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ABSTRACT

In this paper, we propose a novel algorithm for detecting
needles and their corresponding implanted radioactive seed
locations in the prostate during Brachytherapy from trans-
rectal ultrasound images. This is carried out efficiently using
separable Gaussian filters in a probabilistic Gibbs random
field framework. An approximation of the needle path
through the prostate volume is obtained using a polynomial
fit. The seeds are then detected and assigned to their
corresponding needles by calculating local maxima. In our
experiments, we were able to successfully localize over 85%
of the implanted seeds.
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1. INTRODUCTION

Prostate cancer is one of the most commonly diagnosed non-
skin cancers in men. Typical treatment procedures include
radical prostectomy, external beam radiotherapy, and
brachytherapy, dependent on the stage of the detected cancer
and the patient’s preference. Brachytherapy is a minimally
invasive method that uses hollow needles to implant
radioactive seeds for treating cancerous cells. It relies on
real-time visualization (thus, often called image-guided
procedure) and is most often guided by ultrasound [1]. One
of the main challenges of this method is the inter-operative
detection of the insertion needles and their corresponding
seeds in the prostate. Due to the changes in the shape and
volume of the prostate during the procedure, needles do not
ideally follow the pre-treatment plan [2, 12], nor do the
seeds remain in the same position once placed. Hence,
localization of seeds (Figure 1) is necessary to: i) guide the
surgeon during the treatment, and ii) modify the pre-
treatment dosimetry plan accordingly to avoid under- or
over-radiation dosage of the prostate and surrounding tissue
[3].

Computed tomography (CT), magnetic resonance
imaging (MRI), or trans-rectal ultrasound (TRUS) imaging
can all be used to guide the Brachytherapy procedure.
However, they all have their corresponding limitations. CT
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cannot be used to effectively detect the prostate boundary,
and is not readily available during the operation [4, 5]. MRI
is bulky, expensive and hard for surgeons to drive during the
procedure. Ultrasound imaging possesses low signal to noise
ratio resulting in “sub-optimal image quality when
compared with the former techniques. However, it is
significantly cheaper, mobile, and easy to operate during the
surgery. Furthermore, it helps the physician to plan the
location of the seeds in real time [6] rendering it the
preferred way of imaging in Brachytherapy treatments.

In this paper, we propose an algorithm that calculates
the needle paths and localizes their corresponding seeds
using a set of transverse TRUS images. To this effect, a
Gibbs Random Fields (GRF) [7] based approach is used to
locate a given needle and its neighboring positions resulting
in the calculation of a priori probabilities of the seeds
belonging to the needle according to the dosimetry plan.
Furthermore, we use 2D (in the X-Y plane) and 1D (along
the Z-axis) Gaussian filters [8] to calculate the probability of
the position of the needle and estimate the local maxima
along its corresponding path. A cubic polynomial fit
technique is employed to improve the calculated needle
path. By using our proposed method, we effectively suppress
the noise that affects the seed localization yielding a more
accurate assignment of the seeds to their corresponding
needle positions.

Seeds

Noise

Figure 1: TRUS Image taken during the Brachytherapy
procedure. Bright spots are either noise or seeds.

This paper is organized as follows. The proposed

algorithm is discussed in Section 2. Results are provided in
Section 3 and conclusions are drawn in Section 4.

2. PROPOSED ALGORITHM

Figure 2 shows a block diagram of our proposed approach.
Here, we employ slices of TRUS images taken at 0.5 mm

ICASSP 2006



intervals during the Brachytherapy procedure (see Fig. 3). A
pre-plan of the position of needles and the number of seeds
inserted by each needle is assumed available a priori. The
ground truth is established by utilizing CT to locate the
seeds once the operation is complete. The needles are named
and positioned according to the template shown in Figure 4.

GRF Probabilistic Needle Tracking
Model |»{ modelusing2D |5| using Polynomial
Gaussian filter Fit
A . v
TRUS Images Localized ¢ geeq Localization
Seeds

Figure 2: Block diagram of the algorithm for Seed Localization

A GREF based approach is used to model the likelihood
of a given needle and its neighbors. Given the above along
with the intensity profile of the region, the position of a
given needle and its corresponding seeds are thereby
estimated.

2.1. Brief Description of Brachytherapy

Brachytherapy is an advanced cancer treatment procedure.
Radioactive seeds are placed in or near a given tumor,
typically yielding an appropriate radiation dose to the tumor
while reducing the radiation exposure to the surrounding
healthy tissues [4]. These seeds are made of either lodine-
125 or Palladium-103 and are injected into the prostate
using hollow needles. Possible locations where the needles
can be inserted are limited by the template shown in Fig. 4.
Typically 20-30 needles are placed, using the template, at
various locations during the operation; and 40-120 seeds are
inserted into the prostate dependent on its volume [1, 9].
The distance between each grid point in the template is Smm
along the horizontal and vertical directions [1]. A schematic
of the apparatus is shown in Figure 3. The X and Y axes
determine the transverse plane, and Y and Z axes determine
the sagittal plane. TRUS images are then captured along the
Z axis (transverse mode images) from apex to base of the
prostate as shown in Figure 3.

Base Apex

Figure 3: The schematic of the Brachytherapy Procedure with
Transverse TRUS

2.2. GRF and Gaussian filters

We utilize a GRF based approach to model a given needle
and its corresponding neighbors. In our model, the needle
point and its neighboring 4 needle points are considered as
shown in Figure 4 (see Cl). A set of 2 point cliques are
formed from these points and utilized to impose spatial
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Figure 4: Scheme of the needle template. Any needle position
(marked “x ) and its 4 neighbors (grayed) form 2 point clique.

constraints during the search and localization procedure.

