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This paper serves as an introduction to the Focus Issue on mapping and control of complex cardiac
arrhythmias. We first introduce basic concepts of cardiac electrophysiology and describe the main
clinical methods being used to treat arrhythmia. We then provide a brief summary of the main
themes contained in the articles in this Focus Issue. In recent years there have been important
advances in the ability to map the spread of excitation in intact hearts and in laboratory settings. This
work has been combined with simulations that use increasingly realistic geometry and physiology.
Waves of excitation and contraction in the heart do not always propagate with constant velocity but
are often subject to instabilities that may lead to fluctuations in velocity and cycle time. Such
instabilities are often treated best in the context of simple one- or two-dimensional geometries. An
understanding of the mechanisms of propagation and wave stability is leading to the implementation
of different stimulation protocols in an effort to modify or eliminate abnormal rhythms2092
American Institute of Physics[DOI: 10.1063/1.1504041

Sudden cardiac death, primarily caused by ventricular  that originates near the top of the right atrium in a small
arrhythmias, is a major public health problem—it is one  region of tissue called the sinoatrial node. The electrical
of the leading causes of mortality in the United States, wave propagates through the atria causing them to contract,
resulting in more than 450 000 deaths each year. In recent and then enters a specialized structure called the atrioven-
years, the study of the heart’s electrical activity(called  tricular node. Conduction through the atrioventricular node
cardiac electrophysiology has evolved from a discipline is relatively slow, producing a delay that is necessary for
of interest primarily to physicians and physiologists to blood to flow from the atria into the ventricles. The electrical
one that has caught the attention of physicists, mathema- impulse then passes through a specialized conduction system
ticians, and engineers. Such scientists have come to real- (the bundle of His and Purkinje fibgrthat rapidly distrib-

ize that cardiac dynamics are characterized by many of utes the impulse throughout the ventricles. Resultant contrac-
the same principles that underlie the physical systems tion of the vgntricles pumps the blood throughout the b_ody.
with which they are intimately familiar. The correspond- Arrhythmias(abnormal heart rhythmsan be more rapid

ing influx of new (to cardiology) analyses and techniques (tachycardia or slower(bradychardiathan normal activity.

has led to many important contributions. This paper Although there are many types of arrhythmias, the most
summarizes the basic electrophysiological properties of prominent and deadly ieentry Normally each c_ard|ac im-

the heart, the nature of cardiac arrhythmias, and the pulse propagates as a wave that leaves behind a wake of

ways in which dynamicists are investigating the analysis irr?fr?g;%?: t'fﬁg?n:hifszavr\'ﬂf t rl;earezi(ggzgk'ri':tgegla:g\lii%l?slfr'
and control of arrhythmias, with special attention on the 9 Y. P bropag P y

. . ) depolarized area that has recovered excitaliﬂ?rtghepending
articles in this Focus Issue. . . ; :
on the conduction properties of the tissue, the impulse may
propagate indefinitely around a reentrant circuit—a situation

I. INTRODUCTION that can be life-threatening if the rate is so fast that the
] . ] heart’s pumping efficiency is impairednatomical reentry
A. A cardiac electrophysiology primer often occurs following a myocardial infarctid@ “heart at-

Although the primary function of the heatpumping tack"_), a mechan_ical event in which one of the coronary
blood throughout the bodyis mechanical, the muscular arteries(the arteries that supply oxygenated blood to the
pumping contractions are the product of electrical activity.myocardial tissue itselfbecomes blocked such that down-

Each heartbeat is the result of a wave of electrical activitystréam cardiac cells die from oxygen deprivatigthemia
and form a scar of nonconducting tissue. Such scar tissue

aE|ectronic mail: dchristi@med.cornell.edu might form an anatomical obstz'icle about which a reentrant
YElectronic mail: glass@cnd.mcgill.ca impulse can propagate. Alternatively, reentry can occur with-
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out a specific anatomical circuit or abnormal myocardium.therapy. Furthermore, accumulating clinical evidence indi-
Suchfunctional reentryoccurs in regions with steep excit- cates that ablation and implantable devices, discussed in the
ability gradients(i.e., where refractory tissue is adjacent to following two sections, are often more effective than antiar-
excitable tissugethat provide the substrate for unidirectional rhythmic drugs’

functional block and conduction back into repolarized tissue.

