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Cardiac Bioelectricity and Arrhythmia Center (CBAC)

The Cardiac Bioelectricity and Arrhythmia Center, CBAC, is an interdisciplinary center whose goals

are to study the mechanisms of rhythm disorders of the heart (cardiac arrhythmias) and to develop

new tools for their diagnosis and treatment. Cardiac arrhythmias are a major cause of death (over

300,000 deaths annually in the US alone; estimated 7 million worldwide) and disability, yet mecha-

nisms are poorly understood and treatment is mostly empirical. Through an interdisciplinary effort,

CBAC investigators apply molecular biology, ion-channel and cell electro physio logy, optical mapping

of membrane potential and cell calcium, multi-electrode cardiac electro physio logical mapping. Elec-

trocardiograph ic Imaging (ECGI) and other noninvasive imaging modalities, and computational biol-

ogy (mathematical modeling) to study mechanisms of arrhythmias at all levels of the cardiac system. Our mission is to battle

cardiac arrhythmias and sudden cardiac death through scientific discovery and Its application in the development of mecha-

nism-based therapy.

Visit the CBAC website at http://cbac.wustl.edu/ to get more information about the research, CBAC members and seminars.
There is also a video archive from past seminars that is updated following each season of seminars that is available for view-
ing.

Molecular Structure of Cardiac Ion Channels

Structure/Function of Cardiac Ion
Channels

Mathematical Modeling of Cardiac Cells and Tissue

WashingtonUniversity in Stlfluis
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F R O M T H E D I R E C T O R ' S DESK

A Historical Perspective On Cardiac Research

tn the previous issue of the "Center Heartbeat" I discussed the importance of the long-term, basic dis-
covery process that is not driven by an application. The study of cardiac anatomy and structure is an
example of such a process. Structural studies are continuously being refined, as new methods provide
data with increasingly higher spatial resolution and greater sensitivity and specificity. It is important,
however, to maintain a historical perspective as new discoveries are being made. The "nodes" of the
heart, the Sinus node and Atrioventricular node, are being studied extensively at the cellular and mo-
lecular levels. These studies, at the microscopic scale, rely on anatomic and histologic descriptions at
the macroscopic scale, pioneered during the early 1900's. In 1907 Arthur Berridale Keith (1866-1955)
and Martin William Flack (1882-1931) reported in "The Form and Nature of the Muscular Connections
Between the Primary Divisions of the Vertebrate Heart" (J Ana Physiol 41:172-189) an annular sinoatrial
muscular structure where the superior vena cava opens to the right atrium, which they termed the
"sinuauricular node" (W. Koch referred to it in 1909 as the "Sinusknoten" or "Sinus node", the term that has been used since).
In 1906, Ludwig Aschoff (1866-1942 and Sunao Tawara (1873-1952) described the AV node. The 1906 book by Tawara "The
Conduction System of the Mammalian Heart. An Anatomic-Histologic study of the Atrioventricular node and the Purkinje Fibers"
is a true masterpiece containing accurate descriptions and detailed illustrations (bottom of this page). As our field progresses
and we add new blocks to the building, we should not lose sight of the pioneering work by those who laid the foundations and
ensure that our students and trainees are familiar with their seminal contributions.

Yoram Rudy, Ph.D.,
F.A.H.A., F.H.R.S.

Sunao Tawara (1873 1952)
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Pictured in the posed photo, Top Left: Back Row L-R: Dr. Ali Nekouzadeh; Namit
Gaur; Dr. Pan Li; visiting scholar from Maastricht University, Jordi Heijman; Dr. K.
Alan Desouza; Fu-Chiang Young, visiting scholar from National Cheng Kung Uni-
versity, Tainan, Taiwan. Front Row L-R: Dr, Leonid Llvshitz; JiajingXu; Smiruthi
Ramasubramanian and Tom O'Hara.

Top Right: CBAC members attend the first of the Fall Seminars in Whitaker Hall.

Bottom Left: A day of summer research in the CBAC laboratories.

In this issue we will pay homage to some of the research pioneers

whose contributions have made it possible to chart new and innova-

tive pathways to future discoveries, diagnosis, and treatment of car-

diac arrhythmias.

This issue features articles written by CBAC members John Boineau,

MD, Professor of Surgery, Medicine and Biomedical Engineering

who describes his "Adventures in Cardiac Electrophysiology: The

Origin of Arrhythmia Ablation" and Igor Efimov, Ph.d., Distinguished

Professor of Biomedical Engineering who writes about "Naum Laza-

revich Gurvich (1905-1981) and his Contribution to the History of

Defibrillation" a profile of the work on the defibrillator by Naum Gur-

vich.

We hope that these accounts will help evaluating present day re-

search from a historical perspective.

Aw> ii^terMs.C'Lpii^iarij approach to studying find treating rhythm disorders of the heart
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A D V E N T U R E S IN C A R D I A C E L ECTR O P H YS I O LO G Y:
T H E O R I G I N O F A R R H Y T H M I A A B L A T I O N

I am pleased and honored to present this
report and share my thoughts on an earlier
period during the development and pro-
gress in the field of cardiac electrophysiol-
ogy (EP). The work illustrates the power of
observation then recognition to shape

thought and methodology, ultimately
John P. Boineau, MD resulting in a breakthrough; in this
case a systematic and direct approach to the control of ar-
rhythmias.

In 1957, when I became interested in the electrocardiogram
(EGG), very little was known regarding the mechanisms of the
abnormal patterns or the bases of arrhythmias. At that time,
there were no pacemakers, defibrillators, or CCUs. Cardiac
diagnosis, patient care, and cardiac surgery were in their in-
fancy. There was no clinical electro physio logy and although
there were many questions, there were few answers. My in-
troduction to cardiac EP was reading ECGs as a student with
E. Harvey Estes in adults, and with Madison (Maddy) Spach in
the pediatric patients. Both Maddy and I were very dubious
of the conventional explanations for the ECG abnormalities
and began to look for methods to get better answers to our
questions. We read much of the work of the early investiga-
tors publishing at the turn of the century. These included
Thomas Lewis, Drury, Mines, Eyster and Meek, Schmitt and
Erlanger, and Wilson. We were also intrigued by the activa-
tion studies of Sodi-Pallares and argued vigorously over his
concept of a septal barrier to conduction.

The publication of the proceedings of the New York Academy
of Sciences on cardiac electrophysiology (!) became an
enlightening introduction, further invigorating a burgeoning
interest in the cardiac electrical events. The symposium fea-
tured the work of Allen Scher and Dirk Durrer who, in contrast
to the majority of investigators at the time, had developed
and were using methods to record potentials directly from the
heart. Maddy and I visited the laboratories of both Scher and
Durrer and learned to construct their electrodes and elec-
tronic systems for recording the cardiac electrograms from
the epicardium and intramurally with multipoint needle elec-
trodes. Initially, we began to investigate and publish on the
mechanisms of the ECG, VCG, and body surface potential
distributions in various forms of heart disease in adults and
children.

