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Abstract

The ECG interval from the peak to the end of the T wave (Tpeak-Teng) has been used as
an index of transmural dispersion of ventricular repolarization (DVR). The
correlation between the Tpea-Teng interval and the global DVR, however, has not been
well-evaluated. Methods: Monophasic action potentials (MAPS) were recorded from
51+10 epicardial and 64+9 endocardial sites in the left ventricles of 10 pigs, and from
41+4 epicardial and 53+2 endocardial sites in the right ventricles of 2 of the 10 pigs
using the CARTO mapping system. The end of repolarization times over the epi- and
endocardium were measured, and the end of repolarization dispersions over the
epicardium (DVR-epi), over the endocardium (DVR-endo) and over both (DVR-total)
were calculated. The QT peak, QTend and Tpeak-Tena Intervals as well as the QTyeax and
QTeng dispersions were obtained from the simultaneously recorded 12-lead ECG.
Results: The maximal Tpeak-Tena intervals (577 ms) were consistent with the DVR-
total (58+11 ms, p > 0.05), and significantly correlated with the DVR-total (r = 0.64,
p < 0.05). However, the mean Tyeak-Tena intervals (44+5 ms), and Tpeak-Teng INtervals
from lead Il (41+6 ms) and Vs (43+5 ms) were all significantly smaller than and
poorly correlated with the DVR-total, as were the QT peak and QTeng dispersions (15+2
ms vs. 21+4 ms). Conclusion: The maximal Tpea-Tend interval may be used as a
noninvasive estimate for the global DVR, but not the QTpeax and QTeng dispersions,

nor the mean Teak-Teng interval and that from a single lead.

Key words: Tpea-Tend interval, monophasic action potential, global dispersion of

ventricular repolarization



Introduction

An increased dispersion of ventricular repolarization (DVR) was found to be
associated with increased propensity for ventricular arrhythmias, and was therefore
considered an important arrhythmogenic mechanism (1, 2). Non-invasive body
surface recordings have been used to define indices thought to reflect this
electrophysiological substrate (3-5). However, the reliability of body surface
measurements, such as recovery time dispersion and QT dispersion, has been
controversial (6-8). Recently, Antzelevitch and Yan et al. demonstrated that the
dispersion of repolarization may result from differences in action potential duration
among cells originating from different myocardial layers, and suggested a new simple
non-invasive ECG marker, Tpeak-Tena interval, to represent transmural dispersion (9,
10). However, in vivo verifications of the theory are still lacking and the results of
previous clinical studies using this index for evaluation of transmural ventricular
repolarization have been inconsistent (11-13).

Monophasic activation potential (MAP) has generally been accepted as the
method of choice for evaluating ventricular repolarization (14, 15). We have earlier
combined the MAP recording and the electroanatomic mapping techniques (CARTO,
Biosense Webster, Waterloo, Belgium) in evaluating the global ventricular
repolarization (16-18). In this study, we attempted to evaluate the correlation between
global DVR and the Tpea-Teng interval using MAP mapping over both the epicardium

and endocardium and the 12-lead ECG in swine.



Materials and Methods

Subjects

Ten healthy pigs, 47-53 kg, were premedicated with pancuronium bromide (0.1
mg/kg), thiopental (5 mg/kg) and atropine (0.015 mg/kg). Anesthesia was maintained
with an infusion of 10 ml/hour of a mixture of 1 mg fentanyl and 20 mg pancuronium
bromide. Intubation and artificial ventilation of the pigs were performed during the
study. Volume-controlled ventilation of 8 L/min, 20 breaths/min, a positive end-
expiration pressure of 5 cm H,0, and FiO, of 0.5 was used. Thoracotomy and
pericardectomy were then performed to expose the heart. The study was approved by
the local ethics committee and the electrophysiological procedures were in accordance

with the local institutional guidelines.

The CARTO system

The system has been described in detail previously (19). In brief, the torso of the
subject is covered by three magnetic fields of different frequencies. A location
reference (Ref-Star, Biosense Webster) is fixed on the back of the subject, while a
mapping catheter (Navi-Star, Biosense Webster) navigates within the cardiac chambers
or on the surface of the heart. The magnetic sensors equipped in the tip of the mapping
catheter and the location reference continuously compare the intensities of the three
magnetic fields, ensuring that the location of the mapping catheter can be accurately
determined and displayed in real time. Three-dimensional maps of endocardial or
epicardial activation can be constructed from accurately localized electrograms
recorded using the mapping catheter. The accuracy of spatial localization has been

verified to be 0.7 mm in vivo (19).



