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ABSTRACT

Currently there are few parameters that are used to compare the efficiency of different form of cancerous prostate
surgical removal. An accurate assessment of the percentage and depth of extra-capsular soft tissue removed with the
prostate by the various surgical techniques can help surgeons determining the appropriateness of surgical
approaches. In order to facilitate the reconstruction phase and thus provide a more accurate quantitation results when
analyzing the images, it is essential to automatically identify the capsule line that separates the prostate capsule
tissue from its extra-capsular one. However the prostate capsule is sometimes unrecognizable due to the naturally
occurring intrusion of muscle into the prostate gland. At these regions where the capsule disappears, its contour can
be arbitrarily reconstructed by drawing a continuing contour line based on the natural shape of the prostate gland. In
this paper, some mathematical equations that will be used to provide a standard prostate shape at various stages will
be presented. This mathematical model can be used in deciding the missing part of the capsule. It will also be used
in conjunction with Generalized Hough Transform to automatically determine the capsule line, thus provides more
accurate results in the reconstruction phase as well as in the percentage of coverage and depth calculations of the
extra-capsular tissue.

Keywords: Visualization, image reconstruction, 3D image quantitation, prostate surgery assessment, Generalized
Hough Transform.

1. INTRODUCTION

Prostate cancer is one of the leading causes of cancer death among male population in the United States. Early
detection of the disease is much more common nowadays than used to be in the past. In prostate removal surgeries,
surgeons apply different removal approaches. They need to compare the quality of their different approaches as well
as evaluate personal results as they relate to a standard. Thus a quantification of the prostate surgery will be very
useful. Parameters that can be used to compare the efficiency of one form of surgical removal with another are the
percentage and depth of extra-capsular soft tissue removed with the prostate.

The objective of this research is to facilitate and provide a more accurate and objective assessment of the percentage
and depth of extra-capsular soft tissue removed with the prostate by the various surgical approaches. Assessment
accuracy will be improved by developing a software algorithm to perform automatic recognition of the prostate
capsule. Currently, pathologists manually perform this in order to facilitate 3D reconstruction of the prostate
capsule and extra-capsular tissue. After preparing the prostate slices, pathologists hand draw the capsule boundary
and place it on a separate layer to the slice information in the image manipulation software (Fig. 1). This boundary
represents a contour used to reconstruct the 3D prostate model. The thickness of the hand drawn line is
approximately 0.046 inches, which makes deciding whether to consider its inner or outer edge contour an issue. If
the inside edge is considered, then the boundary that separates the prostate capsule from the extra-capsular tissue
(which will be referred to as ‘fat”) might be under-estimated, while considering its outer edge might over estimate
the capsule. In addition, the manual determination is a subject source of error, which can affect the accuracy of
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thickness calculations of the extracapsular tissue with respect to the capsule. Error analysis and the effect of the
hand-drawn boundary thickness can be found in McKenzie et al '.

Fig. 1. A prostate slice with the hand-drawn boundary

The prostate slices used in this research are prepared using the whole mount technique. A prostate specimen is
received fresh. The specimen is measured craniocaudally, antero-posteriorly and transversely and weighed. It is then
dipped in water to determine its volume. The whole capsule is inked blue on the right side and red on the left to
avoid any possible flipping of the slices while scanned. The capsule is then serially cut from apex to base at
relatively precise and parallel 5 mm intervals in a perpendicular angle to the urethral apical orifice.

The prostate gland sits right below the bladder and is wrapped around the urethra. Figure 2 shows the basic parts of
a prostate and its orientation within the human body.
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Fig. 2. Prostate Gland and its orientation within the human body

Figure 3 is a transverse view of the prostate gland taken from a slice orthogonal to the urethra. A slice taken in this
manner frequently reveals a distinctive apple shape to the prostate. The sometimes distinctive arrow shape of the
urethral wall can be seen in the center of the slice. The prostatic glandular epithelial elements are part of the prostate
gland and they are the histological compartments where cancer originates (Fig. 3). Later, we will discuss the use of
an imaginary line surrounding those glandular elements which we will call the parenchymal contour.

In order to automatically identify the contour of the gland within each prostate slice and replace the arduous and
costly manual process, a software algorithm will need to be developed that recognizes the prostate gland capsule
utilizing these elements of anatomy and shape.
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Fig. 3. Prostate anatomy

Certain anatomical features make capsule generally detectable; however, the prostate capsule is unrecognizable in
some areas because of the naturally occurring intrusion of muscle into the prostate gland at the anterior apex and
fusion of extraprostatic connective tissue with the prostate gland at its base. At these regions where the prostate
capsule disappears, its contours will need to be reproduced by drawing a continuing contour line from those areas
where the capsule can be objectively recognized and based on the natural shape of the prostate gland.

