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Anisotropy and Repolarization. Introduction: The in uence of activation sequence on the rate of rise

of the depolarization phase of action potentials in atrial or ventricular muscles has been well established.
However, whether myocardial  ber orientation is important in modulating the repolarization process is
unclear.
Methods and Results: We examined the in uence of activation sequence on the repolarization phase of
action potentials in epicardial tissues from the right and left ventricles of domestic pigs. Whereas cells
from the right ventricle exhibited direction-dependent differences in action potential duration at 30%,
50%, and 90% of full repolarization (190.6 6 31.1 msec vs 181.8 6 32.8 msec, 240.3 6 23.5 msec vs
236.7 6 25.4 msec, and 291.3 6 23.7 msec vs 287.4 6 25.1 msec for longitudinal and transverse
propagation, respectively; P < 0.001), a similar duration of repolarization during both directions of
propagation was observed in cells from the left ventricle at 50% and 90% of full repolarization (241.4 6
39.4 msec and 285.5 6 39.5 msec vs 240.4 6 38.9 msec and 284.9 6 39.6 msec for longitudinal and
transverse propagation respectively; P 5 NS). A slight but signi cant difference was found at 30% of full
repolarization in cells from the left ventricle (190.4 6 39.0 msec vs 187.0 6 38.0 msec for longitudinal and
transverse propagation, respectively; P < 0.05). In the left ventricle, the duration of repolarization did not
change as the distance between the recording site and stimulation site increased.
Conclusion: The direction of wavefront propagation with respect to  ber orientation may not play
an important role in modulating the duration of repolarization in epicardial cells from the left ventricle.
electrotonus, action potential duration, anisotropic conduction, repolarization
Introduction
The anisotropic nature of myocardial structures has
marked effects on the propagation of transmembrane action
potentials (APs). Isochronal activation maps have revealed
that epicardial stimulation elicited elliptical activation patterns, with the major axis aligned with the longitudinal axis
of epicardial  bers and the conduction velocity (q) being
faster when propagation is parallel to the anatomic  ber
orientation.1 - 1 0 Moreover, an important effect of activation
sequence and anisotropic cellular geometry on the rate of
rise of the depolarization phase of APs was demonstrated by
different investigators.6 - 1 0 On the other hand, it has been
shown that the distribution of epicardial potentials measured
over extensive epicardial regions during paced beats re ects
the direction of super cial and intramural  bers through
which excitation spreads.1 1 In contrast, repolarization
showed a relatively uniform pattern, independent of pacing
site, that began at the apex and spread anisotropically to the
base.1 2 However, whether myocardial  ber orientation is
important in modulating the repolarization process has not
been well established. It was shown recently that activation
sequence and anisotropic cellular geometry substantially

affect action potential duration (APD), with APs being
shorter when propagation proceeded transverse to myocardial  ber orientation.1 3 ,1 4 However, these data were recorded from tissues obtained from the right ventricle (RV).
Because differences in the electrophysiology of the RV and
left ventricle (LV) have been reported, it seems reasonable
to look for differences in the modulation of repolarization in
both ventricles.
In the present study, we analyzed the in uence of activation sequences on AP con guration, especially in the
repolarization phase in RV and LV tissue of the pig heart.
Methods
General
Domestic pigs of either sex (weight 15 to 20 kg) were
anesthetized with sodium thiopental 20 mg/kg and ketamine
15 mg/kg intravenously and ventilated mechanically. The
hearts were rapidly removed through a left thoracotomy and
immersed in cool oxygenated Tyrode’s solution. Strips of 3
cm
2.5 cm
1 mm were shaved from the epicardial
surface of either the RV or LV. Tissues were removed so
that myocardial  ber orientation was approximately parallel
to the long axis of the strips. Immediately after removal, the
slices were placed in a tissue bath with the epicardial
surface facing upward, superfused with warmed Tyrode’s
solution gassed with 95% O2 and 5% CO2, and equilibrated
at pH 7.4. Temperature was held constant at 37°
0.5°C.
The Tyrode’s solution was of the following composition (in