' The s.tability qf regntry is highly dependent on clon.duc-zl Radio-frequency ablation

tion velocity and circuit length—the rhythm can sustain itself . . . .

as long as the “head” of the reentrant impulse does not catch  Radio-frequency ablation, which uses catheter-delivered
up to the “tail.” Destabilization of reentry is occasionally energy to Kill cardiac cells and make them nonconductive, is

preceded by an oscillatidr® in the period of the rhythm. used if there exists a spatially identifiable area of cardiac

Sometimes when reentry destabilizes, the arrhythmia wilfissue that is a vital component of the substrate underlying a

terminate, thereby allowing the normal heartbeat to resumé&ardiac arrhythmidfor example, one of the pathways of a
Alternatively, a reentrant wave may break into multiple "€€ntrant arrhythmia but is not necessary for normal con-

wavelets of excitation, with each wave traveling into a dis-duction. During ablation, catheters are moved into the appro-
tinct nonrefractory tissue region. This seemingly random exPriate (depending on the nature of the arrhythimaambers
citation pattern is known aBbrillation.® Fibrillation, which ~ ©f the heart and positioned against the heart wall to monitor
can occur either in the atria or the ventricles, causes th@' Stimulate the tissue. A variety of monitoring techniques,
myocardium tissue to lose all synchronicity and including electroanatomical mapping technigues discussed in
rhythmicity—the muscle twitches spastically as if it were athiS iSsue by Stein and colleagudsare used to determine

bag of writhing worms. Atrial fibrillation will generally lead the Precise location of the arrhythmogenic substrate to be

to an abnormally fast and irregular ventricular rate, but is2Plated. At that point, alternating radio-frequency energy is

typically not life-threatening. In contrast, ventricular fibrilla- P2SS€d through the appropriate electrode, resulting in thermal

tion effectively eliminates the hearts ability to pump blood, tiSSué damage. The ablation is continued until the arrhyth-
mogenic tissue has been destroyed and the arrhythmia can no

a situation that leads to death within minutes if not corrected : _ : ;
longer be induced by the appropriate stimulation pattern. Un-

like other therapies, when ablation is effective, it is a cure,
i.e., the arrhythmia cannot recur because the arrhythmogenic

Because of the life-threatening nature of arrhythniias substrate has been eliminated. For this reason, ablation is
is estimated that more than 450 000 individuals die of suddenften the therapy of choice for eliminating certain arrhyth-
cardiac death, most from arrhythmias, each year in thenias.
United States of Amerida the primary focus of clinical In spite of the frequent success of ablation therapy, this
electrophysiology is arrhythmia elimination, termination, or procedure is often infeasible for the treatment of ventricular
suppression. Clinical cardiac electrophysiology is an evolvarrhythmias. One obstacle is the considerable thickness of
ing discipline characterized by rapidly improving arrhythmiathe ventricular wall. Ablation lesions, which are applied to
identification and control techniques. Prior to the 1980s, thehe endocardial tissue, extend only a finite distance beyond
main method of arrhythmia control was antiarrhythmicthe tissue surface. Thus, if the arrhythmia substrate is deep in
drugs. However, recent decades have seen major advanage heart muscle, ablation may not be successful. Addition-
ments in other methods of arrhythmia management, mosilly, for ventricular tachycardia resulting from ischemia, ab-
notably in the areas of radio-frequency ablation and implanttation is often hindered by the spatially extended and discon-
able cardiac devices. Here we discuss the advantages atiduous nature of the scar tissue. Because of this, there are
disadvantages of each of these approaches to give dynangften multiple large regions of arrhythmogenic substrate—
cists a better appreciation of the current state of the art imaking ablation impractical. In short, while ablation is a
arrhythmia management. powerful technique, it is practical for only a subset of ar-
rhythmias.