MYOCARDIAL INFARCTION AND DELAYED CONDUCTION
After this early experience in student research at Duke, I
joined the housestaff at Georgetown University Hospital, and
it was during this period between 1959 to 1961 that I be-
came frustrated with attempts to control serious arrhythmias
with the few drugs available at the time. The pharmacologic

effects were inconsistent and all too often detrimental (pro-
arrhythmic). I became preoccupied by the idea that if one
could really understand the mechanisms of an arrhythmia,
that perhaps it could be surgically cut out or cauterized
(ablated).

In 1961, Durrer et al had demonstrated that activation be-
came fragmented and desynchronized after experimental
myocardial infarction in canines (2). They demonstrated de-
lays in conduction between 50 to 100 msec after the initial
local activation. I toyed with the idea that if the local delays
could last as long as 250 to 300 msec, then there was the
potential for reentry of delayed activation to pass into adja-
cent earlier activated and recovered regions, resulting in ven-
tricular arrhythmias. I proposed this idea to Durrer and he
invited me to Amsterdam to work on the project with him. In
1963, after arriving in Amsterdam in the early AM, I pro-
ceeded to Durrer's lab which was already set up and waiting
to begin the study that morning. After 24 hours with no
sleep, Freud, Durrer's EP fellow, and I produced acute Ml in a
dog after recording control potentials from multiple needle
electrodes. In that very first experiment, we demonstrated
fragmentation with delays progressing beyond the local T-
waves, causing VPDs and ventricular arrhythmias. Returning
to Duke, I developed our mapping system and continued
these studies, establishing that acute Ml did indeed cause
fragmented, delayed conduction beyond local repolarization
intervals, resulting in reentry, VPDs, tachycardias, and Vfib
(Fig. 1) (3, 4). These results later led to the surgical ablation
of ventricular arrhythmias in five of six patients successfully
(1974-5) (Fig. 2) (5, 6).

Fig. 1. Slow desynchronized conduction resulting in late potentials.
Normal zone (A), late potentials (B), slow conduction zone (C)
(1965).

approach to studying a^d treatttia rhythm, disorders o
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Figure 2. Arrhythmias of the first six patients to undergo surgical
ablation of V. tach (1975).

WPW-PRE-EXCtTATION
In the early 1960s, Neil Moore and I had been mapping the
cardiac and body surface potentials in dogs with congenital
heart disease to explain the abnormal ECG patterns in those
conditions (7, 8). The experience gained from these studies
were later applied to similar investigations in human subjects
with both acquired and congenital heart disease, the com-
bined studies giving us new understanding of the genesis of
the abnormal ECG patterns (9, 10). During this period, Neil
discovered a dog with congenital WPW (pre-excitation). We
performed both epicardial and intramural mapping studies in
this animal, localizing the site of pre-excitation to the inferior
paraseptal area. Using vagal stimulation, we induced atrial
fibrillation which immediately propagated to the ventricles.
Using a new technique of 7 um continuous film cross-section
developed by Pickett and Summer at Duke, we were able to
demonstrate an accessory AV connection crossing the inferior
limbus of the coronary sinus in association with a coronary
sinus diverticulum (Fig. 3). Anatomically, the pathway was
composed of ordinary atrioventricular muscle and the propa-
gation velocity confirmed a standard myocardial conduction
velocity (11).

Later, we were able to obtain a squirrel monkey with bilateral,
right and left, accessory AV connections and perform similar
electrophysiologic anatomic correlations. The dual sites of
pre-excitation in the monkey corresponded to very different
morphologic connections on the two sides (12).

I returned to Amsterdam for two additional summers to learn
as much as possible about patient mapping in the OR. On one
of these occasions, they mapped a patient undergoing surgical
closure of a secundum atrial septal defect. However, the ECG
demonstrated WPW and mapping identified a site of pre-
excitation at the lateral margin of the anterior RV. No attempt
was made to ablate the pre-excitation (13).

Because of the work on the arrhythmias of myocardial in-
farction, I received support from one of the first SCOR
grants (MIRU then) to expand the work to patients in the
OR. Using this, we were able to develop another recording
system above one of the Duke ORs which could be viewed
from above through a glass observation tower. During the
mapping, I was able to communicate with the technicians
above who were recording data.

Prior to the completion of the studies on pre-excitation in
the dog, we were presented with a patient with WPW and a
paroxysm a l-a I most incessant supraventricular tachycardia
(SVT), resulting in a hypertrophic cardiomyopathy. The sur-
geon and the other cardiologists involved wanted to cut the
His bundle to stop the SVT. However, because of the map
of WPW in the ASD patient in Amsterdam and our prelimi-
nary observations on WPW in the dog, it seemed most ap-
propriate to identify and attack the actual anomalous sub-
strate since I assumed we would be able to define the loca-
tion by mapping.

Because we had not used map data to direct any proce-
dures prior to this patient and anticipating inefficiencies,
potential errors, and insufficient time, we electronically
simulated pre-excitation in several dog studies to ensure
that we would be able to accurately and rapidly record,
measure, and reproduce the activation time data and
maps online. This turned out to be fortuitous because of
the diverting excitement occurring in the OR. We mapped
both ventricles epicardially and completely from base to
apex to establish a coherent pattern of expanding wave-
front propagation from its earliest site of entry into the ven-
tricles to its latest sites; we performed this three times for
insurance. We were also able to map the SVT and the site
of earliest atrial activation during the arrhythmia which co-
incided with the site of ventricular pre-excitation during
normal sinus rhythm on the other side of the AV groove.

Figure 3. EP and anatomy of a posteroseptal accessory connec-
tion in the inferior coronary sinus limbus in the dog with pre-
excitation (1968).

approach to studying and treating rhythm disorders of the heart*
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Thus, it was clear where the localized incision should be
directed. During the mapping, we also recorded an acces-
sory A-V (Kent) potential from the anterior AV groove. The
incision by Sealy separated the atrium from the ventricle at
the site of pre-excitation and ablated both the SVT and the
EGG pattern of WPW during sinus rhythm and atrial pacing
(Fig. 4) (14, 15).

Pfe-Encit. S.V.1 Normal Eicil
(Pos t - op )

Figure 4. The first patient with successful surgical ablation of an
accessory connection: A) pre-excitation, B) SVT, C) normal activa-
tion postoperatively(1968).

This result led to similar procedures in 14 other patients
with pre-excitation. Some of these were successful and oth-
ers with LV pre-excitation were failures. As a result of the
failure of left sided ablation, I began a detailed examination
of the left AV groove anatomy, including the atrial and ven-
tricular insertions into the mitral annulus, the coronary arter-
ies and veins, and encompassing fatty tissue
within this space. As a result of these dissections, it be-
came obvious that a new method for endocardial AV map-
ping of the LV and LA followed by an endocardial surgical
approach was needed. Sealy liked the plan and thereafter
LV endocardial surgical approach was needed. Sealy liked
the plan and thereafter LV endocardial mapping and surgi-
cal approaches were used following extensive epicardial
mapping to first approximate the location of the accessory
connection (16).

