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ABSTRACT 

A new and unique ultrasound system 
has been developed based on advances in 
transducer material technology permitting the 
use of same piezoceramic element to be used 
for conventional pulse echo ultrasound imaging 
as well as continuous wave high intensity 
focused ultrasound for tissue ablation. This 
intracavity device is presently used for prostate 
tissue ablation. Ultrasound visualization of the 
prostate guides the probe placing the ultrasound 
beam focus in the appropriate tissue region. A 
large volume tissue ablation of demarcated size 
is produced by using both the linear and 
sector motions of the transducer. 

Clinical and Instrument Specifications 

The transrectal approach to treatment of 
benign prostate disease such as Benign 
Prostatic Hyperplasia (BPH) provides an ideal 
arrangement for focused ultrasound because it 
permits a non-sterile procedure, is free from 
hemorrhage and significant trauma and offers 
the potential of being performed without 
general anesthesia with a minimal time for 
treatment. Accordingly the human clinical 
specifications were for a transrectal probe not 
to exceed 30 mm in diameter and there must be 
no injury to the rectal wall or other 
surrounding tissue and organs on the path to 
the selected site for ablation. Of course the 
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tissue volume ablated must be sufficiently large 
to yield a clinically significant end point which 
is the necessary increased volume of urine 
flow. The tissue localization and therapy 
planning must be accomplished in a rapid 
manner to minimize patient movement and 
discomfort. 

The clinical specifications dictate the 
options available for defining the acoustic, 
mechanical, electromechanical, electronics and 
software requirements(1). A 4 MHz center 
frequency transducer was the choice for both 
visualization and therapy. This selection is 
based on the tissue path length from the rectal 
wall to the urethra region (a2.5 cm to 3.5 cm) 
and the ability of a focusing transducer having 
intensity gain characteristics such that the rectal 
wall is not damaged by the ultrasound intensity 
at the tissue entry site while at the same time 
providing a focal intensity which produces a 
sufficiently large individual tissue focal lesion 
to satisfy the clinical restraints on the total 
treatment time. The transducer specifications 
were met using computational means 
augmented with empirical data from 
approximately 60 focal lesioning animal 
studies. The intensity level was selected to 
produce individual focal lesions of 1 cm axial 
and 2 mm lateral dimensions. A 5 x 5 matrix 
of these individual lesions 'will produce a 
minimum volume lesion of 1 cc. 
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Transducer Component and System Configuration 

The transducer material selected was a 
modified Lead Titanate ceramic. This material 
with appropriate matching layers has the 
requisite for withstanding the high electrical 
power density and is capable of remaining 
operationally stable under the therapy 
conditions. It is also a satisfactory material for 
operation in the pulse echo mode for the 
ultrasound imaging requirements. The 
transducer configuration is a curved rectangular 
element cut from a spherical surface producing 
a fixed focus (the elements are interchangeable 
depending on the particular tissue depth 
requirement). The element is 30 mm in its 
long dimension and 22 mm in its short or 
lateral dimension. The element dimensions 
establish the transrectal probe dimensions since 
the volume lesion must be up to 4 cm long and 
1.0 cm in its lateral dimension. The transducer 
transport must travel 4 cm along its 
longitudinal axis and sector sweep to +lo0 to 
cover the 1.0 cm lateral dimension. Movement 
of the transducer focus in the axial and 
transverse (sector) direction was to be 
controlled to a minimum 0.1 mm spacing 
distance. To achieve the necessary depth of 
field for visualization in the pulse echo mode, 
only a center circular segment of 12 mm 
diameter of the transducer element is excited. 
During therapy the entire transducer surface is 
excited in the CW burst mode. 

For ultrasound calibration the total 
radiated acoustic power (TAP) was measured 
by a radiation force balance (American 
Scientific Product). The spatial and temporal 
peak (SPTP) intensity was determined by a 
hydrophone voltage recording (Marconi PVDF 
Bilaminar 0.5 mm element) and the beam 
profiles at the focal plane. The electrical RF 
source was specified as a 400 watt commercial 
power amplifier (EM-AP400B). 

The imaging mode has the capability 
for dual images and has most of the standard 
features available in ultrasound imaging 
devices. These features include time gain 
compensation (TGC), overall gain control, 
image save, image recall, and freeze frame. 
The therapy planning mode includes biometrics 
analysis defining the tissue path length for the 
therapy beam, power setting for therapy, 
mapping of the volume of tissue to be treated, 
focal lesion placement (i.e. distance between 
two sequential lesions), power on/off time 
parameters and a color coded (yellow) therapy 
zone. During the therapy mode dual image 
function is activated. As the therapy continues, 
the selected therapy zone on the original image 
is updated with color description (changing 
from yellow to red) and an ultrasound B-mode 
image of the tissue is displayed for visual 
monitoring and feedback to the user. Real time 
imaging is not a necessary requirement, 
therefore the system was specified to operate at 
4 frames per second. 

All system functions were to be under 
computer control with a commercial 386, 
20MHz computer. A standard keyboard 
supplemented with a series of function keys 
and a track ball provide the user interface to 
the system. 

