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A Effect of scar size and morphology on rate-dependent

changes in VCG metrics

Those metrics that were determined to be of less use in predicting scar properties are:
∆VCG ∆WAA, ∆WAE, ∆tVCGmax dTQRSstart and dTQRSend. The effect of the presence
of the largest simulated scar (for both LV free wall and septum) on the differences for
these metrics is shown in Fig. A.1. All of these metrics, save for ∆tVCGmax show relatively
little change compared between the presence or absence of scar in this cases; the large
change in ∆tVCGmax is deceptive in the same manner as the change noted in ∆VCGmax

in the main text, and for the same reasons.

As in the main text for the significant metrics, more in depth analysis of the metrics is
conducted to investigate the individual UVC parameter effects: the effect of scar volume
and scar surface area is shown in Fig. A.2, whereas the effect of the various scar size
parameters (φ, ρ, z) is shown in Fig. A.3; in the latter, all parameters save the one being
considered are set to their maximum value. The effects on each metric shall now be
discussed in turn.

A.1 Effects on VCG

∆VCG shows little correlation with scar size, as measured by volume or area, or mor-
phology, for any of the UVC parameters, for scar in the LV.
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Figure A.1: Changes in metrics between fast and slow pacing. Changes in the ∆VCG
are expressed as percentage changes from their value for BCL=600 ms.
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Figure A.2: Changes in metrics between fast and slow pacing versus volume and surface
area of scar, for both septal and LV free wall scars. ∆VCG is expressed as percentage
changes from slow pacing, ∆tVCGmax is expressed as the difference between slow and fast
pacing, and ∆WAA, ∆WAE, dTQRSstart and dTQRSmid are expressed as angular differences
between the dipole vectors.
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Figure A.3: Changes in metrics between fast and slow pacing versus φ, ρ and z, for
both septal and LV free wall scars. ∆VCG is expressed as percentage changes from slow
pacing, ∆tVCGmax is expressed as the difference between slow and fast pacing, and ∆WAA,
∆WAE, dTQRSstart and dTQRSmid are expressed as angular differences between the dipole
vectors.

3



Figure A.4: Correlation between measured metrics.

There does, however, seem to be a positive correlation when the scar is in the septum.
However, this correlation is relatively weak in terms of both volume and area. When
assessed by the UVC parameters, there is only a consistent positive correlation for z; for
both φ and ρ, an increase in the scar size does not consistently lead to an increase in
∆VCG. Furthermore, the percentage change is marginal at best—the control change is
15.5%, while the maximum observed is 19.5%.

A.2 Effects on tVCGmax

There is negligible change under most conditions in ∆tVCGmax, save for some isolated
points at which there is a substantial change; these substantial changes are not necessarily
correlated with scar size, displaying only some level of correlation for LV scar. However, as
discussed in the main text, this is due to a shift in the overall loop dynamics of the VCG,
and thus a shift at which stage in the VCG loop VCGmax occurs. Without substantially
more work, it is impossible to say with certainty whether this dynamic shift can be used
as an accurate predicator of scar presence.

A.3 Effects on Weighted Angular Elevation and Azimuth

The WAA and WAE metrics are referred to such to avoid confusion with the rotational
parameter for scar size φ.

The change in WAE shows a relatively consistent increase with scar size, which is both
more consistent and more noticeable for scar in the septum than for scar in the LV free
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wall. However, the change is marginal, regardless, from −7◦ for no scar, to a maximum
of −4◦; such a marginal difference of only 3◦ between control and maximum observed
effect is unlikely to translate to a useful clinical indicator.

There is relatively little correlation between scar size and either increase or decrease in
WAA for scar in the LV free wall, for either scar size (assessed by either volume or area)
or morphology (φ, ρ or z). There appears to be a far more promising correlation for
scar in the septum, however, with a consistent positive correlation (save for a marginal
decline at maximum ranges of φ). Furthermore, the differences involved are greater than
those for WAE, thus representing a more promising clinical target (−18◦ for control, −8◦

maximum change). However, it was determined that WAA and dTVCGmean demonstrated
almost perfect negative correlation (Fig. A.4), and dTVCGmean was chosen as the candidate
for further investigation.

A.4 Effects on dTQRSstart & dTQRSmid

There is negligible correlation between scar size and either dTQRSstart or dTQRSmid. This
is whether the scar size is judged by either volume, area, or one of the UVC parameters.
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