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AbSTRACT

Aims: The aim of this study was to evaluate the effect of increase in left ventricular (LV) 
pressure on repolarization and activation-recovery intervals.

Methods and results: Six pig hearts were Langendorff-perfused. A compliant liquid-
filled balloon, connected with a pressure transducer, inserted through the mitral orifice, 
could be filled until the required LV systolic pressure was obtained. A grid of 121 elec-
trodes (11x11; 5 mm interelectrode distance) was sutured on the LV free wall. Ventricular 
pacing at 600 ms and at 400 or 450 ms was either performed from the LV wall or from 
the ventricular septum. Under all these four conditions, the pressure wave occurred at 
the same moment relative to the onset of the QRS complex. Consequently, the time rela-
tion between local repolarization and the pressure wave differed between the various 
pacing sites. Repolarization times (RTs) at a cycle length (CL) of 600 ms were prolonged 
by increased pressure. With stimulation from the LV, when the pressure wave coincides 
with the action potentials (APs) late in their phase (sites with relatively early repolariza-
tion), an increase in pressure from 0 to 100 mmHg delayed repolarization more than 
with stimulation from the septum, when the pressure wave occurs at a relatively earlier 
phase of the AP (sites with relatively late repolarization). At pacing at CL 400/450 ms, an 
increase in pressure caused RT prolongation at the LV free wall during LV stimulation, 
but less RT prolongation or even shortening during septal stimulation.

Conclusion: The effect of increased LV pressure is synchronization of repolarization.
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INTRODuCTION

Heterogeneity of repolarization facilitates re-entrant arrhythmias.1,2 In the presence of 
a sufficiently large gradient of repolarization, a premature beat may cause re-entrant 
activation, depending on the activation delay and the mass of tissue with prolonged re-
polarization.3-6 In normal hearts, dispersion of repolarization is mitigated by electrotonic 
interaction.7

Mechanical activity directly feeds back on the electrophysiologic properties of the 
heart (mechano-electrical coupling, MEC).4 The time of application of stretch relative to 
the phase of an action potential (AP) has differential effects on AP duration. Following 
a mechanical impulse received during the plateau phase, opening of stretch-activated 
channels leads to AP shortening, whereas application of stretch later in the repolariza-
tion phase may lead to AP prolongation.8 Zabel et al8 have reported that mechano-elec-
trical effects during a prolonged stretch pulse change in sign at a membrane potential 
of about −30 mV, i.e. shortening of AP is found at more positive potentials, whereas 
prolongation of AP is observed at more negative membrane potentials.

In view of the activation sequence of the heart, we hypothesized that the mechano-
electrical effect of a normal left ventricular (LV) pressure pulse on repolarization differs 
between early- and late-activated sites. We therefore mapped the time of repolariza-
tion (RT) and activation-recovery intervals (ARIs, an index of local AP duration9) in the 
absence and presence of an LV pressure pulse in early- and late-activated myocardium.

This study shows that the physiological LV pressure pulse causes a prolongation of 
the ARI that is larger at early repolarizing sites than at late repolarizing myocardium, 
leading to a decrease of dispersion in repolarization.

METHODS

Experiments were in accordance with the European Directive for the Protection of Ver-
tebrate Animals Used for Experimental and Other Scientific Purposes (86/609/EU; http://
ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm) and the Dutch 
Law on Animal Experimentation. The experimental protocol was approved by the local 
ethical committee on animal experimentation.

Experimental set-up

Male pigs (n=6; weight 30-35 kg) were premedicated with 10-15 mg/kg of ketamine 
(Nimatek, EUROVET Animal Health BV, Bladel, The Netherlands), 1-2 mg/kg of midazolam 
(Actavis Group, Iceland) and anaesthetized with 20 mg/kg of pentobarbital (Apotheek 
Erasmus MC, The Netherlands) intravenously. After intubation, the animals were venti-



42 Chapter 3

lated with room air and 1-1.5% isoflurane (Pharmachemie BV, Haarlem, The Netherlands). 
Heparin (5000 IU, LeoPharma, Breda, The Netherlands) was injected intravenously. After 
a midsternal thoracotomy, blood was collected and ventricular fibrillation was electri-
cally induced. Then, the heart was isolated and immersed in ice-cold Tyrode’s solution.

The aorta was connected to a Langendorff perfusion set-up and retrogradely per-
fused using a 1:1 mixture of blood and Tyrode’s solution (pH 7.35–7.45). The heart was 
defibrillated and atrioventricular block was created by crushing the AV nodal area.

