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BMEN STUDENT ACHIEVEMENTS AND RECOGNITION

The Southeast Affiliate Research Committee of the American Heart Association has awarded Russell Auger a two-year grant for his proposal
“Mesenchymal Stem Cells as Angiogenic Cellular Vectors for Revascularizing the Heart.” The award is funded for $36k in total costs.

Anastacia Bilek is the co-author, with Professors Dee and Gaver, of fiMechanisms of surface tension induced epithelial cell damage in a model
of pulmonary airway reopeningo, which will appear in the Journal of Applied Physiology.

Darryl A. Dickerson and Richard M. Morency are finalists in the Bachelor's-level research competition of the 2002 ASME International
Mechanical Engineering Congress and Exposition. This national competition will conclude with their presentations on November 21, 2002, of
"Effects of Sterilization Techniques and Culture Time on the Creep of Collagenous Ligament Analogues™ (D.A. Dickerson) and "Development
and Application of a Combined Imaging and Modeling Technique for Determining Biomechanical Response of Roller Coaster Passen-
gers" (R.M. Morency).

Samir Ghadiali and Professor Gaver will publish their research, fiThe influence of non-equilibrium surfactant dynamics on the flow of a semi-
infinite bubble in a rigid cylindrical tubedl in the Journal of Fluid Mechanics.

Weihui Li is the recipient of a $500 Special Travel Award for presenting authors at the Joint EMBS-BMES Conference held in Houston.

Kyle K. White has been awarded the Louisiana Engineering Foundation’s Vincent A. Forte Graduate School Fellowship for 2002. This $2,000
award is presented to students enrolled in a graduate engineering program in one of the universities within the State of Louisiana which has one
or more ABET accredited undergraduate engineering programs. Students must also have expressed a sincere desire to enter the teaching pro-
fession at the university level upon completion of their graduate education.

http://www.bmen.tulane.edu/news/index.html
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Recent Awards to Faculty

The collaborative research between Tu-
lane's Department of Biomedical Engineer-
ing and the LSU EYE Center has had our
S-year renewal grant funded by the Na-
tional Eye Institute, beginning July 2002.
The grant, entitled "IOP-Related Force and
Failure in the Optic Nerve Head", follows
a 4-year collaborative grant between the
Principal Investigator, Claude Burgoyne at
the LSU Eye Center, and Professor Rich-
ard T. Hart as PI of the Tulane subcon-
tract. In the renewal, Professor J-K
Francis Suh joins Professor Hart on the
Tulane portion of the studies. This new
subcontract award, including indirect costs,
is $576,927 for the five years.

Professor Glen A. Livesay has been
awarded the only school-wide teaching
recognition voted on by students—the John
Stibbs Award for Outstanding Undergradu-
ate Professor for the University, 2001-
2002. This is the third time (and second
year in a row) that this award has gone to
a BMEN faculty member!

Professor Eric A. Nauman's NIH RO03
proposal entitled "Intraocular Pressure-
Mediated Damage to the Optic Nerve
Head" has been awarded funding for three
years, beginning July 2002 by the NEI
(National Eye Institute). The proposal aims
to take a tissue engineering approach to
recreate the mechanical environment of the
supporting tissues for nerve tissues in the
optic nerve head. The award amount for
the three years, including indirect costs,
totals $423,675.

Professor Paul L. Nunez recently contrib-
uted three new encyclopedia articles on
various aspects of electroencephalography
(EEG) to Encyclopedia of Neuroscience,
third edition (Elsevier), Encyclopedia of
the Human Brain (Academic Press), and
Encyclopedia  of Nonlinear  Science
(Fitzroy Dearborne).
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Letter from the Chair

Dear Biomedical Engineering Alumni and Friends:

As we celebrate the 25th anniversary of our founding,
I'm happy to be able to bring news about some of our
successes in the Department, and to let you know that we
continue to be dedicated to our mission of providing
outstanding opportunities for learning and discovery in
Biomedical Engineering.

As I wrote in the Spring Newsletter, we had an excellent
ABET assessment visit last year, and the official results
confirm what I had written earlier -- the visit went ex-
tremely well, and we continue the accreditation of our
program (first established in 1977 and continuously
accredited since 1981). There are currently just 22 or 23
accredited programs in biomedical engineering in the
US, but that number is expected to double in the next 5
years due to the rapid expansion of programs in the past
several years. Tulane’s program includes a number of
distinctive features of which we are proud: we have the
only ABET accredited program that requires both year-
long team design projects and year-long individual re-
search projects for our undergraduates; the year-long
quantitative medical physiology course taught to our
Juniors by the medical school faculty; the breadth in
fundamentals (Math, Chemistry, Physics, Life Sciences,
and Engineering Sciences) with electives giving depth in
biomedical engineering domains of Biomechanics, Bio-
electricity, Biomaterials, Bioelectronics, Cell and Tissue
Engineering.