In the beginning, mapping procedures were carried out with
a single hand-held probe which was moved to different
epicardial locations according to a predetermined grid. Acti-
vation times were placed on this grid and in addition, color

Polaroid photographs were used to designate local activation
times in relation to the specific cardiac structures for the sur-
geons. Sometime later, and after moving to California, we
discovered and used an elastic netting containing 56 elec-
trodes and a multichannel analog mapping system to record
more potentials simultaneously. However, the activation time
maps still had to be processed manually. In the mid '70s, we

developed the first all
digital mapping sys-
tem in which data
could be rapidly proc-
essed online, dramati-
cally shortening the
time needed for the
procedure. These
systems were used to
map the arrhythmias
in patients with both
pre-excitation and
previous myocardial
infarction.

ESTABLISHMENT OF
SUBSTRATES AND A
BASIS FOR ARRHYTH-
MIA ABLATION
In retrospect, and as a
result of the mapping
studies in both the

animal models and patients with myocardial infarction and
pre-excitation, we had: 1) identified the substrates for two
different reentrant arrhythmias in animals and then in pa-
tients. 2) Worked out the methods for rapid identification and
localization of the abnormal substrates. 3) Demonstrated that
the arrhythmias could be terminated by ablating the sub-
strates. It is with the perspective of hindsight that I suggest
that these results (1963-1971) launched the thought and
technical evolution that led eventually to catheter ablation and
clinical electrophysiology. Both the animal and human stud-
ies, mapping, and the surgical approaches in the exposed
heart were a necessary first step, establishing the directions
for future advances which have so rapidly evolved in this field.

COMPUTER SIMULATION OF VENTRICULAR FIBRILLATION

Because of the limitation of the physiologic studies to explain
completely the mechanisms resulting in complex ventricular
arrhythmias, in 1971 we developed a computer model of ven-
tricular fibrillation (17), patterned after the two dimensional
model of atrial fibrillation of Moe et al
(18). This model was three dimensional and included a Pur-
kinje system. From these computer simulations of ventricular
fibrillation, we became aware of the importance of multi-
parameter interactions that were critical to the development of

approach to studMtvig
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the arrhythmia which were not predictable based on the physi-
ologic studies alone. We were able to simulate the effects of
varying degrees of heterogeneous repolarization as well as
changes in activation velocity in the vulnerability for arrhyth-
mogenesis. We also learned how chance and variable distri-
bution of heterogeneity modeled by a random number genera-
tor could result in an arrhythmia in one computer run and not
in the other, even though both were at the vfib threshold.
This explained why a patient with the substrate for a malignant
arrhythmia might die on Wednesday but not on Tuesday, hav-
ing little to do with disease progression and also emphasized
the importance of varying autonomic inputs. Using this model,
we gained insights into parameter interactions required for
arrhythmogenesis that we could not have obtained through
physiologic studies alone where the parameters identified and
controlled were limited.

ATRIAL RHYTHMS AND THE MAZE

In 1974, I moved to Augusta, Georgia, and our group began to
focus on impulse origin and arrhythmias in the atrium. As so
often occurs when chasing one idea, we encountered totally
unexpected event which ultimately changed our concepts re-
garding the mechanisms of atrial arrhythmias. By this time,
we had developed a multi-electrode digital mapping system
designed and fabricated by our engineer, Carey Miller. We
were recording from 96 electrodes simultaneously and pro-
ducing maps online. Purely by accident, we discovered a dog
with naturally occurring atrial flutter of two types (19). One
was identical to that seen in most patients and the other was
different, both in rate and in EGG morphology. However, both
were due to reentrant circus motion in the dog's right atrium.
One was anti-clockwise and the other clock-
wise and we termed them type 1, or com-
mon flutter, and type 2, uncommon flutter.
Both demonstrated an area of slow conduc-
tion with fragmented electrograms which
were also present during normal sinus
rhythm in the same region. Anatomic stud-
ies revealed that the area of slow conduction
resulted from hypoplasia of the crista termi-
nalis and adjoining pectinate muscles. The
right atrium was not enlarged, but the slow-
ing permitted a large excitable gap which
established and sustained the circus motion.

Although these findings explained the sus-
tainability of the arrhythmia, they did not
account for its initiation. The findings in this
unique animal were the motivation for subsequent studies to
unravel the process of initiation of atrial flutter and serendipi-
tously gain insight into certain aspects of afib. From our previ-
ous work, we assumed that all reentry involved a substrate of
some form, either slow conduction orpossibly nonuniform re-
polarization, as well as a provocateur in the form of premature

repolarization inhomogeneity (dispersion). Subsequent
studies in canines demonstrated how large nonuniform
repolarization gradients interacted with the sites and tim-
ing of APDs to locally block and mold circuitous premature
wavefronts and route them back to the sites of origin, pro-
ducing repetition (reentry) (19). We concluded that atrial
flutter necessitated at least two substrates: 1) a nonuni-
form gradient of repolarization requiring a perfectly timed
and located APD for initiation, and 2) either an area of slow
conduction or a large enough circuit to create a critically
lengthened excitable gap. Later, we demonstrated the im-
portance of natural atrial orifices consisting of both the
anterior discontinuity of the tricuspid annulus and the pos-
terior discontinuities of the SVC and IVC which, when linked
by intercaval functional block, converted the right atrium
into a large cylindrical pathway where the combined ante-
rior and posterior orifices prevented short circuiting and
interruption of the repetition (20). During these studies
complex and changing activation patterns characteristic of
atrial fibrillation were frequently recorded. This seemed to
agree with the prevailing theory of afib, that of numerous
small independent reentrant circuits or wavelets (18), "too
many to count". This was an intellectual barrier to any di-
rect method to ablate this complexity, as with the single
circuit substrate of pre-excitation related arrhythmias. In
several studies, we observed irregular right atrial activation
and ventricular responses due to a single repeating atrial
flutter circuit in the left atrium (Fig. 5) (21). Because of its
shorter repolarization interval and smaller pulmonary ve-
nous discontinuities, the left atrium permitted very rapid
and regular atrial flutter-like reentry, with cycle times be-
tween 90 to 120 msec.