B. Clinical arrhythmia therapy

1. Antiarrhythmic drugs

For many years, the only method of controlling cardiac ) o
arrhythmias was pharmacologic therapy. While newer meth?: /mplantable cardioverter defibrillators
ods have overtaken medication as the preferred method of For life-threatening ventricular arrhythmias, recent ad-
control for many types of arrhythmias, drugs are still impor-vancements in implantable cardiac devices offer promising
tant tools. Antiarrhythmic drugs function in a variety of dif- therapeutic options. Stimulation and detection electrode
ferent ways—some slow impulse initiation while others pro-wires (leads run from the device, which is implanted above
long refractoriness. Thus, with proper drug selection, a widghe pectoral muscle in the chest, into the subclavian vein and
variety of arrhythmias can be managed with at least moderpass into the heart, where they are secured to the myocardial
ate success? One disadvantage of pharmacologic therapy iswall via a remotely operated screw anchor or a passive an-
that drugs can be proarrhythmic, meaning that they can achor similar to a grappling hook. Devices for the control of
tually induce life-threatening arrhythmi@ssually a different  tachycardia and/or fibrillation are known as implantable car-
arrhythmia than that for which they were prescripd\ dioverter defibrillators(ICDs). ICDs monitor the heart’s
drug that is therapeutic for one arrhythmia may be proarrhythm and typically use some form of rate analysis to detect
rhythmic for another, hence the importance of accurate diagarrhythmias. If tachycardia is detected, a relatively simple
nosis of arrhythmia mechanism prior to pharmacologicpacing algorithm is activated to eliminate the arrhythmia.
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One common algorithm paces the heart at a fixed percentagemical aspects of arrhythmias have not yet had a significant
of the tachycardia rate for a preset number of stimuli. If theimpact on clinical practice. Hopefully this Focus Issue will
tachycardia persists, the pacing is repeated at a slightly fastéelp to change that.
rate. If the tachycardia continues to persist, the device shifts This Focus Issue had its origin in the “Workshop on
into defibrillation therapy. Defibrillation therapyfor the  Mapping and Control of Complex Arrhythmia” held at the
above-mentioned scenario or for detected fibrillatioses a Center de Recherches Mathatiques at the Universitde
large voltage shock to reset the electrical activity of the enMontreal in the fall of 2000. The participants at that meeting
tire heart. If the shock fails, a higher-energy shock is deliv-felt that the striking theoretical and experimental advances in
ered. Such shocks are extremely painful. Fortunately, this isnapping and controlling cardiac arrhythmias subsequent to
often irrelevant because the arrhythmia usually causes fainthe publication of theChaos Focus Issue “Fibrillation in
ing prior to the shock delivery. Even if the person is still normal ventricular myocardium{Vol. 8, Issue 1; edited by
conscious at the time of the shock, the pain from the shock i&. T. Winfree) warranted the publication of @haosFocus
better than the usual alternatiygeath. Issue in this area. Importantly, there is significant room for
Implantable cardioverter defibrillators are revolutionary application of theoretical methods to a wide variety of dif-
medical inventions which have saved thousands of livesterent arrhythmias, not just fibrillation. Further, since ar-
That being said, there is clearly room for enhancement ofhythmias usually arise in hearts that have abnormal physi-
their control algorithms. For example, defibrillation requiresology and/or anatomy, theory must also focus on the ways in
powerful battery-draining shocks that can cause pain if inapwhich arrhythmias arise in abnormal hearts. Although non-
propriately applied and antitachycardia pacing efficacy delinear dynamics promises to offer novel perspectives for the
creases as tachycardia rate incredS&urthermore, current understanding and control of cardiac arrhythmias, at the mo-
algorithms are dynamically simplistidbrute force for ment there is a need for development of links between the
defibrillation; simple ramp or burst patterns for antitachycar-theoretical and experimental approaches, clinical practice,
dia) and utilize little, if any, feedback information regarding and medical device manufacturers. This Focus Issue is meant
their beat-to-beat effects on the arrhythmia. These shortcome illuminate the current advances in the study of complex
ings suggest that dynamics might be exploited to produceardiac arrhythmias and, in so doing, to facilitate new ap-
more elegant arrhythmia therapies. proaches and collaborations that will lead to the translation
of the understandings developed in basic research to improve
clinical practice.
C. Contributions of dynamicists In the following sections we attempt to provide context
In parallel with the advances in clinical cardiology, elec- for the Focus Issue contributions. In Sec. I, we discuss tech-