mM): NaCl 120, NaHCO3 30, KCl 2.7, MgCl2 0.5,
NaH2PO4 0.9, CaCL2 1.8, and glucose 5.5. The tissues were
driven at 1,000-msec pacing cycle length using rectangular
pulses of 2-msec width and twice diastolic threshold. Pulses
were delivered using a programmable stimulator and stimulus isolation units. Two thin bipolar Te on-coated silver
wire pacing electrodes were used to drive the tissues.
Standard glass microelectrodes  lled with 3M KCl with
a tip resistance of 10 to 20 M and connected through an
Ag/AgCl interface to an ampli er with high input impedance and capacitance neutralization (dual microprobe system K-S700; World Precision Instruments [WPI], Sarasota,
FL, USA) were used to record APs from surface cells. The
separate reference electrodes were Ag/AgCl electrodes
(RC-1; WPI) positioned at least 4 cm from the recording
site. The microelectrodes were positioned using micromanipulators (ML-8; Narishige) assisted by an optical micrometer with 50-mm resolution.
Experimental Protocol
The preparations were allowed to equilibrate in Tyrode’s
solution for 1 hour while being driven at a pacing cycle
length of 1,000 msec before AP recordings were made. A
roving extracellular electrode was positioned at each point
7 array so that isochronal activation maps were
of a 7
obtained. Activation sequence isochronal maps were generated to de ne the axes parallel and transverse to the assumed  ber orientation and to con rm the absence of irregularities in activation. The total duration of the experiments
was approximately 3 hours. Tissues were sequentially stimulated with electrodes ST1 and ST2 to assess the effect of
propagation direction on APD and the spatial distributions
of AP shapes. The effects of propagation direction on AP
characteristics were assessed with the microelectrode impaled in the same cell during both longitudinal (LP) and
transverse (TP) propagation and positioned at a distance of
7 mm from either ST1 and ST2 (Fig. 1). To assess the
spatial distributions of AP shapes, APs were recorded at
every 1-mm point through a distance of 10 mm from the
stimulating electrode along the axes oriented parallel and
transverse to the anatomic  ber orientation (Fig. 1).
The following variables were measured at each recording
site: activation time, which was de ned as the interval (in
milliseconds) between the stimulus artifact and the maximum derivative of phase 0 of the AP; resting membrane
potential (in millivolts); AP amplitude (in millivolts); maximal rate of rise of the AP upstroke (Vmax; in V/sec); APD,
which was de ned as the interval (in milliseconds) from the
maximum derivative of phase 0 of the AP to either 30%
(APD 30), 50% (APD 50), or 90% (APD 90) of full repolarization; and q, which was estimated as 1/slope of the plot of
activation time against distance in both the LP (qL) and TP
(qT) directions.
Recordings with resting membrane potential more positive than 75 mV or with Vmax 90 V/sec were considered
as depressed responses and rejected.
Data Acquisition and Analysis
Signals were displayed on a variable persistence screen
oscilloscope (dual beam storage 5113; Tektronix, Beaverton, OR, USA) and digitized at 10 kHz and 12-bit accuracy
with an analog-to-digital acquisition board (LabPC ; Na-

Figure 1. Schematic diagram of microelectrode recording sites (open
circles) and stimulating electrodes (ST1 and ST2). A cell located 7 mm
from both ST1 and ST2, as indicated, was continuously impaled during
both longitudinal and transverse propagation to analyze action potential
characteristics. Action potentials also were recorded every 1 mm from ST1
and ST2 during longitudinal and transverse propagation.

tional Instruments, Austin, TX, USA). The signals were
processed on-line using custom-built software written in
Borland C
5.01, running under Windows 98, and stored
on computer hard disk.
Statistical Analysis
Group data are given as mean SD. Paired t-tests were
used for comparison of AP parameters in the same cell
during both LP and TP. APDs also were evaluated at each
1-mm distance from the stimulating site. Differences between LP and TP were assessed by paired t-test. To evaluate
the spatial distribution of APD as a function of distance,
linear regression analysis and one-factor repeated measures
analysis of variance were used for each direction of propagation. P
0.05 was considered statistically signi cant.
Results
Effects of Activation Sequence on AP Characteristics
We examined the in uence of activation sequence on the
AP con guration in epicardial tissues obtained from the RV
(4 tissues) and LV (11 tissues). An average of 14 APs were
obtained, from an area 1 mm2 located 7 mm from either
ST1 and ST2, in each of the 4 RV tissues. Similarly, at least
3 APs were averaged from each of the 11 LV tissues. Cells
were continuously impaled while tissues were driven at a
cycle length of 1,000 msec. Stimulation from ST1 induced
an activation wavefront that approached the recording site
parallel to  ber orientation, whereas stimulation from ST2
induced an activation wavefront that approached the recording site transverse to  ber orientation. These activation
sequences caused marked differences in the upstroke phase
of APs despite similar resting membrane potentials during
both directions of propagation. Vmax was signi cantly
greater during TP (Fig. 2). In this example, a faster rising