A

Figure 5. First example of a single left atrial reentrant "driver of
atrial fibrillation'1 in a dog (1980). Note the single repeating reen-
try in the LA and changing multiple wavefront complexities in the
RA and in these two consecutive cycles.

approach to studying and tresttwg rhijthm disorders of the heart'
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However, the activation time of wavefronts departing the left
atrial circuits required 160 to 170 msec to reach the lateral right
atrium. This temporal disparity between the short left atrial
repetition interval and the prolonged right atrial conduction re-
sulted in multiple coexisting wavefronts beyond the single reen-
trant circuit, with each successive cycle. This effect interacted
with the longer and nonuniform right atrial repolarization times
resulting in irregular but passive dissociation of distant wave-
fronts resulting in the appearance of atrial fibrillation. However,
the atrial irregularity was entirely passive. Thus, it was clear that
not all atrial fibrillation was due to multiple active reentrant cir-
cuits and that much of the complexity was passive and driven by
one active, and occasionally two interactive, changing sites of
reentry (22). Now, many years later, these arrhythmias are re-
ferred to as atrial fibrillation with a single LA "driver". Other ex-
periments revealed a greater complexity in which no consistently
repeating reentrant source could be identified. However, even in
these, it seemed that a major component of the multiple wavelet
complexity was passive.

This was the experience of the group when we arrived in St.
Louis to work with Jim Cox. Jim had been a fellow in the lab at
Duke during the 1960s when we were involved in pre-excitation
and ventricular arrhythmias. Many hours were spent deliberat-
ing the move and I believed that we would have to do something
original to justify moving the lab and my coworkers and generally
live up to expectations. Jim's mother had recently died after an
embolic stroke due to atrial fibrillation. The prior experiences
with Ml, WPW, and the maps of atrial flutter and fibrillation had
greatly influenced my thoughts on how to approach arrhythmias
(i.e., ablation rather than drugs). These concepts were now fo-
cused on atrial fibrillation. I began to use "thought experi-
ments", listened to a lot of Vivaldi, and pored over my stepson's
books on mazes. I then proposed to Jim that we attempt to di-
vide the atria into segments which might prevent atrial fibrilla-
tion due to the less complex forms of reentry encountered in
some of our previous canine studies. The ideas which evolved
were the Maze and Radial procedures. It was very theoretical at
the beginning. Jim and I discussed the various specific ap-
proaches which might prevent atrial fibrillation reentry and still
route the impulses from the atrial pacemaker complex to the AV
node and right and left atria.

As with all previous work, we began with animal models and
tried to create atrial fibrillation by producing mitral regurgitation
with chordae cuts, etc. Too many animals died in congestive
heart failure before developing the arrhythmia. I then decided to
use a pharmacologic approach. This consisted of acetylcholine
infusion to shorten atrial refractory period and possibly cause
increasing atrial repolarization inhomogeneity. We then induced
atrial fibrillation with rapid atrial stimulation. Although this
would not exactly simulate the patient condition, it could repre-
sent a worst case scenario resembling primary AF and, because
of the short repolarization duration and a potentially very

complex arrhythmia with multiple circuits, ablation under
these conditions might warrant further exploration in pa-
tients, tn the initial experimental studies with Jim and
Rick Schuessler, we attempted to isolate the pulmonary
veins, since Jim's prior experience suggested that this
might work. However, we quickly found that even if the
atrial fibrillation was terminated, we produced a large left
atrial reentrant circuit, resulting in sustained atrial flutter.

We reported the Maze as an experimental procedure and
continued to work in the animal lab to perfect it (23). We
had no intention of offering it to patients at that time.
However, the reports were widely read and we were con-
tacted by an airline pilot from Cyprus who had been taken
off flying status because of atrial fibrillation. He tried to
persuade Jim to perform the Maze on him. Jim refused,
but the pilot kept pestering us and actually flew to St.
Louis to discuss the possibility. Well, the rest you know;
the procedure was successful. Out of the animal studies
and early patient results, three stages of the surgical
Maze evolved (24, 25, 26). Later, the Radial procedure
was developed in our lab in conjunction with Takashi Nitta
(Fig. 6} (33). As with WPW and V-tach ablation, atrial fibril-
lation took on a life of its own. An arrhythmia that was so
common and yet "wallowed in the doldrums" for years
without much new interest, became the arrhythmia of the
new age (age of enlightenment).

Figure 6. Schematic of the Maze and Radial procedures to ab-
late atrial fibrillation and atrial flutter (1986-1999).

Much of this earlier work was concerned with mecha-
nisms and interventions at the macroscopic and micro-
scopic (histologic) level. It seemed at the time that broad
sweeping ideas and approaches were needed. Appropri-
ately, these approaches have been succeeded by those at