MAP recording

Both endocardial and epicardial mapping were performed after thoracotomy and
pericardectomy. In 2 pigs, both the right and left ventricles were mapped, and in the
remaining 8 pigs only the left ventricle were mapped. A modified-tip, 7F Navi-Star
catheter (Biosense Webster) was used, which has a contact ball of 0.5 mm length and
1 mm diameter at the end of the tip electrode (20). For endocardial mapping, the
catheter was introduced into the left ventricle via the right femoral artery and into the
right ventricle via the right femoral vein, whereas for epicardial mapping the catheter
was mounted on an elastic handle of an epicardial-mapping probe (EP Technologies,
Sunnyvale, CA). Two saline lines were hung over the left and right ventricles with
warm saline drip to keep the myocardial temperature constant and to facilitate
electrical contact of electrodes with the epicardium. A thermometer (myocardial
needle temperature probe) was inserted into the myocardium of the right ventricular
out-flow tract for monitoring of myocardial temperature during the whole experiment.
The temperature and speed of the saline drip were adjusted if necessary.

MAP signals were recorded between the 4-mm length tip electrode (exploring
electrode) and the 2-mm length ring electrode 1 mm proximal to the tip (indifferent
electrode) at a filter bandwidth of 0.05 to 400 Hz. A unipolar electrogram from the
indifferent electrode was also recorded at a filter bandwidth of 0.5 to 120 Hz. When
the amplitude and morphology of the MAP in the real-time monitor window of the
CARTO system appeared to be satisfactory (14), it was captured in a sampling
window for further inspection. The accepted signals were stored simultaneously at a
sampling frequency of 1 kHz. Care was taken to place the mapping catheter
perpendicularly against the endo-/epicardium and to avoid “ST segment” elevation, i.

e. >20% amplitude of the ventricular deflection, on the unipolar electrogram from the



indifferent electrode. At least one MAP was recorded in an area of 2 cm? during the
epicardial and endocardial mapping (Fig. 1). To avoid the influence of variations in
heart rate, the MAP mapping was performed during constant pacing at the high lateral

right atrium at 130 beats/min.

MAP analysis

MAP analysis was performed off-line by an independent investigator using the
double annotation feature of the CARTO system. The first annotation was set at the
maximum slope of the MAP upstroke, representing local activation. The second was
set at the intersection between the baseline and the tangent to the steepest slope on
phase 3 of the MAP, representing local end of repolarization (EOR). The two
annotation lines were both manually set and carefully checked with display time
scales of 200 mm/s and 100 mm/s, respectively.

The activation time was defined as the time interval from the earliest recorded
ventricular activation to the local activation, the EOR time as that from the earliest
ventricular activation to the local EOR, and the MAP duration as that from the local
activation to the local EOR. At each site these three values were obtained, taking the
peak of an upright QRS complex on the surface ECG as time reference. Based on
these values, three-dimensional maps of the EOR were constructed.

The minimal and maximal EOR times of the epi-/endocardium were calculated
from the values obtained. The epicardial DVR (DVR-epi) was defined as the
difference between the maximal and minimal EOR times over the epicardium,
endocardial DVR (DVR-endo) as that between the maximal and minimal EOR times
over the endocardium, and the total DVR (DVR-total) as that between the maximal

and the minimal EOR times of all the recordings.



Recording of the surface ECG and measurement of the QT dispersion

Using the CARTO system, 12-lead ECG was simultaneously recorded with the
electrodes being placed referencing to the electrode placement in humans. All ECGs
were recorded after the thoracotomy.

The start of the QRS complex, the peak and the end of the T wave were
identified separately from each of the 12 leads (Fig. 2). The earliest onset of the QRS
among the 12 leads was used as the starting point for all the QT interval
measurements. The peak of the T wave was defined as the time point where the T
wave had the maximal amplitude. The end of the T wave was defined using the slope
method, i.e. the intersection of a line tangential to the point of maximum slope of the
terminal T wave with isoelectric level defined by the T-P segment. Thus, the QT pea,
QTeng and Tpeak-Tena interval could be obtained from each lead. The measurement was
carefully checked at sweep speeds of 50 mm/s. Leads with high noise levels, flat or
distorted T waves that made the identification of Tpea and/or Teng impossible were
discarded from the analysis. From the 12-lead ECG, the QTpeak, QTend and Tpeak-Tend
intervals were measured manually three times at the beginning, middle and end of the
MAP mapping procedure using an on-screen electronic calliper. Each time, the above
parameters were measured from 2 consecutive beats and the mean was obtained. The
mean values of the above mentioned 3 measurements were again averaged and the
mean was used for final analysis.