A compliant balloon was inserted through the mitral orifice, filled with saline, and 
connected to tubing containing a water-air interface (Windkessel function). The tube 
was closed above this interface and a pressure transducer was connected to the balloon. 
A 50 mL syringe allowed filling the balloon until the required LV systolic pressure of 100 
mmHg (P 100) was obtained. Unipolar cathodal stimulation at twice diastolic threshold 
intensity was performed through one of two stimulation sites (see diagram in Figure 1). 
One was located in the centre of the electrode grid overlying the LV free wall (LV stim), 
and the other was at the basal side of the interventricular septum (Sep stim). The anode 
was placed at the aortic root. Basic cycle length (CL) was alternated between 600 (n= 6) 
and 400 (n= 4) or 450 ms (n= 2). Observations made during pacing at CLs 400 and 450 
ms were pooled. Sufficient time was allowed after a change of stimulation rate to reach 
a steady-state and then the intraventricular balloon was inflated to obtain a predeter-
mined peak systolic pressure for ~30 s.10

Electrophysiologic and pressure recordings

A rectangular grid of 11×11 electrodes (5-mm interelectrode distance) was sutured on the 
LV free wall. Local unipolar electrograms were recorded against the reference electrode 
at the aortic root using a data acquisition system (Biosemi, Amsterdam, The Netherlands; 
sampling rate 2048 Hz, filtering DC 0.4 kHz [3dB]).

Analysis of the electrograms was performed offline using a custom-made analysis 
programme.11 Local activation times (ATs) were measured at the moment of the mini-
mum dV/dt of the initial deflection and local RTs at the moment of the maximum dV/dt 
of the T wave relative to the stimulus artefact (t=0).9 Activation-recovery intervals (ARIs), 
as a measure of AP duration, were calculated by subtracting the local ATs from the local 
RTs. The number of sites with signals of sufficient quality varied from 82 in one heart to 
117 in another from a maximum of 121 sites covering an area of 25 cm2.

In the pressure recording, we determined the moment of peak pressure. We also 
measured contraction time (CT) defined as the moment of half maximum pressure pre-
ceding the peak pressure. Pressure recordings were fed into the same data acquisition 
system as used for the electrical recordings.
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Data analysis

All measured variables were normally distributed and therefore data are presented as 
mean ± S.E.M. Data are provided with the number of sites (n) and the number of hearts 
(N). Multiple comparisons were made using analysis of variance with repeated measures. 
A P value <0.05 was considered statistically significant.

RESuLTS

Figure 1 shows an example of an LV pressure pulse superimposed on LV electrograms fol-
lowing stimulation from the right side of the interventricular septum or from the LV free 
wall epicardium. The intraventricular balloon was filled (with saline) to obtain a systolic 
pressure of 100 mmHg (P 100), whereas diastolic pressure remained 0 mmHg (P 0). The 
large R-wave in the local QRS complex and the negative T  wave indicate late activa-

40Ê mVÊ
22Ê mmÊ HgÊ

200Ê msÊ

LVÊ stimÊ

SepÊ stimÊ

LVÊ

Figure 1: Increase in pressure and timing relative to phase of repolarization. Schematic drawing of the ex-
perimental procedure. The grid of electrodes was at a fixed position at the LV lateral epicardial wall. Stimula-
tion was either from the septum (top panel) or from the centre of the grid (bottom panel). The blue vertical 
line shows the moment of local repolarization (dV/dtmax in the local T wave) during stimulation from the 
septum (Sep stim); the red vertical line shows the moment of local repolarization during stimulation from 
the centre of the LV grid (LV stim). The black vertical lines indicate the moment of 50% of maximal pressure.
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tion and late repolarization at the lateral LV grid, respectively, during stimulation from 
the septum (top panel). Conversely, a deep Q-wave and a positive T wave in the lower 
panel indicate early activation and early repolarization during LV stimulation (bottom 
panel) at the same lateral LV grid. The dashed red lines indicate the moments of local 
repolarization. The dashed blue lines indicate the moment of half maximum pressure. 
Arrows point to the pacing artefacts (virtually absent in the top panel). The timing of the 
pressure pulse relative to the pacing artefacts is about the same under the two pacing 
conditions. The pressure wave occurs relatively later during the electrical systole (i.e. 
closer to the final repolarization phase of the local APs) following LV stimulation than 
following septal stimulation.