uir'tj approach to studtjivig and treating rhtjthw. disorders of the heart*
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the basic cellular and molecular levels which should have even greater impact over the longer term. The journey has been fun,
often amusing, occasionally hilarious, and sometimes disappointing. Altogether, it has been a privilege to be part of this era of
arrhythmology and to be able to make some contributions to it. It all began as an obsession with the ECG as a medical student
more than 50 years ago.
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4.Boineau JP, Cox JL: Slow ventricular activation in acute myocardial infarction. A source of re-entrant premature ventricular contractions.
Circulation 1973; 48;702-713.
5.Boineau JP, Bilitch M, Zubiate P, Ricketts H, Kafruni G, Mooney C: Mapping cardiac excitation and surgical intervention in patients with
ventricular arrhythmias. Circulation 1975; 52:11-138.
6.Wittig JH, Boineau JP: Surgical treatment of ventricular arrhythmias using epicardial, transmural, and endocardial mapping. Ann Thorac
Surg 1975; 20:117-126.
7.Boineau JP, Hill JD, Spach MS, Moore EN: Basis of the electrocardiogram in right ventricular hypertrophy. Am Heart J 1968; 76:605-627.
S.Boineau JP, Moore EN, Patterson DF: Relationship between the ECG, ventricular activation, and the ventricular conduction system in
ostium primum ASD. Circulation 1973; 48:556-564.
9.Flaherty JT, Blumenschein SD, Spock A, Canent RV Jr, Gallic TM, Boineau JP, Spach MS: Cardiac potentials in pulmonary disease. Overdis-
tension of the lung versus cor pulmonale (right ventricular hypertrophy). Am J Cardiol 1967; 20:29-38.
lO.Daniel TM, Boineau JP, Sabiston DC Jr: Comparison of human ventricular activation with a canine model in chronic myocardial infarction.
Circulation 1971; 44:74-89.
ll.Boineau JP, Hill JD, Sommer JR, Sealy WC, Moore EN: An anatomic-electrophysiologic basis for the Wolff-Parkinson-White syndrome.
Circulation 1969; 40:111-48.
12.Boineau JP, Moore EN, Spear JF, Sealy WC: Basis of static and dynamic electrocardiographic variations in Wolff-Parkinson-White syn-
drome. Am J Cardiol 1973; 32:32-45.
13-Durrer D, Roos JP: Epicardial excitation of ventricles in patient with Wolff-Parkinson-White syndrome (type B). Circulation 1967; 35:15.
14.Cobb RF, Blumenschein SD, Sealy WC, Boineau JP, Wagner GS, Wallace AG: Successful surgical interruption of the bundle of Kent in a
patient with Wolff-Parkinson-White syndrome. Circulation 1968; 38:1018-1029.
15.Boineau JP, Moore EN: Evidence for propagation of activation across an accessory atrioventricular connection in types A and B pre-
excitation. Circulation 1970; 41:375-397.
16.Boineau JP, Moore EN, Sealy WC, Kasell JH: Epicardial mapping in Wolff-Parkinson-White syndrome. Arch Intern Med 1975; 135:422-
431.
17.Boineau JP, Farlow W: The use of a computer model to understand mechanisms of ventricular fibrillation. Circulation 1975; 52:11-162.
IS.Moe GK, Rheinboldt WC, Abildskov JA: A computer model of atrial fibrillation. Am Heart J 1964; 67:200.
19.Boineau JP, Schuessler RB, Mooney CR, Miller CB, Wylds AC, Hudson RD, Borremans JM, Brockus CW: Natural and evoked atrial flutter
due to circus movement in dogs. Am J Cardiol 1980; 45:1167-1181.
20.Stone CM, Chang BC, Schuessler RB, Boineau JP, Cox JL: High-resolution activation mapping of the atrial epicardium and endocardium
during canine atrial flutter. Circulation 1989; 80(4):ll-95.
21.Yamauchi S, Sato S, Schuessler RB, Boineau JP, Matsunaga Y, Cox JL: Induced atrial arrhythmias in a canine model of left atrial enlarge-
ment. PACE 1990; 13:556.
22.Schuessler RB, Rosenshtraukh LV, Boineau JP, Bromberg Bl, Cox JL: Spontaneous tachyarrhythmias following cholinergic suppression in
the isolated perfused canine right atrium. Circ Res 1991; 69:1075-1087.
23.D'Agostino HJ Jr, Harada A, Eisenberg SB, Schuessler RB, Boineau JP, Cox JL: Surgical ablation of atrial fibrillation in a canine model of
chronic mitral regurgitation. Surgical Forum 1986; 37:302-303.
24.Cox JL, Schuessler RB, Boineau JP: Surgery for atrial fibrillation. Cardiac Arrhythmia Surgery: State of the Art Reviews 1990; 4:207-218.
25.Cox JL, Canavan TE, Schuessler RB, Cain ME, Lindsay BD, Stone C, Smith PK, Corr PB, Boineau JP: The surgical treatment of atrial fibrilla-
tion: II. Intraoperative electrophysiologic mapping and description of the electrophysiologic basis of atrial flutter and atrial fibrillation. J Tho-
rac Cardiovasc Surg 1991; 101:406-426.
26.Cox JL, Schuessler RB, D'Agostino HJ Jr, Stone CM, Chang BC, Cain ME, Corr PB, Boineau JP: The surgical treatment of atrial fibrillation:
III. Development of a definitive surgical procedure. J Thorac Cardiovasc Surg 1991; 101:569-583.
27.NittaT, Lee R, Schuessler RB, Boineau JP, Cox JL: Radial approach: A new concept in surgical treatment for atrial fibrillation. I. Concept,
anatomic and physiologic bases and development of a procedure. Ann Thorac Surg 1999; 67:27-35.

Dr. Boineau is the Professor of Surgery, Medicine, & Biomedical Engineering and Director of Cardiothoracic Surgery Research Lab at
Washinton University School of Medicine
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B The Heartbeat sat down with Tom to chat about his past and future in research. When I

asked Tom to start from the beginning, he did just that. "My family certainly influenced

my career choice. My mother, a high school foreign language teacher, and my father, a

battery chemist, both value education. Two of my three siblings are starting careers as

teachers (high school math and biology). The love of teaching and learning my family

instilled in me made graduate school a natural choice. I had my sights set on a graduate

degree as far back as middle school. I remember making a "life goals" brochure for

class and listing "PhD" as a goal."

So how did Tom become interested in research? Tom says, "I attended Rhodes College

in Memphis, where I studied physics. My undergraduate mentor, Brent Hoffmeister, set

me up with a research project after my first year. In collaboration with Robert Malkin and Semahat Demir at the University of

Tennessee Biomedical Engineering Department, I studied the in vivo response of the canine heart to a variety of low amplitude

alternating current waveforms. The problem motivating our research was the "leakage current" emitted from biomedical de-

vices which can alter the heart rhythms of (CU patients. We discovered that standards for maximum leakage currents allowed

from devices may be too high in some instances, especially when patients have low impendence pacemaker or ICD leads to

guide currents into their hearts. I enjoyed my undergraduate research on the heart, and I made computational models to help

explain mechanisms behind some aspects of the findings, f used one of Dr. Rudy's models in my work, and I chose to join his

lab in graduate school."

Math, science, necessity and a bit of intrigue have always been the foundations of research and for Tom that was certainly the

case. Tom states, "I always excelled in science and art. Anne Mowery, my dedicated and thoughtful high school physics

teacher, inspired me to study physics in college. After college, most of the graduate programs to which I applied were in phys-

ics. I realized, however, the research in the physics departments that most appealed to me was biomedical/biophysics re-

lated, and so I decided to do BME with Dr. Rudy."

In terms of his most important accomplishment to date, Tom had this to say, "In my graduate research, I have strived to foster

lively extra-institutional collaborations. To do good computational physiology, one needs good experimental data. For my pro-

ject, the best data comes from Andras Varro in Szeged, Hungary, David Van Wagoner at the Cleveland Clinic, and Igor Efimov

and Jianmin Cui here at Washington University BME. I have spent significant time in each of these places, learning and per-

forming experiments. I understand that managing different experiments in different labs at different institutions is an impor-

tant part of contemporary research. I am fortunate to have these research connections, and I think establishing them has

been a critically important achievement."

Tom shared his thoughts on being a part of the CBAC; he states "CBAC seminars are world-class affairs. I am lucky to have

seen so many outstanding presentations of cutting edge research that directly relates to my own research. The video archive

of the seminars is a treasure. The seminars provide a forum to meet and discuss with the outstanding local scientists whom I

would not necessarily see otherwise. I benefit greatly from one-on-one meetings with the visiting lectors with whom I share my

research and receive valuable feedback. CBAC has enriched my graduate experience profoundly."

For the future, "I look forward to continuing cardiac bioelectricity research as a post-doctoral scientist. At this point, I am not

sure where I will do this work, but I have an interest in combining experimental and theoretical modeling to examine new is-

sues in the field and to, hopefully, help explain new and interesting findings."

'An interdisciplinary approach to studying and treating rhythm disorders of the heart*
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George Van Hare, M.D.
Director of the Division of Pediatric Cardiology at Washington University School of Medicine in St. Louis
and the Louis Larrick Ward Chair in Pediatric Cardiology at St. Louis Children's Hospital

Dr. Van Hare has a long-standing interest in using electro physiology as a tool to diagnose and treat irregu-
lar heartbeats, arrhythmias, in children.
Dr. Van Hare's primary research focus is on children with heart rhythm disorders.
Dr. Van Hare is the Louis Larrick Ward Chair in Pediatric Cardiology at St. Louis Children's Hospital (SLCH)
and Washington University School of Medicine (WUSM).
He is a fellow of the Heart Rhythm Society, the American Academy of Pediatrics and the American College
of Cardiology. He is president of the Pediatric & Congenital Electro physiology Society.