trophysiology has caught the attention of physicists, mathPidues to map data from the intact heart and discuss the
ematicians, and engineéisSuch scientists have come to development of anatomically realistic models of cardiac
realize that cardiac dynamics are characterized by many diroPagation. In Sec. Il we describe the theoretical work that
the same principles that underlie the physical systems witfPCuSes on the mechanisms underlying instabilities that arise
which they are intimately familiar. The corresponding influx during cardiac propagation. Section 1V describes the use of
of new (to cardiology analyses and techniques has led toelec_trlcal stimulation to m_od|fy and control th_e rhythms in
many important contributions—theoretical, computational,the intact heart and experimental and theoretical models.

and experimental—to the understanding of cardiac arrhyth-
mias. Theoretical analyses of mechanisms of arrhythmia 'Nl\él)AgEPIQNMGE?éE;D,lqg%é\CngYTHMlAS: ANATOMICAL
have been facilitated by the exponential increases in compu-
tational power that have enabled the simulation of models Quantification of the spatiotemporal dynamics of propa-
that incorporate increasingly realistic ionic mechanisms andjating waves of a cardiac arrhythmia is of fundamental im-
three-dimensional geometry. Such work has often been conportance to understanding arrhythmias. Such quantification is
bined with experimental studies that enable observation oAccomplished via a range of continually evolving techniques
cardiac dynamic# vivo andin vitro. In addition, techniques of cardiac-excitation mapping. Original mapping methods in-
from nonlinear dynamics have enabled researchers to mowslved recording electrical activity in the whole heart, or in
beyond simulation to analyze the stability and geometricatissue preparations, from a limited number of sites during
organization of normal and abnormal rhythms with a viewspontaneous rhythms or in the response to stimulation. Such
toward understanding the bifurcations underlying the onsetlectrode recording typically involves off-line data analysis
of complex arrhythmia. to determine local activation times at a limited number of
Despite the parallel interests and objectives betweepoints and interpolation methods to generate propagation
physicians and scientists, most clinical practice today isnaps. At the current time, electrical recording in the intact
based on empirical methods combined with large clinicahuman heart can be accomplished by extension of these
studies that statistically estimate the efficacy of differentmethods. Catheters with embedded electrodes can be
treatment modalities. The significant advances provided byhreaded via the systemic vascular tree directly into the
medical device manufacturers to map and control cardiachambers of the heart. The position and timing of electrical
arrhythmias have largely depended on engineering apactivation of the catheter electrodes are monitored, and in
proaches combined with clinical input. To our dismay, yearshis fashion it is possible to compile an image of the propa-
of experimental and theoretical investigation into the dy-gation pattern inside the human heart. Although immensely
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useful clinically, the “images” from this procedure are lim- 1ll. INSTABILITIES IN CARDIAC PROPAGATION
ited to numerous voltage electrograms which the highly _ o _ o
skilled cardiac electrophysiologist mentally interpolates into ~ During reentry, excitation travels in a circuitous path,
an accurate spatiotemporal understanding of the involvetfading to the frequent reexcitation of tissue at a rapid rate.
electrophysiology. The introduction of spatially extended ar-SUch reentrant arrhythmias can be imagined in an idealized
rays of electrodes greatly expanded the ability to study comtaslh'on_ by ldltf_fere_nt geomzmc co_nflgulratlg]r\llggggtgmg _frolm a
plex propagation patterns. For example, in animals, Allessi@U'S€ cireutating in a one-dimensional pa 3236 o spira