ATs and pressure wave

We tested whether ATs were affected by changes in pressure. First, we averaged the ATs 
per grid to arrive at a mean value for each of the six hearts under the eight conditions 
(two CLs, two pacing sites, and two pressures). The mean ATs before and after balloon 
inflation were compared at the two CLs and at the two pacing sites in each heart. No 
statistically significant differences in AT occurred between P 0 and P 100 with LV stim at 
either CL (Table 1). During Sep stim when ATs were 70-80 ms, a small increase in AT (by 
on average 5 ms; Table 1) was found between P 0 and P 100, which was significant at CL 
600 ms, but not at 400/450 ms.

During high pressure, the moment of the peak pressure and the moment of 50% of 
the peak pressure did not differ between pacing CLs or between pacing sites (two-way 
repeated measures ANOVA). CT occurred at 159 ± 5.3 ms and the moment of the peak of 
the pressure wave was at 222 ± 3.7 ms after the stimulus artefact (24 conditions pooled 

Table 1: Influence of pressure increase on ATs and CT (mean±S.E.M., n=6 experiments).

CL Stim P Mean AT S.E.M. P value Mean CT S.E.M.

600 Sep 0 73 5.7 - -

600 Sep 100 77 5.4 P<0.05 163 13.2

600 LV 0 40 2.7 - -

600 LV 100 40 2.6 ns 152 9.7

P value ns

400/450 Sep 0 79 6.8 - -

400/450 Sep 100 85 7.0 ns 166 12.8

400/450 LV 0 44 2.7 - -

400/450 LV 100 44 3.1 ns 156 7.2

P value ns

CL, cycle length; Stim, stimulation site; Sep, septum; LV, left ventricle; AT, activation time; CT, contraction 
time; significance: column P 0 vs P 100; rows: Sep stim vs. LV stim; ns, not significant.
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(two CLs and two pacing sites) in 6 experiments). Table 1 summarizes the averaged data 
at the two CLs and the two pacing sites per experiment. Despite the absence of diff er-
ences between the timing of the pressure wave in the six experiments, all RTs within one 
heart were compared with the CT of the same heart in further data analysis.

Repolarization times

Figure 2 (middle panels) shows two repolarization maps of the LV epicardium following 
LV pacing at CL 600 ms from an electrode in the centre of the electrode grid, during low 
and high systolic LV pressure (P 0 and P 100). Representative electrograms (top panels) 
recorded at the site indicated by the blue circle in the maps show a later RT at P 100 
than at P 0 (blue circles projected on the electrograms). Data from the 114 electrograms 
recorded from the grid were averaged (Figure 2, bottom panel) and show an increase in 
RT from 296 ± 1.0 ms at P 0 to 306 ± 1.3 ms at P 100 (P<0.0005). The change varied from a 
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Figure 2: Eff ect of an increase in pressure on repolarization with stimulation from one site. Top panel: Local 
electrograms recorded at the blue dots in the mid panel. Stimulation from the mid of the LV grid at CL 600 
ms. The circles indicate the local repolarization moments (dV/dtmax in the local T waves). Mid panel: Repo-
larization map of the same LV lateral epicardial area at low and high pressure in 1 heart. bottom panel: 
Quantifi cation of the delay in repolarization. The increase was 10 ± 0.6 ms (P<0.001, n=114,N=1). See text 
for further numerical data.
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minimum of −1 ms to a maximum of +37 ms with +10 ±0.6 ms as average of the 114 sites 
in the grid.

Figure 3A shows the effect of a change in pacing site on the pressure-induced change 
in RT at CL 450 ms in another heart. During Sep stim, the increase in pressure induced 
an earlier RT at the large majority of sites (86 of 110 sites; left panels), whereas it caused 
overall an increase in RT during LV stim (right panels). Figure 3B shows that the increase 
in pressure caused on average earlier repolarization by −5 ± 0.6 ms (P<0.001) during Sep 
stim and on average slightly later repolarization by 2 ± 0.8 ms (P<0.05) during LV stim 
(each an averaged change of 110 electrograms). Obviously, the difference in RT during 
Sep stim and LV stim is smaller at P 100 mmHg than at P 0.
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Figure 3: Effect of an increase in pressure on repolarization with stimulation from different sites. A: Effects 
of a change in pacing site in combination with an increase in pressure on RTs at the left lateral epicardial 
wall in 1 heart (n=110, N=1). During stimulation (at 450 ms) from the septum (Sep stim), there was earlier 
repolarization in the presence of pressure. During stimulation from the LV (LV stim), there was slightly later 
repolarization at many sites (see the larger green and cyan areas). b: Quantification of the changes in RTs 
following an increase in pressure at the two pacing sites. During Sep stim, repolarization was advanced by 
the increase in pressure, and during LV stim, it was slightly delayed.
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Activation-recovery intervals

