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a b s t r a c t

Most commonly, atrial fibrillation is triggered by rapid bursts of electrical impulses originating in
the myocardial sleeves of pulmonary veins (PVs). However, the nature of such bursts remains poorly
understood. Here, we propose a mechanism of bursting consistent with the extensive empirical
information about the electrophysiology of the PVs. The mechanism is essentially non-local and involves
the spontaneous initiation of non-sustained spiral waves in the distal end of the muscle sleeves of the
PVs. It reproduces the experimentally observed dynamics of the bursts, including their frequency, their
intermittent character, and the unusual shape of the electrical signals in the pulmonary veins that are
reminiscent of so-called early afterdepolarizations (EADs).

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Atrial fibrillation (AF), the most common arrhythmia [1], is
characterized by turbulence-like electrical activation of atrial
tissue, leading to desynchronization of contraction. AF is not lethal,
but those affected suffer a severe loss in quality of life [2,3].
Animal studies have shown that AF is initially paroxysmal [4],
i.e. it starts and terminates spontaneously, with episodes lasting
less than a minute. Over time, AF episodes become longer [4] and
eventually, chronic AF develops. In humans, the progression of AF
from paroxysmal to persistent has also been observed [5].
Paroxysmal AF is triggered by bursts of electrical activity

originating in the PVs and is often treated by thermally destroying
a thin strip of tissue around the PVs (ablation) [6–9]. Spontaneous
bursting from the PVs in humans is preceded by a pause, i.e. a
substantially prolonged resting period (diastolic interval), in two
thirds of all bursting events[10]. This finding is in stark contrast to
the experimental practice of AF induction, where rapid stimulation
sequences are typically used. Fig. 1A shows schematically the
location of pulmonary veins in the heart. The PVs are located in
the left atrium (see Panel A). In Panel B, we show an enlarged view
of a single vein.
The finding that the PVs play a crucial role in AF initiation has

provoked extensive research on their morphology and electrophy-
siology. This research revealed the existence of extended myocar-
dial sleeves penetrating 5–20mmdeep into the vein [11]. Electrical
conduction in these sleeves is significantly slowed down [12,13].
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The rate of change of transmembrane voltage at the beginning of
an action potential (upstroke velocity) in microelectrode record-
ings showed little change [13], suggesting that conduction slowing
in the PVs is a result of reduced electrical coupling. The activation
patterns in themyocardial sleeves are fractionated [12] suggesting
that electrical coupling is heterogeneous. Another characteristic
feature of the PVs is spontaneous activity,which has been observed
in PV tissue [14–16] aswell as in singlemyocytes isolated from PVs
[17,18]. Yet, neither heterogeneous coupling nor automaticity have
so far been implicated in the spontaneous onset of AF.
A finding that can be more directly linked to the spontaneous

onset of AF is that stimulation of the vagal nerves can induce high-
frequency bursts of electrical activity in isolated pulmonary veins
[19]. This is remarkable since it seems to contradict the best-known
effect of vagal stimulation on the heart, the slowing of the heart
rate [20,21]. It has been suggested that bursting is initiated by
cells exhibiting pathological spontaneous oscillations at the end
of their action potential, known as ‘‘early afterdepolarizations’’
(EADs) [19]. Indeed, electrical recordings similar to EADs have been
reported during such bursts [19]. Paradoxically, the conditions
that typically induce EADs, such as increased intracellular calcium
concentration [22] or a decrease in the potassium currents IKr or IKs
[23,24] are not likely to occur during vagal stimulation.
In this paper, we present a computational model that provides

a likely mechanism for the spontaneous onset of atrial fibrillation
that is consistent with experimental observations. We show
that a combination of slow pacemaker activity and non-uniform
electrical coupling, characteristic for the pulmonary vein region,
can lead to the spontaneous formation of non-sustained spiral
wave reentry, inducing a rapid burst of electrical activation.
According to this mechanism, the burst is triggered by a slowing
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Fig. 1. Simulation of electrical propagation in the myocardial sleeves. A: Location
of the pulmonary veins in the left atrium of the heart. B: A single pulmonary
vein (marked in Panel A) Dashed rectangle shows the approximate location of
the simulated region (see Panel C) C: Spatial distribution of electrophysiological
properties in ourmodel. Gray levels indicate the local conductivity (the conductivity
tensor g is isotropic, gx(x, y) = gy(x, y)). Dashed line indicates the boundary
of vagally innervated tissue. Dotted line marks the pacemaker region. D: Action
potentials from different cell types.

of sinus rhythm (aka pause) caused by vagal stimulation which
allows the ectopic pacemaker to fire and initiate a spiral wave.
The observed EAD-like potentials are not a result of pathological
changes of ionic properties of certain cells, but represent a non-
local effect produced by a drifting spiral wave.