. . I —'waves circulating in two-dimensional she&t$3~%%to scroll
and colleagués demonstrated circulating excitation in atrial . O . . s
. . . . i waves circulating in three dimensiof’s®® From a purely
tissue using simultaneous recordings from multiple elec

d d Idek d coll dth itation f theoretical perspective, there is great interest in understand-
tro e_s an I_ eker an_ colleagues mapped the excitation roriﬂg the factors that might lead to the establishment of reen-
ventricular tissue using plunge electrod&sviore recently,

° Sus U ) o trant excitation, the factors that lead to the destabilization of
as described in this issue by Stein and colleaglistmilar  g,ch reentrant rhythms, and the ways to modify or control
three-dimensional mapping approaches, using techniqugfese rhythms. In Sec. IV we consider methods to control
that include an endocardial analog of the Global Positioninghese rhythms using electrical stimulation. Here we consider
System and an inflatable ellipsoid covered by dozens of eleahe factors that affect the stability of propagating waves.

trodes, have improved the ability of clinicians to image the  During periodic pacing, homogeneous myocyte aggre-
heart’s electroanatomy and electrophysiology. gates can show complex bifurcations and instability as a

Optical mapping methods, used vitro or in in vivo  function of the pacing frequency and amplitude that is well

animal experiments, are complementary to electrode recordiescribed theoretically by a one-dimensional difference
ing techniques. In optical mapping, a chemical dye that igquatior’® One striking type of instability isalternans

either sensitive to membrane voltage or local calcium confhythms, in which there is a beat-to-beat variation of an im-
centration is added to cardiac tissue. Thus, by monitoring th@ortant physiological characteristic such as duration of the
fluorescence from cardiac tissue treated with the appropriafaction potential or the conduction time. The presence of al-
dyes, striking images of propagation can be achié¥eti.In ternan; suggests the_ occurrence of. a period-doubling bifur-
recent years, mapping of myocyte monolayers has provided%at'on in an appropriate mathematical model. As one ex-

well-controlled environment for investigating basic electro—ampl.e’ we c0n3|de'r the I’eSth[UtIOI’] curve, \.Nh'Ch gives the
. . . 18-21 o . duration of the action potential as a function of diastolic
physiological dynamic$®=2! In this issue, Bub and Shrier

interval (the time that has elapsed since the end of the pre-

: . . N i
investigate the effects of cell density on propagation in Sucr\‘/ious excitation. If the restitution function is sufficiently

monolaygrs’.z Changes in density generate spatial patterns ok (sjope 1) there can be a period-doubling bifurcation
propagation that are similar to arrhythmias observed iny,cp that periodically timed stimuli will lead to an alterna-
whole hearts. The manipulation of such properties in tissugg, of action-potential duratiof?~*2 These results have
culture could offer great promise for the systematic analysi$een extended to help understand propagation in spatially
of the impact of myocardial densityvhich can be altered by extended systems. If a cardiac excitation is circulating on a
diseasgon arrhythmogenesis. one-dimensional ring, then a related instability can lead to
The ability to visualize the spread of excitation in intact the development of complex quasiperiodic fluctuations of
hearts enables careful comparisons between recorded dynaaetion-potential duration and propagation velogity the
ics and numerical simulations using realistic cellular kineticscurrent issue Cytrynbaum and Keeteextend this analysis
and heart geometriéd>* The mammalian heart has extraor- by considering the rules governing the propagation of the
dinarily complex geometry and the extent to which the hearpulse front and the pulse back, and show that the earlier
functions well as a consequence of that geometry, or despif@rmulations are incomplete. If there are nonmonotonic res-
that geometry, is still poorly understood. For example, theitution functions, then this will lead to complex dynamical
inside of the atrium is highly variable from species to specie?atter”§5’44 Such dynamics are examined in the current is-

and even within a given species. In this issue, Virag ancU€ by Panfilov and Zemlin for restitution curves with nega-

colleagues study electrophysiological dynamics in anatomit!Vely sloped segmentS. _
Excitation waves traveling in space can be susceptible to

cally accurate models of the atria with a goal of understand-

ing the factors that lead to the establishment of reentranrtelated instability effects, but as shown in experiméfts

