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is now increasingly recognized by genetic 
screening. Association studies have identified 
numerous genes that are coupled to cardiac 
diseases, but the functional role of mutations 
in these genes is often not clear. The relations 
between the electrophysiological changes in 
patients with hereditary or chronic cardiac 
diseases is often far from clear. This calls for 
an integrated type of research, combining 
relevant models of these diseases with elec-
trophysiological studies.

Additionally, a remarkable discrepancy 
exists between the level of detail obtained 
in the molecular biological and functional 
levels of study in some areas in cardiac elec-
trophysiology. Our understanding of cardiac 
repolarization may serve as an example in 
case. In recent years the understanding of 
the repolarization process has soared with 
a multitude of the molecular biological 
(genetic and proteomic) studies on mutated 
ion channels responsible for repolarization, 
linking (altered) structure of the channel 
with altered function (Nerbonne and Kass, 
2005). The literature on the hereditary Long 
QT syndromes is a good example of this 
scientific approach (Schwartz et al., 2001). 
The functional experiments supporting 
the molecular biological studies often use 
expression systems of human ion channels in 
cultured, non-cardiac, cells (Bebarova et al., 
2008). The extrapolation of these results to 
the organ or to the organism is difficult, 
because not enough detailed mechanistic 
information is available from the more inte-
grative levels of research about the genesis 
of the (normal and abnormal) T-wave or 
its relation with the arrhythmias (Opthof 
et al., 2009). The morphology of the T-wave, 
already described by Einthoven (1895) has 
been attributed to the reverse transmural 
repolarization sequence in comparison with 
the endo- to epi-cardial activation sequence. 
This mechanism is generally accepted and 
has been presented in many textbooks 
(Bayes de Luna et al., 2006). However, the 
exclusive causal relation between the trans-
mural gradient of repolarization and the 
T-wave is a matter of controversy, because 
mapping experiments in intact hearts have 
demonstrated that repolarization is almost 

The implantable automatic defibrillator offers 
protection to an increasing number of patients 
since its application to humans by Mirowski 
et al. (1980). We also have gained informa-
tion about the role of familial predisposition 
to develop ventricular fibrillation following 
myocardial ischemia (Dekker et al., 2006).

Although these developments have con-
tributed to improved prevention, diagnosis, 
and treatment of cardiac arrhythmias in the 
setting of ischemia and infarction and simi-
lar advances have occurred in other fields in 
cardiac electrophysiology, sudden arrhyth-
mic death is still one of the major modes 
of death in Western Society (Myerburg and 
Spooner, 2001). Thus, treatment and pre-
vention are suboptimal. Also, large multi-
center randomized placebo controlled trials 
on the efficacy of antiarrhythmic drugs have 
failed to show a beneficial effect (Cairns 
et al., 1997; Julian et al., 1997), or even have 
demonstrated an adverse effect (Echt et al., 
1991). This in itself is a sufficient rationale 
for research in cardiac electrophysiology.

Another reason for facing the challenges 
of cardiac electrophysiology is the altered 
cardiac patient population. Since patient 
management in the setting of acute coro-
nary syndromes has improved the cohort of 
patients that has survived the acute event has 
increased (Myerburg and Spooner, 2001). 
These patients tend to present later in life 
with chronic cardiac diseases such as hyper-
trophy, heart failure and cardiomyopathies. 
At present, approximately 14 million people 
in Europe alone suffer from heart failure 
and this number is forecast to increase to 
30 million by the year 20201. About half of 
these patients will die from brady- or tachy-
arrhythmias (Kjekshus, 1990).

Thus, the patient population in the elec-
trophysiological cardiology wards will be 
older, have multiple, and more complex 
diseases, and more often suffer from chronic 
heart diseases than before. At the same time, 
a young population of apparently healthy 
individuals that is at risk for sudden death 

Challenging cardiac electrophysiology

Ruben Coronel*

Experimental Cardiology Group, Academic Medical Center, Amsterdam, Netherlands
*Correspondence: r.coronel@amc.nl

At the launch of this new Journal in the field 
of cardiac electrophysiology, Frontiers in 
Cardiac Electrophysiology, one may wonder 
which challenges lie ahead in cardiac elec-
trophysiology. Are the textbooks on cardiac 
electrophysiology complete?

