






3.2. Manifold Differential (Mdiff)

Plotting the ST40 and the Mdiff of a single electrode
over an episode of ischemia in Fig. 2 illustrates typical
behavior, that while they both reach their maximal value at
the same time point the SNR of Mdiff is larger than that of
the ST40 metric, here 7.3 versus 2.2 respectively.

Comparing the spatial distribution of the ischemic re-
gions detected using the ST40 and Mdiff metrics shows a
large degree of similarity (Fig. 3) with a DICE coefficient
of 0.75.

Figure 3. The spatial distribution created by thresholding
both the ST40 and Mdiff metrics. Two cross sections are
shown at positions A & B in the top image. The cross
sections below are looking inferiorly from the base of the
heart. [Colorbars at top right show ST40 values in mV in
left bar and Mdiff, in arbitrary units, in the right bar.]

4. Discussion

As initially reported in Erem et al. [6], we found ob-
servable changes in the QRS in the analyzed data that were
indicative of ischemia-induced changes to the underlying
electrophysiology of the myocardium. The sensitivity of
the Mdiff to the presence of ischemic tissue within the
transmural wall was generally comparable to that of the
ST40 metric and could potentially serve as a useful tool for
detecting ischemic volumes within the myocardium. The
Mshift, used here to determine the Mdiff, may also help
to discriminate between subtypes of ischemia directly in
the LE space. This difference can be difficult to discern in
signal space.

During the initial episodes of ischemia the ST40 metric
typically reaches a maximal value earlier than the Mdiff
metric during the first episode or two of induced ischemia,
suggesting ST40 is initially more sensitive. However, dur-
ing the latter episodes the Mdiff metric responded to the
ischemia earlier than the ST40 metric. This shift in sen-
sitivity may be the result of impending irreversible tissue
death or myocardial stunning that has a lasting effect on
propagation through the tissue but does not produce the in-
jury currents responsible for ST segment changes. The in-
fluence of ischemia on propagation could also explain why
isolated ischemic regions detected by the ST40 metric as
illustrated in Fig. 3 are connected to larger ischemic re-
gions by the Mdiff metric, as the region has a more macro-
scopic influence on propagation than simply localized in-
jury current. While the changes in signal space that are
actually driving these changes are difficult to discern di-
rectly from observation of the recorded data, in part due
to the large number of channels and thus sheer data vol-
ume and complexity, our results indicate that with the LE
analysis we were able to identify that the QRS is indeed
sensitive to acute episodes of myocardial ischemia and can
also be used to differentiate between sub-types of ischemia
as well.
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