In each pig, QTpeax dispersion was defined as the difference between the
maximum and minimum of QT yeax intervals, and QTeng dispersion was defined as that
between the maximum and minimum of QT¢ng intervals. Due to the variation of the

peak and end of the T wave, Tpeak-Tend intervals were calculated as maximal, minimal



and mean values in the 12 leads, which was from the earliest Tyeac to the latest Teng,
from the latest Tpeax to the earliest Teng, and the average of all the Tpea-Tend intervals

of the 12 leads, respectively.

Statistical analysis

All data are presented as mean + 1 standard deviation. A P value < 0.05 was
considered statistically significant.

Paired, two-tail Student’s t-test was performed between the DVR-epi/endo and
DVR-total. In addition, the QT peax dispersion, QTeng dispersion and Tpeak-Tend intervals
were compared with the DVVR-total, respectively. The correlation analyses were also
used to study the relationship between the DVR parameters and the relevant ECG

repolarization variables.



Results

General data

MAPs were recorded from 51+10 epicardial sites and 64+9 endocardial sites
in the left ventricles of all 10 pigs (Fig. 2), and from 41+4 epicardial sites and 53+2
endocardial sites in the right ventricles of 2 of the 10 pigs. Based on these data, 12
sets of endocardial and epicardial maps of repolarization sequence were constructed.
The MAP plateau amplitude was 13.6£5.0 mV for the epicardial MAPs and 13.6£5.6
mV for the endocardial MAPs of the left ventricles, and 12.8+4.6 mV for the
epicardial MAPs and 13.0+5.0 mV for the endocardial MAPs of the right ventricles.
The baseline disturbance was less than 10% of the plateau amplitude in 80% and less
than 15% of the plateau amplitude in all the 591 epi- and 746 endocardial recordings.

Twelve-lead ECG was recorded after the thoracotomy and pericardectomy. No
motion artefact from the heartbeat was observed in ECG during the MAP mapping
procedure. The baseline appeared stable without 50-Hz disturbances. During QT
intervals measurement, 1+1 leads were discarded due to the flat and/or distorted T
waves. No U wave was documented in any of the 10 pigs.

When measuring the EOR times and QT intervals, the onset of the earliest QRS
was used as the earliest recorded ventricular activation in all 10 pigs. Thus, the QT
intervals and the activation time were calculated from the same point in this study. In
addition, the local activation times from MAP recordings were found to cover the

whole duration of the QRS complex in each pig.

Dispersion of ventricular repolarization

In the 10 pigs, the EOR times over the endocardium and epicardium were

obtained as shown in Table 1. Three-dimensional maps of the repolarization
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sequences over both the epicardium and endocardium were constructed in the 10 pigs.
Of these maps, the EOR commonly started from the anteroseptal/apical area and
ended in the lateral or posterolateral basal area, i.e. the minimal EOR times were all
recorded around the anteroseptal/apical area, and the maximal EOR times around the
lateral or posterolateral basal area (Fig. 3).

The DVR-epi, DVR-endo and DVR-total were 368, 51+15 and 58+11 ms,
respectively. The DVR-total was significantly greater than the DVR-epi and DVR-
endo (p < 0.001 and p < 0.05, respectively) (Table 1). In addition, in the 2 pigs in
which both left and right ventricles were mapped, the maximal and minimal EOR
times were all found in the left ventricle recordings. Thus, the measurements from the

right ventricle did not affect the maximal DVR in these 2 pigs.

