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The influence of cell dimensions on the vulnerability of ventricular
myocytes to lethal injury by high-intensity electrical fields
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Abstract Application of high intensity electric fields (HIEF) to the myocardium is commonly used for cardiac
defibrillation/cardioversion. Although effective at reversing life-threatening arrhythmias, HIEF may cause
myocyte damage due to membrane electropermeabilization. In this study, the influence of cell length and
width on HIEF-induced lethal injury was analyzed in isolated rat cardiomyocytes in parallel alignment
with the field. The field-induced maximum variation of membrane potential (AV ) was estimated with the
Klee-Plonsey model. The studied myocyte population was arranged in two group pairs for comparison: the
longest vs. the shortest cells, and the widest vs. narrowest cells. Threshold field intensity was significantly
lower in the longest vs. shortest myocytes, whereas cell width influence was not significant. The threshold
AV was comparable in all groups. Likewise, a significant leftward shift of the lethality curve (i.e.,
relationship of the probability of lethality vs. field intensity) of the longest cells was observed, evidencing
greater sensitivity to HIEF-induced damage. However, the lethality curve as a function of AV was similar
in all groups, confirming a prediction of the Klee-Plonsey model. The similar results for excitation and injury
at threshold and HIEF stimulation, respectively, indicate that: a) the effect of cell length on the sensitivity to
the field would be attributable to differences in field-induced membrane polarization that lead to excitation
or lethal electroporation; b) the Klee-Plonsey model seems to be reliable for analysis of cell interaction with
HIEF; c¢) it is possible that increased cell length in hypertrophied hearts enhances myocyte fragility upon
defibrillation/cardioversion.
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Influéncia das dimensoes celulares sobre a vulnerabilidade de miocitos
ventriculares ao efeito letal de campos elétricos de alta intensidade

Resumo  Campos elétricos de alta intensidade (HIEF) sdo aplicados ao miocardio durante desfibrilagdo e cardioversdo.
Embora eficazes na reversao de arritmias potencialmente letais, HIEF podem lesar cardiomiocitos por
eletropermeabiliza¢ao da membrana. Neste estudo, a influéncia das dimensées celulares sobre o efeito letal
de HIEF foi estudada em cardiomiocitos isolados de rato alinhados paralelamente ao campo. A maxima
variagdo do potencial de membrana induzida pelo campo (AV, ) foi calculada com o modelo de Klee-Plonsey.
As células estudadas foram distribuidas em dois pares de grupos de acordo com seu comprimento e largura.
A intensidade limiar do campo ndo dependeu da largura celular, mas sim do comprimento (menor nas
células mais longas, p < 0.001), enquanto AV, no limiar foi comparavel entre os grupos. Nas células mais
longas, observou-se desvio a esquerda (p < 0.01) da curva que descreve a relagdo entre probabilidade de
letalidade e a intensidade do campo, evidenciando maior sensibilidade a acdo deletéria de HIEF. Porém, a
curva de letalidade em fungdo de AV, _foi semelhante em todos os grupos, o que confirma a predicdo pelo
modelo de Klee-Plonsey. A similaridade de resultados com estimulagdo limiar e com HIEF indica que: a)
o efeito do comprimento celular sobre a sensibilidade ao campo poderia ser atribuido a diferengas no grau
de polarizag¢do da membrana durante a aplicagdo do estimulo; b) o modelo de Klee-Plonsey parece ser
confiavel para a andlise da interagdo espacial da célula com HIEF; c) é possivel que o maior comprimento
celular em miocitos hipertrofiados os torne mais susceptiveis a lesao durante desfibrilacdao/cardioversdo.
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Introduction

Several pathophysiological conditions may be
associated with disturbances in heart rhythm, which
may result in impairment of cardiac pumping function.
Ventricular fibrillation is considered the most severe of
the arrhythmia types, as it frequently leads to sudden
cardiac death. The latter, with estimated incidence of
0.1-0.2% of the adult population per year in Western
industrialized countries, represents ~50% of the deaths
related to coronary disease (Zipes et al., 2006).