While maintaining the innovative curriculum and em-
phasis on outstanding teaching and learning for our
undergraduates, our faculty members are now looking to
prepare an assessment of our graduate program during
the Spring semester. The addition of faculty in recent
years has allowed us to offer more depth in our graduate
offerings, and to expand the range of research topics. As
you will see in this edition of the newsletter, important
and innovative research has resulted in Professor Natalia
Trayanova’s recent recognition with a School of Engi-
neering ‘Outstanding Researcher Award.” In addition to
her publications, her research is accessible in her courses
and is advanced by her mentorship of students. Teach-
ing and research opportunities such as these provide the

underpinnings for an ever stronger graduate program,
and the perception of these activities and successes
builds our international reputation in biomedical engi-
neering — as does the brand new book (highlighted be-
low) by Professor Kay C Dee!

As I had mentioned in last Spring’s newsletter, the Tu-
lane University Biomedical Engineering Board of Advi-
sors, established in 2000, has been meeting each semes-
ter to advise and assist the Department Chair regarding
the development and operation of the Department. The
Board has helped with the Department’s successful
ABET re-accreditation and will work with the Depart-
ment on the upcoming graduate program review. Addi-
tionally, the board is helping with fiscal management of
the department’s resources. As you will read in the
enclosed letter from Rich Ashman, the Board’s Chair,
the Board is looking to help build endowment funds for
the department. These permanent gifts are certainly
welcome and your participation helps maintain the sense
of community and Esprit de Corps that you felt while on
campus.

Please continue to let me know of employment or intern-
ship opportunities by e-mailing me
(rthart@tulane.edu) so that I can post it onto our
intranet newsgroup, tulane.bmen, for students to see.
I’d like to build a network of Tulane connections to help
our students and alumni.

I hope you enjoy reading about our efforts and suc-
cesses, that you will take the opportunity to keep current
via the network (we updated the web site this summer
and continue to make improvements) and e-mail, and
that you’ll stop by to visit us when you are in town.

Thanks, in advance, for you help and interest in the
department -- and keep in touch!

Sincerely yours,

Al

=0,

Richard T. Hart, Ph.D.
Department Chair

New Book from
Tulane Faculty Member

Tissue-

was developed and refined.

An Introduction to Tissue-Biomaterial Interactions
by Kay C Dee, David A. Puleo, Rena Bizios
(ISBN 0-471-25394-4, 228 pages, New York, 2002).

Recently published by John Wiley & Sons, Inc., this new text-
book helps students discover how the function of many im-
planted medical devices depends on appropriate cellular and
molecular level events at the tissue-implant interface.

Professor Dee thanks the alumni of BMEN 340 and BMEN 640
for their patience and good will as the material for this book

Biomaterial
Interactions




Every heartbeat is triggered by a rapidly propagating electrical excita-
tion wavefront that synchronizes the contractions of the individual
cardiac cells. Abnormal propagation of this wavefront, such as a re-
turn propagation towards the origin (re-entry) severely compromises
the mechanical function of the heart. Re-entrant wavefronts represent
a major cause of arrhythmias and sudden cardiac death. Sudden car-
diac death, primarily caused by rhythm disturbances in the ventricles,
the major pumps in the heart, is one of the leading causes of mortality
in the United States. It results in more than 450,000 deaths each year.
The most effective therapy for the lethal disturbances in cardiac
rhythm is the implantable cardioverter defibrillator (ICD), which
attempts to re-establish normal rhythmic activity by delivering elec-
tric shocks across the heart (defibrillation). Advancements in the
clinical procedure of defibrillation have been driven by the device
industry resulting in small size and light weight implantable defibril-
lators requiring a minimally invasive implantation procedure. How-
ever, despite the large body of research devoted to defibrillation, the
basic mechanisms by which a strong electric shock halts the self-
sustained arrhythmia wavefronts still remain incompletely under-
stood.

Understanding the mechanisms of cardiac defibrillation has been
hampered by difficulties in recording and interpreting the electrical
behavior of cardiac tissue in response to electric shocks. Tradition-
ally, experimental studies of defibrillation have been conducted with
the use of computer-assisted electrical mapping systems. However,
because of electrode polarization due to the strong electric field, elec-
trical mapping systems could not record signals for up to tens of mil-
lisecond after the shock. Thus, these studies have not been able to
resolve numerous issues pertinent to defibrillation, most importantly,
what electric events take place during the electric shock.