Dispersion parameters on surface ECG

The QT dispersion parameters are presented in Table 2. QTpeax dispersion was
significantly smaller than QTenq dispersion in the 10 pigs (152 vs. 21+4 ms, p <
0.01). The minimal, mean and maximal Tpea-Tena intervals were 20+9, 445 and
57+7 ms, respectively. The maximal Tpea-Tend intervals were significantly greater
than the minimal and mean Tpea-Tena intervals (p < 0.0001 and p < 0.0001,
respectively). The maximal and mean Tpea-Tena intervals were also greater than the
QT peak dispersion and QTeng dispersion (p < 0.0001 vs. p < 0.0001). In addition, Tpea-
Teng intervals from lead Il and Vs were also compared, but no significant difference
was found between them (41+6 vs. 43+5 ms, p > 0.05). However, the Tpeak-Tend
intervals from both of the leads were significantly smaller than the maximal Tpeak-Tend

intervals (p < 0.0001) (Table 2).
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Relationship between dispersion of ventricular repolarization and ECG
dispersion parameters

No significant difference was found between the maximal Tpea-Teng interval
and the DVR-total (p = 0.33), whereas the mean and minimal Tyeak-Teng intervals were
both significantly smaller than the DVR-total (p < 0.01 and p < 0.0001, respectively).
The Tpeak-Tena intervals from lead 11 and Vs were also significantly smaller than the
DVR-total (p <0.001 and p < 0.01, respectively).

Correlation analyses showed that there was a high correlation between the
maximal Tpea-Tena interval and the DVR-total (r = 0.64, p < 0.05) (Fig. 4a), whereas
correlation between the mean Tpea-Teng interval and the DVR-total showed an r value
of 0.56 (p = 0.09). The Tpeak-Tena intervals from lead Il and Vs did not correlate with
the DVR-total either (r = 0.30, p = 0.40 and r = 0.33, p = 0.35, respectively). In
addition, no significant correlation was found when the DVR-total was compared
with the QT peax dispersion and QTeng dispersion (r = 0.07, p=0.84 and r = -0.48, p =

0.16, respectively) (Fig. 4b and 4c).
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Discussion

Tpeak-Tena interval as an index of the global dispersion of ventricular
repolarization

It was earlier hypothesized that the T wave vector is generated by different
local levels of repolarization in the heart (21, 22), so that the T wave emerges from
inhomogeneous recovery throughout the heart. Based on this theory, the T wave width,
which represents the repolarization time differences in the heart, was postulated to
correlate highly with the dispersion of repolarization. Thus, the Tpeac-Tena interval was
chosen as a measurement of half the T wave width due to the difficulties in
determination of the T wave onset, and reported to be highly correlated with the
dispersion of APDgy and recovery time in isolated rabbit heart model (23).

Recently, in vitro canine studies have suggested that full repolarization of the
epicardium coincides with the peak of the T wave and that of the subendocardially
located M cells coincides with the end of the T wave (10). The Tpeak-Tend interval was
therefore proposed and used as an index of transmural DVR. Several clinical studies
have demonstrated the potential usefulness of this variable as a predictor of
ventricular arrhythmias (24, 25). However, in vivo evaluation of the relationship
between Tpea-Teng interval and the global DVR is still lacking.

In the present study, data from about 100 MAP recordings over both
epicardium and endocardium in each of the 10 pigs were analysed using the
electroanatomic mapping technique. We found that the maximal Tpea-Tend interval
appeared to be similar to, and significantly positively correlated with the DVR-total.
These results are not completely consistent with the previous studies (10). Since the
DVR-total in this study, the maximal EOR differences over both the epicardium and

endocardium, reflects not only the transmural gradients, but also the apico-basal
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gradients, our results suggest that the maximal Tpea-Tena interval may be a good
estimation of global DVR. To our knowledge, this is the first in vivo validation of the
Tpeak-Tend INterval as an index of the global DVR. Certainly, the relationship between
Tpeak-Tena Intervals and global DVR in this study was validated in normal heart, but
not in a model of heart disease. In addition, due to the missing information on
repolarization of the mid-myocardial cells, our data did not allow us to clarify the
relationship between the global DVR and transmural gradients in greater depth.
Further investigations are clearly needed to address these issues.