Electrical defibrillation, namely the application of
high intensity electric fields (HIEF) to the heart, is the
most commonly used and most effective procedure
to reverse ventricular fibrillation in the emergency
setting (Zipes et al., 2006). As a rule, it is considered
that the likelihood of success of defibrillation keeps a
positive relationship with shock strength, but only up
to a certain point: increasing shock intensity above the
optimal range diminishes success rate (Dosdall et al.,
2010; Fotuhi et al., 1999). While poor underlying
myocardial conditions may be partially accountable
for the therapeutic failure of very strong shocks, HIEF
itself may exert deleterious effects on the heart. Such
effects include sustained membrane depolarization,
cell damage and conduction block that may facilitate
post-shock arrhythmia reinitiation (e.g., Dosdall et al.,
2010; Fedorov et al., 2008; Fotuhi et al., 1999; Knisley
and Grant, 1985; Oliveira et al., 2008; Sowell and
Fast, 2012; Yabe et al., 1990).

The deleterious effects of HIEF are attributable to
membrane electropermeabilization (electroporation),
i.e., the opening of hydrophilic pores, due to transition
of the membrane phospholipid organization brought
about by the energy delivered by shock (Weaver
and Chizmadzhev, 1996). The electroporated
membrane loses its selective permeability, so that
large transmembrane flux of ions (including cytotoxic
calcium ions) and water, as well as loss of intracellular
components, may ensue. When exposed to very strong
shocks, the cardiac myocyte develops irreversible
hypercontracture, calcium overload and electrical
refractoriness, and loses its physical integrity (lethal
injury; Knisley and Grant, 1985; Oliveira et al.,
2005, 2008).

External field application generates a
spatially-varying electrical potential gradient in the
extracellular medium that drives the rearrangement of
charges on the membrane surfaces, which results in
change in the transmembrane electrical potential (V).
Experimental studies indicate that the occurrence of
electroporation is highly dependent on the variation
of membrane potential (AV ) that results from the
field application, and will take place when V _exceeds
a critical value (Fedorov et al., 2008; O’Neill and
Tung, 1991).
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Mathematical models have been valuable tools
to simulate and predict membrane polarization and
electroporation in response to external fields (e.g.,
Krassowska and Filev, 2007; Vali¢ et al., 2003).
However, most of them cannot give much information
on V_.In our laboratory, we have employed the model
described by Klee and Plonsey (1976) (K-P model),
which allows the estimation of the maximal AV
(AV__ ) upon imposition of an external field. While
this model produces consistent results for threshold
field stimulation (Bassani et al., 2006; Gomes et al.,
2001; Oliveira et al., 2008), it has not been ascertained
yet if it also applies for HIEF.

According to the K-P model, the only factors
that directly determine AV __, in addition to the field
intensity, are the cell dimensions and field orientation
with respect to the cell. In our experimental setting,
field-induced extensive electroporation can be indicated
by cell lethal injury (Oliveira et al., 2008). Assuming
that the critical AV for this effect is similar for a
particular cell type (i.e., rat ventricular myocytes) under
a given set of experimental conditions, a simple way
to test whether the K-P model is applicable to HIEF
is to investigate whether AV __ behaves as predicted
when varying a field-independent parameter.

The objective of the present study was to evaluate
the influence of cell dimensions (length and width)
on the sensitivity of isolated rat ventricular myocytes
to the lethal effect of external HIEF, as well as to the
estimated AV developed in response to the latter.
In addition to providing a test of the usefulness of
the K-P model for field intensities close to the range
of those attained during defibrillation, this study also
addresses a point of potential clinical importance, as
cardiomyocyte hypertrophy is commonly associated
with conditions that increases the probability of
cardiac fibrillation and sudden death occurrence
(e.g., Bender et al., 2012; Brouwer et al., 2011;
Reinier ez al., 2011).