9,50 ; H
rhythms in the atriun?® These studies may also offer new and model$?*the details get much more complicated as a

ideas on how electrical stimulation or suraical mc)d.f.cat.onconsequence of the spatial structugés mentioned earlier,
! W ! imufati urgl meatl Rogers examines wave stability in this is€feln this issue

can help control such rhythms. Atrial reentry is also exam- ..o and colleagues study a model of a system in which
ined here in computational models by Zou and colleagBies. there is a localized region of poor conductivifyin this sys-
Additionally, Rogers uses an anatomically realistic ventricu-tem, at certain pacing rates, there is again a period-doubling
lar model to illuminate how geometry affects the stability of pifyrcation leading to a local alternation of action-potential
propagating wave¥. Such analysis is vital to our under- duration. The model also shows bistability, in which the ob-
standing of how reentrant tachycardia may break down intgerved dynamics depend on the stimulation history. The ex-
ventricular fibrillation, a problem that is the focus of other tension of this result to more complex and realistic ionic and
articles in this issuédescribed latgr anatomical models will not be straightforward. In a modeling
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study in this issue Sampson and Henriquez extend an elegatiiat the criteria for annihilation of reentry in a one-
experimental stud¥ and consider the contributions of one dimensional ring may not easily extend to the termination of
such complicating factor, localized heterogeneities, orreentry in two dimensions. In a complementary article in this
action-potential duration in two dimensiofisThey demon-  issue, Comtois and Vinet examine the effects of multiple
strate that such heterogeneities provide an enhanced supulses on resetting and annihilating impulses circulating on a
strate for reentry. Such analysis is of central importance t@ne-dimensional ring®
the understanding of the contributions of post-myocardial-  In addition to such investigations of anatomical reentry,
infarction scar tissue to arrhythmogenesis. several papers in this issue examine control of functional
Although it has long been appreciated that spiral waveseentry. One intriguing therapy approach attempts to prevent
can circulate in two-dimensional excitable media, suchthe very onset of functional reentry. To this end, Echebarria
propagation is not always stable. The tip of the spiral waveand Karma have examined terminating repolarization altern-
can circulate in a regular or irregular pattern calledans, which is a potential mechanistic precursor to functional
meander’~>"Here, Otani provides a rigorous analysis of the reentry*’~%74In previous work, Hall and Gauthier demon-
factors that govern spiral-wave meanderifighis work has  strated the ability to terminate such alternangninitro frog
possible therapeutic implications, given that several controsections”® In a one-dimensional modeling study, Echebarria
techniques proposed in recent years attempt to exploit meaand Karma demonstrate that such control may be practically
der as a means of terminating reemty®” To that end, limited by an inability to alter electrophysiological dynamics
Aslanidi and colleagues propose novel ways to modify carof tissue that is distant from the stimulating electro@s
diac tissue to increase such meandering, hypothesizing th@fould be required to prevent reentry in the whole he%rt
increased meandering will lead to movement of the reentrant ~ Given such potential limitations, termination, rather than
wave into a nonconducting region of the heart, thereby leadprevention, of functional reentry may be necessary. To this
ing to its terminatior?® end, several methods for controlling functional reentry have
Circulating waves in two or three dimensions are subjecheen proposell. These techniques includé) the applica-
to additional instabilities that can lead to the breakup of thejon of an external forcing signal to the excitable
wave itself. Spiral-wave breakup has been hypothesized tgedjunt®=%? in an attempt to move the spiral wave in a
underly the transition from ventricular tachycardia to ven-desired direction, (ii) global feedback via electric-field
tricular fibl’illation.64_68A current debate is whether such modu'ation?sjg (”') introduction of localized Spatia| inho-
breakup occurs by a single mechanism, or whether there aigogeneities between the boundary and the core of the spiral
multiple mechanisms. The restitution hypothesis holds thafyaye’” and (iv) stimulation via multiple electrodes in an
the restitution properties of the cardiac tissue underlie thigjectrode arra§®® In this issue, Stamp and colleagues in-
transition. Data supporting this hypothesis have demongestigate an approach in which, for a narrow range of stimu-
strated that pharmacological agents that make the restitutiqgjon parameters, rapid stimulation forces a spiral wave to
curve less steep may prevent the breakup of spiral waves infg,q boundary of the domain, thereby leading to its
spirals®®’In the current issue, Fenton and colleagues examanninilation®? Also in this issue, Gray uses computational
ine the many different mechanisms that have been proposqﬁode"ng to analyze control approaches to prevent spiral-