Let x denote a realization of a Gibbs Random Field X [7],
and (i,j) define the location of interest in a second order
neighborhood #;;. The probability density function (pdf) of x
is defined as a Gibbs Distribution:

e—E(x)

1
p(x)=— (1)
z

where z is the normalizing constant and E(x) is the energy
function defined by:
E@) =) V.(x) @)
ceC
where C denotes the set of all cliques. The energy function
V for a pair-wise interaction model is defined as:
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where M, N are the dimensions of the image, G is the
potential function for single-pixel cliques, and H is the
potential function for pair-wise cliques. According to [7], G
and H are defined as:
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where, I(x;; x;;)=1 if x;; = x;; and 0 otherwise. w;; sng W, are
the weights associated with location (i,j) and with its
neighboring points at distance r, respectively. The estimated
mean values of the clique shapes at (i,j) of the random field
are given by g4, and g, respectively. Once the likelihood
model is created, Gaussian filters, along the transverse (X-
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Y) plane and Z axis, are used to calculate the probability of
the needle position of interest. These are defined as:

VGO %eg[*jj (©)
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f(Z)=ﬁe 2[03] (7

where f{x,y) is a 2D filter, f{z) is a 1D filter, o is the variance
along the X and Y axes and o, is the variance along the Z
axis. The variance of the Gaussian filters is varied as a
function of the full width - half maximum of the peak of the
(2D or 1D) intensity profile.

2.3. Proposed Algorithm

For each given needle position in the pre-plan, perform
algorithm steps 1through 6:

1) Calculate the GRF and the potential for each clique at
the template coordinate system.

2) Apply the 2D Gaussian filter (Eq. 6) on this GRF and
calculate the local maximum around the area of interest
(around pre-planned needle position). Rescale to match the
image size.

3) Find the local maximum of the TRUS acquired image,
over the 41x41 window centered at the computed needle
location found in Step 2. The position of the calculated
TRUS peak is considered to be the new needle position and
provides an initialization for the search at the next frame.

4) Repeat steps 1-3 through all slices in the scanned
volume yielding an estimated needle path.

5) Due to the tissue non-homogeneity, edema, the shape of
the needle tip (bevel versus diamond tip), and the insertion
technique (rotation or pushing), the path of the needle
diverges as we moves from the apex to the base of the
prostate [2]. Hence a cubic polynomial fit is applied to
update the position of the needle at the base. This is paired
with the a priori needle position specified in the pre-plan.
Once the needle path is estimated, the intensity profile along
the path is calculated where each point is the sum of
intensities of 25x25 window centered around the needle
coordinates.

6) The intensity profile function is then smoothed using the
1D Gaussian filter (Eq. 7), and the seeds are located by
finding the local primary maxima.

In the case of multiple seed insertions, multiple
corresponding peaks separated by dips are found in the
intensity profile. If these peaks are close to each other, they
are assumed to be generated by a single seed. This may
occasionally lead to the aggregation of two or more seeds. If
the peaks are more than 10 slices apart (more that Smm),
they are assumed to represent two distinct seeds.

3. RESULTS

Our proposed algorithm was tested on sets of TRUS images
obtained from 6 patients. Each patient’s data consists of
more than 120 TRUS images taken at 0.5 mm apart in the
transverse imaging mode (see Fig. 3). The seed positions
found using our algorithm are compared to the ground truth
obtained from CT scans collected shortly after the operation
[10]. A pre-plan indicating the template locations for needle
insertion is also available at the beginning of the procedure.

Figure 5 shows the intensity profile along the path of the
K7 needle as a function of the slice index for a given patient.
According to the ground truth, two seeds were inserted by
the K7 needle. The vertical lines mark the peaks found by
our proposed algorithm from the filtered sub-images.
Similarly, the algorithm is capable of effectively finding the
remaining seeds.

Figure 5: Intensity profile along the path of K7 needle

Figure 6 shows the needle-seed position pairing for a
given patient TRUS images. From the figure, we can see that
our proposed algorithm provides an accurate estimation of
the needle and seed location when compared with the
ground truth obtained from CT scans. The located seeds
were within £5 pixels in the x, y directions and £10 slices in
the z direction.

Subplot (a) of Figure 7 shows the C4 needle path across
all the slices from the apex to the base of the prostate. From
this plot, we can clearly see minimaldeflection in the path of
the needle. Subplots (b) and (c) show the variation of the x
and y positions respectively of the needle point along the
entire volume. Subplot (d) shows the path of the needle in
2D sagittal view. Figure 8 illustrates the same details for the
K5 needle using a different scale. In this figure, the dashed
line shows the approximation of the needle path obtained by
the polynomial fit. Note the significant increase in deflection
(from approximately 0 to 0.5 cm deflection) in Figure 8
compared to the results shown in Figure 7 justifying our
effective use of the polynomial fit in accounting for physical
properties of the needle and inaccuracies in tracking. Table
1 demonstrates the improved seed localization obtained as a
result of polynomial fitting.

Finally, the seed localization procedure was applied to
the TRUS frames obtained from all 6 patients. The results
indicate that our proposed approach was capable of
detecting seeds and corresponding needle locations with an
average accuracy of 86% and a range of 85% to 88%. This
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result represents an improvement over reported prior art

[11].
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Figure 6. Needle positions pairing

effective methodology for estimating the position of the
needle and its corresponding seeds with better accuracy than
prior art. It was also observed that the polynomial fit
allowed for a better approximation for the needle position
and hence an improved detection of the corresponding
implanted seeds. Future work will concentrate on the
investigation of secondary maxima as potential seed
locations, as well as on the use of the seed-needle pairing as
a parameter for secondary decision criterion.
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Table 1. Comparison of the number of seeds detected.
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