Materials and Methods

Rat cardiomyocyte preparation

Myocytes were isolated from the left ventricle of
adult (4-6 month-old) male Wistar rats, not previously
submitted to any type of experimental manipulation.
Myocyte isolation was carried out by coronary
perfusion with collagenase I, as described by Penna
and Bassani (2010). Cells were used within 12 hours
after isolation. The protocols for animal care and
use were approved by the institutional Committee
of Ethics in Animal Use (CEUA/IB/UNICAMP,
protocol 2088-1).
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The cell suspension was plated on a perfusion
chamber, of which the bottom was a glass coverslip
treated with collagen to enhance cell adhesion. A
pair of wire platinum electrodes was inserted into
slits along the chamber lateral inner walls, spanning
most of the length of the chamber. The chamber was
placed on a microscopy system (Ricardo et al., 2006),
and cells were perfused (~3 mL/min) with modified
Tyrode’s solution (mM composition: 140 NaCl;
6 KCI; 1.5 MgCl,.6 H,0; 1 CaCl,.2 H,0; 10 HEPES;
11.1 glucose; pH 7.4) at 23 °C. Vacuum suction of the
solution at the chamber outlet ensured that the height
of the solution column in the chamber (thus, solution
volume and conductivity) could be kept constant.
Perfusion was interrupted during measurement of
stimulus amplitude.

By means of a CCD camera, the cell image was
projected on a video monitor, and captured (mod.
Dazzle Digital VideoCreator 150, Pinnacle Systems,
North Canton, USA) for data storage and offline
analysis. Cell length and width, i.e., major and minor
axes (2c and 2a, respectively), were measured on the
screen using a graduated scale (<1 um resolution)
that was calibrated with aid of a graticule (10 um
resolution, Carl Zeiss, Gottingen, Germany) projected
on the screen (estimated error <3%).

Only cells that met the following requirements
were selected for this study: a) presence of clear
striations, as well as preserved structure and contractile
function; b) parallel orientation of the cell major axis
to the field direction, which was necessary to isolate
cell dimension and field intensity as the only factors
determining AV __: and c) location at least at 2 mm
from the electrodes, which is required for low error
(<2%) in field estimation (Oliveira et al., 2008).

Field and AV _estimation

The field intensity (V/cm) was calculated as in the
case of a parallel plate capacitor (Gomes et al., 2001),
as the ratio of the stimulus voltage and the distance
between the electrodes (0.75 cm).

For both threshold and HIEF stimulation, AV
was estimated as in Equation 1 (Klee and Plonsey,
1976), assuming for the myocyte a prolate spheroidal
geometry, and that the membrane could be represented
by dielectric shell (Bassani et al., 2006; Gomes et al.,
2001; Oliveira et al., 2008):

AV,.. (E8,a,c) = E (a’A%sin?0 +c*Ccos’0)"? (1)

where E is the field intensity; a and ¢ are half the
length of cell minor and major axes, respectively; A
and C are geometrical parameters (described below);
and 0 is the angle between the field lines and the cell
major axis.
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A= {1 —0.5e72 — [025(1 _ 82) ‘In(1- 8)/(1 + 8)]873 }71 (2)
c={e” —[0.5(1—sz)~ln(l—s)/(1+8)]8_3}_1 ®

e=(1-d>/c*)" 4)

As 0 was null due to the parallel cell orientation,
the equation could be simplified to:

AV, = EcC (5)

Experimental protocol

Only one cell was studied for each cell suspension
sample plated on the chamber. Initially, the stimulation
threshold for each cell was determined as follows.
Cells were subjected to suprathreshold stimulation
at 0.5 Hz with biphasic voltage pulses (10 ms total
duration), and then stimulus amplitude was gradually
decreased until stimulation failed to elicit a twitch.
The threshold stimulus amplitude, defined as the least
stimulus voltage that evoked contractile response
(Gomes et al., 2001), was used for estimation of the
threshold stimulation field.

