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Summary

This study was performed to clarify the difference of shortening characteristics between left ven-
tricular epicardium and endocardium. Four to five pairs of radiopaque markers (lead beads, ¢ 0.3—
0.8 mm) were implanted just beneath the epicardium and endocardium, respectively in eight open-chest
dogs. After the pericardium and thorax were closed, biplane cine-roentgenograms were obtained.
The spatial distance (segment length) between any two of the markers was calculated using a digitizer-
computer-plotter system. Left ventricular wall thickness (Th) was measured as a distance between
epicardial and endocardial markers. The maximum left ventricular thickness (Thmax) was 9.44+3.4
mm (mean +SD), the minimum (Th,y,;,) 8.4+3.1 mm, and a percent increase of wall thickness {(Thmax
—Thuin)/Thmin} was 12.7+6.5%. The value of epicardial segement length divided by endocardial
segment length as normalized by each length at R wave of ECG was 1.088+0.071 at the end of systole
and 0.979+0.016 at end diastole, indicating that endocardial segment shortened and distended more
than epicardial segment during systole and diastole, respectively. Epicardial segment began to shor-
ten 3+26 msec earlier and distend 4450 msec earlier than endocardial one. This study revealed
a small but consistent difference in the amount of shortening and its initiation and termination
between the epicardium and endocardium.
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Fig. 1. A schematic representation of marker
implantation sites.

LAD=Ileft anterior descending artery; LCX=
left circumflex artery; LAD DIAG=bifurcation of
the diagonal branch from LAD; LAD-Mid=mid
portion of LAD; LCX-MARG=bifurcation of the
obtuse marginal branch from LCX; POST.CRUX
= posterior. crux.
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Length (EPI-EPI) Length ECG R (EPI)

Ratio :
o i Length(ENDO-ENDO)/ Length ECG R (ENDO)
ENDO ENDO

Fig. 2. A formula indicating the difference of shortening rate between epicardial and
endocardial segments.

Segment lengths of the epicardium (length (epi-epi)) and endocardium (length (endo-endo))
are calculated using two pairs of epicardial and endocardial markers. The ratio of segment length
of the epicardium to the endocardial segment is normalized by the ratio of both lengths at R wave of
ECG. If the epicardium and endocardium shorten or distend proportionately, the ratio will remain
unchanged, while its decrease or increase will indicate more shortening or less shortening of the en-

docardium than epicardium.

Fig. 3. Lateral view of the dog heart with markers.

Multiple radiopaque markers are seen as shown by white dots. The tip of a catheter-tip micro-
manometer is in the left ventricle and an electrode with wire is placed at the epicardium for
ECG lead.
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Fig. 4. Changes in the left ventricular wall
thickness during cardiac cycle measured at
posterior the crux in or the dog No. 3.
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Table 1. Comparison of segment length shortening between the epicardium and endocardium

Range Mean+SD
Thickness at ECG R (mm) 3.3—-15.8 10.0+ 3.1
Minimal thickness (mm) (1) 3.1-15.8 9.8+ 3.1
Maximal thickness (mm) (2) 3.7—-16.5 10.9+ 3.2
% increase of thickness [(2)—(1)1/(1) (%) 2.3-28.7 12.7+ 6.7
Epicardial segment length (epi-epi) (mm) L, 19.1-61.4 40.7+12.0
Lece r 19.0-57.3 39.7+11.8
Loin 18.9—-54.2 37.9+11.5
Endocardial segment length (endo-endo) (mm) L,y 16.4—50.8 33.0+10.1
Lgce r 16.2—48.6 31.9+ 9.5
Luin 14.2—47.1 28.4+ 9.3
Epicardial segment shortening (Lgcg g—Lgs)/Lece v (%) (-1.1)— 8.3 2.1+ 2.6
Endocardial segment shortening (Lgcg r—Lgs)/Lecg r (%) 0.3-19.7 7.2+ 5.4J s
Time difference of the beginning of shortening
between epi and endo (msec) (—78)*—67 (—3)+26
Time difference of the end of shortening
between epi and endo (msec) (—122)—100 (—4)+£50

epi=epicardium; endo=endocardium.

* minus sign reveals that epicardium (epi) contracts earlier than endocardium (endo).

§ p<0.001
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Fig. 5. Three pairs of epicardial and endocardial segment lengths during cardiac cycle.
The shortening characteristics of epicardial and correspondent endocardial segment are apparently
similar. On the other hand, shortening characteristics among 3 segments at different regions differ

considerably from each other.
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Fig. 6. Changes in the ratio of epicardial segment length to endocardial segment length
during cardiac cycle.

The ratio increases during systole, and reaches the maximal value at near end-systole.
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Fig. 7. Comparison of epicardial and endocardial segment shortenings during cardiac

cycle.

The segment length is expressed as per cent of segment length at ECG R. Epicardial segment
lengths are shown on ordinate and correspondent endocardial segment lengths are shown on
abscissa. The locations of p,-pg are indicated on the top of the figure. If epicardial and endocardial
segments make a straight line, it is considered that both segments have a similar shortening charac

teristics.
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