During the last decade optical mapping techniques that use potenti-
ometric fluorescent dyes have been employed in the study of cardiac
defibrillation. These dyes bind to the cell membranes and allow re-
cording of fluorescent signals that are proportional to the potential
across the cell membrane. Optical mapping provides valuable infor-
mation about the electrical behavior during the shock. However, due
to photoabsorbtion, the current technique is only capable of recording
electrical activity from the surface cell layers of the heart. Activity
confined to the depth of the heart remains inaccessible by this re-
cording modality.

Computer simulations of the defibrillation process in the whole heart
have the potential to provide the much sought-after shock-induced
activity in the depth of the heart. The Computational Cardiac Electro-
physiology Laboratory at the Department of Biomedical Engineering
at Tulane University directed by Professor Natalia Trayanova has
succeeded, for the first time, in the development of a three-
dimensional defibrillation model of the rabbit ventricles. The model
developed in Dr. Trayanova's lab incorporates anatomically realistic
geometry and fiber architecture (Fig.1), representation of the intracel-
lular and extracellular media within cardiac tissue, the ionic transport
across the cell membranes, the effect of the blood on electrical

A LOOK INSIDE THE HEART

Professor Natalia A. Trayanova was awarded the Tulane School of Engineering Outstanding
Researcher Award on November 7, 2002. This article is a companion piece to Professor
Trayanovads presentation at the award ceremony.

loads in the tissue, as well as the detrimental effects of the shock
on cardiac cells, such as electroporation (the formation of holes in
the cell membranes due to the strong electric fields in the
heart). The model has been verified by comparing the potentials on
the ventricular surfaces to those obtained using optical mapping of
the rabbit heart. Using this model, Dr. Trayanova's group has been
able to provide the first look into the electrical events taking place
within the cardiac walls. The studies conducted in Dr. Trayanova's
lab include termination of arrhythmias with electric shocks as well
as the opposite phenomenon, the induction of rhythm disturbances
with a strong electric shock delivered to a heart in a normal
rhythm. An example of the predictions of the model is shown in

Figure 1: Fiber orientation on the surfaces of the heart.

Fig. 2. The top panels present the transmembrane potential (the
potential across the cell membranes) induced at the end of the elec-
tric shock on both the endocardial (inside) and the epicardial
(outside) surfaces of the heart. The shock was delivered to a heart
in normal rhythm by two large parallel plate electrodes located
outside the heart and parallel to its longer axis. This shock induced
an arrhythmia in the heart. The rest of the panels in Fig.2 show
how this arrhythmia developed and what was the role of the three-
dimensional structure of the heart in this process. At the 18th milli-
second after the withdrawal of the shock, the wavefronts that
started at the border between the regions depolarized (red) and
hyperpolarized (blue) by the shock are propagating towards each
other on the epicardial surface and have already propagated on the
endocardial surface, which is a smaller surface. Twenty nine milli-
seconds later, both surfaces have been propagated through, which
leaves them refractory, i.e. unable to temporarily conduct a wave-
front. The visual rendering of the potentials in the volume of the
heart wall at the same time demonstrates that the wavefront, which
could not propagate on the surfaces any longer, has managed to
"dive" in the depth of the cardiac wall. This activity is silent, i.e. it
is largely inaccessible by the current experimental methods. It is
this wavefront that later makes its way to the surfaces of the heart
and re-enters tissue previously traversed by the same wavefront,
thus initiating the arrhythmia.

Predictions like this help understand, for the first time, how ar-
rhythmias are initiated in the three-dimensional volume of the heart
and how the electric shock interacts with them to defibrillate the
heart. The realistic model of defibrillation developed by Dr. Tra-
yanova's group has the potential to also improve the clinical proce-
dure of defibrillation. It can be used as a powerful testbed for the
evaluation of new ICD catheter locations, electrode shapes, and
defibrillation waveforms. Studies in this direction are already un-
derway in Dr. Trayanova's lab.
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Figure 2: Generation of an arrhythmia following the delivery of an electric shock to a heart in normal rhythm. The colors indicate
the level of transmemrane potential in the heart. Red represents depolarization and is associated with a propagating wavefront. Blue

indicates excitable tissue that can support propagation. The bottom right panel shows the propagating wavefront as a white surface in

the semi-transparent volume rendering of the heart.
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