In the past century enormous progress 
has been made in the understanding of car-
diac electrophysiology and this has contrib-
uted to the prolongation of life expectancy 
of patients with cardiovascular diseases. The 
increments in knowledge of the electrophysi-
ological effects of acute myocardial ischemia 
and infarction illustrate this point, although 
other examples are abundantly available.

Sir James Mackenzie wrote in his ‘Diseases 
of the Heart’ in 1913 (Mackenzie, 1913), that 
angina pectoris was caused by a nervous 
irritation, and that patients may die ‘during 
the faint’. The ability to record and interpret 
the electrocardiogram (Einthoven, 1895) has 
since then led to better diagnosis and moni-
toring of cardiovascular disease. As a result we 
now recognize that acute myocardial ischemia 
is highly arrhythmogenic and may lead to 
ventricular fibrillation within several minutes 
after the start of coronary occlusion (Julian, 
1996). Reentry has been hypothesized as a 
mechanism of cardiac arrhythmias by Mines 
as early as 1914 (Mines, 1914), but it took until 
1980 before it was directly demonstrated that 
a reentrant mechanism underlies ventricular 
fibrillation in the setting of acute myocardial 
ischemia (Janse et al., 1980). The occurrence of 
the arrhythmia is facilitated by heterogeneities 
in excitability and refractoriness (Janse and 
Wit, 1989; Coronel et al., 1991) and is initiated 
by a premature beat resulting from a ‘current 
of injury’ (Janse et al., 1980). The develop-
ment of the defibrillator has contributed to 
the institution of specialized emergency coro-
nary care units (Alexander et al., 1961). Also, 
better understanding of cardiac ion channel 
physiology and recording of the cardiac trans-
membrane potential (Weidmann, 1951) has 
played a role in the development of specific 
anti-arrhythmic drugs. Antiarrhythmic car-
diac surgery and cardiac catheter ablation has 
played an important role in the treatment of 
patients with drug-refractory arrhythmias 
(Wallace et al., 1974; Guiraudon et al., 1981). 

1Study group on Heart failure Awareness and  Perception 
in Europe (SHAPE): http://www.heartfailure-europe.
com/index1.php?item=153



Frontiers in Physiology | Cardiac Electrophysiology  May 2010 | Volume 1 | Article 8 | 2

Coronel Challenging cardiac electrophysiology

myocardial ischemia in isolated porcine and canine 
hearts. Evidence for two different arrhythmogenic 
mechanisms. Circ. Res. 47, 151–165.

Janse, M. J., and Wit, A. L. (1989). Electrophysiological 
mechanisms of ventricular arrhythmias resulting 
from myocardial ischemia and infarction. Physiol. 
Rev. 69, 1049–1169.

Julian, D. G. (1996). Treatment of cardiac arrest in acute myo-
cardial ischaemia and infarction. Lancet 14, 840–844.

Julian, D. G., Camm, A. J., Frangin, G., Janse, M. J., Munoz, 
A., Schwartz, P. J., and Simon, P. (1997). Randomised 
trial of effect of amiodarone on mortality in patients 
with left-ventricular dysfunction after recent myocar-
dial infarction: EMIAT. Lancet 349, 667–674.

Kjekshus, J. (1990). Arrhythmias and mortality in conges-
tive heart failure. Am. J. Cardiol. 65, 42I–48I.

Mackenzie, J. (1913). Diseases of the Heart. London: Henry 
Frowde and Hodder & Stockton.

Mines, G. R. (1914). On circulating excitations in heart 
muscles and their possible relation to tachycardia and 
fibrillation. Trans. R. Soc. Can. 4, 43–53.

Mirowski, M., Reid, P. R., Mower, M. M., Watkins, L., 
Gott, V. L., Schauble, J. F., Langer, A., Heilman, M. 
S., Kolenik, S. A., Fischell, R. E., and Weisfeldt, M. 
L. (1980). Termination of malignant ventricular 
arrhythmias with an implanted automatic defibrilla-
tor in human beings. N. Engl. J. Med. 303, 322–324.

Myerburg, R. J., and Spooner, P. M. (2001). Opportunities 
for sudden death prevention: directions for new clini-
cal and basic research. Cardiovasc. Res. 50, 177–185.