Because the changes in RTs following an increase in pressure (Figures 2 and 3) do not 
result from changes in ATs (Table 1), they must result from changes in AP duration. ARIs 
were derived from 82 to 117 sites per heart.

We plotted the diff erence between ARIs at low and high pressure at the same elec-
trode site as a function of the diff erence in timing between local RT (at P 0) and CT (at P 
100). Figure 4 shows an example of pressure-induced changes in ARIs (∆ARI) as a func-
tion of the time period between local RTs (n=110) and CT at CL 450 ms. ∆ARI is plotted 
along the ordinate during LV stim (red symbols) and Sep stim (blue symbols). Figure 4 
(black symbols) shows that the average pressure-induced ∆ARI is larger during LV stim 
than during Sep stim when the diff erence between RT and CT becomes larger. The S.E.M. 
values of the averages (black symbols) are so small (~1 ms) that they fall within them. 
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Figure 4: Eff ect of an increase in pressure on changes in ARIs with stimulation from diff erent sites in 1 ex-
periment. Relation between the time diff erence of local RT (n=110, N=1) and the moment of half maximal 
contraction (CT, n=1, N=1) at the abscissa and the eff ect of the change in local activation recovery intervals 
(∆ARIs) by an increase in pressure at the ordinate in 1 heart. The insets (upper left, upper right corners) 
show the two pacing modes (compare with Figure 1). The ∆ARIs are measured at the same 110 left lateral 
epicardial LV sites during stimulation from the LV and from the septum. The black symbols are the averaged 
X- and Y-values of the whole grid. The S.E.M. values in both the X- and Y-direction are so small (~1 ms) that 
they fall within the symbols. See text for further explanation.
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The physiological implication in this particular heart and at this CL is that a 35 ms later 
‘arrival’ of the pressure wave (difference between the X-values of the black symbols) dur-
ing an AP will reduce the difference in AP duration between early and late repolarizing 
sites by 8 ms (difference between the Y-values of the black symbols). This will reduce 
dispersion in RTs in the presence of pressure by 23% (8/35 x 100) compared with the 
condition without pressure. The degree of overlap between the red and blue data points 
varied between the six experiments and is explained by the distance between the two 
stimulation sites relative to the (fixed) recording site, but also to changes in heart size 
and to the exact position of the pacing electrodes.

Figure 5 shows the effect of pressure increase on all ∆ARI data as in Figure 4 in all six 
hearts, during each pacing mode and cycle length. The error data in the X- and Y-direc-
tion now depict biological (interindividual) variability between the 6 hearts. Overall, an 
increased pressure causes more prolongation of the ARIs when RT minus CT is small (LV 
stim) than when RT minus CT is larger (Sep stim), consistent with Figure 4. Dividing the 
difference in Y-values by the difference in X-values in Figure 5 between LV stim and Sep 
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Figure 5: Effect of an increase in pressure on changes in ARIs with stimulation from different sites in the 
average porcine heart. RT minus moment of contraction (RT-CT) vs. change in ARIs (∆ARIs) following an 
increase in pressure in all six hearts at two CLs and two pacing sites. The S.E.M. values in X- and Y-direction 
depict interindividual variability between the six hearts. The two data points at 400/450 ms are the average 
of black symbols as in Figure 4, in the six hearts. The same is pertinent to the two data points at 600 ms. The 
number of observations of each of the four data points is 599/6. See text for explanation.
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stim both at CL 600 ms (filled symbols) and at CL 400/450 ms (open symbols), results 
in a ratio of ∆8 ms/37 ms= 0.22. This already yields a rough estimate of a 22% reduction 
in dispersion of RT as the effect of an increase in pressure. When the same procedure is 
applied to the 6 hearts (as in Figure 4) at the two CLs, these 12 ratios can be averaged to 
18 ± 7.5% (P< 0.05).

