
  

  

Abstract—Vibro-acoustography (VA) is a novel modality 
that has shown significant features in imaging hard inclusions 
and inhomogeneities within biological tissue. Here we focus on 
its applications for prostate imaging as well as some of its 
related feasibility studies to guide minimally-invasive therapies 
such as brachytherapy and cryosurgery. 

I. INTRODUCTION 
ROSTATE cancer is recognized as one of the most 
prevalent malignant diseases and is the most commonly 
diagnosed cancer among men in the U.S. In 2008, an 

estimated 186 320 men will be diagnosed with prostate 
cancer and 28 660 men will die of this disease [1]. 
Quantitative screening for prostate cancer at the early stage 
will reduce the mortality number, and allows efficient 
minimally invasive therapies such as brachytherapy, thermo-
ablation or cryosurgery to be undertaken.  

Conventional transrectal ultrasound (TRUS) is regularly 
used for prostate diagnostic imaging, brachytherapy seed 
implantation monitoring [2], and monitoring prostate 
cryotherapy [3, 4]. However, there are some major 
limitations with TRUS. Namely, ultrasound imaging 
inherently suffers from speckle. Speckle is the snowy 
pattern that is caused by the interference of energy from 
randomly distributed scatterers too small to be resolved by 
the imaging system, it degrades both the spatial and contrast 
resolution and thereby reduces the diagnostic value of the 
images. Thus, many lesions in tissue go undetected. 
Furthermore, speckle masks small details in tissue. 
Furthermore, in the American Cancer Society prostate 
screening study of 2427 men, a total of 56 cancers were 
detected [5]. Of these, TRUS detected 43 (77%), indicating 
the limited sensitivity of the technique. In addition, TRUS 
has particularly low specificity; in this same study, 330 of 
the 2427 men had a suspicious ultrasound, but only 56 of 
these men had prostate cancer. TRUS has also been used for 
local staging of prostate cancer. Sonographic signs of T3 
disease include bulging or irregularity of the prostate 
margin, asymmetry of the seminal vesicles, and obliteration 
of the ejaculatory duct or the fat plane between the seminal 
vesicles and the prostate [6, 7]. However, despite initial 
enthusiasm, the results have not been satisfactory. In a 
multi-institutional prospective study, TRUS was no better 
than DRE in local staging [6, 7]. Consequently, there is a 
need for improved means of imaging in detecting prostate 
cancer. 
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Moreover, common treatments for early stage prostate 
cancer include radical prostatectomy, external beam 
radiation therapy (EBRT), radioactive brachytherapy seed 
implantation, cryosurgery and thermal ablation. Although 
there remains controversy regarding many aspects of 
treatment for such patients [8], permanent prostate 
brachytherapy (PPB) remains the most frequently practiced 
form of minimally invasive treatment for prostate cancer. 
Nonetheless, improved methods of image guidance are 
needed for PPB and are under active investigation [9-11]. A 
current limitation with PPB is the need for intraoperative 
real-time dosimetry [12, 13]. In this attempt, it is essential to 
identify all implanted seeds; the accuracy of seed placement 
and, consequently, the ability to immediately image and 
monitor their placement relative to prostate anatomy is a 
critical determinant of outcome.  

Currently, the common imaging modalities used for seed 
placement, TRUS and fluoroscopy, do not routinely provide 
enough information to allow ‘real-time’ intraoperative 
dosimetry. Nevertheless, investigations involving TRUS-
fluoroscopic image fusion are underway which are designed 
to address this problem [14, 15]. There remain however 
potential limitations of the image fusion approach provided 
as discussed in [15]. These limitations include those 
associated with decrease in accuracy in the seed localization 
process related to the use of multi-angle fluoroscopic 
projections [16] decrement in resolution associated with the 
image-fusion process [17, 18], and additional radiation 
exposure related to the use of fluoroscopy [19]. MR guided 
[10] and CT guided [11] PPB are other approaches which 
show promise for immediate radiation dosimetry, but 
equipment costs and logistical constraints in the hospital 
setting limit these methods in comparison to a purely 
ultrasound-based setting. 

In addition, other minimally-invasive image guided 
therapies for prostate cancer will benefit from improved 
imaging. In cryotherapy ablation, zones of freezing are 
formed which produce near complete shadowing distal to 
the transducer on ultrasound examination [20]. No means 
are available in real-time to verify which areas of the 
prostate have experienced complete tissue freezing and 
ablation other than point measurement of temperature. The 
elastic properties of the frozen tissue change during freezing 
and after thawing. Therefore, it may be useful to monitor 
where freezing has occurred during the cryotherapy 
procedure. 

