


In this work, CrW sonoelastography is appliedetovivohuman prostate glands to avatle its performance in cancer
detection. Image processing technigaes introduced to compensate for attenu
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autocorrelation methods. One of the main advantagesifirtathod is its computational simplicity, comparable to
current color flow processing dlable in commercial US scanners.

2.2 Enhancement of CrW images

The accuracy of the estimation thfe shear velocity spatial distribution dede on the quality ofhe crawling waves.
This section introduces a pre-processing scheme to imgtev@NR of the CrW images Igking into account the time
relationship among the frames of a CrwW movie (cine loop) whikeimaging the same g location. An additional
advantage of this processing is the geti@maof a quality metric which can beagsto discriminate the shear velocity
information accordingly. Figure 2 sumrnmes the proposed approadh CrW movie is taken at a single position in the
tissue. Each frame of the movie is presed using a median filter teduce the nois®ue to the naturef CrW imaging,
the median filter uses a support karwhich is larger than wider.€. [11x3]). Subsequently, ¢himages are improved by
3 processes: Horizontal and vedi motion filtering, slow timeiltering and a phase multiplication.

First, a horizontal motion filter [17] iapplied to improve SNR and reduce paitaireflection artifacts. A horizontal line

from the CrW movie (blue line in Figur@a) is followed in time to form @D image which woul ideally look like

Figure 3c. The 2D Fourier transform of such an image wbalek its energy concentrated in two peaks (sinusoidal in

time and space) of known frequencies since the speed of the CrW and the Doppler frame rate are controlled. A band-pass
filter (Figure 3d) is applied to reduce seiand artifacts. Thigperation is repeated for all the lines in the CrW movie.
Similarly, a vertical motion filter is applie In this case, a verticihe is followed in time tdorm an image, and a low-

pass filter is employed since most of #érergy is concentrad in the time axis.

Subsequently a slow time filter is diggl to compensate for attenuation andngrove the SNR. This filter processes
the signal obtained frora single spatial positiori.€. pixel) in time. Since the CrW are governed by Equation 8, the
signal in each pixel should vary following a sinusoidal pattern of frequéwcihe slow time signalare thenif into a
sinusoidal model:

Y = Acos@wX + ) + D 9)

where Y is the value of the slow time signal, and X is the independent variable which corresponds to the frame number.
A, 6, and D are the parameters of the model to be estinatbadorrespond to the amplitude, phase and offset of the
signal, respectively. Two images are obtained as dt r@fsthe slow time processi: A phase image and ahvalue

image. The latter represents the goodness of fit in the apatilmm process for each of the pixels in the CrW movie and it

is employed as a quality index. Pixels withawer than 0.6 are not considered for further processing.

From the phase image, a filtered version of the CrW movidbearconstructed. In thigtéred version, the CrW have
normalized amplitude and noise effects have been coabigietreduced. In order to improve the estimation of shear
velocity using the autocorrelation approdth8], the phase image is multiplied bya&tor of four. Asa consequence, the
final processed CrW movie has four times theiapfiequency than iteriginal version.

2.3 Pseudo-sonoelastographic images

Sonoelastography is a tissue elasticity imaging technique that estimates the amplitude response of tissues under
harmonic mechanical excitation using ultrasonic Doppéehniques [15]. Due to the relationship between particle
vibrational response and received Doppler spectralaveei [18], the amplitude of low frequency shear waves
propagating in tissue can be visualizedeaal-time using sonoelastaghy to detect regions of abnormal stiffness [19].
Clinical research in sonoetagraphy has focused primaribyn prostate cancer detectidim initial comparison between
sonoelastographic images aratresponding histological slides withopmising results was reported by Rubenhsl. in

1995 [20]. An experimental setup for three-dimensional sonoelastography was built by Taylor and colleagues. Their
results indicated that sonoelastographg tiee capability to detect lesions over I8 More recentlyinitial results of
undergoing studies have been presented, including an extensiowivo imaging [12]. It is possible to reconstruct an
image equivalent to the sonoelastographic image from ar@oWe. This pseudo-sonoelastographic image is created by
taking the maximum of the same signal used in slow fillezing: The maximum of the values each pixel takes over
time. Therefore it is possible tmmpare results from CrW and (pse) sonoelastographic images.
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3. MATERIALS AND METHODS
3.1 Simulations

A CrW movie on a homogeneous media wasuated to test the performance of tinotion filtering, slow time filtering
and phase multiplication stages underphesence of noise and reflien artifacts. The estimation of the shear velocity
using the local autocorrelation method was compared widlfiltering, only slow-timefiltering, and both motion and
slow-time filtering. In additia, the changes in the estimation were carag with and withouphase multiplication.

3.2 Experiments
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Table 1 summarizes the performances of CrW sonoefagtiog and pseudo-sonoelastography for prostate cancer
detection in terms of accuracy, sensitivétlyd specificity. Three cross-sections freach of the fifteen prostate glands
were analyzed. Out the forty-five samples, four were disdadde to poor SNR. These cross-sections were closed to the
base of the gland (AB3) and showed a very low quatligtric (<0.6). CrW sonoelagicaphy outperforms pseudo-
sonoelastography. The shear veloéity all included cancerous and normal tissues was estimated as 4.78¢8z9id
3.26+0.87m/s respectively.

In order to understand the viscoelagitect in the range of frequencies used (100-140Hz), five cross-sections that
contained no detectable canacsere analyzed. Results frothis quantitative analysiare shown in Table 2. The
increment in shear velocityith frequency is indicativef a viscoelastic effect.

5. DISCUSSION
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Figure 1. Schematic of the experimersalup. The prostate glarthbedded in a gelatin mold (a) is located between two
shear vibration sources (b). The ultrasound transducerittopesl on top to acquire the crawling wave images (c).
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Figure 2. Proposed scheme tthance the crawling wave images.
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Figure 4. Results from the shear velocity es
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