Nerbonne, J. M., and Kass, R. S. (2005). Molecular 
physiology of cardiac repolarization. Physiol. Rev. 
85, 1205–1253.

Opthof, T., Coronel, R., and Janse, M. J. (2009). Is there a 
significant transmural gradient in repolarization time 
in the intact heart?: repolarization gradients in the 
intact heart. Circ. Arrhythm. Electrophysiol. 2, 89–96.

Schwartz, P. J., Priori, S. G., Spazzolini, C., Moss, A. J., 
Vincent, G. M., Napolitano, C., Denjoy, I., Guicheney, 
P., Breithardt, G., Keating, M. T., Towbin, J. A., Beggs, 
A. H., Brink, P., Wilde, A. A. M., Toivonen, L., Zareba, 
W., Robinson, J. L., Timothy, K. W., Corfield, V., 
Wattanasirichaigoon, D., Corbett, C., Haverkamp, 
W., Schulze-Bahr, E., Lehmann, M. H., Schwartz, 
K., Coumel, P., and Bloise, R. (2001). Genotype-
phenotype correlation in the long-qt syndrome: 
gene-specific triggers for life-threatening arrhythmias. 
Circulation 103, 89–95.

Wallace, A. G., Sealy, W. C., Gallagher, J. J., Svenson, R. H., 
Strauss, H. C., and Kasell, J. (1974). Surgical correction 
of anomalous left ventricular pre-excitation: wolff-
parkinson-white (Type A). Circulation 49, 206–213.

Weidmann, S. (1951). Effect of current flow on the mem-
brane potential of cardiac muscle. J. Physiol. (Lond.) 
115, 227–236.

Received: 30 March 2010; accepted: 08 May 2010; published 
online: 28 May 2010.
Citation: Coronel R (2010) Challenging cardiac electrophys-
iology. Front. Physio. 1:8. doi: 10.3389/fphys.2010.00008
This article was submitted to Frontiers in Cardiac 
Electrophysiology, a specialty of Frontiers in Physiology.
Copyright © 2010 Coronel. This is an open-access arti-
cle subject to an exclusive license agreement between the 
authors and the Frontiers Research Foundation, which 
permits unrestricted use, distribution, and reproduction 
in any medium, provided the original authors and source 
are credited.

Bebarova, M., O’Hara, T., Geelen, J. L. M. C., Jongbloed, 
R. J., Timmermans, C., Arens, Y. H., Rodriguez, L. M., 
Rudy, Y., and Volders, P. G. A. (2008). Subepicardial 
phase 0 block and discontinuous transmural conduc-
tion underlie right precordial ST-segment elevation 
by a SCN5A loss-of-function mutation. Am. J. Physiol. 
Heart Circ. Physiol. 295, H48–H58.

Cairns, J. A., Connolly, S. J., Roberts, R., and Gent, M. 
(1997). Randomised trial of outcome after myocardial 
infarction in patients with frequent or repetitive ven-
tricular premature depolarisations: CAMIAT. Lancet 
349, 675–682.

Coronel, R., Casini, S., Koopmann, T. T., Wilms-
Schopman, F. J., Verkerk, A. O., de Groot, J. R., Bhuiyan, 
Z., Bezzina, C., Veldkamp, M. W., Linnenbank, A. C., 
van der Wal, A. C., Tan, H. L., Brugada, P., Wilde, A. 
A. M., and de Bakker, J. M. (2005). Right ventricular 
fibrosis and conduciton delay in a patient with clinical 
signs of Brugada syndrome. A combined electrophysi-
ological, genetic, histopathological and computational 
study. Circulation 112, 2769–2777.

Coronel, R., Opthof, T., Plotnikov, A. N., Wilms-
Schopman, F. J. G., Shlapakova, I. N., Danilo, J., 
Sosunov, E. A., Anyukhovsky, E. P., Janse, M. J., and 
Rosen, M. R. (2007). Long-term cardiac memory in 
canine heart is associated with the evolution of a 
transmural repolarization gradient. Cardiovasc. Res. 
74, 416–425.

Coronel, R., Wilms-Schopman, F. J. G., Opthof, T., Van 
Capelle, F. J. L., and Janse, M. J. (1991). Injury current 
and gradients of diastolic stimulation threshold, TQ 
potential, and extracellular potassium concentration 
during acute regional ischemia in the isolated per-
fused pig heart. Circ. Res. 68, 1241–1249.