Figure 2. Effect of changing the orientation of activation wavefronts on the shape of action potentials (APs). Superimposed APs were obtained from the
same cell during continuous impalement. (A) APs (left ventricular tissue) obtained from a single experiment during both longitudinal and transverse
propagation exhibited similar durations as indicated by APD 2 ms at APD30, APD50, and APD90. (B) APs from the right ventricle exhibited different
durations depending on the direction of propagation at 30%, 50%, and 90% of full repolarization, as indicated by APD between 6 and 12 msec. The
depolarization phase during both directions of propagation is plotted on an expanded time base in the lower panel. The rate of depolarization is faster
during transverse propagation in both the left ventricle (C) and the right ventricle (D).

phase of APs during TP (dotted lines) than during LP (solid
lines) in either the RV or LV is clearly seen. Activation time
also was signi cantly greater during TP, even though the
recording site was equidistant from both stimulating electrodes, indicating a slower q during TP. APD exhibited a
different behavior as a function of activation sequence,
which was dependent on the source of epicardial tissue. APs
exhibited a shorter duration at APD30, APD50, and APD90 in
RV tissues, whereas APD in LV, except for APD30, was not
affected by the activation sequence. The results are summarized in Table 1.

analyzed the spatial distribution of activation time and APD
as follows.
Activation time increased progressively in both propagation directions as the recording site was moved farther from
the stimulating electrodes. A linear relationship with a high
correlation was found between activation time and distance
(r2 0.95 0.06 and 0.99 0.01 for LP and TP, respectively). The slopes during TP were signi cantly greater than
the slopes during LP (1.7
0.4 and 5.6
1.0 for LP and
TP, respectively; P 0.0001). Estimated q was 0.61 0.15
m/sec during LP and 0.19 0.04 m/sec during TP. These
differences also were signi cant (P
0.0001), with qL/qT
ratio
3.5
1.2. Figure 3 shows the linear  ts of the 11
experiments during both LP and TP. These results are
compatible with the characteristics of uniform anisotropic

Spatial Distribution of Activation Times and APDs
To further characterize the lack of effects of propagation
direction on APDs from the LV epicardial surface, we

TABLE 1
Action Potential Characteristics of Right and Left Ventricles During LP and TP
Right Ventricle

Left Ventricle

LP
Activation time (msec)
Resting potential (mV)
Vmax (V/sec)
APA (mV)
APD30 (msec)
APD50 (msec)
APD90 (msec)
*P

17.8
86.9
129.7
109.8
190.6
240.3
291.3

TP
3.3¶
7.8¶
26.1
8.7
31.1
23.5
23.7

49.7
86.6
154.2
112.4
181.8
236.7
287.4

0.0001 longitudinal propagation (LP) vs transverse propagation (TP); †P

LP

11.0*¶
8.2¶
28.1*
9.1*
32.8*
25.4†
25.1*
0.01 LP vs TP; ‡P

12.5
82.5
156
112
190.4
241.4
285.5

TP
4.2
4.1
43
5
39.0
39.4
39.5

0.05 LP vs TP; ¶P

37.9
82.4
179
113
187.0
240.4
284.9

10.6*
4.1
41†
4
37.8‡
39.0
39.6

0.05 against left ventricle.

