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JEREMY A. BROWN, Queen’s University

Development and Applications of High Frequency Ultrasound Imaging Systems 

The non-destructive nature of ultrasonic waves has made ultrasound imaging one of the most popular diagnostic tools in medicine.  Most commercial ultrasound systems operate
in the frequency range from 3 to 5 MHz and can resolve structures approximately 1 mm in size.  By increasing the frequency, the ultrasound wavelength is decreased and finer
resolution can be obtained.  Several high frequency (30100 MHz) ultrasound systems have recently been developed for imaging the eye, skin, and vascular system with micro-
scopic resolution (< 100 microns).  Despite the improved resolution, high frequency systems are not routinely used in clinical practice or biological studies.  A major problem is
that the single element transducers that are currently available for high frequency imaging are geometrically shaped to focus the ultrasound energy.  This introduces a tradeoff
between the image resolution and depth of field.  A significant improvement in image quality can be achieved by replacing the single element transducer with a transducer array
and an electronic beamformer.  This combination allows the ultrasound energy to be optimally focused at each depth within a tissue.  Unfortunately, fabricating a high frequency
transducer array is difficult since the dimensions of the array scale with the ultrasound wavelength.  We have recently developed a technique for fabricating transducer arrays
using a simple photolithographic process.  The process is relatively simple and has allowed us to reproducibly fabricate miniature arrays. In this talk, I will provide a brief overview
of high frequency ultrasound imaging and then describe our work in developing high frequency transducer arrays and beamformers. 

*  In collaboration with F.S. Foster 1 and G.R. Lockwood 2, 1 Sunnybrook Health Sciences Centre and 2 Queen’s University.
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MICHAEL KOLIOS, Ryerson University

High Frequency Ultrasound Imaging and Spectroscopy for the Imaging of Cell Damage and Death 

In high frequency ultrasound imaging, compressional waves (20-60MHz) are used to interrogate tissue structure.  While even at these frequencies individual cells cannot be
resolved, the speckle pattern produced from cell ensembles can be analyzed and changes due to treatment visualized.  We have shown that i) the ultrasound backscatter intensi-
ty, ii) the statistics of the backscatter envelope and iii) the power spectra of the backscatter change when cells and tissues are damaged.  In this presentation we will present some
of our recent data for our effort to explain the nature of these changes.  It is shown that cell size is a major determinant of backscatter for cell ensembles both in-vivo and in-vitro.
The mid-band fit (a measure of backscatter intensity) from cell pellets of a prostate cancer cell line (diameter ~30 microns) is 12dB greater than the MBF of cell pellets using an
acute myeloid leukemia (AML) cell line (diameter ~10-15 microns).  The measured spectral slope (with no compensation for attenuation) was 0.43 dB/MHz for the prostate cell
line vs. 0.75 dB/MHz for the AML cell line, consistent with the smaller diameter of the AML cell.  To determine whether treatment effects can be detected in-vivo, we have grown
non-Hodgkin’s lymphoma tumors in mice (14 to date), which were then treated using CHOP chemotherapy.  The ultrasound backscatter increased in the treated tumors in a time-
dependent fashion, peaking at 24-48h after exposure.  The kinetics and etiology of the increase will be discussed.