So far we are unaware of any research that automatically detect the prostate capsule, however some efforts were
reported in literature to detect the prostate boundary that separates the prostate from the surrounding body organs.
Some researchers used edge-based boundary detection methods that locate edges that correspond to local peaks in
the intensity gradient of an image, while others used texture-based methods that characterize regions of an image on
the basis of measures of texture. For example, Pathak et al > used an edge-based technique for outlining prostate
boundary in ultrasonic images. The image’s contrast was enhanced first then smoothed by a filter, and then some
prior knowledge of the prostate shape and its appearance in ultrasonic images was used to detect the most probable
prostate edges. The detected edges were overlaid on top of the image and then presented as a visual guide to the
observers for manually delineating the prostate boundary. Liu et al * used an edge-based technique as well called
radial bas-relief (RBR) method, which is extended from a darkroom technique used in conventional photography, to
segment the prostate boundary from ultrasound images. However, the RBR method would fail if the image center
and the object boundary centroid have a big deviation. Richard and Keen * presented a texture-based method that
uses a pixel classifier and a clustering procedure to segment the image to different regions. The reader can refer to
Shao et al ° for a review of the current prostate boundary detection techniques. Although edge detection and texture
recognition techniques have been used for the automatic delineation of prostate boundary, determining the prostate
capsule cannot be completely solved by only applying such clean cut techniques. This is because the capsule
detection depends on many factors like recognizing the histological pattern of the elastic and collagenous fibers
within the prostate capsule, urethra location, parenchymal contour location, as well as the whole shape.

In this paper, a mathematical model will be introduced that provides a standard prostate shape. This mathematical
model will be used in conjunction with Generalized Hough Transform (GHT) to detect the prostate boundary as well
as approximating the missing parts of the capsule where it disappears to a standard shape.

2. GENERALIZED HOUGH TRANSFORM (GHT)

Generalized Hough transform (GHT) was proposed by Ballard ® to detect shapes of no simple analytical form in
which a look-up table is used to define the positions and orientations of boundary points with respect to a reference
point. The edge direction at each pixel is measured and the corresponding position vector is retrieved from the
lookup table then the cell that represents the reference position in the Hough domain is increased. Figure 4 shows
the relevant geometry and the table shows the form of the lookup table where (x.,y.) is reference point, (x,y) is an
edge point, {3 is the edge point direction, ¢ is the edge point orientation and r is the distance between the edge point
and the reference point.
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Fig. 4. An illustration of GHT parameters and lookup table

Using figure 4, the GHT algorithm can be summarized in the following steps

A- Examine the boundary points of a standard shape to construct the lookup table
1-  Choose a reference point x.,y. for the shape
2-  For each boundary point (x,y), find ¢, B, and find r where r = (X.,y.) — (X,y)
3- Storer, B as a function of ¢
4- The lookup table is constructed where ¢ is its index and each ¢ may have many values of r, 3

B- Applying Hough transform to the image
5- For each edge pixel (x,y) in the image
a. Find the entry in the lookup table that corresponds to its ¢
b. Increment all corresponding points a = (x,y) + r and store the result in accumulator A
6- Find maxima in A
7- Map each maxima back to image space

Hough transform has been used to detect objects of regular shapes in medical images. For example, Solaiman et al ’
has applied Hough transform to locate the aorta in ultrasound images. Fitton et al ® used Hough transform to
automatically assess the regional systolic thickening of the left ventricle from cardiac wall segmentation, where they
approximated the shape of the epicardial contour with a circle. Hough transform was used to detect the circle
parameters and then number of control points were uniformly placed along the estimated circle boundary for further
boundary refinement. Because of the irregular shape of the prostate, Hough transform can not be used in our
research; we need a general algorithm that can deal with irregular shapes. Fortunately, generalized Hough transform
proved success in detecting objects of irregular shapes ' '! and it is applicable to our problem.

3. ESTIMATING PROSTATE CAPSULE USING SHAPE INFORMATION AND GHT
ALGORITHM

The main objective of this research is detecting the prostate capsule boundary. However, this boundary is often
times unrecognizable because of the naturally occurring intrusion of muscle into the prostate gland at the anterior
apex and fusion of extraprostatic connective tissue with the prostate gland at its base. At these regions where the
prostate capsule disappears, its contours will be arbitrarily reconstructed by drawing a continuing contour line at
those areas where the capsule can be objectively recognized and based on the natural shape of the prostate gland.
Section 3.1 will define a mathematical model that provides a standard shape for the prostate, and then section 3.2
will use this model in conjunction with GHT to detect the prostate capsule boundary.

3.1 A Mathematical model for a standard prostate shape top down anterior to posterior



In general, any prostate has a standard shape as the one shown in figure 5 where it has different parameters. This
shape can be defined in terms of four curves’ equations one in each quadrant as follows

r=12-0.6cos 6

Fig. 5. A standard prostate shape

In the first quadrant, the curve’s equation can be defined in terms of two equations

z=(F1-F3cos 6)cos 0
p=(F1-F3cos 8)sin @

Where 0 <0 <n/2

For the second quadrant where 7/2 <6 <7t
z= (%(FZ ~F1)0 +2F1- F2jcos 0
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Similarly, the third and fourth quadrants curves can be defined by considering the shape’s symmetry

The anterior/posterior ratio will be defined as R where R is equal

R = Z1 :Fl—FS
- Z2 F2
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Up to this point, a standard shape of a complete prostate gland was considered. We now need to find a standard
equation that defines a prostate slice. A prostate slice can be viewed as shown in figure 6 where a standard equation
can be defined as follows
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Fig. 6. A standard shape of a prostate slice

Notice that figure 6 consists of four curves marked as A, B, C and D where each of these curves represents a case of
equation 1 with different parameters values.