ments where APs were obtained during both LP and TP
were considered for analysis. No signi cant differences in
APD30, APD50, and APD90 were observed between LP and
TP for each of the 10 recording sites, as indicated by paired
t-tests. No signi cant differences were found in APDs
among the 10 recording sites for each direction of propagation, as indicated by one-factor analysis of variance for
repeated measures. Data are summarized in Table 2. In 7
experiments in which APs were successfully recorded from
all 10 recording sites during both LP and TP, the relationship between APD and distance for each of the three levels
of repolarization was modeled as a separate line for each
direction of propagation. Pooled data exhibited regression
lines with slopes for both LP and TP that were not significantly different from 0. These slopes were not signi cantly
different from each other. The results are given in Figure 4
and Table 3.
In uence of Activation Sequence on Dispersion of
Repolarization
We assessed the effect of activation sequence on dispersion of repolarization by comparing the standard deviation
of the APD (SDAPD) obtained between 1 to 10 mm from
the stimulating electrodes during LV propagation in each
direction. We did not  nd signi cant differences in SDAPD,
determined at either 30% (SDAPD 30; 19.8
7.6 msec vs
16.9 6.9 msec for LP and TP, respectively; P NS), 50%
(SDAPD 50; 18.0 8.7 msec vs 15.8 7.7 msec for LP and
TP, respectively; P
NS), and 90% of full repolarization
(SDAPD 90; 15.9 8.6 msec vs 15.2 7.3 msec for LP and
TP, respectively; P
NS).
Because it previously was reported that the directiondependent differences in APD were greater at low temperatures, in three additional LV tissues we looked for APD
direction-dependent changes induced by sequentially reducing the temperature from 37°C to 31°C and increasing K
concentration in the perfusion solution from 2.7 to 8.1
mEq/L. In each experiment, we recorded an average of  ve
APs from a central area of 1 mm2 that was approximately
equidistant from both ST1 and ST2 stimulating electrodes.
q during LP changed from 0.52
0.16 (37°C ,K 2.7
mEq/L) to 0.57 0.09 (37°C, K 8.1 mEq/L), 0.36 0.06
(31°C, K 8.1 mEq/L), and 0.35
0.08 (31°C, K 2.7
mEq/L). During TP, q changed from 0.16 0.01 (37°C, K
2.7 mEq/L) to 0.27 0.01 (37°C, K 8.1 mEq/L), 0.12

Figure 3. Relationship between activation time and distance in the 11
experiments during longitudinal propagation (top) and transverse propagation (bottom). See text for results.

propagation in ventricular epicardium reported previously.1 - 1 0
APD30, APD50, and APD90 were evaluated between 1
and 10 mm from the stimulating electrodes. Only experi-

TABLE 2
Action Potential Duration as a Function of Distance
APD30 (msec)

Distance
(mm)

N

1
2
3
4
5
6
7
8
9
10

11
11
11
11
11
11
11
10
8
7

LP

LP
195.4
194.9
198.4
198.2
207.3
200.5
196.4
198.4
201.5
196.9

longitudinal propagation; TP

APD50 (msec)
TP

43.7
44.5
38.3
33.4
35.3
41.4
34.2
31.6
32.0
36.4

194.9
202.5
205.0
198.1
200.1
189.4
187.1
183.5
197.9
190.1

LP
28.8
30.6
31.9
32.5
28.2
23.9
26.6
19.9
26.8
18.8

transverse propagation.

248.3
247.3
250.8
251.1
256.2
254.0
248.2
247.4
248.3
241.8

APD90 (msec)
TP

42.5
43.0
39.3
34.7
34.3
41.0
36.0
32.8
34.9
40.1

248.6
256.1
256.5
250.6
251.4
243.1
240.7
237.6
249.7
246.1

LP
34.2
37.4
37.5
35.8
30.2
24.8
27.0
26.2
29.7
28.3

295.0
293.2
294.6
295.0
298.7
296.9
290.3
288.4
288.5
281.4

TP
41.6
41.2
38.1
34.3
33.7
39.8
36.5
36.3
36.3
40.5

293.1
297.6
296.9
291.9
293.3
286.5
286.0
283.5
290.7
289.4

36.7
39.7
39.6
36.4
30.8
26.6
26.8
27.3
30.6
32.0

Figure 4. Relationship between action potential duration (APD) and distance during both longitudinal propagation (LP) and transverse propagation (TP).
Data were obtained from seven experiments in which APs were successfully recorded every 1 mm between 1 to 10 mm from the stimulating electrodes. Solid
lines represent the least square  ts of all the data points (not shown for clarity). Dotted lines represent the 95% con dence intervals for each direction
SD of both LP ( lled squares) and TP (open squares) from the seven experiments are superimposed.
of propagation. Mean