Cyclic stimulation (0.5 Hz, 1.2 times the threshold
amplitude) continued for 30 seconds. Two seconds
after the last near-threshold stimulus, a high power
stimulator (mod S48K, Grass, West Warwick, USA)
delivered a single test stimulus (HIEF stimulation;
10 ms-long, monophasic pulse). The test stimulus
amplitude was a factor (from 8 to 30) of the threshold.
The first test amplitude used was the lowest, i.e.,
8-fold the threshold voltage. The cell then was rested
for a variable period, until it was fully recovered
from the shock (i.e., it recovered quiescence and full
responsiveness to near-threshold stimulation). The
protocol was repeated, increasing the amplitude of
the test pulse until the production of lethal injury. The
latter was identified by sustained hypercontracture
accompanied by irreversible loss of responsiveness
to electrical stimulation and of discernible cellular
structure (Oliveira et al., 2008).

Experimental groups and statistical analysis

Twenty three cells were used in this study, which
were arranged in 2 pairs of groups: the cells with the
greatest and lowest 2¢ values formed the long and
short groups, respectively (10 cells in each group),
whereas the cells with the greatest and lowest 2a values
constituted the wide and narrow groups, respectively
(N= 10 per group). This means that most cells of the
total population belonged to two groups (e.g., short
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and wide). The threshold values of electric field and
AV, as well as cell dimensions (2¢ and 2a), were
compared within each group pair with Student’s t
test for unpaired samples.

For each group, the maximum non-lethal and the
minimum lethal field intensities (or the corresponding
AV values) determined in each cell were used as
the primary data for the survival analysis (Kleinbaum,
1996), which generates a table of the probability of
lethality as a function of field intensity or AV . These
lethality curves were compared within each group
pair with the Mantel-Cox test (Mantel, 1966). For
all statistical comparisons, p < 0.05 was considered
as indicative of statistically significant difference.

To describe the lethality curves and to provide a
mean parameter of sensitivity to the field or AV,
the data from the probability tables were fitted with
a monoexponential function:

1

Py (L50/ X)" ©)
where P is the probability of lethality, X is the field
intensity or AV__; L50 is the X value for P=0.5; and
n is the Hill coefficient. In all non-linear regressions,
R? was greater than 0.95.

Values are presented as means =+ standard error. All
analyses were performed with Prism 5.03 (GraphPad
Software, Inc, San Diego, USA).

Results

Threshold stimulation

As shown in Table 1, it was possible to arrange the
original cell population in group pairs with different
dimensions. Significant difference between the long
and short groups was detected for 2¢ (p < 0.001), but
not for 2a (p > 0.63), whereas the opposite occurred
for the comparison between wide and narrow groups
(p <0.001 for 2a; p > 0.78 for 2c).

The threshold field was ~25% lower in the long
group, compared to the short group (p = 0.001).
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However, the threshold AV values were comparable
in these groups (p > 0.74). On the other hand, neither
the field nor AV__ at threshold was significantly
different between wide and narrow groups (p > 0.08).

HIEF stimulation

Cell death occurred in the range of field values typically
found during cardiac defibrillation (up to 190 V/cm;
Yabe et al., 1990).

As it happened for threshold stimulation,
statistically significant difference was observed in
the response of the /ong and short groups to HIEF
(p < 0.003; Mantel-Cox test). This difference was
characterized by a marked leftward shift in the
lethality curve of the former group, which indicated
that lower field amplitude was required to produce
lethal injury in longer cells (Figure 1). For instance,
the mean field intensity estimated to cause death in
50% of the cells was 20% lower in the long group
than that in the short group (Table 2). However, a
comparable relationship between the probability of
lethal damage and field intensity was observed in the
wide and narrow groups (p > 0.35; Figure 1; Table 2).

