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Abstract:

ST segment depression on the ECG is frequently a sign of ischaemia, but its origin is poorly understood. To evaluate the source of ST depression, we have
examined both epicardial and endocardial potentials in a
sheep model with ischaemia in alternate left anterior descending coronary artery (LAD) and circumflex coronary
artery (Cx). Epicardial potentials from either ischaemic
source were very similar both producing ST depression
on the free wall of the left ventricle which was unrelated
to the region of ischaemia. Endocardial potentials were
directly related to the region of ischaemia and to the reduction in blood flow. These effects are not explained
by current theory but explain the poor localisation of ischaemia by ST depression in man.
INTRODUCTION
The subendocardial ischaemic sheep model combining
pacing with partial ligation of an artery was validated in our
laboratory by fluorescent microspheres. Based on this model,
we measured the epicardial and endocardial ST potential disribution in24 healthy anaesthetised sheep.
MATERIALS AND METHOD
The epicardial potentials were recorded by a64-electrode
sock placed around the heart. The endocardial electrogram
was recorded using a home-made 40-elecnode basket mapping catheter introduced into the left ventricle via the apex.
All the potentials were simultaneously sampled at 1000 Hz
by a 128 channel data acquisition system constructed for that
purpose. Potential maps were referenced to the left leg and
were constructed using our own mapping program and the SPlus statistical package. The regional myocardial blood flow
(RMBF) was measured prior to and during ischaemia using
fluorescent microspheres. The flow changes were then correlated to both the epicardial and the endocardial ST potential
changes.

RESULTS

Comparisons

of the LAD and the CXA

were compared to the simultaneous measurements of flow
change in the inner third of the myocardium underlying the
elecrodes as well as to ttre endocardial/epicardial flow ratio (endo/epi flow ratio). The results demonstrated that the
epicardial potential changes did not correlate with either the
endo/epi flow ratio or the percent decrease of RMBF (r=0.02 and r-0.02, respectively). There was also a poor correlation between the changes in epicardial ST potential and
the changes in the endocardial potential during ischaemia
(r=0.16). However, there was a weak positive conelation
between the peak negative epicardial potential change and
the average endo/epi flow ratio in the ischaemic area(r=0.28).
These results suggest that epicardial potential changes during
ischaemia do not directly relate to either the endocardial ST
elevation or the RMBF changes.
A similar analysis was performed with endocardial potential changes. The results demonsnaed that a weak but
highly significant negative correlation between the endocardial potential changes to individual electrode sites and the
endo/epi flow ratio, as well as to ttre percent decrease of conrol RMBF, in which the endocardial elecrodes were located
(r=-0.25, r=-0.2'7, respectively), signifying a direct relationship between endocardial ST potential elevation and endocardial flow decrease.
Figure 3 is the schematic drawing of the unwrapped endocardial surface of the left ventricle. It illustrates the endocardial ST contour map overlayed (shading) by the flow
change to the inner third of the myocardium.
DISCUSSION

The origin of ST depression remains unclear. From
these results it appears necessary to perform intramyocardial

recordings to fully outline the source. The failure of insulation to adequately change or prevent ST depression indicates
either ineffective insulation or the ST depression being directly related to currents generated intramyocardially. Neither solid angle theory nor dipole layer theory predict these
findings. Previous workers have not demonstrated epicardial
ST depression. This model appears useful for evaluation of
this important clinical conundrum.

narrowings

showed a similar region of anterolateral ST depression. The
correlation coefficients between anterior and posterolateral
ischaemia was 0.77+0.14 on average. The patterns shown
below (figure l) as an unwrapped epicardial surface with the
dashed areas being negative are from the same animal.
Partial epicardial insulation of the heart by enclosing the
heart in plastic increased the magnitude of ST depression on
an average of 3mv but no change in pattern. The effect of
insulation is shown in figure 2.
Epicardial ST changes at 15 to 20 min of ischaemia

CONCLUSIONS
We concluded that epicardial potential patterns are not
substantially affected by the cardiac location of the responsible subendocardial ischaemia. The ischaemic source relates
to endocardial ST changes but not epicardial ST changes. It
is not due to the endocardial current flow back on to the cardiac surface, and is not explained by current models of the
ST depression.
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Figure

l. Epicardial

potential disribution at 2 minutes of ischaemia
partialCXA ligation

Partial LAD ligation
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Figure 2. Comparison of epicardial potential disribution with and without insulation
without epicardial insulation

with epicardial insulation

Figure 3. Endocardial potential changes (contour) related to flow (shading)
partial LAD ligation

partialCXA ligation
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