The method for Tpea-Teng interval measurement must also be established.
Tpeak-Tend interval measured from the earliest Tpeax to the latest Teng ONn the 12 lead
ECG, i.e. the maximal Tpeak-Tena interval, may be a better index of the global DVR.
As we know, time points of the Tpeax and Teng Vary from lead to lead, which results in
the Tpea-Tena intervals showing a discrepancy on different leads of ECG. Some
studies have selected special leads such as Il, Vs, an average of all leads or
ambulatory ECG to analyze Tpea-Tenq interval (24, 26-27). However, our results have
shown that the Tpea-Teng interval from lead I1, Vs, or the average Tpea-Teng interval of
all 12 leads did not correlate ideally with the DVR-total, but the maximal Tpeak-Tend
interval did. This suggests that the Tpea-Tena interval measurement from a single lead
or average value from the 12 lead ECG was not reliable as an index of the global
DVR. Certainly, the placement of leads in pigs in this study, especially the precordial
ones, did not correspond exactly to the same leads as those in humans since the vector
summation should be different due to the difference in anatomy and the changes from
open-chest surgery. However, our data still demonstrate that the measurement of

Tpeak-Teng interval as an index of global DVR should not be obtained arbitrarily from
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any lead of the surface ECG. Further explorations are clearly required in order to

define the measurement of this ECG interval in humans.

QT dispersion failed to reflect global dispersion of ventricular repolarization

The measurement of QT dispersion has been proposed as a simple non-
invasive measurement of DVR from 12-lead surface ECG since the 1990s (4).
Increased QT dispersion was considered to reflect an increased DVR, and thereby
used as a prognostic tool in detection of future malignant ventricular arrhythmias or
sudden death in patients with various heart diseases (4, 5). However, numerous
prognostic studies have reported contradictory results, and the interpretation of QT
dispersion seems to be contradictory to the vector loop theory of ECG wave forms (7,
8).

In this study, the QTpeak and QTeng dispersion were both poorly correlated with
the DVR-total, suggesting that these variables do not reflect the global DVR. This is
inconsistent with previous studies (23, 28). However, the previous studies were
limited by the number of MAP recordings from the ventricle. The global DVR may be
poorly estimated from only a few adjacent or remote ventricular sites, as shown in a
recent study (17), which may explain the inconsistency between our results and those
of others. In the present study, both the epicardial and endocardial DVR were
significantly smaller than the DVR-total. This result further emphasizes the
importance of number of recording sites for evaluation of the global DVR. Hence, the
increased QT dispersion more likely indicates a significantly disturbed T vector loop.
Although this might be a risk factor of malignant ventricular arrhythmias, the QT peax

or QTeng dispersion were not reliable indexes of the global DVR.
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Clinical implications

Non-invasive detection of increased DVR bears important clinical
implications. The Tpea-Teng Interval is easily available from 12-lead ECG and has
been demonstrated in the present study to be a useful noninvasive index of the global
DVR. Among the different measurement methods of this interval, the maximal T peax-
Tena Interval, from the earliest Tpea to the latest Teng, Was suggested by the present
study to be able to be used for the estimation of the global DVR. On the other hand,

based on our data, the QT peak and QTeng dispersion were not favourable.

“Limitations of the study”

Intramural MAP recording was not available in this study. As a result, the
repolarization of the mid-myocardially located M cells may be missing. However, It
is not only the superficial layer of cells that is involved in the genesis of MAPs; the
repolarization of deeper layer of cells could also be reflected by the MAP signals
(29), although exactly how deep the MAP records and whether the M cells contribute
to the genesis of the MAP is not clear. In addition, in the porcine ventricle, M cells
are not only confined to the mid-myocardial layer; they are also present in the
epicardial layer (30, 31). Furthermore, in contrast to man and dog, the pig has a
transmural Purkinje system, so that the activation does not spread from the
endocardium to the epicardium, but rather goes more or less simultaneously through
the different layers of the ventricular wall (32). Importantly, the significantly longer
action potential duration of M cells in isolated canine ventricle was mostly recorded
at a cycle length of 2000 ms (10), whereas the transmural gradient would be markedly

minimized at shorter cycle lengths, such as 130 bpm in the present study. These
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factors suggest that our findings are nevertheless the most detailed in vivo data on
global DVR available for validation of the related ECG variables.

Additionally, the MAP recordings were only performed in the left ventricle in
most of the pigs, in which the repolarization of the right ventricle was missing.
However, activation and repolarization in the two ventricles are synchronized and the
left ventricular mass contributes predominantly to the genesis of QRS complex and
the T waves. The range of local activation times on our recorded MAPs was found to
cover the whole duration of the QRS complex in all the pigs, which indicates the
relative completeness of our MAP mapping. Moreover, our observation in the two
pigs which had both the left and right ventricles mapped showed that the minimal and
maximal EOR times were located in the left ventricle in both, which further supports

the validity of our data for the purpose of the current study.