Leonid Shmuylovich MSTP, graduate student in Dr. Sandor J. Kovacs' Cardiovascular Biophysics Research
Group has been awarded a 3rd year of predoctoral fellowship support by the AHA, achieving a Percentile
Rank of 2.31%. His research topic concerns theoretical and applied cardiovascular physiology regarding an
echocardiographic, load independent index of diastolic function (LIIDF). {SEE: Shmuylovich L, Kovacs SJ. A
load-independent index of diastolic filling: model-based derivation with in-vivo validation in control and dia-
stolic dysfunction subjects. Journal of Applied Physiology, 101:92-101, 2006}

Dr. Yoram Rudy delivered the Tawara Lecture "Cardiac Excitation and
Arrhythmia in the Human Heart: Insights from Noninvasive ECG Imaging
(ECGI) at the International Congress of Physiological Sciences (IUPS) in
Kyoto, Japan, on July 30th, 2009. From August 2nd - 13thT Professor Rudy
presented a series of invited lectures in Taiwan at the following universi-
ties: National Taiwan University in Taipei, National Cheng Kung University
in Tainan, Providence University and National Chung Hsing Universities in
Taichung. On August 2nd a National Symposium at National Cheng Kung
University celebrated the 18 year anniversary of the publication of the
Luo-Rudy model of the cardiac cell, {photo right, Dr. Ching-Hsing Luo pre-
sents to Dr. Yoram Rudy a commemorative piece of artwork in recognition
of the Luo-Rudy model anniversary)

r\m Ghosh, Ph.D., a member of the Rudy Lab, defended his thesis "Electrocardiographic Imaging:

Development of a Non-smooth Regularization Method and Clinical Application in Patients with Wolff-
Parkinson-White Syndrome and Heart Failure" on May 19, 2009 and graduated with his PhD. in Biomedi-
cal Engineering. Subham is now a post-doctoral Research Associate in the Rudy Lab.

Yong Wang, Ph.D., also a member of the Rudy Lab, defended his thesis,
"Contributions to the Methodology Of Electrocardiographic Imaging (ECGI) and Applica-
tion of ECGI To Study Mechanisms Of Atrial Arrhythmia, Post Myocardial Infarction Elec-

tro physiological Substrate and Ventricular Tachycardia In Patients" on June 11, 2009
and graduated with his PhD in Biomedical Engineering. He is now a Research Associ-

ate in the Radiology Department at Washington University School of Medicine.

rij approach to studyituy ai*,ct treating rhythm disorders of the heart'
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Thomas Hund, an alum of the Rudylab (Ph.D. 2004) won the 2008 Early Career Authors Prize, designed
to recognize outstanding papers published by early-career authors in the Journal of Molecular and Cellu-
lar Cardiology. The award publication is: TJ. Hund, K.F. Decker, E. Kanter, PJ. Mohler, P.A. Boyden, R.B.
Schuessler, K. A. Yamada, Y. Rudy, "Role of activated CaMKII in abnormal calcium homeostasis and |NS

remodeling after myocardial infarction: Insights from mathematical modeling", J of Molecular and Cellu-
lar Cardiology 2008;45:420-428.

GRANTS

Yoram Rudy, Ph.D.:

* Cardiac Excitation and Arrhythmias. Yoram Rudy, PI, $1,898,718, 04/01/2009-03/3V2013 from the NIH-National Heart,
Lung and Blood Institute.

* Alliance for CAMKIi Signaling In Heart Disease, $271,356,10/01/08-09/30/13 from the Fondation Lec/ucq.The mission
of FLQ is to improve human health through international efforts to combat cardiovascular disease. The Fondation Leducq
supports integrative research networks in cardiovascular disease under the Transatlantic Networks of Excellence in Car-
diovascular Research Program.

* Modeling Spatial Organization of Cardiac Cell Function:Application to Calcium Waves and Arrhythmia. Yoram Rudy, PI,
$294,621, 08/15/09-07/31/12 from The National Science Foundation.

Announcement of the anniversary congress "Einthoven

2002, 100 years of efectrocardiography," on the occa-

sion of the first ECG registration with Einthoven's string

galvanometer.
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CBAC Faculty Members
Director-Yoram Rudy, Ph.D., F.A.H.A., F.H.R.S.
The Fred Saigh Distinguished Professor of Engineering; Pro-
fessor of Biomedical Engineering, Cell Biology & Physiology,
Medicine, Radiology, and Pediatrics; Director of the Cardiac
Bioelectricity and Arrhythmia Center (CBAC},
rudy@wustl.edu. 314.935.8160 Ph, 314.935.8168 Fax

R. Martin Arthur, Ph.D., rma@wustl.edu
Newton R. and Sarah Louisa Glasgow Wilson Professor of
Engineering; Professor of Electrical and Systems Engineer-
ing; Professor of Biomedical Engineering

Philip V. Bayly, Ph.D., Byb@wustl.edu
Professor of Mechanical Engineering, and Chair of the De-
partment of Mechanical, Aerospace, and Structural Engi-
neering.

Sanjeev Bhalla, M.D., bhallas@wustl.edu
Associate Professor of Radiology; Assistant Radiology Resi-
dence Program Director, Mallinckrodt Institute of Radiology

John P. Boineau, M.D., schuesslerd@wustl.edu
Professor of Surgery, Medicine, and Biomedical Engineering

Jane Chen, M.D., janechen@wust.Ledu
Assistant Professor of Medicine

Jonas Cooper, M.D., M.P.H., JCOOP-
ER987623610@wustl.edu
(Washington University School of Medicine, 2001, MD; Har-
vard University, 2008, MPH)

Philip S. Cuculich, M.D., pcuculic@wustl.edu, Assistant Professor
of Medicine, Clinical Cardiac Electrophysiologist, Department of
Medicine at Washington University School of Medicine

Jianmin Cui, Ph.D., jcui@wustl.edu
Associate Professor of Biomedical Engineering on the
Spencer T. Olin Endowment

Ralph J. Damiano, Jr., M.D., damianor@wustl.edu
John M. Shoenberg Professor of Surgery; Chief of Cardiac
Surgery

Victor G. Davila-Roman, M.D., vdavila@wustl.edu
Associate Professor of Medicine, Anesthesiology, and Radi-
ology; Medical Director, Cardiovascular Imaging and Clinical
Research Core Laboratory

Igor R. Efimov, Ph.D., igor@wustl.edu
Professor of Biomedical Engineering

Mitchell N. Faddis, M.D., Ph.D., mfaddis@wustl.edu
Assistant Professor of Medicine, Radiology; Clinical Cardiac
Electrophysiologist, Barnes Hospital