Dekker, L. R. C., Bezzina, C. R., Henriques, J. P. S., Tanck, 
M. W., Koch, K. T., Alings, M. W., Arnold, A. E. R., de 
Boer, M. J., Gorgels, A. P. M., Michels, H. R., Verkerk, 
A., Verheugt, F. W. A., Zijlstra, F., and Wilde, A. A. M. 
(2006). Familial sudden death is an important risk 
factor for primary ventricular fibrillation: a case-
control study in acute myocardial infarction patients. 
Circulation 114, 1140–1145.

Echt, D. S., Liebson, P. R., Mitchell, L. B., Peters, R. W., 
Obias-Manno, D., Barker, A. H., Arensberg, D., 
Baker, A., Friedman, L., Greene, H. L., Huther, M. L., 
Richardson, D. W., and CAST investigators. (1991). 
Mortality and morbidity in patients receiving encai-
nide, flecainide, or placebo. The cardiac arrhythmia 
suppression trial. N. Engl. J. Med. 324, 781–788.

Einthoven, W. (1895). Ueber die Form des menschlichen 
Elektrocardiogramms. Pfluegers Arch. 60, 101.

Guiraudon, G., Fontaine, G., Frank, R., Leandri, R., Barra, 
J., and Cabrol, C. (1981). Surgical treatment of ven-
tricular tachycardia guided by ventricular mapping 
in 23 patients without coronary artery disease. Ann. 
Thorac. Surg. 32, 439–450.

Janse, M. J., Sosunov, E. A., Coronel, R., Opthof, T., 
Anyukhovsky, E. P., de Bakker, J. M. T., Plotnikov, A. 
N., Shlapakova, I. N., Danilo, P. Jr., Tijssen, J. G. P., 
and Rosen, M. R. (2005). Repolarization gradients 
in the canine left ventricle before and after induc-
tion of short-term cardiac memory. Circulation 112, 
1711–1718.

Janse, M. J., Van Capelle, F. J. L., Morsink, H., Kléber, 
A. G., Wilms-Schopman, F., Cardinal, R., Naumann 
d’Alnoncourt, C., and Durrer, D. (1980). Flow of 
“injury” current and patterns of excitation dur-
ing early ventricular arrhythmias in acute regional 

 synchronous between the various  transmural 
layers (Coronel et al., 2005, 2007; Janse et al., 
2005; Opthof et al., 2009).

Apart from the apparent gaps in knowl-
edge identified above, many other questions 
remain to be answered. Some of these ques-
tions relate to modulation of electrophysiol-
ogy by diseases and modulation of disease 
by electrophysiology (as in the mutual rela-
tion between atrial structural remodeling 
and arrhythmogenesis), to the interaction 
between mechanical work and electrophys-
iology (how can biventricular pacing be 
most effective, how does pacing affect elec-
trophysiology?), and to the many modulat-
ing influences on the heart as a whole or its 
electrophysiology (influences of the brain, 
diet, environmental factors, cholesterol lev-
els, gender, concurrent disease, drugs, genetic 
variations). Many other unresolved problems 
remain, such as the influence of the phospho-
rylation status of proteins and of intracellular 
ion concentrations on ion channel function, 
and on fundamental issues as the inverse 
problem (how to quantitatively reconstruct 
an activation- or repolarization-sequence 
from the body surface electro-cardiogram). 
The textbooks on cardiac electrophysiology 
are therefore not yet complete, and signifi-
cant information is still lacking.

Closing the gap between molecular and 
whole-heart electrophysiology, and gaining 
equally detailed knowledge on all levels of 
research and in relation with chronic diseases 
is the main challenge in current and future 
research in the field of cardiac electrophysiol-
ogy. With the launch of Frontiers in Cardiac 
Electrophysiology, a novel platform is created 
for high quality research on clinical and exper-
imental level, aimed at facing these challenges 
in the exciting field of cardiac electrophysiol-
ogy. Frontiers in Cardiac Electrophysiology 
provides new tools for these challenges. Open 
access, tiered publication in four levels, open 
peer review, and direct interaction with the 
reviewers set the stage for optimal exchange 
of scientific information.
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