For curve A equation, substitute in equation 1 with y from 0 to 0.1488188F, and find x

2
1.8142857
1—(y—oza
Therefore x = F' (2)
3.32552
For curve B, substitute with y =[0.1488188+0.55118 sinB] F for x;
Where 0<6<0.83n
2
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x =1 Fx + for 0<0<mn/2, - for m/2<0<0.831 -------- (3)
3.32552
For curve C, substitute with y =[0.1488188 - 0.55118 sin6] F for x;
Where 0.17<0<n
2
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For curve D, substitute with y =-0.1488188 F to 0 for x;

2
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3.32552
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3.2 GHT and prostate mathematical model

GHT can be applied to detect the prostate boundary by the use of prostate slice equations defined in the previous
section as follows

For a prostate slice

1. Choose a reference point X,y for the shape (It can be the central point)

2. For each boundary point y = (x;,yi), find r where r = (X.,y.) — (X;,yi) then substitute with y in equations 2,3,4,
or 5 (according to the current quadrant) to get the corresponding curve equation x

3. Storer,y, and x in a lookup table (Table 1)

4. For each r in the lookup table, count the number of points that construct each curve occurrence and
represent the counter by ¢

5. Choose the largest ¢ for each r; this represents the strongest curve occurrence.

T (Xay)
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Table 1. A lookup table for the proposed GHT

Determining the boundary points in step 2 of the previous algorithm can be done by recognizing the histological
pattern of the elastic and collagenous fibers within the prostate capsule (Wavy lines being pointed to by arrows in
figure 7a). This can be clearly recognized under the microscope but also under high resolution of the scanned digital
images. The locations of these wavy lines will be the input to the GHT algorithm. In order to correctly locate those
lines, it is essential to detect the parenchymal outer contour of the prostatic glandular epithelial elements illustrated
in fig. 3, since the capsule has to be above this line. The thin yellow line in Figure 7b illustrates this parameter in an
actual prostate slice. The detection of the wavy lines and the parenchymal line can be done using a texture based
segmentation method *'> which we will be report in details in future publications.

@ - ()

Figure 7: (a) Histological pattern of elastic fibers within prostate capsule, (b) Parenchymal Outer Contour

4. RESULTS

Results to date are presented below in Table 2. Those results were obtained by using the “whole mount” slicing
technique and by using the hand-drawn contours. The reader can refer to McKenzie et al ' for a complete description



of the percentage of coverage calculation method. The final two rows in the table provide the percentage of coverage
using point clouds at different densities with the denser point cloud providing a bound of the coverage at between
80.1 and 84.7% extracapsular tissue coverage. We believe that our proposed algorithm will illuminate errors that
have been contributed by human judgments and incorrect handling as well as it will significantly speed the
processing time of specimens. The new results will be reported in future publications.

Model constructed using Denser point cloud using
50*50*100 divisions 100*100*200 divisions
# Of original gland points 1864 15201
# Of original fat points 2437 19750
# Of gland points on the surface 356 1542
# Of covered points (4 basic 263 1235
neighbors)
# Of covered points (8 basic 286 1306
neighbors)
% Coverage (by checking the 4 73.8764 80.0908
basic neighbors of the point)
% Coverage (by checking the 8 80.3371 84.6952
basic neighbors of the point)

Table 2. Percentage of coverage of extraprostatic tissue using two point clouds at different densities

5. CONCLUSION

An accurate assessment of the percentage and depth of extra-capsular soft tissue removed with the prostate by the
various surgical techniques can help surgeons determining the appropriateness of surgical approaches. In order to
facilitate the reconstruction phase and thus provide a more accurate quantitation results when analyzing the images,
it is essential to automatically identify the capsule line that separates the prostate capsule tissue from its extra-
capsular one. 3D edge detection and pattern recognition techniques have been used for the automatic delineation of
neighboring tissues in medical data. However, since determining the prostate capsule depends on many factors like
the wavy patterns, urethra location, parenchymal line as well as the shape, it cannot be completely solved by only
applying such clean cut techniques. In this paper, we presented a novel algorithm to detect the prostate capsule
boundary with the use of generalized Hough Transform (GHT) and prostate shape equations. Quantitation results are
expected to be improved by applying this algorithm.

Our future efforts will be directed towards investigating various image processing techniques to detect the
histological wavy pattern of the elastic and collagenous fibers within the prostate capsule as well as the
identification of the loose connective tissue and fat present in the extraprostatic tissue immediately out of the
capsule. This investigation will be reported in future publications.
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