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The cover image of the University of
Rochester Interfaith Chapel, over-
looking the Genesee River, was
captured one winter morning by John
Young, a senior laboratory engineer
in the Departments of Biochemistry
and Biophysics and Biomedical
Engineering at the University.

The image to the right comes from
the Massive Change Exhibition and
Tour, a project by Bruce Mau Design
and the Institute without Boundaries,
commissioned and organized by the
Vancouver Art Gallery.  The
exhibition’s key themes focus upon
the emergence of design as one of
the world’s most powerful forces.

The RCBU submitted numerous
ultrasound images created by Brian
Porter for the exhibit’s Image
Gallery. This gallery showcases
photographs made with radio waves
to cosmic rays and everything in
between, with the idea that new
technologies are quickly making
visible the as yet invisible. The exhibit
is currently on tour throughout
Canada, the US, and Europe. For
more information and a schedule,
visit: www.massivechange.com

About the Cover

Massive Change Image Gallery. Image courtesy of Greg Van Alstyne, IwB Director

Massive Change Image Gallery
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From the Directors

From Director Kevin J. Parker

The Rochester Center for Bio-
medical Ultrasound (RCBU) was
pleased to co-sponsor the Third
International Conference on
Ultrasonic Measurement and
Imaging of Tissue Elasticity, held in
Cumbria, United Kingdom. Gather-
ing investigators from around the
world, this event was organized
jointly with Dr. Jonathan Ophir of
the Ultrasonic Laboratory at the
University of Texas Medical
School at Houston, with Professor

Jeff Bamber of The Institute of Cancer Research,
Sutton, Surrey, UK, as the local host and organizer.
Details of the conference start on page 23.

Elastography imaging is emerging as a promising and
exciting new field with numerous approaches and clinical
applications. Plans are underway for the Fourth Interna-
tional Conference, which is being held in Texas in Octo-
ber. More details about the upcoming conference can be
found at the RCBU Web site:

www.ece.rochester.edu/users/rcbu/conference

The RCBU has, over the years, been a generating source
of fundamental concepts and innovations. Many of
today’s developments—contrast agents and nonlinear
techniques—have a scientific history that includes
benchmark experiments at the University of Rochester.

This year’s annual report documents continued progress
across broads fronts, from the fundamentals of tissue
ultrasound interactions to advances in three-dimensional
imaging.

We welcome your comments on any of the enclosed
reports.

From Associate Director Deborah J. Rubens and
Chief Sonographer Nancy Carson

In 2004, the Department of Radiol-
ogy Ultrasound continued to grow,
increasing exam volume by six
percent. Early in 2004, the
sonographers began to use their new
Acuson Sequoias and their new GE
Logiq9. The machines represent
state-of-the-art ultrasound technol-
ogy, including compound imaging,
speckle reduction, and voice
recognition on the Logiq9, and
cadence, spatial compounding, and
tissue equalization on the Sequoias.

Partnering with GE, the department acquired an addi-
tional Logiq9 this fall to evaluate the latest software
release. The software improves existing features such as
compounding, speckle reduction, and image auto optimi-
zation. More importantly, it introduces a new approach to
volume imaging using 3D transducers, including new
real-time multiplaner transducers, termed “4D.”  This
technology offers the radiologist an opportunity to
manipulate data from a single scan sweep and view the
anatomy or pathology from any desired plane, an option
not widely applied in radiology. These new applications
allow radiologists to view reconstructed ultrasound
volumes the same way they view reconstructed CT and
MRI data.  Information from this reconstructed plane has
already been shown to be diagnostically advantageous in
breast, gyn, and vascular imaging.

Starting early in 2005, the department will be one of
several test sites across the nation to evaluate GE’s cine-
loop protocols. The improved cine-loop capabilities let the
sonographer acquire data in one or two volumetric
sweeps, rather than multiple still images, thus improving
efficiency by decreasing scan time, while actually
capturing more diagnostic information.

Clinical research continues with our medical center
partners from pediatric nephrology and pediatric hematol-
ogy. Nephrology is studying the intimal thickness of the
carotid artery as it relates to hypertension in a select
group of patients. Hematology is evaluating aspirin
prophylaxis in sickle cell disease. Ultrasound is used to
monitor flow velocities in the circle of Willis on serial
transcranial Doppler ultrasound studies.
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The Rochester Center for Biomedi-
cal Ultrasound at the University of
Rochester was created in 1986 to
unite professionals from the medical,
engineering, and applied science
communities.