2. The model

2.1. General tissue properties

In our study, we model an area of the myocardial sleeves of
the pulmonary veins (see Fig. 1A and B). To simulate electrical
propagation, we use standard reaction–diffusion equations:

Cm
∂V
∂t
= −Iion(V , Ex)+∇ · (g∇V )

∂Ex
∂t
= f (V , Ex)

(1)

where Cm is the specific capacitance of the cell membrane, V is
the transmembrane voltage, Iion is the total ionic current across
the membrane, Ex is a vector containing all variables besides V that
are used to describe the local state of the medium (including ion
concentrations and gating variables), g is the local conductivity
tensor, and f is a function describing the dynamics of all variables
except for V . The ionic currents are modeled according to the
canine atrial model of Ramirez et al. [25] To simulate pacemaker
activity and the effects of vagal stimulation, the model was

modified (see below). Fig. 1D shows the action potential of this
model. Eq. (1) was solved on a domain of size 12mm×4mmusing
a Euler scheme with a space step of 80 µm and a time step of 5 µs
using a Beowulf cluster with 32 cores running at 2.4 GHz.

2.2. Boundary conditions

We used no-flux boundary conditions at all boundaries. In the
context of the PV anatomy (Fig. 1B), the simulated patch can be
interpreted as one half of a symmetrical 24× 4 mm2 circular band
excised from a PV.

2.3. Conductivities

To simulate heterogeneous coupling we used a spatially non-
uniform isotropic conductivity g(x, y) = gx(x, y) = gy(x, y),
where gx(x, y) and gy(x, y) are the local conductivities in x-and
y-directions, respectively. Fig. 1C illustrates the g we use: The
conductivity is higher in the proximal part of the sleeve (closer to
the atria, light grey) but lower in the distal part (closer to the lungs,
medium grey). The transition between the two regions is sharp in
the left part of Fig. 1C, but smooth in the right part. To describe
such a transition analytically, we use a generic function describing
a sigmoidal transition of varying steepness in two dimensions:

gx(x, y) = gy(x, y) = gmin +1g/(1+ e−ky(x)(y−yc ))

ky(x) = ky,0 +1ky/(1+ e−kx(x−xc )),

where gmin is the minimum conductivity, 1g is the difference be-
tween maximum and minimum conductivity, ky(x) characterizes
the steepness of the transition from lower to higher conductivity in
y-direction, and kx describes how abruptly that steepness changes
in x-direction. The positive y-axis is oriented downwards.
The standard values used in our simulations where: gmin =

0.108 S/m, gmax = 0.81 S/m, kx = 1/mm, ky,0 = 0.25/mm,
1ky = 99.75/mm, xc = 9.6 mm, and yc = 2.7 mm. These values
yield propagation speeds of about 30 cm/s in the proximal part and
10 cm/s in the distal part of themyocardial sleeves, well within the
range observed in experiments [13]. The parameters kx, ky,0 and
1ky have been chosen to reproduce the fractionated propagation
in the PV region that has been reported in experiments [12,13].

2.4. Spontaneous activity

To simulate ectopic spontaneous activity, we designed an
‘‘ectopic pacemaker region’’ (a square of lp × lp cells), in which we
eliminated the (outward) current Ik1, and increased the (inward)
calcium current ICa (10-fold) and reduced electrical coupling with
the surrounding non-pacemaking tissue. The changes in Ik1 and ICa
are sufficient to produce spontaneous activity in an isolated tissue
patch, however, the activity disappears when the pacemaker is
strongly coupled to the surrounding tissue. To achieve propagation
from the pacemaker region to the rest of the tissue, we reduced the
coupling in the pacemaker region, thus lowering the electrotonic
drain due to surrounding non-pacemaker cells. The reduction of
coupling was implemented by multiplying g(x, y) with a factor
p(x, y) in the pacemaker region. The factor p(x, y) is given by

p(x, y) = p0 + (1− p0)