to underlie spiral wave breakup. This comprehensive articlgy e breakup, whicltas mentioned earligis a prime sus-
makes clear that there are many possible mechanisms for thg,. for the initiation of ventricular fibrillatiof? If such con-

breakup of spiral propagating waves, and suggests directiong,| s possible, the deadly breakdown of ventricular

for future theoretical and experimental studiés. tachycardia to ventricular fibrillation might be preventable in
some cases.

Given that mathematical models from nonlinear dynam-
ics have been useful in describing many of the instabilities

As described earlier, implantable cardioverter defibrilla-observed in cardiac tissue, it is possible that control methods
tors offer therapy by delivering electrical stimulation directly suggested by nonlinear dynamics will be useful for the con-
to the heart using relatively simple algorithms. In contrast, arol of cardiac arrhythmia&®* The first implementation of
preferred therapy for a reentrant arrhythmia would exploitthis notion regularized aperiodic behaviorimvitro sections
the dynamics of the arrhythmia and use appropriately timeaf rabbit heart tissué> Similar techniques were later used to
low-voltage pulsesor perhaps even a single pulse collide  control abnormal electrophysiological dynamics of the atrio-
with and annihilate the reentrant wave. While employing aventricular node in rabbit§ and, more recently, in humafs.
single stimulus sounds like a “magic bullet,” in theory there Ditto and colleagues demonstrated limited ability to control
should exist a critical stimulus that could annihilate any re-atrial fibrillation in humans using similar metho®sin the
entrant excitation—at least one circulating on a one-current issue, these matters are examined further by Gauthier
dimensional ring® In the current issue, Sinha and Christini and colleagues, who investigated nonlinear-dynamical con-
examine such stimulus-induced termination for the two-trol of atrial fibrillation in sheep heaff In contrast to the
dimensional case in the presence of a conductiorearlier Dittoet al. study, Gauthier and colleagues found that
inhomogeneity? This work shows that the presence of inho- it was not possible to control atrial fibrillation. This careful
mogeneities(as might be expected following a myocardial study highlights the need for additional analysis of such tech-
infarction) increases the size of the stimulation parameteniques before clinical implementation can be considered.
regime that leads to annihilation. Further, the work suggests In addition to the use of electrical stimulation to control

IV. ELECTRICAL STIMULATION AND CONTROL OF
CARDIAC ARRHYTHMIAS
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arrhythmia, it is also well known that strong electrical stimu-lels with the dynamics of well-defined physical systems, the

lation can induce fibrillatiorgthis is what occurs during elec- innovative research being carried out on many fronts, and the

trocution. Here, Trayanova and Eason examine the inducimportance of heart disease to the human condition, should

tion of reentrant excitation by defibrillation shockhe very lead to exciting developments in coming years.

therapy meant to terminate arrhythmiasl computer mod-
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