Regarding the influence of cell dimensions on
the probability of lethality as a function of AV__,
no significant differences were observed for the
long % short and the wide x narrow comparison pairs
(p> 0.14; Figure 2), which indicates that the sensitivity
to membrane polarization was not affected by cell
dimensions, as expected. The variation of the mean
L50 values among groups (Table 2) did not reach 10%.

Discussion

The present study shows that myocyte length is
an important determinant of the cell sensitivity to
externally applied electric field, not only for threshold
excitation, but also for lethal injury brought about by
HIEF stimulation. This is to our knowledge the first
time that the influence of cardiomyocyte dimension
has been demonstrated for the field range that may be
reached during electrical defibrillation of the heart.

Table 1. Cell dimensions and threshold variables in isolated rat ventricular myocytes. Means =+ standard error values of cell length (2¢), cell
width (2a), threshold electric field (E ) and estimated maximum variation in transmembrane electrical potential at threshold (AV ) are
presented for two pairs of groups: one pair included cells with the greatest and lowest 2¢ values (long and short), and the other, with cells
showing the greatest and lowest 2a values (wide and narrow), in a total population of 23 myocytes. N = 10 for each group. *p < 0.05 for

comparison of the groups within the pair (Student’s t test).

Cell length Cell width
Group Long Short Wide Narrow
2¢ (um) 128.9+3.1 100.9 + 2.6* 1154453 113.4+54
2a (um) 26.1£1.3 251+ 1.7 318+ 1.4 22.1+1.7*
E, (V/cm) 2.76 £0.16 3.55+£0.12* 3.24+0.12 3.06 +£0.22
AV, (mV) 229+1.4 23.4+0.6 24.7+0.9 223+0.9
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Nevertheless, our results indicate that, in both types
of stimulation, the field effects are exerted within a
narrow range of membrane polarization, which was
not significantly affected by the cell dimensions.

It is well accepted that the application of an external
field results in the production of electrical potential
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gradient in the medium that surrounds the outer surface
of the membrane. The electrical potential, which is
null at the point equidistant to the electrodes and
increases with the proximity of the electrodes, leads
to space-dependent variation of V_, which attains its
maximum modulus (AV,_ ) at the membrane regions

Cell length Cell width
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Figure 1. Curves that describe the probability of field-induced lethal injury to isolated rat ventricular myocytes as a function of the field
intensity (E), determined in the cell groups formed according to the values of cell length (panel a) and width (panel b). Data are presented as
means and respective standard error. The mean parameters of the fitted curves are presented in Table 2. Statistical difference was observed
only for the curves shown in panel a (p < 0.001; Mantel-Cox test).

Table 2. Mean values of the parameters of the lethality curves in isolated rat ventricular myocytes. The values of field intensity and maximum
change in membrane potential (AV_ ) associated with the probability of death in 50% of the cell population (L50), as well as the Hill

coefficients (n) of the curves, are preg\é\hted for the pairs of cell groups arranged according to cell length (long and short) and cell width (wide
and narrow). The lethality curves for field intensity and AV are presented in Figures 1 and 2, respectively.

max

Cell length Cell width
Group Long Short Wide Narrow
Field: L50 (V/cm) 69.0 86.2 80.5 75.8
n 0.052 0.064 0.087 0.054
AV _ 150 (mV) 585 579 605 550
n 0.005 0.010 0.010 0.010
Cell length @ Cell width ®
1.00 1.00 S
= @ Long =
< <
S o754 O Short 2 0.75 -
3 3
S 0.50 4 B 0.50 -
£ z
;';; 0.25 1 i; 0.25 4
E] 2
~ -9
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I 1 1 T T 1 I T 1 T T 1
300 400 500 600 700 800 300 400 500 600 700 800
AV (mV) AV . (mV)