√
(x− xp)2 + (y− yp)2

√
2lp

,

where xp and yp are the coordinates of the pacemaker. It can be seen
that p has the value p0 at the center of the pacemaker (p0 ≈ 0) and
the value 1 at the periphery of the pacemaker, where x − xp =
y − yp = lp. The values we used in our simulations are p0 = 0.13
and lp = 9 pixels, which was sufficient to produce stable, ectopic
activity in the absence of sinoatrial pacing.
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Fig. 2. Bursting in the pulmonary veins triggered by a sudden reduction in heart rate. A–F: Initiation of a spiral wave by an ectopic beat originating in the pacemaker
region. Black lines are isochrones, spaced 5 ms apart, arrows indicate the direction of wave propagation. A: Sinus activation. B: Ectopic wave originated in the pacemaker
region is blocked at the interface of the areas with reduced (medium gray) and normal (light gray) coupling. C: The ectopic beat penetrates into the normally conducting
region, collides with the next sinus front, and reenters the low conduction region (upward arrow) forming a spiral wave. D–F: Subsequent evolution of the spiral wave.
a–c: Transmembrane voltage signal at three different locations (marked in Panel A). Three sinus stimulations, followed by two high-frequency bursts. Bursting starts after a
slowdown in the pacing rate from 500 ms to 800 ms.

Fig. 1D shows action potentials of myocytes. The action
potential of normal atrial cells (Sub-panel a) is characterized by
a pronounced initial spike and a duration of about 200 ms. The
pacemaker action potential (Sub-panel b), due to the absence of
Ik1 and the increased ICa, exhibits spontaneous depolarization (as
seen at the end of the trace) and a prolonged duration.

2.5. Spatially variable ion channel densities

It has been reported that the ionic current densities in the distal
PV can differ from those of atrial cells as follows [26]: IK1 is reduced
by 58%, Ito by 25% and ICa,L by 30%, while IKs and IKr are increased by
25% and 30%, respectively. To study the effect of such differences,
we used the above current densities for the distal pulmonary veins
and varied the ionic current densities linearly along the y-axis.

2.6. Vagal stimulation

Vagal stimulation affects cardiac electrophysiology by modu-
lating ACh-sensitive channels [27], and the modulation can with
good accuracy be modeled by changing the amplitude of the Ik1
current [27]. To simulate vagal activation, we doubled the stan-
dard Ik1 Fig. 1D, Subpanel (c) shows an action potential of a my-
ocardial cell with vagal stimulation modeled as described above.
The increased (outward) Ik1 reduces the action potential duration
to about 100 ms, which is in good agreement with the effect of
vagal stimulation determined experimentally for moderate vagal
stimulation [27].

2.7. Sinus beats

In order to reproduce the spontaneous onset of AF realistically,
we simulated the invasion of sinus waves into the PV area. To
initiate the arrival of a sinus beat, we stimulated the whole
proximal edge of the modeled region by applying 2 ms current
pulses with twice the excitation threshold. The effect of vagal
stimulation on sinus rhythm was modeled by a reduction of the
pacing rate.

3. Results

Our studies show that a latent pacemaker in the vicinity
of heterogeneities in electrical coupling can trigger intermittent
spiral wave formation giving rise to a bursting pattern as observed
in PVs during AF. The mechanism of such bursting is illustrated
in Fig. 2. Panel A shows the activation of the PV region by a sinus
beat before the onset of bursting. The normal sinus wave (entering
the PV from the atria) propagates from the bottom to top. While
there is an endogenous pacemaker in the upper left corner of the
medium, it does not fire, because it is reset by the sinuswave before
it can generate an activation itself.
The bursting is triggered by spontaneous reduction of the

heart rate, below that of the latent pacemaker. In the real heart,
such a reduction can be the result of vagal stimulation. As a
consequence of a pause, the next activation (see Panel B) originates
not from the atria, but from the endogenous latent pacemaker.
The wave generated by the latent pacemaker propagates to the
right, but is prevented frompropagating downwards into the high-
conductivity region by a sharp conductivity gradient. Such a block
is a result of impedancemismatchwhen the current generated in at
the propagating front in the high impedance area (purely coupled
cells) is insufficient to raise potential above excitation threshold
in the low impedance area (well-coupled cells). The surviving
fragment of the wave (see Fig. 2B) continues to propagate to the
right until it reaches the right boundary of the medium, where the
conductivity gradient in y-direction is smoother and downwards
propagation is possible (see Panel C). As the wave propagates
downward, it collides with the next sinus wave, annihilating the
right part of the sinuswave. The left part of the sinuswave survives
and reenters into the upper half of the medium, producing a spiral
wave (see Panel D). The spiral wave is not stationary but drifts
to the right along the sharp transition in conductivity (compare
Panels D, E and F); this drift is caused by the coupling gradient.
After reaching the right end of the sharp transition of conductivity,
the spiral wave drifts to the upper boundary and disappears (not
shown).
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The bursting frequency equals the reentry frequency of the
spiral wave (∼8 Hz). The burst duration equals the lifetime of
the drifting spiral, which was 6 rotations in this simulation. In a
large set of simulations, we observed burst durations from 2–8
activations. Subsequently, the pacemaker recovers, and if the sinus
rate remains low, it again has the chance to fire and to induce
another spiral wave giving rise to another burst.
The burst dynamics are most apparent in the electrical

