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Advances in cardiac cellular
electrophysiology – Relevance
for clinical translation

The last issues of Herzschrittmacherther-
apie und Elektrophysiologie focusing on
basicmechanisms incardiac cellular elec-
trophysiology and atrial fibrillation were
published more than a decade ago [1, 2].
The Editorial Board suggested that re-
porting the basic science issues of the In-
ternational Ion Channel Symposium or-
ganised by theWorking Group on Cellu-
lar Electrophysiology (German Cardiac
Society) might be a good opportunity
for an update [3], but would not fill
a whole issue. Therefore, the decision
was taken to extend the topic andprovide
a broader overview of clinically interest-
ing advances in the basic science of the
field.

Novel techniques

Standard clinical diagnostics in cardiol-
ogy rely on a non-invasive assessment of
morphology and function of the heart.
Thebasic principles ofnewdevelopments
in imaging techniques such as cardiac
magnetic resonance imaging, computed
tomography, optical mapping including
optogenetics, photoacoustics, and elec-
tron tomography are expertly explained
in the first review [4]. Indeed, the au-
thors provide ”a new look at the heart”
with amazing insights into regional ven-
tricular function, blood flow and tissue
motion, especially in a volumetric man-
ner. Evaluation of the images allows
quantification of ventricular function for
longitudinal follow-up. In the electron-
microscopic world, resolution has been

expanded by electron tomography (ET)
and by the Nobel prize-winning proce-
dure of cryo-ET [4], which requires the
high pressure freezing of samples, but
provides an unprecedentedly high im-
age resolution in the range of several
angstroms.

Although originally developed to ex-
cite single neurons with light bymimick-
ing the nerve-cell depolarizing function
of rhodopsin channels in the retina [5],
optogenetic approaches are now also em-
ployed in the cardiovascularfield [6]. Pu-
tative cardiac applications include light-
induced pace-making or termination of
arrhythmia.

New directions in cardiac
cellular electrophysiology

The familiar body-surface electrocar-
diogram represents the spatial and
temporal vectors of cardiac electrical
activity, based on the sum of all action
potentials within the various regions of
the heart. Each action potential is due
to permeability changes of the plasma
membrane for the major cations Na+, K+

andCa2+ and the anion Cl–. Ion-selective
pores within the membrane (”channels”)
are considered to open and close in
a voltage- and time-dependent manner
(compare [1]). In recent years it has
become increasingly evident that these
large membrane-spanning proteins are
not only controlled by gene expression
and the transcriptional and translational
machinery, but that their function is reg-

ulated by multiple additional proteins
which form macromolecular complexes
with ion channels. Heijman and Dobrev
provide an update of how these com-
plexes contribute to the intricate fine-
tuning of channel function that is so
important for the normal rhythm of the
heart [7].

Of the various cardiac ion chan-
nels, K+ channels appear to constitute
the largest (and most heterogeneous)
family. During a contraction cycle, the
cardiomyocytes are exposed to cyclicme-
chanical forces that are also transmitted
to the lipid bilayer of the plasmalemma.
Any distortion of membrane thickness,
curvature or membrane in-plane ten-
sion can be an adequate gating stimulus
for stretch-activated channels. On the
other hand, some primarily voltage-sen-
sitive channels such as ATP-inactivated
K+ channels (KATP), voltage-dependent,
ultra-rapidly activating K+ channels
(Kv1.5) and different inwardly rectifying
K+ channels are merely modulated by
stretch. Consequently, the next article
discusses the role of voltage-dependent
K+ channels and stretch-activated chan-
nels in regulating the cardiac resting
membrane potential and the final phase
of repolarization, and how their dys-
function in cardiac disease may lead to
arrhythmias [8].

Theinterplaybetweenmechanicaland
electrical phenomena in the heart is also
addressed in the context of long QT syn-
drome [9]. The authors emphasize the
necessity for electrical (and mechanical)
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heterogeneitywithintheheart forphysio-
logicalexcitationandtheresultingpump-
ing function. Although both electrical
and mechanical heterogeneities are en-
hanced in long QT syndrome, the in-
crease in mechanical heterogeneity ap-
pears to be of greater predictive value
for sudden cardiac death than electrical
heterogeneity increase.

The last article in this section deals
with quantitative in silico modelling of
the heart in the highly clinically relevant
pathophysiology ofmyocardial ischemia.
It provides an excellent introduction to
the basics of multiscale computational
modelling and how this technique com-
plements experimental findings to pro-
vide a comprehensive understanding of
ischemia-related pathophysiology from
ion channels to ECG signals [10].

Novel clinical and experimental
aspects of atrial fibrillation

The past two decades have seen enor-
mous scientific interest in elucidating
the pathophysiology of atrial fibrillation
(AF), its natural history, but also the de-
velopment of novel treatment strategies
and prevention (for review see [11]).
Clinically, the duration and frequency
of AF episodes are highly variable, and
initial episodes of AF may even pass
undetected for lack of subjective symp-
toms. Because of the high association of
AF with stroke and cardiovascular mor-
bidity, expert consortium groups have
emphasized the need for reliable mark-
ers and screening methods for AF [12].
Here, Zink et al. discuss the opportuni-
ties and challenges of current efforts to
provide large-scale AF screening for the
stroke prevention [13]. More research is
required before clear recommendations
can be made as to which patients should
be screened and what the therapeutic
consequences should be in case of AF
detection.

The characteristic progression of AF
from paroxysmal episodes to permanent
arrhythmia is associated with electrical
and structural remodelling processes
[14]. Although cellular Ca2+ overload
is accepted to contribute to some of

the electrophysiological alterations [15],
a more comprehensive view has been
given recently, where the major play-
ers, i. e. oxidative stress, inflammation
and fibrosis, as well as cardiomyocyte-
fibroblast interaction and microRNAs
havebeenintegrated[16]. Here, thecom-
plex functions of fibroblasts and their
indirect (via secreted factors) and direct
communication with cardiomyocytes
(via gap junctions) are outlined in the
context of fibrosis, effects on conduction
and contribution to electrophysiological
remodelling [17].

With the advent of modern DNA se-
quencing techniques, the exploration of
the ”transcriptome” of individual AF pa-
tients has become feasible and affordable.
Likewise, ”proteomics” allowdetectionof
all relevant proteins including their post-
transcriptional alterations in the course
of the arrhythmia. Therefore, the present
collection of reviews on novel techniques
alsocontainsacompilationofrecent liter-
ature dealing with changes in expression
profiles during AF-induced remodelling
[18]. These technological advances, in
particular RNA-Seq, and the application
of integrative approaches are expected to
provide progress in understanding AF-
related alterations.

The last review of this series addresses
the problem of thrombogenesis in AF as
a major contributor to the high risk of
stroke in this disease [19]. The authors
recapitulate our current understanding
of the coagulation cascade and explain
the modern concept of ”prothrombotic
endocardial remodelling”. Basedonfind-
ings in animal models of AF and in pa-
tients, they provide evidence-based rec-
ommendations for first-line antithrom-
botic treatment in AF patients. Impor-
tantly, the concept of “atrial cardiomy-
opathy” is introduced and explainedwith
regard to thrombogenesis [20].

Taken together, the guest editors of
this issue of Herzschrittmachertherapie
and Elektrophysiologie are convinced that
the general reader of the journal will find
the information provided not only use-
ful but also an enjoyable reading experi-
ence.

Ursula Ravens
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