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B Y  G W E N  E R I C S O N

. . . KA-thump. KA-thump. KA-thump. KA-thump . . . 
Most of the time, the heart pounds out a regular beat. But with 

certain disorders, the heart’s rhythm can become too slow, too 

fast or irregular. Th at’s termed arrhythmia, and heart arrhythmias 

kill 7 million people worldwide each year, a fi gure that includes 

400,000 per year in the United States alone. 

MEASURED IMPULSES

Understanding the electro-physiological properties of 
the heart can help prevent a leading cause of sudden death
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MEASURED IMPULSES
“Sometimes you hear about an athlete 

who falls dead on the basketball court or 
an older man who survives a heart attack 
and then later dies unexpectedly while 
driving his car,” says Yoram Rudy, PhD, 
the Fred Saigh Distinguished Professor 
of Engineering. “Th ese sudden deaths are 
likely due to rhythm disorders of the heart. 
Arrhythmias cause disability or a com-
promised quality of life for many more 
people, and the incidence of these disorders 
is increasing as the population ages.”

Rudy came to Washington University 
in 2004 and set up the Cardiac Bioelectricity 
and Arrhythmia Center (CBAC), which he 
directs. CBAC brings together researchers 
from the Danforth and medical campuses, 
including biophysicists, physiologists, 
biomedical engineers, cardiologists, 
radiologists and surgeons. CBAC members 
are uncovering new information about 
the electrical properties of the heart and 
the causes of cardiac arrhythmias using 
mathematical and computational tools 
and novel imaging technologies.

 

This array of sensors off ers dramatic improvement 
over the traditional electrocardiogram, according to 
Yoram Rudy, PhD, director of the Cardiac Bioelectricity 
and Arrhythmia Center. The technology off ers the 
means to pinpoint electrical trouble spots in the heart.

O N  T H E  W E B
rudylab.wustl.edu
cbac.wustl.edu
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ORGAN

Though oft en 
thought of as a 

mechanical pump, the 
heart is controlled by 
waves of electricity. 
Most cardiac-related 
sudden deaths are 
due not to mechanical 
problems, but to failed 
synchronization of the 
electrical impulses. 
Understanding the 
nature of the heart’s 
healthy and erratic 
electrical activity is 
the mission of the 
Cardiac Bioelectricity 
and Arrhythmia 
Center (CBAC). 

A multi-scale intT H E 

EL EC TR IC 
H E A R T

“Glassman”  
by Kirk Moldoff 
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TISSUE CELLULAR GENETICMOLECULAR

Developing new tools for diagnosis and treatment

Studying the mechanisms of rhythm disorders

interdisciplinary eff ort to decipher the electro-physiological properties of the heart at all levels:

Millions of cells make up the heart, but the malfunction of just a small group of cells can 
create electrical waves that dangerously compete with the heart’s normal electrical signals. 
Researchers aim to understand such complex biophysical processes by studying the whole 
heart as well as the genetic and molecular traits of individual cells. Computer models enable 
researchers to virtually examine the operation of cardiac cells and tissue, and systemic 
imaging helps integrate these components. The breadth and depth of the projects under way 
point to the convictions of CBAC investigators to grapple with this problem from every angle. 

As a more coherent picture of cardiac arrhythmias begins to 
emerge, new methods will help to pinpoint trouble areas and 
enable more precise diagnosis and treatment of bioelectrical-
related health problems. An array of 250 data sensors — 
as portable as carry-on luggage — shows great potential to 
better the performance of the ubiquitous electrocardiogram, 
with its half-dozen or so sensors. The benefi ts of this and other 
developments will arrive through drug and interventional 
treatments as individual as a human heart.

SCIENCE DATA: YORAM RUDY, PHD, AND THE CBAC   •   CIRCULATORY GLASSMAN ©KIRK MOLDOFF  WWW.GALERIEKIRK.COM   •   TEX T AND DESIGN : ERIC YOUNG

74881_Heartbeat_CS2.indd   1974881_Heartbeat_CS2.indd   19 12/8/07   3:40:11 AM12/8/07   3:40:11 AM



Winter 200720 Washington University School of Medicine

Arrhythmias 
occur when heart 
defects perturb the 
electrical impulses 
responsible for the heart’s 
contractions. Electrocardiogram, 
or ECG, a more than 100-year-old 
technology, measures these electrical signals 
using electrodes attached to a patient’s skin. ECG can diag-
nose arrhythmias and monitor the eff ects of drugs or devices 
for regulating the heart, but relies on just six to 12 electrodes.