Richard W. Gross, M.D., Ph.D., rgross@wustl.edu
(Joint Appointment with the School of Medicine), Professor
of Biological, Biophysical and Bioorganic Chemistry, Depart-
ments of Medicine, Molecular Biology and Pharmacology
and Chemistry, Washington University School of Medicine
Patrick Y. Jay, M.D., Ph.D., jay p@wustl.edu
Assistant Professor of Pediatrics and Genetics

R. Gilbert Jost, M.D., iostg@wustl.edu
Elizabeth Mallinckrodt Professor of Radiology; Chairman,
Department of Radiology; Director, Mallinckrodt Institute of
Radiology

Sa"ndor J Kova"cs, Ph.D., M.D., sik@wustl.edu
Professor of Medicine and Physiology, Adjunct Professor of
Physics and Biomedical Engineering, Director, Cardiovascu-
lar Biophysics Laboratory

Leonid Livshrtz, Ph.D., lmlivshitz@biomed.wustl.edu, Research
Assistant Professor, CBAC, Biomedical Engineering, Wash-
ington University

Douglas L. Mann , M.D., dmann@wustl.edu
Tobias and Hortense Lewin Professor and Chief, Cardiovascular Divi-
sion, Department of Medicine at Washington University School of Medi-
cine, Cardiologist-in-Chief, Barnes Jewish Hospital, St. Louis, MO

TonyJ. Muslin, M.D., F.A.H.A., amuslin@wustl.edu
Oliver M. Langenberg Distinguished Professor of the Science
and Practice of Medicine; Professor of Cell Biology and
Physiology; Director, Center for Cardiovascular Research
(CCR); Director, Cardiology Research Fellowship Program

Ali Nekouzadeh, Ph.D., ali@biomed.wustl.edu

Research Assistant Professor, CBAC, Biomedical Engineer-
ing, Washington University

Arye Nehorai, Ph.D., nehorai@wustl.edu
Chairman and Professor of the Department of Electrical &
Systems Engineering
Jeanne M. Nerbonne, Ph.D.. Jnerbonne@wustl.edu
Alumni Endowed Professor of Molecular Biology and Phar-
macology
Colin G. Nichols, Ph.D., cnichols@wustl.edu
Professor of Cell Biology and Physiology
Joseph A. O'Sullivan, Ph.D.. iao@wustl.edu
Professor of Electrical and Systems Engineering, Associate
Professor of Radiology, Professor of Biomedical Engineering,
Director of Electronic Systems and Signals Research Labora-
tory, Associate Director, Center for Security Technologies

Jean E. Schaffer, M.D.. jschaff@wustl.edu
Professor Internal Medicine, Developmental Biology

An iM,terf/tsc£pttt*ffffy approach to nd treating rhythm disorders of the heart"
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CBAC Faculty Members
Richard B. Schuessler, Ph.D., schuessjerr@wustl.edu
Associate Research Professor of Surgery; Associate Re-
search Professor of Biomedical Engineering; Director, Car-
diothoracic Surgery Research Laboratory

Jingyi Shi, Ph.D., jshi22@wustl.edu
Research Faculty, Biomedical Engineering

Gautam K. Singh, M.D., M.R.C.P., singh g@wustl.edu
Associate Professor, Department of Pediatrics, Director of
Non-invasive Cardiac Imaging Research; Co-Director, Echo-
cardiography Laboratory

Timothy W. Smith, D.Phil., M.D., tsmith@wustl.edu
Assistant Professor of Medicine

Jason W. Trobaugh, D.Sc., jasont@wustl.edu
Research Instructor in Medicine, Electrical and Systems
Engineering
George F. Van Hare, M.D., vanhare_g@wustl.edu. Director, Pedi-
atric Cardiology and Louis Larrick Ward Chair in Pediatric
Cardiology at St. Louis Children's Hospital

Lihong Wang, Ph.D., lhwang@wustl.edu
Gene K. Beare Distinguished Professor; Department of Bio-
medical Engineering; Director, Optical Imaging Laboratory

Samuel A. Wickline, M.D., saw@wustl.edu
Professor of Medicine; Adjunct Professor of Physics and
Biomedical Engineering; Co-Director of Cardiology

Pamela K. Woodard, M.D., woodardp@wustl.edu
Associate Professor, Diagnostic Radiology, Cardiovascular
Imaging Laboratory, Mallinckrodt Institute of Radiology

Kathryn A. Yamada, Ph.D., F.A.H.A., kyamada@wustl.edu
Research Professor of Medicine; Director, Mouse Cardio-
vascular Phenotyping Core, Center for Cardiovascular Re-
search, Cardiovascular Division

CBAC Faculty Alumni:
Amir A. Amini, Ph.D.

Kyongtae T. Bae , M.D., Ph.D.

Michael Cain, M.D.

Daniel P. Kelly, M.D.

Bruce Lindsay, Ph.D.

Achi Ludomirsky, M.D.

Vladimir P. Nikolski, Ph.D.

Edward Rhee, Ph.D.

Jeffrey E. Saffitz, M.D

Learn more information about the CBAC Faculty mem-

bers at the CBAC website located at

http://cbac.wustl.edu/pageFaculty.asp.

Cardiac Bioelectricity & Arrhythmia Center (CBAC)
Washington univcmty In SI Louis

<Pnmi£ng an "arch" in cardiology attdcan&rvoKufar raearch
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CARDIAC BIOELECTRICITY AND ARRHYTHMIA CENTER (CBAQ

Cardiac Bioelectricity & Arrhythmia Center (CBAC)
Fall 2OO9 Seminar Schedule

Mondays, 6:3O PM — 6:3O PM except where indicated in red
£Hors d'oeuvres Reception from 5:OOPM - 6:3OPM]

Room 218, Whitaker Hall, Washington University Danforth Campus

" Please contact <cbac@biomed.wustl.edu--* for more information "

September 1O, 2)

Thursday

November 9, 2OC

Begins at 4:OOpm

Vt&shingtDn UnK^ersity in St.Louis

Ybnwn Rudy, Director

Name of Speaker, Affiliation, Title of Talk
W. Jonathan Lederer, MD, PhD
Proffssor and C^/ree-for
Meet/cat Brot&c'itioJogy C?filter 1/niversity of Mary/fir iff GrotfChiiv/o&y tristitute

"Losing the Spark: Calcium Sparks and Calcium Leak in Heart'

Douglas L. Mann, MD
Tobias and Hortense L ew/n Professor and C:fiifff

i/on. f3f?f>aitntf?/it of Medicine. WtSMS

"Determinants of Cardiac Remodeling and Myocardial Recovery'

Anthony Muslin, MD, FAHA
Oliver M L angerituzig Distinguished Professor of the Science and f^actice of Medicine
Professoi of Ceil Biology and Physiology
nirectnr. Center for Cardiovascular Research (OCR), Director. Cardiology Research Fellowship Pri.
Washington University School of Medicine, St Louis. MO

"New Insights in Pathological Cardiac Remodeling"