All these limitations have provided the impetus to go 
beyond the common imaging tools for prostate imaging, and 
develop an imaging method that is: (a) noninvasive, (b) 
speckle free, (c) sensitive to tissue stiffness, (d) intra-
operative, (e) capable of imaging brachytherapy seeds at any 
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orientation and (f) monitoring other minimally-invasive 
therapies. VA is an imaging method that we have recently 
developed in our lab [21-23] that offers all the qualities 
listed above. We have conducted prior studies on various 
aspects of VA imaging, including in vitro studies on tissue 
samples with different types of lesions to establish the 
applicability of imaging various organs, in vivo studies on 
human and animal subjects, and studies to develop the 
transducer array configuration for VA beam-forming [24-
35]. The purpose of this paper is to provide an overview of 
what VA has yet accomplished in prostate imaging and 
guiding minimally invasive therapies.  

II. VA IMAGING APPLICATIONS IN PROSTATE 

A. Prostate Imaging 
To date, we have performed a large number of VA 

imaging on excised human prostates. In this example we 
shall show two images of normal human prostates. The 
samples were fixed in formaldehyde and then embedded in 
gels. Each gel block including the prostate was scanned by 
VA separately. A confocal transducer at 3 MHz with a 
difference frequency of Δf = 50 kHz was used. The focal 
length and aperture size of the confocal transducer were 7 
cm and 4.5 cm, respectively. The VA images show the 
prostatic tissue, its border, the urethra, and the surrounding 
tissue with remarkable detail. It is interesting to note the 
contrast and texture difference between the central and 
peripheral zones in the VA images, indicating the potential 
of VA in differentiating tissues with different biological 
structures. A few calcifications can also be seen in the 
image. Similarly, the resulting VA image showed the 
prostate, border, the urethra, and the surrounding tissue with 
remarkable detail. These preliminary results demonstrate the 
capability of VA in providing a clear image of the prostate. 

 

B. Brachytherapy Seed Imaging 
An experiment was conducted to investigate the 

performance of VA in imaging brachytherapy seeds in the 
prostate [30, 32]. A fresh cadaver prostate was implanted 
with a total of 22 seeds (11 standard and 11 corrugated 
(Echo) seeds from Amersham Inc.), and then the prostate 
was removed via conventional radical retropubic 
prostatectomy as performed by a urologic surgeon. 
Seventeen seeds remained in the prostate following 
prostatectomy as determined by fluoroscopic imaging. The 
ex-vivo cadaver prostate was then cast in formalin-catalyzed 
porcine gelatin (Type A, 300 bloom, Sigma G2500) at 15% 
concentration by volume to hold it in place. The gland was 
centered in the gelatin block, having approximately 1.6 cm 
of gelatin surrounding it on all sides and then immersed in a 
tank of degassed water. Twenty-four VA images at different 
depths were acquired by scanning the transducer over the 
gland surface by a 1 mm incremental step for a total depth of 
24 mm deep inside the prostate gland. The images covered 
an area of 50 mm by 50 mm, scanned at 0.5 mm/pixel 
incremental step. For a better analysis of the results, the 
magnitude VA image taken at 1 mm deep from the surface 
of the prostate gland is displayed in Fig. 2 as an example. 
This image shows some of the seeds at various angles. Other 
seeds were visible when the scan was performed at different 
depths (not shown here). As the scan was performed in 
depth to cover the entire volume of the prostate, some of the 
seeds start to disappear from the VA image as they fall out 
of the focal region of the confocal transducer. After 
analyzing qualitatively the whole set of magnitude and 
phase VA images (not shown here), 12 seeds were detected 
out of 17 (71%) seeds implanted in vitro. This preliminary 
result (detection rate of 71%) has already surpassed the seed 
detection rate typically reported for conventional TRUS, to 

  
 

  
 

 

Fig. 1. VA images at Δf = 50 kHz for 2 prostates. The VA images show 
the prostatic tissue and borders, the urethra, and the surrounding tissue 
with remarkable detail. It is interesting to note the contrast and texture 
difference between the central and peripheral zones in the VA images, 
indicating the potential of VA in differentiating tissues with different 
biological structures. A few calcifications can also be seen in the image 
as bright spots. 
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be approximately 30%-50% [36]. The reason for missing 
some of the seeds is the unusually large calcification at the 
center that blocked the ultrasound from reaching the seeds 
behind it. If we exclude those seeds hidden by the 
calcification from our calculations, then the seed detection 
rate by VA may approaches 100%. This promising result 
encourages us to further develop and optimize VA to 
achieve an even higher seed detection rate. 