 Rudy foresaw that a more precise method for measuring 
the heart’s electrical activity would be a signifi cant medical 
advance. He and his colleagues ultimately came up with a 
vest-like array of 250 electrodes that allows highly detailed 
mapping of electrical signals emanating from the heart. Just 
as importantly, they found ways to combine these readings 
with computed tomography (CT) images of the heart to 
pinpoint the source of abnormal electrical activity. Th is new 
technology is called electrocardiographic imaging or ECGI.

 Predicting the heart’s electrical activity based on signals 
picked up from the skin requires working backwards from 
eff ect to cause; researchers term this “the inverse problem.” 

“Not only did we need to devise the mathematics to solve 
the inverse problem, we had to deal with the fact that the sig-
nal at every body-surface electrode is an integral eff ect of the 
electrical activity over the entire heart,” says Rudy, also pro-
fessor of biomedical engineering, cell biology and physiology, 
medicine, radiology and pediatrics. “Th en we had to develop 
computer algorithms to combine the electrical measurements 
with realistic geometries of the human torso and heart.” 

School of Medicine researchers are collaborating in CBAC 
to test ECGI as a diagnostic and treatment tool. A proof-of-
concept study of ECGI for treatment of children with Wolff -
Parkinson-White syndrome (WPW) showed how quickly the 
technology could locate problem areas on the heart.

“Kids with WPW have a short circuit in their heart mus-
cle, says Edward K. Rhee, MD, adjunct assistant professor of 
pediatrics at the School of Medicine and director of Invasive 
and Arrhythmia Services at St. Joseph’s Hospital and Medical 
Center in Phoenix AZ. “Th e standard mapping procedure 
takes about two hours; with ECGI, it was done in minutes.”

In the standard procedure, the treating physician has to 
move a mapping catheter bit by bit through the heart to map 
the electrical activity of the whole organ. ECGI was able to 
fi nd the source of the problem in the hearts of children with 
WPW just as accurately, but in a much shorter time and 
without the need for an invasive procedure.

Rhee asserts that one promising future application of 
ECGI is treatment of a type of heart failure in which areas 
of the heart contract too late. ECGI can guide placement 

of pacemaker 
electrodes, which 
then resynchronize 

contractions.
 Bruce D. Lindsay, 

MD, professor of med-
icine and director of the 

Clinical Electrophysiology 
Laboratory, is a member of CBAC. 

Along with other types of arrhythmias, 
Lindsay investigates and treats atrial fi brillation 

in which the heart’s upper chambers contract chaotically. 
“ECGI can help us decide what areas of the heart to target 
with ablation techniques to eliminate fi brillation,” Lindsay 
says. “But it also promises a better fundamental under-
standing of the circuits that cause atrial fi brillation and the 
regions of the heart that sustain the abnormal contractions.”

If the technology can be developed so that patients can 
wear the ECGI vest while going through their typical day, it 
could record electrical activity during arrhythymic episodes 
and would be far more sophisticated than anything now 
available, according to Lindsay.

ECGI’s high resolution has potential to help surgeons 
better plan antiarrhythmic heart surgery, and some day its 
precision also may help doctors screen and identify patients 
at high risk of sudden death before it’s too late.

But ECGI isn’t the only implement in the CBAC toolbox. 
Th e researchers also developed computer models that repli-
cate the complex functions of heart muscle cells to learn more 
about the mechanisms underlying cardiac arrhythmias.

Th e heart’s electrical impulses are carried by charged 
molecules, or ions, as they fl ow through channels in the 
walls of the heart’s cells. Minute changes in the structure 
or other properties of these channels — through genetic 
mutation or disease — can interfere with ion movement and 
disrupt the heart’s electrical cycle. Rudy’s group developed 
mathematical formulations to account for the various ions 
and channels in real cardiac cells. Using their computer 
models, researchers can manipulate virtual heart cells to test 
the eff ect of alterations in ion fl ow and channels. 

Because the heart’s cells work together, Rudy’s lab has 
taken computer modeling to the next step and combined 
cells to recreate virtual cardiac tissue. Th eir cellular and 
multicellular computer models can be used to identify 
drug targets, steer drug design and simulate the eff ects of 
arrhythmia treatments. Together, ECGI and cardiac com-
puter modeling represent a successful wedding of basic 
research and theory to clinical practice.

“Within CBAC, we are working closely with  a variety of 
researchers and clinicians — in pediatric cardiology, adult 
cardiology, cardiothoracic surgery and radiology,” Rudy 
says. “We are so pleased to be taking our basic research to 
research and application in people. We are now starting to 
have an impact on the medical treatment of arrhythmias.”

The CBAC computer lab’s open 
fl oor plan facilitates collaboration.
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