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Summary

The correlation of left ventricular end-systolic wall stress (ESS) with the mean velocity of fiber
shortening (mVcf) is an index of the myocardial contractile state, independent of the ventricular loading
conditions (afterload). However, there have been few reported estimates of the effect of changes in the
heart rate on the ESS-mVcf relationship. In the present study, 25 subjects with histories of Kawasaki
disease (mucocutaneous lymph node syndrome: MCLS) were evaluated for the effects of changes in heart
rate, afterload and preload, on the ESS-mVcf relationship. The latter was independent of afterload.

After atrial pacing, ESS decreased and mVcf increased, both significantly, compared to those of
subjects at rest. The change of the ESS-mVcf relationship induced by atrial pacing approximately
paralleled the mean regression line obtained in the resting state. However, the shift induced by preload
was not parallel to the mean regression line for the resting population.

These data suggest that the ESS-mVcf relationship is independent of any change in heart rate, and
that it may depend on preload.
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Introduction fiber shortening (mVcf) are generally employed

In patients with congenital heart diesase, con-
gestive heart failure and myocardial disease,
accurate noninvasive evaluations of the ventric-
ular systolic function are very important for as-
sessing the severity of disease and effect of
therapy. Ejection fraction, percent fractional

as left ventricular contractility indices’»?. Such
indices, however, are affected not only by con-
tractility but by changes in preload and after-
load®# ; therefore, it is impossible to correctly
analyze the contractility of the ventricle using
them. Previous investigators®® have reported
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that the relationship between left ventricular
end-systolic wall stress (force) and the extent of
shortening is useful for assessing the contractile
state in changes of afterload. Later, Colan et al.?
suggested that the left ventricular end-systolic
wall stress-velocity of fiber shortening relation
(ESS-mVcf relation) is a sensitive measure of
the contractile state, being independent of pre-
load and afterload. This relation may be a very
useful index for clinically assessing contractility,
because the position of a single point reliably
indicates a position on the entire line®. It is very
important to analyze the effect of heart rate on
the ESS-mVcf relationship, since mVcf is influ-
enced by increased heart rate®. However, there
have been no reports of investigations of the re-
lationships of heart rate to the ESS-mVcf. The
purpose of the present study was to analyze such
influence of heart rate on the ESS-mVcf rela-
tionship and to evaluate the usefulness of this
relationship.

Subjects and methods

The study subjects consisted of 20 children,
6 months to 12 years of age with histories of
Kawasaki disease (M CLS)!®, who had neither
coronary artery lesion nor other cardiovascular
disease. An ATL system V with a 3 MHz trans-
ducer was use dfor echocardiographic and pho-
nocardiographic recordings. LV echograms were
recorded at high chordal levels after long-axis
and transverse scanning. The paper speed was
100 mm/sec. LV pressures were recorded with
Millar micromanometer catheters inserted

through a sheath by the percutaneous femoral
approach. All subjects were premedicated with
pethilorfan (2 mg/kg). After baseline recordings,
methoxamine (total 1 mg) was intravenously in-
fused for three min in 11 patients. During
methoxamine infusion, right atrial pacing was
performed to maintain the heart rate at 125/min.
Right atrial pacing was performed in 13 sub-
jects. Heart rate was gradually increased to the
point pacing failure appeared. Dobutamine in-
travenous infusion (0.03 xg/kg/min) and saline
infusion (10 ml/kg) into the right atrium were
performed for two subjects. During saline infu-
sion, the mean pulmonary wedge pressure in-
creased by six mmHg in each subject. Record-
ings under baseline conditions were performed
for a total of 15 patients.

To determine meridional wall stress, records
were calibrated and digitized on an Oskon sys-
tem angiogram analyzer III (Oskon Co). End-
systole was identified as the time of initial ap-
pearance of the smallest left ventricular internal
dimension (LVID). End-systolic pressure
(ESP), LVID and posterior wall thickness
(PWT) were measured at end-systole. End-
diastole was identified as the time of the largest
LVID. The data were measured during three
to five cardiac cycles, then averaged. mVcf was
calculated by dividing fractional shortening
(FS) by ejection time (ET). The ESS was cal-
culated using the following formula:

ESS (g/cm?) = PxD x(1—D?/2L?)/2WT
where P was left ventricular pressure in mmHg,
D was left ventricular cavity radius in cm, L was

Table 1. Hemodynamic responses to augmented heart rate and afterload (means+SD)
Baseline Pacing Afterload

Heart rate (beat/min) 112+12 1394+10* 125+ 2*

Peak pressure (mmHg) 95+ 8 92+12 136 +10*

End-diastolic volume (ml) 40+15 27+ 8* 42+15*

End-systolic volume (ml) 9+ 4 6+ 2 11+ 4%

ESS (g/cm?) 54+12 38+ 7% 62+11*

mVcf (circ/sec) 1.37+0.21 1.51+0.13* 1.24+0.19*

Significant difference from baseline condition: p <0.05.