recordings from individual tissue locations (Panels a–c). Trace (a)
shows the transmembrane signal from a cell inside the pacemaker
region. The first three excitations are caused by sinus rhythm. The
fourth activation is initiated by the pacemaker, and the subsequent
three excitations are caused by a spiral wave. After these three
excitations, the spiral has drifted out of the medium, so that the
next excitation comes from the pacemaker, which again induces a
spiral wave that produces three more activations. This sequence of
pacemaker beats initiating spirals continues for as long as the sinus
frequency is lower than the natural frequency of the pacemaker.
Trace (b) shows the transmembrane signal from a cell in the

normally conducting region. Again, the first three beats are driven
by the sinus rhythm. Then, after a longer interbeat interval, arrives
the first pacemaker ectopic beat. The pause is 180 ms longer than
in trace (a), reflecting the time it takes for the abnormal beat to
travel around the line of block (see Panels B and C). The ectopic
beat is followed by a burst of six pulses, which correspond to
the activity of a spiral wave. The increased frequency is about
7 Hz, i.e. twice that of trace (a). This is because there is a 2:1
entrance block at the pacemaker boundary. The burst is followed
by another burst following the same mechanism. Trace (c) shows
the transmembrane signal in the weakly coupled region which is
reminiscent of experimentally reported EAD-like action potentials.
The modulation of action potential amplitude and oscillation

of the membrane potential characteristic of EAD occurs in a large
part of the medium (see Fig. 3) within the reduced coupling area
and corresponds to the area swiped by the spiral core. This is
not a coincidence: It is well established that the action potential
amplitude in a spiral core is reduced [28] and as the spiral drifts,
so does the area of reduced action potential amplitude. As the
core approaches the recording site, one should see reduction in the
amplitude transmembrane potential. The amplitude recovers after
the core passes the recording site and moves away.
A comparison of voltage and intracellular calcium signals in

Panels a and b shows that calcium overload is not involved in
the genesis of action potential amplitude modulation. In fact, the
first action potentials in traces (a) and (b) start from resting state,
without calcium overload, yet they both develop EAD-like action
potentials. On the other hand, the third-last beat in trace (a) is
initiated,while intracellular calciumconcentration is high; yet, this
does not lead to an EAD-like action potential. In summary, calcium
overload and EAD-like action potential occur independently from
each other in this model.
One of the key elements of the above described bursting

mechanism is the conduction block at the transition from low
to high conductivity. Such block requires a steep gradient in
coupling at the transition area as well as significant difference of
absolute values of gmax and gmin (impedance mismatch). When
either of these conditions is not met, block does not occur and
reentry is not formed. Our model shows that vagal stimulation
can promote bursting not only by reducing the sinus frequency
but also by enhancing the impedance mismatch. Fig. 4A shows
wave propagation from a region of reduced coupling to a region of
normal coupling in the absence of vagal stimulation. Compared to
Fig. 2, the heterogeneity has been chosen smaller to avoid block at
the transition, although there still is a significant propagation delay
at the interface. With vagal stimulation (Panel B, implemented as
a doubling of the gK1 current), block occurs.

Fig. 3. Action potentials resembling early afterdepolarizations (EADs) during spiral
wave reentry in the pulmonary veins. A: Area in which EAD-like APs occur. a–b:
Electrical and intracellular calcium signals recorded from the points marked in the
upper Panel.