The Center started with about 30
members and now has around 100
members, with several visiting
scientists from locations around the
world.

The Center provides a unique
environment where professionals can
join together to investigate the use of
very high frequency sound waves in
medical diagnosis along with other
ultrasound-related endeavors.

The inside back page of this report
shows the diverse departments
involved in collaborative ultrasound
research.

The Center’s objectives include:

Research
Includes interaction with joint labora-
tories, technical discussion in formal
meetings, and communication through
a Center newsletter. In addition,
interactions with industry, govern-
ment, and foundations provide an
assessment of the needs of the field
and encourage mutually beneficial
research programs and fellowships.

Education
Includes graduate-level courses in
biomedical ultrasound and closely
related fields, specialized short
courses open to the international
community, and post-doctorate
collaborations with bioimaging areas
within the University.

Innovation
The University of Rochester has a
long history of leadership and innova-
tion in biomedical ultrasound. For
more than two decades, there has
been steady progress in the quality of
images of organs within the body
which are reconstructed from the
echoes of very short pulses of
ultrasound.

In the late 1960s, Center member
Raymond Gramiak led a team that
first reported the use of an ultrasound
contrast agent. At that time, agitated

liquids were injected via a catheter
while performing an ultrasound
examination of the heart and great
vessels. A dramatic increase in
echoes was produced from the highly
reflective air bubbles contained
within the injected solution. Work has
progressed through the years in this
and other areas. Current projects

About the Center

The University of Rochester
Medical Center

include: nonlinear acoustics, contrast
agents, 3D and 4D sonoelastography,
ultrasound and MRI fusion, scatter-
ing, bioeffects, therapeutics, ad-
vanced imaging systems, and more.
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Selected Publications
SC Campbell, JA Cullinan, DJ
Rubens. “Slow Flow or No Flow?
Color and Power Doppler US Pitfalls
in the Abdomen and Pelvis.”
Radiographics, 24(2), 497-506,
2004.

D Dalecki. “Mechanical Bioeffects
of Ultrasound.” Annual Reviews of
Biomedical Engineering, 6:229-248,
2004.

OD Altland, D Dalecki, VN
Suchkova, CW Francis. “Low-
intensity ultrasound increases endo-
thelial cell nitric oxide synthase
activity and nitric oxide synthesis.” J
Thrombosis and Haemostasis, 2:637-
643, 2004.

N Akashi, J Kushibiki, and F Dunn.
“Frequency dependence of acoustic
properties of aqueous glucose
solutions in the VHF/UHF range.” J
Acous Soc Am, 116(1), 539-544,
2004.

MW Miller, RK Miller, LF
Battaglia, WC Dewey, MJ Edwards,
WL Nyborg, C Cox, JS
Abramowicz.  “The   T thermal dose
concept 1: in vivo teratogenesis.” J
Thermal Biology, 29, 141-149, 2004.

S Mazza, LF Battaglia, MW Miller,
WC Dewey, MJ Edwards, JS
Abramowicz. “The   T thermal dose
concept 2: in vitro cellular effects.”  J
Thermal Biology, 29, 151-156, 2004.

MW Miller. “Cell size relations for
sonolysis.” Ultrasound in Medicine
and Biology, 30(10) 1263-1267,
2004.

VS Dogra, DJ Rubens, RH Gottlieb,
S Bhatt. “Torsion and beyond: new
twists in spectral Doppler evaluation
of the scrotum.” J Ultrasound Med,
Aug 23(8), 1077-1085, 2004.

F Lei, WS Ng, H Liu, W O’Dell, DJ
Rubens, Y Yu. “Bouquet
brachytherapy:  the feasibility and
optimization of conically spaced
implants.” Radiother Oncol, 71 S85-
6, 2004. (abstract)

DJ Rubens. “Hepatobiliary imaging
and its pitfalls.” Radiol Clin North
Am., March, 42(2): 257-278, 2004

LS Taylor, BC Porter, G Nadasdy,
PA di Sant’Agnese, D Pasternack, Z
Wu, RB Baggs, DJ Rubens, KJ
Parker. “Three-dimensional registra-
tion of prostate images from histol-
ogy and ultrasound.” Ultrasound in
Medicine and Biology, 30(2), 161-
168, 2004.