In three of the six experiments, we assessed whether a dose-response effect could be 
established between the effect of pressure application and the effect on the ARIs. In all 
three experiments, pressure was increased to 50 mmHg as well as to 100 mmHg. The 
∆ARIs of the increase from P 0 to P 100 were 92 ± 2.7% from that observed during an 
increase from P 0 mmHg to P 50 mmHg. In two of these three experiments the effect of 
an increase of pressure from 0 mmHg to 16 mmHg was tested as well. The result was 0 
and 5% of the effect at P 50. In one of these three experiments the effect of an increase 
from 0 mmHg to 30 mmHg was tested and compared with the effect at P 50. The effect 
was 77% of that at P50.

DISCuSSION

Our data show that the repolarization of the heart is modulated by the LV pressure wave. 
The pressure wave induces a delay of RT at the longer CL. This delay is larger at sites 
with an early intrinsic repolarization (when the contraction coincides with the AP in a 
relatively late phase) than at sites with a relatively late intrinsic repolarization (when 
contraction occurs at an earlier phase of the AP). At a shorter CL, the same relation is 
observed, although here shortening may even be observed, when the pressure wave 
coincides with the AP at a relatively early phase, and local RT is relatively late.

In late repolarizing areas, ‘RT minus CT’ is long and the pressure wave arrives at a relatively 
early phase of repolarization. Our study shows that this leads to less ARI prolongation or 
even shortening following an increase in pressure. The physiological implication is that 
the presence of pressure leads to a decrease of dispersion in repolarization (Figures 4 
and 5).

We should emphasize that the measurement of a single (central) intracavitary pressure 
wave is not informative on local stretch and strain values, which would require local-
ized regional data on these parameters just as obtained for the electrophysiologic data. 
It is possible that local mechanical factors are different in the presence or absence of 
pressure as a kind of mechanical-mechanical coupling. This may complicate the relation-
ship between pressure and ARIs/repolarization described in our study. In the pig, it has 
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been reported that the activation pattern roughly coincides with the contractile pattern 
and is opposite to the repolarization pattern.12 In our recent study,13 on the genesis of 
the T  wave in relation with repolarization patterns in the pig we could not confirm a 
base-apex or apex-base order of either activation or repolarization. Final repolarization 
occurred in the equatorial area, not in the apical or basal area, and RV-LV differences ap-
peared important as well.13 In man, it has been described that the onset of contraction 
is far away from the site of earliest electrical activation. In fact, that site starts to contract 
relatively late.14 The strength of our experimental approach is that we record from the 
same sites during low and high pressure, as well as during early and late activation/
repolarization. Local contractile characteristics are therefore the same, as well as the 
amount of preload and afterload. Although the epicardial grid may have somewhat 
prevented stretching of the recording sites, we cannot exclude that, during remote pac-
ing, the recording sites were initially stretched, whereas this was not the case during 
proximal pacing. Nevertheless, we demonstrate that MEC can significantly modulate 
repolarization under physiological LV pressure, and that this tends to reduce repolariza-
tion heterogeneity. This has consequences for various disease states associated with 
abnormal contractility.

MEC is thought to be mediated by activation of stretch-activated channels, although 
many other ion channels also have been demonstrated to be sensitive to stretch.15 
Stretch-activated channels have a reversal potential of about −30 mV.4 The difference 
between the local membrane potential and the reversal potential of the stretch-
activated channels determines the magnitude and direction of the effect on the AP. 
If the pressure pulse occurs relatively late in the electrical cycle, AP prolongation has 
been documented, whereas AP shortening occurs when the stretch is applied during 
the plateau phase of the AP.8

Our observation that the timing of a pressure pulse relative to the moment of repo-
larization determines the magnitude and direction of its effect is in accordance with 
those of Zabel et al8 who applied artificial pressure pulses with various timing relative 
to the cardiac cycle in isolated perfused rabbit hearts. The novelty of our study is that 
a normal LV pressure was used, and that existing repolarization differences within the 
heart create timing differences between the pressure pulse and repolarization within 
a single heartbeat. Thus, the intervention did not involve variation of the timing of an 
artificial pressure wave through the different phases of the APs, but varying the phase of 
repolarization during a contraction at a fixed moment against increased pressure. If the 
myocardium under the electrode grid was activated late (and therefore repolarized late) 
as following septal pacing, the pressure wave fell relatively early in the local AP, and less 
prolongation (or even shortening) of the ARI occurred than when activation (and repo-
larization) was early (as during LV stimulation). Our approach to measure ATs and RTs at 



MEC synchronizes repolarization 51

3

the same myocardial area while changing the site of stimulation has the advantage that 
the intrinsic properties of the tissue studied are unchanged.