Summary

Correlation analysis of the electrocardiographic parameters QT peax dispersion,
QTeng dispersion and Tpeak-Tena interval with the global DVR measurements were
performed in swine. The maximal Tpea-Teng INterval was demonstrated to be
coincident with the DVR-total, with significant positive correlation between them.
However, the mean Tpeak-Tena Interval or Tpea-Teng intervals from a single lead were
all significantly smaller than and poorly correlated with the DVVR-total, as were the
QTpeak and QTeng dispersion. These findings suggest that the maximal Tpeak-Tend
interval, but not the conventional QT dispersion parameters, could serve as a

noninvasive index of the global DVR.
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Table 1: The end of repolarization time and its dispersion over epicardium and

endocardium during right atrial pacing 130 bpm in 10 pigs

Pigs Epicardium of LV Endocardium of LV DVR-
Sites EOR DVR Sites EOR  DVR total
1 67 313x10 39 56 322+14 63 63
2 67 311+x10 39 59 313+19 77 77
3 32 3286 29 57 353x15 61 67
4 49 272+7 26 75 281x12 55 55
5 47  323+11 48 72 315%9 32 50
6 50 299+8 31 49 295+15 64 64
7 47 2947 27 66  302+8 32 38
8 45  340+11 45 59 352+11 43 63
9 48 282+8 38 77 303+10 40 52
10 57 3039 33 70 315x12 46 53
Total 51+10 306421 36+8*  64+9 312+25 51+15"  58+11

Data of EOR are presented as mean + 1 standard deviation in milliseconds. EOR: end

of repolarization time; LV:

repolarization. * p < 0.001 and "p < 0.05 compared with the DVR-total.

left wventricle;

DVR: dispersion of ventricular
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Table 2: ECG dispersion parameters in the 10 pigs

Min Mean Max Tp-Te TpTe QT QTe

P T TeTe TeTe Vs I Disp Disp
1 ;3 48 66 48 49 14 19
> 18 44 56 44 37 15 23
3 0 47 60 44 46 12 15
4 19 44 57 44 41 17 21
5 16 40 29 43 49 11 2
6 30 48 64 51 46 18 16
7 4 41 8 43 34 15 29
8 19 41 55 39 40 14 22
9 18 36 6 37 34 12 16
10 14 40 54 35 37 17 23

Total  20+9 *44+5 57+7  *43+5 *41+6 15+2 '21+4

Total are data from the 10 pigs as mean + 1 standard deviation in milliseconds. Min,
Mean and Max T,-Te: minimal and maximal Tpeak t0 Teng interval. 11 and Vs: Lead Il
and Vs. QTp and QTe Disp: QTpeak and QTeng dispersion, respectively. * p < 0.0001

compared with Max T,-Te. T p < 0.01 compared with QT, Disp.
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Legends

Fig. 1: Selected monophasic action potential recordings from the 2-d views of all the
MAPs from the epicardium (left) and endocardium (right) in Pig no. 10. Recording

sites over both epicardium (n = 57) and endocardium (n = 70) are displayed.

Fig. 2. One of the 6 ECG measurements from pig no. 8. In each ECG lead, the first
vertical line denotes the earliest activation time, and the second vertical line denotes
the end of the T wave. The short white line marks the peak of the T wave. The values
on the second line in each lead are QTeqqg intervals, and the maximal Tpeak-Tend interval

on this measurement occasion is 52 milliseconds.

Fig. 3: CARTO maps of the end of repolarization sequences of the epi- (left) and
endocardium (right) from pig 6. The end of repolarization (EOR) started from the
apical area and ended in the posterolateral basal area. The minimal recorded EOR

time is 264 ms, and the maximal recorded EOR time is 328 ms.

Fig. 4: Correlation analysis between the maximal Tyeak-Tena interval and the global
dispersion of ventricular repolarization of all recordings (DVR-total), QTpeax
dispersion and the DVR-total, as well as QT dispersion and the DVR-total. The
maximal Tpea-Tena interval is highly correlated with the DVR-total (Fig.4a), whereas
the QT peak dispersion and QTeng dispersion correlates poorly with the DVR-total (Fig.

4b and 4c).
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