T Varslot, B Angelsen, RC Waag.
“Spectral estimation for characteriza-
tion of acoustic aberration.” J Acoust
Soc Am, 116(1), 97-108, 2004.

CM Spillmann, E Lomakina, RE
Waugh. “Neutrophil adhesive
contact dependence on impingement
force.” Biophys J, 87(6): 4237-45,
Dec 2004.

EB Lomakina, CM Spillmann, MR
King, RE Waugh. “Rheological
analysis and measurement of neutro-
phil indentation.” Biophys J, 87(6):
4246-58, December  2004.

EB Lomakina, RE Waugh.
“Micromechanical tests of adhesion
dynamics between neutrophils and
immobilized ICAM-1.” Biophys J,
86(2): 1223-33, February 2004.

Z Wu, LS Taylor, DJ Rubens, KJ
Parker. “Sonoelastographic imaging
of interference patterns for estimation
of the shear velocity of homogeneous
biomaterials.” Physics in Medicine
and Biology, 49, 911-922, 2004.

N Yokoyama, KQ Schwarz, SD
Steinmetz, X Li, X Chen. “Prognos-
tic value of contrast stress
echocardiography in patients with
image quality too limited for tradi-
tional noncontrast harmonic
echocardiography.” J Am Soc
Echocardiogr, Jan 17(1), 15-20,
2004.

PhD students Brian Porter, Maggie Zhang, Clark Wu, and Benjamin
Castaneda at the Medical Center with the GE Logiq9.



8

Selected Presentations
D Dalecki, SZ Child, CH
Raeman. “Effect of exposure
duration on lung hemorrhage from
low frequency underwater sound.”
148th Meeting of the Acoustical
Society of America, San Diego, CA,
November 2004. J. Acoust. Soc.
Am. 116:2560, 2004.

D Dalecki, SZ Child, A Brod, CH
Raeman. “Intestinal damage from
exposure to low frequency ultra-
sound.” 48th Annual Convention of
the American Institute of Ultrasound
in Medicine, Phoenix, AZ, June 2004.
J. Ultrasound Med. 23:S18, 2004.

SM Gracewski, H Miao, D
Dalecki, M Miller. “Simulation of
an acoustically excited bubble near
simulated cells.”  147th Meeting of
the Acoustical Society of America,
New York, NY, May 2004. J.
Acoust. Soc. Am. 115:2561,  2004.

M Helguera. “Test target design,
fabrication, and analysis for C-scan
ultrasonic system characterization.”
4th International Conference on
Ultrasonic Biomedical
Microscanning, September 2004.

S. Levinson, Z Wu, KJ Parker. “A
Comparison of methods of
sonoelastography in muscle.” Third
International Conference on the
Ultrasonic Measurement and Imag-
ing of Tissue Elasticity, Cumbria, UK,
October 2004.

C Rota, CH Raeman, D Dalecki.
“Correlation of ultrasound-induced
premature beats and cavitation in
vivo.” 148th Meeting of the Acousti-
cal Society of America, San Diego,
CA, November 2004. J. Acoust.
Soc. Am. 116:2508, 2004.

C Rota, CH Raeman, D Dalecki.
“Cardiac stimulation by ultrasound
and contrast agents: the role of
bubble dissolution, destruction and
biological damage.”  48th Annual
Convention of AIUM, Phoenix, AZ,
June 2004. J. Ultrasound Med.
23:S59, 2004.

C Rota, CH Raeman, D Dalecki.
“The influence of ultrasound contrast
agent dose on the production of
cardiac arrhythmias and biological
damage.” 48th Annual Convention of
AIUM, Phoenix, AZ, June 2004. J.
Ultrasound Med. 23:S36, 2004.

DJ Rubens. “Interventional ultra-
sound head to toe.” Singapore
Cancer Center, May 2004.

DJ Rubens. “Ultrasound of acute
abdominal pain.” Tyco Health Care,
Japan, May 2004.

DJ Rubens. “Venous doppler of the
extremities.” 48th Annual Convention
of AIUM, Phoenix, AZ, June 2004.