0.01 (31°C, K 8.1 mEq/L), and 0.13 0.01 (31°C, K 2.7
mEq/L). However, no direction-dependent differences were
found in APDs, although a signi cant increase in APDs was
observed after temperature reduction. The results are shown
in Figure 5.
Discussion
Our data mainly indicate that the duration of repolarization of cells from the LV epicardial surface was not modulated by the direction of propagation. In contrast, cells
from the RV epicardial surface exhibited shorter APDs
during transverse propagation.
APs recorded from the same cell during both directions
of propagation exhibited faster depolarization phases during
TP compared with LP, indicating clear modulation of the
rate of depolarization by the sequence of activation in both

TABLE 3
Linear Regression Analysis of APD Versus Distance
APD30
LP

TP

Slope
0.69
1.91
r2
0.0025 0.0378
Deviation
from 0?
NS
NS
Are the lines
different?
P
0.5493

APD50
LP

TP

1.58
0.0135
NS
P

1.79
0.0283
NS

0.9189

APD90
LP

TP

2.26
0.0288
NS
P

1.65
0.0229
NS

0.7683

ventricles (Fig. 2 and Table 1). In addition, q values in the
LV, estimated as 1/slope of the plot of activation time
against distance during both LP and TP, are characteristic of
epicardial anisotropic conduction.1 - 1 0 In contrast, repolarization exhibited a differential behavior depending on the
ventricle from which the tissue was obtained. Whereas APs
obtained from cells of the RV surface exhibited signi cantly
shorter APD30, APD50, and APD90 during TP, similar durations of APs were found during both directions of propagation in LV cells. Two observations further support the
independence of APD with regard to the direction of wavefront activation with respect to  ber orientation in the LV:
a nearly homogeneous spatial distribution of APDs with no
signi cant differences between LP and TP and between
each of the 10 recording sites during both directions of
propagation (as shown in Table 2), and a nonsigni cant
linear trend across distance with no differences among LP
and TP (Fig. 4). In contrast, activation sequence-induced
differences in the spatial distributions of APDs have been
demonstrated in computer simulations. Lesh et al.1 5 showed
that cellular uncoupling unmasks APD dispersion. Unfortunately, these authors did not report isolated tissue studies to
support their theoretical observations. Moreover, we
showed that dispersion of APD30, APD50, or APD90 in the
LV epicardial surface did not exhibit signi cant directiondependent differences, although we did not test the presence
of changes in APD dispersion under conditions of increased
axial resistivity, as simulated by Lesh et al.

Figure 5. Variations of electrophysiologic parameters during sequential changes of temperature and K concentration in the perfusion solution. Shown
are changes observed in activation time (AT; left upper panel) and membrane resting potential (RM; right upper panel) during longitudinal propagation
( lled symbols) and transverse propagation (open symbols). Changes observed in the duration of repolarization at 30% (squares), 50% (triangles), and
90% (diamonds) during longitudinal propagation ( lled symbols) and transverse propagation (open symbols) are shown in the lower panel.

Our results from the LV are in concordance with those
previously reported by Laurita et al.,1 6 who showed that
both restitution kinetics and APD are largely determined by
membrane ionic kinetics at each recording site and not by
electrotonic loading and  ber orientation. However, expression of repolarization properties in different regions of the
ventricles is a complex interaction between the spatial distribution of the intrinsic properties of the cells and the
spatial distribution of the coupling resistances among cells
of the cardiac syncytium. In this regard, it is well accepted
that the parameters measured from a single cell penetration
in the electrical syncytium (e.g., Vmax, AP, APD, and resting membrane potential) re ect not only the properties of
that cell but also the electrotonic interactions with other
cells to which the recorded cell is electrically coupled.
Only a limited number of studies in isolated ventricular
tissues from different animal species have shown important
effects of activation sequence and anisotropic cellular geometry on ventricular repolarization. Osaka et al.1 3 and
Gotoh et al.1 4 reported signi cant modulation of repolarization depending on the direction of the activation wave with
respect to  ber orientation. These authors postulated an
electrotonic interaction between neighboring cells in tissues
having anisotropic cellular geometry to account for their
 ndings. Interestingly, these data were obtained in epicardial tissues from the RV of either dogs and pigs. Our data
from the RV are in concordance with those reported by
these authors, although a lesser degree of APD shortening