Fig. 4. Vagal stimulation induces conduction block at coupling heterogeneities. A:
Propagation during normal vagal tonus. For gmin = 0.11 and 1g = 0.69, a wave
initiated in the distal end penetrates into the proximal PV. B: Increased vagal tonus,
modeled by doubling IK1 , leads to conduction block at the interface between normal
and reduced conduction.
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Fig. 5. Conditions needed for spiral reentry induction.A:Dependence of the critical
ratio gmax/gmin , at which block occurs, on gK1 . B:Dependence of critical block length
on gmin (gmax was kept constant).

The mechanism of block enhancement by vagal stimulation
is related to the increase of the excitation threshold and the
reduction of the safety factor of propagation. Specifically, the
increase in gK1 reduces the critical conductivity ratio gmin/gmax,
at which unidirectional block at the interface occurs (see Fig. 5A).
Doubling IK1 reduces the critical ratio by about 20% (from 3.7
to 3) and doubling it again reduces it by another 10% (to 2.6).
This demonstrates that vagal stimulation strongly promotes the
induction of block in our model.
While conduction block is an essential ingredient of our

bursting mechanism, a spiral wave will only develop if the line of
block is sufficiently long. In Fig. 5B we show that the lower the
conductivity gmin in the reduced coupling region is, the shorter is
the line of block that is needed for the induction of a spiral wave.
Indeed, as gmin goes to zero, the critical block length is reduced in an
approximately linear fashion. Thismakes the distal part of PVswith
the lowest density of myocardial cells the most likely area where
this condition is met.
Further simulations showed that the natural distribution in ion

channel densities in the PVs may play a protective role against
the induction of spiral waves via the described above mechanism.
Fig. 6 shows that when we include the normal physiological
variability of ion channel densities in our model (as specified
in the Section 2), spirals are significantly harder to induce and
they are less stable. Panel A shows action potentials for distal-
PV channel densities, atrial channel densities, and an intermediate
case based on the established values for atrial tissue and PV tissue
[29]. The important difference between these action potentials

Fig. 6. The natural distribution of ion channel densities. Reentry induction is
inhibited for a.A:Action potentials for ion channel densities typical in the PV region,
the atria, and densities halfway between these two cases. B: The first stimulus
applied to the distal PV does not produce reentry.

is that repolarization is severely delayed for distal-PV channel
densities, and to a smaller degree for the intermediate case. Panel B
shows, the propagation of the ectopic beat in the presence of such
ion channel distribution. In this case, the unidirectional block is
formed as in Fig. 2B–C. However, the wave fails to reenter the low
conductance area.

4. Discussion

We demonstrated in a computer model that the combination
of heterogeneous conduction in the PVs and the presence of a
latent pacemaker can explain the onset of atrial fibrillation in away
that is consistent with currently available experimental results.
The mechanism we demonstrated is that when the activation
frequency of the heart drops below that of the ectopic pacemaker,
it can induce spiral wave reentry. The model explains how AF can
be triggered by a drop in heart rate, how paroxysmal bursts of
activation during bradycardia produce EAD-like action potentials
in the PV region, andwhy increased vagal tonus facilitates bursting.
We further showed that the different ionic current densities
present in the PVs make the induction of spiral waves in the PVs
significantly harder.
The proposed mechanism is different from previous models

of reentry initiation [30] that relied on well-timed extra stimuli
to induce reentry. In particular, it explains in a natural way
how atrial fibrillation can occur at normal heart rates or during
bradycardia or pause, as it is often observed clinically [31,32]. Our
studies also shed a new light onto the role of vagal stimulation
in promoting the induction of AF. The arrhythmogenicity of vagal
stimulation is usually attributed to the shortening of the refractory
period of atrial myocytes and to increased spatial heterogeneity
of refractory periods [33,34]. Yet, the effects of vagal stimulation
on the refractory period do not explain the onset of fibrillation
after a pause or reduction in pacing rate, reported in clinical
conditions [31,32]. Our theory readily resolves this contradiction.
According to our mechanisms, the vagally related slowing of the
sinus rhythm unmasks any present latent pacemaker, while the
amplification of the IK1 current by acetylcholine facilitates the
block due source–sink mismatch (see Figs. 4 and 5). Additionally,
an increased IK1 significantly shortens the action potential, which
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facilitates the closure of a reentry loop [19,35]and shortens the
rotation period of the spiral wave giving rise to high-frequency
bursts.
An alternative explanation of high-frequency bursts in PVs