DJ Rubens. “Pitfalls in the ultra-
sound evaluation of DVT.” Poster,
48th Annual Convention of AIUM,
Phoenix, AZ, June 2004.

DJ Rubens. “Pseudoaneurysms and
the role of minimally invasive tech-
niques in their management,” “Practi-
cal tips for distinquishing normal from
abnormal bowel on CT,”  and “US
evaluation of testicular and penile
trauma.” RSNA November 2004.

KJ Parker, M Zhang. “Color in
medical imaging.” IS&T/SID 12th
Color Imaging Conference,
Scottsdale, AZ, November 2004.

LS Taylor, KJ Parker, B Porter, Z
Wu, G Nadasdy, PA di
Sant’Agnese, D Pasternack, R
Baggs, and DJ Rubens. “Detection
of cancer in radical prostatectomy
specimens using sonoelastography.”
48th Annual Convention of AIUM,
Phoenix, AZ, June 2004.

S Voci, “Ultrasound pitfalls for
DVT.” Poster, AIUM May 2004.

Z Wu, DJ Rubens, KJ Parker.
“Sonoelastographic imaging of
interference patterns for estimation
of the shear velocity distribution in
inhomogeneous biomaterials.” 29th
International Symposium on Ultra-
sonic Imaging and Tissue Character-
ization, Arlington, VA, May, 2004.

Z Wu, KJ Parker. “Visualization of
shear wave propagation in
biomaterials with sonoelastography.”
Third International Conference on
the Ultrasonic Measurement and
Imaging of Tissue Elasticity, Cumbria,
UK, October 2004.

M Zhang, LS Taylor, DJ Rubens,
KJ Parker. “Three-dimensional
sonoelastography imaging of HIFU-
induced lesions in bovine livers: A
preliminary study in vitro.” 29th
International Symposium on Ultra-
sonic Imaging and Tissue Character-
ization, Arlington, VA, May, 2004.

M Zhang, LS Taylor, DJ Rubens,
KJ Parker. “In vitro imaging of
HIFU-induced lesions in bovine livers
using three-dimensional sono-
elastography.” Third International
Conference on the Ultrasonic
Measurement and Imaging of Tissue
Elasticity, Cumbria, UK, October
2004.
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At the November 2004 Meeting of
the Acoustical Society of America in
San Diego, the ASA Student Council
made David Blackstock the first
recipient of its Student Mentoring
Award.

David Blackstock and Edwin
Carstensen participated in two Pilot
Project Grant (PPG) meetings on
lithotripsy, held by the Indiana
University Medical School in India-
napolis. They are external advisors to
the grant, which is a consortium led
by Indiana University, with Boston
University, California Institute of
Technology, and the University of
Washington also participating.

Brian Porter successfully defended
his PhD thesis “Three-Dimensional
Medical Ultrasound Acquisition and
Data Registration and Fusion” on
December 10, 2004.

Benjamin Castaneda is a new PhD
student in Electrical and Computer
Engineering at the University of
Rochester. Benjamin’s research will

People, Promotions, and Awards

focus on image registration of B-
mode ultrasound images, sono-
elastography, and 3-D images
reconstructed from histology slides
applied to prostate specimens.

An article by Edler and Lindstrom in
Ultrasound in medicine and
biology recognized the contributions
of the late Raymond Gramiak to
the field of echocardiography. Dr.
Gramiak was co-founder of the
RCBU, retiring in 1988 as emeritus
Professor of Radiology at the Uni-
versity of Rochester. The authors
said he was “one of the major
contributors to the development of
echocardiography.” The article, titled
“The history of echocardiography,”
appeared in Volume 30, Issue 12,
December 2004, pages 1565-1644.

Maria Helguera, PhD, Assistant
Professor at RIT, is a co-PI in an
NSF-funded grant to develop a
textbook and a lab suite. The title of
the book will be “Imaging in the
Physical Sciences.”

Helguera is also the academic
coordinator of the online MS program
in Imaging Science.

Morton Miller was appointed as a
National Council on Radiation
Protection and Measurements staff
consultant to its Scientific Committee
1-4, to assist in the finalization of the
NCRP report “Extrapolation of Risks
from Nonhuman Experimental
Systems to Humans” and to its newly
formed  Scientific Committee 2-1
concerning “Radiation Protection
Recommendations for First Respond-
ers.”