TU-P13-5 16h30

Photoacoustic Imaging in Biological Tissues for Monitoring Thermal Lesions*, G.M. Spirou 1, Y. Fan 2, A. Mandelis 2, W.M. Whelan 1 and A.I. Vitkin 1,4,5, 1 Department of Medical
Biophysics, University of Toronto, 2 Department of Mechanical and Industrial Engineering, University of Toronto, 3 Department of Mathematics, Physics and Computer Science,
Ryerson University, 4 Ontario Cancer Institute/Princess Margaret Hospital/University Health Network, Medical Physics Division and 5 Department of Radiation Oncology, University
of Toronto  —  Photoacoustic imaging is a non-invasive technique that differentiates between materials with different optical absorption properties.  This approach may be suitable
for detecting thermal lesion boundaries created during thermal therapy, a method used to coagulate a targeted volume (for example, a tumour).  The photoacoustic effect is the
process whereby light absorbed by a material creates a temperature change resulting in a pressure change.  If the incident light is modulated, the resulting periodic pressure
change creates an acoustic wave, which propagates from the absorption location and may be detected by a transducer.  The strength of the emitted acoustic signal is dependent
on the absorption of light within the sample.  During thermal therapy, as tissues are thermally damaged, changes in tissue optical absorption occur.  Such changes may be
detectable photoacoustically and therefore photoacoustic imaging may provide a means to monitor the extent of thermal damage.  Changing the frequency of the modulation of
light allows one to image different depths using signal-processing analysis.  Preliminary tests in turbid biological-like media indicate different absorptions display different signal
intensities, demonstrating the dependence of the photoacoustic effect on the optical absorption.  We are currently exploring the sensitivity of the system in turbid media, and iden-
tifying resolution, contrast, and depth of imaging of this approach, and evaluating its suitability for monitoring the extent of thermal damage to improve tissue targeting.

*  This work is being supported by University of Toronto
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High Frequency Ultrasound in Monitoring Liver Suitability for Transplantation, R. Vlad1, G.J. Czarnota1, 2, A. Giles1, 2, J.W. Hunt1, 2, M.D. Sherar1, 2 and M.C. Kolios1, 3,
1Department of Medical Biophysics, University of Toronto; 2Ontario Cancer Institute, 3Department of Mathematics, Physics and Computer Science, Ryerson University  —  It has
been previously shown that high frequency ultrasound(HFU), 20 to 60 MHz, can be used to detect structural changes in tissue and cell ensembles during cell death.  In this proj-
ect we investigate the potential of HFU to assess liver damage during preservation, prior to transplantation.  After 8-24h of cold storage, irreversible injury occurs, leading to liver
transplant failure.  We hypothesize that the changes in ultrasound back scatter(UB) in liver ischemia are related to the changes in viscoelastic properties of the cell cytoskeleton,
induced by osmotic stress, following ATP depletion.  In our experiments, we use ischemic Wistar rat livers. Organs from Wistar rats(n=10) are surgically excised, immersed in
phosphate buffer saline(PBS) and stored at 4°C for 24h or left to decay at room temperature.  In the preservation experiments, organs from Wistar rats(n=4), are surgically
excised, flushed with University of Wisconsin(UW) solution and stored at 4°C for 24h.  Preservation injury is simulated by either not flushing the organs(n=2) with UW solution or
by allowing the organs(n=2) to reach room temperature.  Ultrasonic images and the corresponding raw radio frequency (RF) data are collected over the ischemia period from a
region located within the transducer focal zone.  Samples are fixed for Hematoxylin&Eosin and Electron Microscopy staining at the end of the experiment.  For organs prepared
using standard preservation conditions there is a slight increase in UB(~2.5dBr).  UB increases by 4-10dBr in the ischemia models demonstrating kinetics dependent on storage
conditions.  The results demonstrate the potential of HFU imaging to assess liver suitability for preservation.
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GRETCHEN L.H. HARRIS, University of Waterloo

CASCA 1971-2004: The Story So Far* 

CASCA has changed a great deal over the past three decades from relatively modest beginnings to a society which is known and respected both in Canada and around the world.
As our community grows and our discipline becomes more diverse, CASCA will continue to evolve.  How did we get where we are now?  Where will we be in another 30 years
and how will we get there?  Can we keep the friendly, personal, and diverse environment we value today?  How will our demographics and our meetings change?  Who will be our
leaders in 2031 and what will they be expected to do?  What will we expect of CASCA?  I will look at our past and provide some ideas for your consideration.

*  This work is being supported by NSERC.