We documented no difference in the time of the onset and peak of the pressure 
wave during the various pacing modalities (LV or septal pacing and long or short CL). 
Therefore, the time of the pressure wave relative to local repolarization depends on local 
repolarization differences only.

Our study describes an influence of MEC on physiology, which has consequences for 
pathophysiology. Our data lend mechanistic support for the observation that loss of 
synchronous contraction of the heart, as occurs in patients with myocardial infarction, 
is associated with an increased dispersion of repolarization.16 In our previous study, we 
demonstrated that the increased dispersion in repolarization was located preferentially 
in the non-infarcted tissue, indicating that MEC rather than electrophysiological remod-
elling in the infarction zone contributed to this increased dispersion.16 Secondly, based 
on our present observations, we speculate that a premature beat with a short coupling 
interval has a more heterogeneous repolarization because of the absence of a relevant 
pressure pulse. Indeed, our data show that at a pressure pulse of <50 mmHg the effect 
of MEC starts to disappear, whereas it is abolished <20 mmHg. Thirdly, we speculate 
that, in patients with atrial fibrillation and the resulting variable LV filling and output, 
beat-by-beat variability of dispersion in repolarization exists that may predispose these 
patients for re-entry-based ventricular arrhythmias as well.

Atrial and ventricular dilatation has been shown to promote arrhythmias,17-20 whereas 
we infer that LV pressurization may contribute to reduced repolarization heterogeneity 
and therefore is antiarrhythmic. Contrary to most experimental studies, we used a nor-
mal pressure pulse, without an increase in diastolic pressure. Whereas the early studies 
are relevant for arrhythmias following a sudden impact on the heart (commotio cordis)21 
or (relief of ) acute dilatation,22 our data point to a protective mechanism during normal 
cardiac function. A further increase in LV pressure, diastolic, as well as systolic may be 
arrhythmogenic.

In patients with LQT syndrome, the repolarization phase of the APs will be shifted 
compared with the contractile wave, of which the onset will be dictated by the acti-
vation process rather than by the repolarization process. It is therefore possible that a 
changed temporal relation between the pressure wave and the repolarization process 
will affect the effect of MEC. MEC reduces dispersion in repolarization in a normal heart 
(this study), but not necessarily in a heart with abnormal repolarization. Such a changed 
effect of MEC may be more important than the effects of the mutations.23,24 In the same 
way, our data may be relevant for resynchronization therapy as well. Such therapy aims 
primarily at obtaining a shorter QRS complex by pacing from multiple sites.25 In diseased 
hearts, this may result in increased dispersion of repolarization. Based on our data, an 
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alternative approach would be to focus resynchronization therapy on optimizing the 
temporal relation between local repolarization and contractile function.

The relations between the pressure-induced alteration of the ARIs and the time of the 
repolarization relative to the pressure pulse differ when pacing is performed at CL 450 
ms or at CL 600 ms. These differences cannot be explained by the difference in time 
between the intrinsic local repolarization and the pressure wave only, because larger 
prolongations of ARIs due to the increase in pressure would be anticipated at the shorter 
CL than at the longer CL. We speculate that the ratio between the densities of IKs and 
IKr current differs at different CLs leading to shorter APs at shorter CLs (restitution). It is 
conceivable that the influence of MEC is different under these different conditions.

Limitations

We measured (changes in) ARIs at a limited epicardial area of the LV myocardium, which 
precludes an assessment of dispersion in repolarization of the whole heart, including 
its transmural distribution. However, transmural needles would disturb the contraction 
process and are incompatible with the presence of an intraventricular balloon.

It may be anticipated that a change in initiation of the ventricular contraction wave 
would impact on its time course. The resulting difference in the morphology of the pres-
sure wave may impact on repolarization in general. However, we show that the timing of 
the onset and of the peak of the pressure wave was not different between the conditions 
(altered pacing site and altered pacing CL). Indeed, Figure 1 shows a remarkable similar-
ity of the morphology of pressure waves during pacing from different sites, whereas the 
timing relative to the local electrogram is prominent.

In conclusion, our study points to an antiarrhythmic contribution of MEC in the normal 
heart, by synchronization of RTs.
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