max max

Figure 2. Curves that describe the probability of field-induced lethal injury to isolated rat ventricular myocytes as a function of the estimated
maximum variation of membrane potential (AV ), determined in the cell groups formed according to the values of cell length (panel a) and
width (panel b). Data are presented as means and respective standard error. The mean parameters of the fitted curves are presented in Table 2.
No statistical difference was observed for the curves shown in either panel a or b (p > 0.14; Mantel-Cox test).
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closest to the electrodes (negative at the anodal end
and positive at the cathodal end) (Knisley et al.,
1993; Neunlist and Tung, 1997; Sharma and Tung,
2002). If the myocyte major dimension (length) is
oriented parallel to the field (i.e., to the imaginary axis
between the electrodes), the AV, developed at the cell
extremities in response to a certain field intensity should
be considerably greater than that if the cell orientation
is transversal: in the latter case the membrane sites
where AV reaches its maximum are much farther
from the electrodes. This has been confirmed by
both modeling and experimental observations (e.g.,
Knisley et al., 1993; Oliveira et al., 2008; Sharma and
Tung, 2002; Vali¢ et al., 2003), and should result in
the need of greater field intensity for V| to reach the
excitation threshold when orientation is transversal.
This was the proposed mechanism to explain why
lower field intensity is required for excitation when
the orientation of the cell major axis with respect to
the external field is parallel (Bassani et al., 2006;
Oliveira et al., 2008; Tung et al., 1991).

By the same token, when a field of a given intensity
is applied to cells with parallel orientation, however
with different lengths, AV should be the greater
as the longer is the cell. Our present results are in
agreement with this prediction, in that, although AV
at threshold was similar in the long and short cell
groups, the field intensity required for its attainment
was lower for longer cells. Cell width, on the other
hand, did not show significant influence on myocyte
sensitivity to the field. This was expected, because, for
parallel cell orientation, the minor axis of the cell is
transversal to the axis between the electrodes. Thus,
cell width should not be an important determinant
of maximal cell polarization under our experimental
conditions (see Equations 1-5).

The presently obtained threshold AV values
were close to those determined theoretically
and experimentally in rat ventricular myocytes
(Bassani et al., 2006; Oliveira et al., 2008;
Oshiyama et al., 2012). While the results at threshold
level were fully compatible with the K-P model
predictions and experimental data, the main question
raised was regarding stimulation with HIEF. Although
the K-P model was used previously in this condition
to examine polarization by HIEF applied at different
directions (Oliveira et al., 2008), apparent space-
dependent differences in electroporation severity
made it difficult to ascertain whether the model was
applicable for field-induced cell death.

Differently from threshold excitation, which is
a clear-cut phenomenon, electropermeabilization
is graded with regard to both extension and pore
lifetime, depending on shock parameters, such as
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intensity and duration (Fedorov et al., 2008; Neunlist
and Tung, 1997; Oliveira et al., 2005; Tovar and
Tung, 1992). Possibly for this reason, the range of the
critical V__for permeabilization described for cardiac
myocytes and millisecond shock duration is quite wide
(250-1000 mV) (e.g., Cheek and Fast, 2004; Neunlist
and Tung, 1997; O’Neill and Tung, 1991; Tovar and
Tung, 1992). However, in the case of HIEF-induced cell
death, it is plausible to conclude that permeabilization
should be sufficiently extensive and long-lasting to
allow sustained calcium overload and disruption of
cell structure. Moreover, it can also be assumed that,
under identical experimental conditions, the AV __
necessary to cause such severe injury should be similar
for any rat ventricular cardiomyocyte, no matter its
dimensions. Thus, confirmation of the hypothesis that
the K-P model was applicable to HIEF-induced cell
death required that the influence of cell dimensions
on field sensitivity reproduced what had been seen
at threshold stimulation, and that AV values were
insensitive to cell dimensions. Our results show that
these requirements were met: a) significantly lower
field intensities (by ~20%) were necessary to produce
lethal injury in long vs. short cells; b) cell width did
not exert significant influence on field sensitivity; and
¢) the estimated AV was fairly similar in all groups
(as seen by the absence of significant difference in
the lethality curves as a function of AV__, and the
variation below 10% in the AV values associated
with 50% probability of cell death).