Clark Wu receiving his award at the
AIUM Annual Convention.

Deborah Rubens, John Strang,
and Susan Voci presented a RSNA
refresher course in November 2004,
“Venous Doppler Sonography:
Visceral and Extremity Applications.”
Dr. Rubens also presented “Doppler
Evaluation”  and  “Acute Sonography
of the Painful Scrotum: An Update
with Special Emphasis on Doppler
Diagnosis.”

At AIUM October 2004, Deborah
Rubens was the Regional Course
Director for “Vascular Ultrasound.”

John Strang will be the co-director
of the University of Rochester PET/
CT center due to open in 2005.

Susan L. Voci was promoted to
Associate Professor of Radiology.
She is also a participating member on
ACR’s Standards and Guidelines
Committee.

At the AIUM Annual Convention in
Phoenix, AZ, Zhe (Clark) Wu, PhD
candidate in Electrical and Computer
Engineering, won the 2004 New
Investigator Award. He won for his
abstract, “Sonoelastographic Imaging
of  Interface Patterns for Estimation
of the Shear Velocity in Homogenous
Biomaterials.”

Brian Porter
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Center Profile: Stephen McAleavey, PhD

Stephen McAleavey recently joined
the University of Rochester Depart-
ment of Biomedical Engineering as
an Assistant Professor. Steve is a
BS, MS, and PhD graduate of the
Department of Electrical and Com-
puter Engineering at the University.

Kevin Parker served as his advisor
for his PhD thesis, “Butterfly Search
Velocity Estimation: Analysis and
VLSI Implementation Issues.” This
work provided an understanding of
the performance of an ultrasound
blood velocity estimator in the
presence of non-uniform flow
velocities from a random process
perspective. Expressions predicting
the estimator performance based on
the random process model agreed
with in vitro experiments. He pro-
posed and evaluated methods for
overcoming artifacts introduced by
non-uniform flow. He made in vivo
measurements of flow using this
estimator with RF echo data col-
lected from a GE Logiq 700 scanner.
Finally, He described and contrasted
two alternative realizations of the
estimator in silicon.

Since arriving, Steve has been
assembling lab facilities for biomedi-
cal ultrasound research. The center-
piece of the lab is a Siemens Antares
ultrasound scanner. This state-of-the-
art clinical instrument provides RF
data acquisition capability that is key
to the development of new imaging
techniques. Other facilities include a
60 MHz bandwidth pulser/receiver,
digitizing oscilloscope, micron-
precision 3-axis stage, and a 75 W
RF amplifier.

Novel diagnostic ultrasound imaging
methods are the subject of Steve’s
laboratory research. The lab’s goal is

to develop clinically relevant tech-
niques to satisfy currently unmet
imaging needs. Acoustic Radiation
Force Impulse (ARFI) Imaging is
his principle research topic. This
technique uses intense, focused
ultrasound beams to displace tissue
distal to the transducer. The induced
displacements are on the order of 1-
10 microns, large enough to track
with ultrasound. The amount of
displacement is related to the tissue
stiffness; the stiffer the tissue is, the
less it moves. This method shows
great promise in differentiating
tissues whose ultrasound contrast is
poor but whose elastic (stiffness)
contrast is marked.

Also in development is a method for
improved imaging of brachytherapy
seeds—rice-grain sized radioactive
pellets used in prostate cancer
treatment. To place the seeds
accurately, the physician often uses
ultrasound imaging as a guide.
However, the seeds can be difficult
to see once they leave the needle.
Steve’s idea is to vibrate the seeds

with an alternating magnetic field,
and detect the micron-level vibrations
with Doppler ultrasound. Preliminary
phantom work on this method has
been very promising. While at Duke
University, Steve was awarded a
grant by the US Army to investigate
this method.

Steve is teaching two classes, Signals
and Measurements in Biomedical
Engineering, an undergraduate
course, and Advanced Biomedical
Ultrasound, a graduate course. The
Signals course is an investigation of
instrumentation and signal processing
techniques involved in biomedical
data acquisition.The graduate course
covers the theoretical basis of
ultrasound imaging formation and
provides a close study of the practi-
cal implementation of ultrasound
imaging in modern clinical scanners.
Topics include linear acoustic sys-
tems, spatial impulse responses, the
k-space formulation, methods of
acoustic field calculation, dynamic
focusing and apodization, scattering,
the statistics of acoustic speckle,
speckle correlation, compounding
techniques, phase aberration correc-
tion, velocity estimation, and flow
imaging.