Jose Jalife, MD
("ynis find .Jan f Ffiirfni ffti fossa/ of Card/ov-ascii/at ffsseriicfi.
f-'rotessor of /ntemaf Medic/ne and MatecM/ar and /ntegfrar/i/fi f/iys/o/affr. Unn-ers/ry of Mtc/i/pan A4e*dica/ School
f.-fi d/rfcfor of the U-H/T Center for Anfiyffririia Fttts&aich. Un/versity of Mtcfiif/a". Ann Artxir M/

"Arrhythmogenic Mechanisms in Inherited Catecholaminergic

Polymorphic Ventricular Tachycardia"

Heather S. Duffy, F>hD
instructor
Caret/a yascis/ar ffetsea/c-ft. Cancfto vasm//ar fl/ws/of>
BetH terae/ Ll&aconess Med/ca/ Center: Harvard Schoo/ of Med/son. fjostott. MA

"Forming the Arrhythmogenic Substrate: Molecular Mechanisms

of Gap Junction Remodeling"

Victor G. Davita-Roman, MD
Associate Professor Medscrne

Associate Professor. A/iest/itfsio/o/gy
Associate Professor. PfadtotOg/y
Division of Cardiovascular /Diseases. Washington University School of Medicine, St Lotus, MO

i<tUercli4Cifd.i#A4 to studytitq OMtt ire<Mwt] rkytkw. di>$<trdws crfttie
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Jane Chen, MD
* Gleva MJ, Chen J, Cooper J, Faddis M, Smith T, Lindsay B. The effect of venous access technique and body surface area

on transvenous defibrillator lead failure. Heart Rhythm 2008; 5 (5S): S290 (abstract).
* Cooper JA, Latacha MP, Soto GE, Garmany RG, Chen J, Gleva MJ, Smith TW. Efficacy and stability of azygos defibrillation

leads in patients with elevated defibrillation thresholds. Heart Rhythm 2008; 5 (5S): S243 (abstract).
* Chen J, Wilkoff BL, Choucair W, Cohen TJ, CrossleyGH, Johnson WBT Mongeon LR, SerwerGA, Sherfesee L Design of the

Pacemaker Remote Follow-up Evaluation and Review (PREFER) trial to assess the clinical value of the remote pacemaker
interrogation in the management of pacemaker patients. Trials 2008; 9:18.

* Cooper JA, Latacha MP, Soto GE, Garmany RG, Gleva MJT Chen J, Faddis MN, Smith TW. The azygos defibrillator lead for
elevated defibrillation thresholds: implant technique, lead stability, and patient series. PACE 2008; 31:1405-1410.

* Eckart R, Chen J, Epstein LM. Defibrillator Function and Implantation, Chapter 8. In Kusumoto F, Goldschlager N (Eds),
Cardiac Pacing for the Clinician, 2nd Edition, Springer, New York, NY, 2008.

Ralph J. Damiano, Jr., MD

* Lall SC, Foyil KV, Sakamoto S-l, Voeller RK, Boineau JP, Damiano RJ Jr, Schuessler RP: Pulmonary vein isolation and Cox-
Maze procedure only partially denervate the atrium. J Thorac Cardiovasc Surg 2008:135:894-900

* Voeller RK, Bailey MS, Zierer A, Lall SC, Sakamoto S, Aubuchon K, Lawton JS, Moazami N, Huddleston CB, Munfakh NA,
Moon MR, Schuessler RB, Damiano RJ: Isolating the entire posterior left atrium improves surgical outcomes following the
Cox-Maze procedure. J Thorac Cardiovasc Surg 2008;135:870-877.

* Olsen MA, Krauss M, Agniel D, Schootman M, Gentry CN, Yan Y, Damiano RJ Jr, Eraser VJ: Mortality associated with blood-
stream infection following coronary artery bypass graft. Clin Infect Dis 2008;46:1537-1546

* Crabtree TD, Bailey MS, Moon MR, Munfakh N, Pasque MK, Lawton JS, Moazami N, Aubuchon KA, AI-Dadah AS, Damiano
RJ Jr: Recurrent mitral regurgitation and risk factors for early and late mortality after mitral valve repair for functional
ischemic mitral regurgitation. Ann Thorac Surg 2008:85:1537-1543

* Ishii Y, Sakamoto S, Kronengold RT, Virmani R, Rivera EA, Goldman SM, Prechtel EJ, Hill JG, Damiano RJ Jr: A novel bio-
engineered small caliber vascular graft incorporating heparin and sirolimus: excellent 6 month patency. J Thorac Cardio-
vasc Surg 2008:135:1237-1246

* Damiano RJ Jr: What is the best way to surgically eliminate the left atrial appendage? (comment) J Am Coll Cardiol 2008;
52:930-931

* Melby SJ, Lee AM, Zierer A, Kaiser SP, Livhits MJ, Boineau JP, Schuessler RB, Damiano RJ Jr: Atrial fibrillation propagates
through gaps in ablation lines: Implications for ablative treatment of atrial fibrillation. Heart Rhythm 2008; 5:1296-1301

* Melby SJ, Zierer A, Lubahn JG, Bailey MS, Cox JL, Schuessler RB, Damiano RJ Jr: Normal quality of life after the Cox-Maze
procedure for atrial fibrillation. Innovations 2008; 3:142-146

* Voeller RK, Zierer A, Lall SC, Sakamoto S, Chang N, Schuessler RB, Moon MR, Damiano RJ Jr: The effects of the Cox-maze
procedure on atrial fibrillation. J Thoracic Cardiovasc Surg 2008:136:1257-1264

* Sakamoto S-l, Voeller RK, Melby SJ, Lall SC, Chang N-L, Schuessler RB, Damiano RJ Jr: Surgical ablation for atrial fibrilla-
tion: The efficacy of a novel bipolar pen device in the cardioplegically arrested and beating heart. J Thorac Cardiovasc
Surg 2008:136:1295-1301.

* Moraca RJ, Moon MR, Lawton JS, Guthrie TJ, Aubuchon KA, Moazami N, Pasque MK, Damiano RJ Jr: Outcomes of tricus-
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* Moon MR, Lawton JS, Moazami N, Munfakh NA, Pasque MK, Damiano RJ Jr: Prosthesis-patient mismatch does not affect
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phatidate phosphohydrolase enzyme that is dynamically regulated by fasting and obesity in mice. J. Biol. Chem. 2009,
284:6763-6772. PMID:191367.
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repolarizing voltage-gated K* (Kv) channels in a mouse model of metabolic cardiomyopathy. Journal of Molecular and Cel-
lular Cardiology 44:1002-1015 (2008).
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* S. Ghosh, Y. Rudy, "Application of Li-Norm Regularization to Epicardial Potential Solution of the Inverse Electrocardiogra-
phy Problem" Annals ofBiomedical Engineering 2009; 37:902-912.
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* Sha, Q., Pearson, W., Burcea, L.C., Wigfall, DA, Schlesinger, P.H., Nichols, C.G., Mercer, R.W. (2008) The Human FXYD2
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