is built upon EADs, action potentials with an unusually long
oscillatory plateau phase that can occur at slow pacing rates
in some pathological conditions. EADs are usually related to Ca
overload and a reduction of potassium currents [36–38]. The EAD-
like potentials have been observed experimentally in PVs and
were implicated as a primary cause of high frequency bursts
in PVs [19,16]. While the EAD hypothesis sounds attractive due
to its simplicity, it does not explain why vagal stimulation and
acetylcholine release would by any means facilitate the EAD
initiation. Neither has it explained the high bursting frequencies
which are characteristic of reentry mechanisms and have not been
reported for any types of abnormal automaticity in cardiac tissues.
It is interesting that our model also produces EAD-like

potentials, yet their origin is significantly different from the
conventional EAD mechanism. In our model, these EAD-like
potentials occur because the action potential amplitude is severely
reduced close to the tip of a spiral wave. As the spiral tip moves,
different parts of the medium exhibit oscillating AP plateaus, and
over time, they occur in a large part of the medium. A similar
phenomenon has previously been described for spiral waves in the
ventricles [39]. Explaining oscillating AP plateaus as the passing
core of a spiral wave is an approach fundamentally different from
the existing ones that explain as EADs caused by calcium overload,
and we will now show that our approach also naturally explains
the known effects of vagal stimulation.
The main assumptions of our model of AF initiation are con-

sistent with experimental observations. Ectopic pacemakers have
been reported by several studies [14,40,16] and heterogeneity in
conduction in the PVs is well established [12,13]. Optical mapping
experiments [12] also report fractionated and heterogeneous con-
duction in the PVs which is consistent with our model postulates.
A recent study [10] showed that in two thirds of bursting events,
there was a long pause (the interval between sequential excita-
tions increased by more than a factor of two) preceding the bursts.
This finding fits verywellwith our proposed inductionmechanism,
since the long pause is necessary to give the ectopic pacemaker
time to escape (avoid resetting by a normal sinuswave) and initiate
reentry. The authors of the above study [10] did not find evidence
that busting in their experiments was caused by reentry, but this
may be because they were not mapping the most distal part of the
pulmonary veins with sufficient spatial resolution.
The proposed mechanism may work for much shorter lines of

blocks than discussed in this paper. While we here considered
block induced by heterogeneous conduction along a line of about
12 mm length (corresponding to a PV with a diameter of about at
least 7 mm), the same mechanism would work in much smaller
regions if the conduction velocity were proportionally reduced.
Since propagation velocities below 5 cm/s have been observed in
the PV [13], micro-reentry appears to be a real possibility. This is
the reason that we formulated our model with no-flux boundary
conditions, which allows us to interpret our simulations on
different space scales. The fact that we chose a diagonal, isotropic
conductivity tensor does not pose a significant limitation because
source-sink mismatch and unidirectional block can equally be
achieved with non-diagonal, anisotropic conductivities tensors.
The reasonwe chose the conductivity tensor diagonal and isotropic
was only to keep the discussion simple. A similar mechanism of
bradycardic onset of spiral wave reentry has been described for
ventricular tissue [41], which suggests that this mechanism is not
sensitive to details of the ionic model used.
Heterogeneous refractoriness, an arrhythmia mechanism simi-

lar to heterogeneous conductivity, does not seem to be a possible

cause for unidirectional block in our case. Indeed, the ectopic pace-
maker in the pulmonary veins activates later than the sinus node
would have at its normal rate, so any beat coming from the ectopic
pacemaker should encounter all cells fully recovered from refrac-
tory state.
Our study demonstrates that the pattern of ion channel

protein expression [29] in the PV and the resulting ion channel
densities [26] do not favor the initiation of a spiral wave. The
increase in resting membrane expression and reduction in IK1
[26] causes an increase in the refractive period of PV myocytes
and reduces the probability of reentry. This may represent an
evolutionary mechanism protecting against arrhythmia induction
in the PVs. The proximity of a latent pacemaker to a fairly special
heterogeneity in electrical coupling, required by our mechanism
for AF initiation, is also difficult to meet, which explains why the
great majority of hearts is not prone to AF. While the reasons
outlined above make the proposed mechanism attractive from
the evolutional prospective, they also make its experimental
verification in animal models difficult, because it will probably
occur quite rarely.
The described above model of bursting in pulmonary veins

may have multiple clinical implications. If verified, it can allow a
more efficient way of provoking atrial fibrillation in the operating
room which will enable a more precise identification of targets
for radiofrequency ablation thus increasing efficacy of anti-
arrhythmic therapies.
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