When asked what made him decide
to return to the University, Steve said,
“Rochester is one of a handful of
universities in the country with both a
strong ultrasound research program
and an associated hospital nearby.
The combination of outstanding
faculty and students, a long history of
ultrasound research, and an excellent
teaching hospital made Rochester a
compelling choice.”

Steve McAleavey in his lab with the
Siemens Antares ultrasound scanner.
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Biophysical bases of pulsed
ultrasound bioeffects

Morton W. Miller, P.I.
NIH sponsorship (R37EB00213-29)

Dr. Miller's NIH-sponsored research
project focuses on mechanical and
thermal aspects of ultrasound-
induced bioeffects. For the former,
general support was obtained for the
hypothesis that cell size is an impor-
tant physical factor in ultrasound-
induced hemolysis. Erythrocytes
from a range of mammalian species
were used. Each species has its own
characteristic erythrocytic volume,
thus facilitating a test of the hypoth-
esis. Under a number of different
experimental ultrasound exposure
conditions and cell densities it was
discerned that cell volume (i.e., size)
is an apparently critical factor in US-
induced hemolysis.

Dr. Miller also provided encourage-
ment and partial financial support for
Professor Sheryl Gracewski’s recent
JASA-submitted paper: “Ultrasonic
excitation of a bubble near a rigid or
deformable sphere: Implications for
ultrasonically-induced hemolysis.”
One- and two-dimensional models
were developed to investigate
interactions between ultrasonically-
excited bubbles and model “cells.”
The project’s overall aim is to
distinguish between symmetric and
asymmetric bubble collapse in cell
systems involving close proximity of
bubbles and cells or surfaces. The
presence of a rigid or deformable
sphere had little effect on bubble
expansion, but caused an asymmetric
collapse and jetting for tested condi-
tions.

ality (e.g., fastest cell doubling time)
would be maximal at each cell line’s
respective historical physiological
temperature (HPT). Two cell lines
were used, one of human origin
(HPT = 37.0oC) and the other of
guinea pig derivation (HPT =
39.5oC).  Both grew best at their
respective HPT, and both grew less
well at ± 2.5oC of their respective
HPT (Figure 1). The hypothesis was
supported. Research is continuing in
this area with a goal of determining
activation energies for hyperthermia-
induced birth defects. The rationale
for this goal is that once the activa-
tion energy is determined it can
provide strongly  predictive out-
comes for any combination of
temperature elevation and duration of

exposure.

2004 Research

Figure 1: Cell doubling times (h) for
human and guinea pig  in vitro

A third project on “Biological and
environmental factors affecting
ultrasound-induced hemolysis in
vitro: 5. Temperature” is nearing
completion in collaboration with Dr.
Charles C. Church, National Center
for Physical Acoustics (NCPA). The
“bioeffects” part of the project has
been completed and the NCPA staff
is providing calibrations of the
transducers at varying temperatures.
The overall results are supportive of
the hypothesis that cold (i.e., ~ 0oC)
erythrocytes will display substan-
tially greater amounts of ultrasound-
induced hemolysis than the physi-
ological (37oC) erythrocytes because
of a temperature-related transition in
membrane fluidity leading to in-
creased fragility.

We have made considerable progress
investigating ultrasound-induced
thermal effects and mechanisms of
action. Two papers were published
demonstrating the utility of the   T
thermal dose concept, the first
relating to in vivo effects, the second
to in vitro effects.  For the former,
pregnant rats (day 9.5 of gestation)
were exposed to heated water
regimens to raise (i) the pregnant
dam’s core temperatures or (ii)
surgically-exteriorized
pregnant uteri to 5oC for
an equivalent 11.3 minute
exposure period (i.e., a
thermal dose of t3.5 =
11.3 min). Under these
conditions, the yields of
anomalous fetuses were
comparable, thus provid-
ing evidence that the
thermal dose to the
mother has little if any
effect on fetal outcome.
For the latter, it was initially hypoth-
esized that in vitro cellular function-