 

C. Imaging Cryotherapy Frozen Tissue 
To demonstrate the potential of VA in imaging frozen 

tissue regions, a freshly excised human prostate was 
removed via conventional radical retropubic prostatectomy 
as performed by a urologic surgeon. The excised human 
prostate was initially placed in a saline solution bag and 
baseline scans performed within two hours after excision. 
Reference images of the fresh unfrozen prostate specimen 
were obtained with the VA system apparatus [31]. A 
mixture of alcohol with dry ice was use to freeze a portion 
of the specimen down to -35°C as measured by a 
microcomputer thermometer (Omega Engineering, Model 
HH-72 T, Stanford CT, USA). The partially frozen prostate 
was subsequently placed within the water tank 27°C and VA 
images were acquired at 4, 10, 16, 60 and 120 minute 
intervals as the frozen portion of the prostate thawed. The 
images were acquired by scanning the transducer over the 
gland surface while recording the resulting acoustic 
emission pressure field. The images covered an area of 80 
mm by 60 mm, scanned at 0.5 mm/pixel incremental steps. 
Fig. 3 shows seven VA images at different time intervals; 
prior to freezing (Fig. 3-(a)); immediately after freezing 
(Fig. 3-(b)); 4 minutes after freezing (Fig. 3-(c)); and 120 
minutes after freezing so the prostate was completely 

thawed (Fig. 3-(d)). The VA image obtained prior to 
freezing shows the prostate texture as well as two bright 
dots which correspond to intraprostatic calcifications. 

Immediately after freezing, the prostate frozen part shows a 
dark region with a well-defined “rim” at the edge. More 
notably, after the tissue thaws, the previously frozen region 
shows coarser texture and still appears darker in the image 
than it appeared prior to freezing. Intraprostatic 
calcifications reappear in the image in addition to small icy 
“islands” shown as bright spots. As the frozen tissue 
continues thawing, the cryolesions showed markedly 
decreased contrast compared with normal unfrozen prostate. 
At the end of the freezing process, the small icy “islands” 
completely disappear and the bright spots show the 
intraprostatic calcifications. 

III. CONCLUSION 
A few representative examples on prostate imaging using 

VA were shown. VA provided unique information on a 
number of prostates that may be proven critical in accurate 
detection and characterization of normal and pathological 
tissues. In addition VA has shown significant capabilities in 
detecting PPB brachytherapy seeds and imaging prostate 
frozen parts in vitro. A challenge in VA imaging is the 
scanning mechanism that is a relatively lengthy process (~ 4 
min to achieve a scan). A long imaging time is not desirable 
for prostate imaging because body motions within this 
period can introduce “motion artifact” in the images and the 
procedure anesthesia time could be impractical. Besides, 
proper monitoring of minimally-invasive therapies requires 
faster (real-time) imaging. Current research in our group is 
directed toward the development and testing of a linear array 
probe with dynamic focusing whereby the imaging time 
should be significantly reduced. Together with the advent of 
fast scanning and fast acquisition hardware/software, the VA 

 
 

Fig. 2. Experimental magnitude VA image of the excised prostate showing 
seed location for 1 mm deep from the surface of the prostate gland. The 
image covered an area of 50 mm by 50 mm. This VA image shows some of 
the seeds (pointed by striped arrows) at various angles and other seeds 
appeared more clearly at different depths. One notices also that the intra-
prostatic calcifications (pointed by an empty arrow) developed near the 
center of the gland reflect ultrasound waves and thus obscure some of the 
seeds. The dotted black arrows point to gas bubbles that were developed at 
the prostatic tissue-gelatin interface after embedding the prostate in the gel 
phantom.    

  
 

  
 

Fig. 3.  VA images of intact (a), frozen (b and c), and thawed (d) 
excised prostate specimen. The frozen region is a solid dark region 
indicated by “F”. (a) is prior to freezing, (b) is immediately after 
freezing, (c) is 4 minutes after freezing, and (d) is after 120 minutes 
when the prostate was completely thawed. There are some changes in 
the prostate texture in the previously frozen part, indicated by the 
arrow, and the top portion of the prostate is darker in (d) than in (a). 
The arrow in (d) points to the urethra that is surrounded by a red circle. 
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technique may find a wide variety of clinical applications.  
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