A schematic diagram of the probe and 
actual probe photograph are shown in Fig. la 
and lb. The linear and sector drive motors 
have optical shaft encoders (Micro, MO. 
Electronics, Inc., St. Petersburg, Florida) 
which provide position information. End 
positions of travel are detected using Hall 
effect switches and small magnets incorporated 
in the driving mechanisms. These end position 
signals are utilized for gateing and triggering 
such systems functions as direction of 
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transducer travel, position, display direction 
and digitizing sequence. 

1. Ultrasound Image/lherapy Plane 

1- Linear Scanning 4 I 
~ ~ 

Figure 1 a. Schematic of the probe- depicting 
linear and sector motions. The therapy zone is 
outlined in a graphic form on the ultrasound 
image allowing the user to define tissue volume 
to be ablated by multiple individual lesions. 

Figure lb. Photograph of the probe. 

Results 

Scan planes through the prostate in the 
axial direction (linear mode) and in the lateral 
direction (sector mode) are readily available 
for display presentation as shown by the 
schematic representations in Fig. 2. This 
presentation permits selection of the tissue 
regions to be ablated by outlining the therapy 
zone on the ultrasound image using the 
computer graphics. An image of a dog 
prostate longitudinal scan is shown in Fig. 3a. 
A typical operation for treatment involves the 
selection of the treatment volume as indicated 

by the rectangular blocks on Fig. 3b. Once the 
treatment begins, the computer automatically 
updates the therapy zone of the original image, 
changing its color description from yellow to 
red indicating treated tissue and displays a B- 
mode image next to the pre-therapy image for 
monitoring purposes as shown in Fig. 3c. Once 
the linear sequence of treatment completes the 
selected zone, the transducer is sectored at a 
predetermined angle and the linear sequence is 
repeated. This procedure is repeated for five 
sector angles thus completing the full tissue 
volume ablation. Fig. 4 shows a view of a 
cross section of the dog prostate lesion 
produced by this system. This section was 
prepared by standard histological procedures. 

:ar Scan Sector Scan 

Tx =Therapy zone 

Fig.2 Schematic depicting images of the 
prostate both in linear and sector planes. The 
sector plane can be selected on the linear 
image marked by A. 

The system was repeatedly tested 
through full treatment sequences at full power 
with no statistically significant variation from 
the mean total acoustic power output. Similar 
tests with the hydrophone probe for SPTP 
demonstrated the total acoustic power output 
stability under full power conditions. The total 
lesion volume size and shape is determined by 
combining the multiplicity of small lesions 
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produced at individual sites. Individual lesion 
size is determined by multiple interactive 
parameters such as the focal intensity, beam 
shape, time on/off period of the sound and the 
tissue absorption coefficient. The range of 
lesion size is derived from the experimental 
animal studies. Human clinical studies 
experience will be necessary to confirm the 
validity of animal experimental results. 

Figure 3a. Ultrasound logintudinal image of 
the dog prostate (T=Transducer,W =Water 

standoff, RW = Rectalwall, P = Prostate, 
U=Urethra. 3b. Therapy zone mapped by 
rectangular blocks A for treatment. 3c. The 
update image during therapy. The arrows 
indicate echogenic area of tissue alternation 
during the therapy@ =Lesion). 

Figure 4. Histological section of a dog prostate 
showing a large volume of ablated tissue, 21 
days after ultrasound treatment. 

Conclusion 

A user friendly intracavity ultrasound 
system for use in the transrectal imaging and 
treatment of focal disease has been developed. 
The system is presently being used for the 
treatment of BPH of the prostate. 

Experimental animal studies have been 
completed to develop and validate the system 
and protocol to meet the government regulatory 
requirements. Under the approved protocol 
human clinical trials are now ongoing(2). 
Safety and efficacy has been demonstrated in 
the animals studies, and carefully controlled 
human clinical trails are now underway to 
demonstrate the efficacy and benefits of this 
procedure. 

The measure of success achieved with 
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this instrumentation and energy form will have 
impact on the potential application for non- 
invasive ablation therapy to other human 
diseases. 

Acknowledgment 

The authors would like to thank KBeidelman, 
M.H.Phillips, N.Melbardis and H.White for 
engineering support and many individuals from 
ICFAR/IUSM/Diasonics who helped during 
the project development cycle. Photographs 
were taken by M.H.Phillips. 

Reference 

(1) Sanghvi NT, Foster RS, Bihrle R, et al: 
Non invasive transrectal ultrasound device for 
prostate tissue visualization and tissue ablation 
in the focal zone using high intensity focused 
beam. J Ultrasound Med 1991; 10: S104. 

(2) Foster RS, Bihrle R, Fry FJ, Sanghvi NT, 
et al: Transrectal Focused Ultrasound Ablation 
of The Prostate: First Fifteen Patients. 
Presented in a poster session at The 10th World 
Congress On Endourology and ESWL, 
Singapore, 3rd-6th September 1992. 

1992 ULTRASONICS SYMPOSIUM - 1253 




