated detection of the above features is important for two reasons. First,
the speed of quantification capable with modern computers will allow for faster
research and, therefore, sooner understanding of the causes and effects of retinopathy.
Second, the automation leads to a reproducible result regardless of the person
examining the retina. As previously mentioned, current measurement of these
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parameters requires manual examination of these images, including counting
individual cells one by one. This is not only time consuming, but is also prone to
error, both of which are remedied by the automation used in this software system.

5 Conclusion

We can automatically quantify several features of the retinal vasculature with high
sensitivity. This is important in understanding retinal injuries related to a wide range
of diseases including diabetes, hypertension, and age related macular disease. By
automatically measuring the cell count and vessel coverage of the images, we were
able to show significant differences in bcl-2 deficient compared to bcl-2 +/+ retinas.
With the addition of more features, we hope to create a system capable of detecting
very small changes in the retinal vasculature and various cell types allowing for the
earliest detection of early vascular changes.
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