ESS =end-systolic stress; mVcf=mean velocity of circumferential fiber shortening.
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the long axis of the LV, and WT was PWT of
the LV. In this study, L was assumed to be
twice the minor diameter in all instances.

Simple linear regression by the least squares
method was used to calculate the ESS-mVcf
equation. The Student’s t test for paired data
was used for the initial statistical analysis.

Results

Hemodynamic characteristics during rest,
after methoxamine, and after right atrial pacing
are summarized in Table 1. After methoxamine
infusion, the left end-systolic volume (LVESV)

ESS-mVcf relation

and ESS increased compared with those at base-
line. ESS and end-diastolic volume decreased
by 309% and 339, with atrial pacing, respec-
tively. End-systolic volume during atrial pacing
also decreased significantly compared to that at
rest. Atrial pacing and augmented afterload in-
duced by methoxamine were associated with an
increase and a decrease in mVcf, respectively.
Fig. 1 shows ESS-mVcf relationship at rest.
The relation was inversely linear. After RA pac-
ing, the position at rest shifted to the upper left
direction, and the shifting was approximately
parallel to the mean regression line for the rest-
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Fig. 1. Relationship between mVcf and ESS at rest.
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Fig. 2. Changes in the ESS-mVcf relationship by right atrial pacing.

— 453 —



WATANABE, KISHIDA, HANEDA, et al.

ing population (Fig. 2). Most of the shifting
was within the normal range (2 SD). An in-
creased afterload shifted the position of the
ESS-mVecf relationship to the lower right direc-
tion (Fig. 3). The shifting induced by metho-
xamine was also parallel with the mean regres-
sion line at rest. During dobutamine infusion,
mVcf increased markedly in spite of no remark-
able change in ESS. After the saline infusion
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into the RA, both mVef and ESS increased
slightly. Thus, preloading was associated with a
109, mean increase in ESS and was accompanied
by a one and three % increase in mVcf (Fig. 4).

Discussion

The ESS-mVcf relationship is reportedly
very useful for noninvasively estimating the
contractility of the ventricle”® . However, several
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Fig. 3. Changes in the ESS-mVcf relationship by methoxamine.
Heart rate is kept constant by right atrial pacing (125/min).
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circles) infusions.

Changes in the ESS-mVcf relationship by dobutamine (asterisks) and saline (open
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investigators®11,12) have reported that both mVcf
and ESS are influenced by changes in heart rate.
Quinones et al.1 reported that mVcf, max dp/dt
and Vmax increased by 469%, 25% and 509%
repsectively, with atrial pacing. The present
study also indicated a significant decrease in ESS
and an increase in mVcf after atrial pacing. In
our study blood pressure was recorded using tip
catheters to accurately determine the change
of blood pressure due to variations in heart rate.
The decrease in ESS by atrial pacing may be
caused by decreased end-systolic volume. The
decrease was considered due to the shortening
of the diastolic duration and disturbance of dias-
tolic function caused by increased heart rate!®,
Increased mVcf seems to be caused by shortened
gjection time. Suga et al'¥ suggested that in-
creases in heart rate produced by pacing had no
effect on Emax, a contractility index, and was
independent of cardiac loading!%®. The position
of the ESS-mVcf relation was shifted to a left
upper direction by atrial pacing. The shifting
was approximately parallel to the regression line
at rest. These data suggest that the ESS-mVcf
relation as a contractility index is not influenced
by changes in heart rate like Emax, and that the
relation can be used without correction by heart
rate.

The shifting of the position in the ESS-mVcf
relationship induced by methoxamine was es-
sentially parallel to the mean ESS-mVcf regres-
sion line at rest. This result is similar to those
previously reported’®. The data suggest that
the ventricular contractility could be estimated
by using this relation without acute afterload-
ing by methoxamine, because the position of a
single point reliably indicates the position of
the entire line.

Reichek et al.!” reported that subjects with
aortic regurgitation, whose left ventricles were
chronically volume-loaded, had mildly elevated
ESS, although their intrinsic contractile states
were normal. However, Colan et al.”? suggested
that no significant changes in the relation were
induced by acute preload augmentation. In the
present study, preloading was accompanied by
a 109, mean increase in ESS. The differences

ESS-mVcf relation

between these data may have been caused by
variations in volume loading. In the present
study, mVcf was not influenced by preload aug-
mentation. Previous reports suggested that in-
creasing preload was associated with small
changes in mVecf (1.39, decrease and 1.19, in-
crease)”!D, but the changes were not signi-
ficant. Therefore, mVcf may not be changed by
preload augmentation within the physiological
range. These data suggest that the ESS-mVcf
relationship as a contractility index is dependent
on preload, because the shifting of the position
in the ESS-mVcf relation by increasing preload
was not parallel to the mean ESS-mVecf regres-
sion line at rest. Further investigations are re-
quired to establish the usefulness of this rela-
tion as a contractility index, independent of
preload.
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