during TP was found in the present study. Several possibilities might account for our results.
First, electrical coupling is essential for expression of
electrotonic interactions between cells.1 7 -2 0 Under normal
propagation conditions, a different phase relationship occurs between neighboring myocytes due to the different
activation patterns (LP and TP). However, it is questionable
whether such a phase shift is suf cient to trigger electrotonic interactions at any measurable level. Therefore, timing
of repolarization among myocytes is crucial for expression
of electrotonic interactions, because the magnitude of these
effects is inversely related to q. Given that a slow q would
be associated with a greater probability for expression of
electrotonic interaction, it could be postulated that the differences in q reported in the present study compared with
those of Osaka et al.1 3 and Gotoh et al.1 4 may be responsible
for the different behavior of repolarization as a function of
propagation direction. These authors reported epicardial q
values during LP and TP that were slower than those reported in the present study. We reported estimated qL
0.61 0.15 m/sec and estimated qT 0.19 0.05 m/sec,
which are in agreement with values of about 0.59 and 0.21
m/sec for LP and TP, respectively, reported in the literature
for adult ventricular myocardium (weighted average for
N
91 from references 1 to 10). Osaka et al.1 3 reported
qL
0.35
0.01 and qT
0.15
0.01 at 30°C that
increased to qL
0.47
0.02 and qT
0.19
0.01 at
35°C. In contrast, despite the observation of a signi cant

reduction of q during both LP and TP, no signi cant direction-dependent differences in APDs were found when the
temperature was reduced from 37°C to 31°C. On the other
hand, the relatively slower q values reported by Gotoh et
al.1 3 (qL 0.35 and qT 0.16 at a basic cycle length of 500
msec and qL of 0.34 and qT of 0.17 at a basic cycle length
of 1,000 msec) might be due to a more depolarized resting
membrane potential, because those authors used a higher
potassium concentration than we did. However, as we
showed, no differences in APDs were found between both
directions of propagation after increasing the K concentration from 2.7 to 8.1 mEq/L.
Second, the animal species used in the experiments
might be important because the histologic structures of
porcine and canine hearts are known to be different, especially because of the proliferation of Purkinje  bers in pig
myocardium that is absent in dog myocardium. It can be
speculated that these differences have some effect on the
electrotonic properties of epicardial tissues. However,
Osaka et al.1 3 and Gotoh et al.1 4 obtained similar results
using different animal species, whereas we obtained different results with the same animal species. Thus, this last
possibility probably can be ruled out.
Finally, differences in the electrical properties of myocytes between the RV and LV have been described.2 1 ,2 2 In
this regard, different IK densities among M cells of both
ventricles have been reported.2 1 On the other hand, heterogeneity of IK has been linked to dispersion of repolarization
and danger of torsades de pointes.2 3 Thus, it can be postulated that differences in the electrophysiologic properties
leading to different anisotropic properties in both ventricles
might be responsible for the differences in direction-dependent changes in repolarization. Moreover, an interventricular difference in the dispersion of repolarization, facilitated
by the differential anisotropic modulation of repolarization,
can be postulated. These data might be in agreement with
the lower ventricular  brillation threshold reported by
Horowitz et al.2 4 for the RV compared with the LV. Our
data from the RV and those from Osaka et al. and Gotoh et
al. also are in keeping with these results.
These  ndings may have important clinical implications.
Anisotropy has been proposed as a major factor in the
development of ventricular arrhythmias. Reentrant circuits
caused by anisotropy might be classi ed as functional because they occur without a de ned anatomic pathway. Unlike the leading circle type of reentry where the functional
characteristic is a difference in refractory periods in adjacent areas caused by inhomogeneous repolarization, the
functional characteristic in anisotropic reentry is the difference in effective axial resistance to impulse propagation that
is dependent on  ber orientation. However, under conditions of nonuniform anisotropy where the qL/qT ratio is
signi catively increased, the electrotonic in uences enhanced by very slow conduction may play a signi cant role
in increasing APD dispersion. Hence, another arrhythmogenic factor would exist and enhancement of q, through an
increase in junctional conductance, would be a rational
therapy.
Conclusion
It is likely that  ber orientation per se is not an important
factor in determining repolarization characteristics in ven-

tricular epicardium. Further clari cation of anisotropic
modulation of repolarization should involve not only the
activation sequence in relation to the structural characteristics of cardiac tissue but also the anatomic source from
which the tissues are obtained (RV or LV) and the degree of
depression in conduction velocity.
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