According to our AV __ values, lethal injury
should ensue when V. exceeds —480 mV at the cell
anodal extremity (assuming a resting V_of —80 mV)
(Bassani et al., 2004; Oshiyama et al., 2012).
Although within the experimentally determined
V_ critical range for electropermeabilization in
cardiac myocytes (O’Neill and Tung, 1991), this
value is likely to represent an overestimate. It
should be stressed that lethal injury must require
considerably severe electroporation. Although
transient and mild electroporation may occur for
AV values below 200 mV (Cheek and Fast, 2004),
it does not necessarily lead to cell death, but only
to temporary hypoexcitability and spontaneous
activity (Oliveira et al., 2005, 2008). Thus, higher
membrane polarization should be necessary to induce
permeabilization that leads to cell death. In addition,
electroporation is a self-limiting phenomenon: the ion
fluxes that develop through the electropores curtail
membrane polarization due to the field (Cheek and
Fast, 2004; Neunlist and Tung, 1997). Because the K-P
model does not take into account possible dielectric
breakdown of the membrane, the estimated AV __
should be regarded as the maximum polarization
attained had not electroporation interrupted membrane
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charging, and thus is probably higher that the actual
values. Nevertheless, the present observation that
it was not significantly affected by cell dimensions
argues in favor of the usefulness of this model for HIEF
application, as long as one is aware of its limitations
regarding the absolute values of AV __ .
Finally, the greatest sensitivity to the HIEF
deleterious effects in longer cells raises the possibility
that hypertrophied myocytes would be more susceptible
to lethal injury during defibrillation. Although in the
whole heart cells are electrically connected and thus the
myocardium should behave as a functional syncytium,
a remarkable similarity of the electrical interaction with
external field has been observed in isolated myocytes
and whole hearts of neonatal rats (Gomes et al., 2001,
2002). Increase in cell length is known to occur in
some physiological (pregnancy; Virgen-Ortiz et al.,
2009) and pathophysiological conditions, such as mitral
insufficiency (Dillon et al., 2012), spontaneous arterial
hypertension (R.A. Bassani, unpublished results),
dilated cardiomyopathy (Kaistura et al., 1995), and
familial hypertrophic cardiomyopathy (Brouwer et al.,
2011). Cardiac hypertrophy has been considered
an independent factor associated with increased
risk of arrhythmia and sudden death (Bender et al.,
2012; Reinier et al., 2011), particularly in the case
of hypertrophic cardiomyopathy (Brouwer et al.,
2011). Although during defibrillation/cardioversion
only a fraction of the cardiac myocytes are expected
to be in parallel orientation with the field, our results
are suggestive that these cells might be at risk of
severe injury, which might compromise the success
of defibrillation (due to possible conduction block)
and recovery of adequate cardiac pumping function.
Accordingly, increased defibrillation threshold has
been reported in hypertrophic hearts (Almquist ez al.,
2005; Kalighu et al., 1997; Ott and Reiter, 1997).

Conclusion

From the present results, it is possible to conclude that
the cell major dimension exerts significant influence
on the polarization of ventricular myocytes induced
by parallel external electrical fields, not only at the
excitation threshold, but also at high, defibrillator-type
field intensities. As in both cases the results are in
agreement with the predictions from the K-P model,
it appears that this model is also applicable to the
interaction of cells with HIEF. Additionally, the finding
of higher sensitivity to HIEF lethal injury associated
with greater myocyte length raises the possibility of
greater susceptibility to HIEF-induced damage in
hypertrophied myocardial cells.

High intensity electric field and cardiac myocyte injury
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