
Radionuclide left ventricular contractile indices 
and their relationship to heart size in dogs 

To identify possible mechanisms to explain differences between the maximum time-varying 
elastance (Emax) and end-systolic pressure-volume (E& slope values calculated with radionuclide 
angiography and to establish whether they have a relationship to heart size, we studied 16 dogs 
that were instrumented with micromanometer left ventricular catheters and had red blood ceils 
tagged with technetium-99m for radionuclide angiography. Hemodynamics and radionuclide 
angiograms were obtained under control conditions and during six additional steady-state loading 
conditions. lsochronal E,,, averaged 7.14 k 2.54 mm Hg/ml, while E.. averaged 5.66 f  1.66 mm 
Hg/ml (p < O.Ol), but they were highly correlated (r = 0.95, p < 0.001). This observation was 
related to the assumption of linearity when curvilinearity was present and to the important 
Influence of timing on these relationships. The E max and Ege slope values were compared to dog 
weight; left ventricular weight, which ranged from 65 to 142 gm (mean 113 + 16 gm); and left 
ventricular end-diastolic volume, which ranged from 15 to 56 ml (mean 29 + 10 ml) using multiple 
regression analyses. The E,., and Eeo slope values demonstrated a comparable inverse linear 
relationship with only left ventricular end-diastolic volume (r = 0.76 and -0.69, p < 0.001 and 
p < 0.01). We conclude that the differences between E msx and Egs slope values calculated with 
radionuclide anglography are related to the assumption of linearity when curvilinearity is present 
and to the importance of the timing of systolic events and that both Emax and E,, are comparably 
related to left ventricular end-diastolic volume. Since the E,,, and E.s slope values are affected 
by similar influences, are highly correlated, and are comparably related to heart size, they both 
may be useful for assessing alterations in left ventricular contractility as long as they are applied 
consistently In animals or man. (AM HEART J 1989;118:325.) 
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Left ventricular contractility has been assessed in the 
excised, supported left ventricle,1-3 in various intact 
animal preparations,4 and in man5-8 by means of the 
time-varying elastance concept. The maximum 
elastance (E,,,) calculated using isochronal pres- 
sure-volume data points from biplane contrast 
cineangiography6 or radionuclide angiographys has 
been shown to differ, on the average, from other in- 
dices of left ventricular contractility calculated at 
more commonly defined measures of end-ejection in 
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man. Although several possible explanations exist, no 
specific mechanisms have been identified to explain 
the differences between E,, and other contractile 
indices, specifically end-systolic pressure-volume re- 
lations (Ees). 

The Ees slope values have been shown to be related 
to heart size in animals.gr lo The Em,, and E,, slope 
values calculated with biplane contrast cineangiog- 
raphy in patients with normal left ventricular size 
and performance have also demonstrated an inverse 
linear relationship with left ventricular mass and 
end-diastolic volume.6 The E,,, slope values calcu- 
lated with radionuclide angiography are comparable 
to those obtained with biplane cineangiography in 
man,7 but whether the Ema, and E,, slope values cal- 
culated with radionuclide angiography are also re- 
lated to heart size can only be presumed. Accord- 
ingly, the purposes of this investigation were: (1) to 
elucidate the possible mechanisms for differences in 
E mBx and Ees slope values calculated with radionu- 
elide angiography, if such differences exist, and (2) to 
determine whether a relationship with heart size ex- 
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Table 1. Contractile index and heart size data (n = 16) 

Dog E max 
No. (mm Hglml) 

E ?na* vo 
(ml) 

E,, -. 
(mm Hglml) 

E,, Vo 
(ml) 

Dog wt 
fkd 

~. - 
LVwt EDV 
km) iml) 

1 5.87 1.8 5.65 0.60 27.10 113.4 27 
2 10.36 1.7 8.04 -1.80 25.00 96.0 16 
3 6.97 19.7 5.12 10.40 31.50 141.5 33 
4 8.39 5.9 6.49 2.30 18.70 84.7 28 
5 2.76 10.7 2.52 5.20 29.50 121.9 56 
6 6.16 22.8 3.96 4.10 38.60 134.3 31 
7 6.45 16.4 4.80 5.70 23.90 130.1 30 
8 5.03 3.6 4.72 1.90 22.70 136.3 31 
9 6.88 2.3 5.74 -3.00 22.70 113.9 21 

10 5.39 5.4 3.69 -9.30 27.50 122.0 26 
11 12.10 5.2 9.12 -0.50 20.60 94.8 15 
12 11.61 3.3 8.88 -1.70 19.50 90.7 22 
13 4.18 -10.0 4.05 -11.80 25.60 109.9 42 
14 7.24 18.7 6.92 17.20 24.30 126.3 37 
15 8.35 5.0 6.47 0.50 22.20 98.5 30 
16 6.50 4.6 4.75 -4.50 18.90 91.5 23 

Mean ?S.D 7.14 -c 2.54 7k-8 5.68k 1.88 l&7 24.89 k 5.20 112.9 k 18.3 29 rt 10 

&,, Maximum time-varying elastance; Vo, unstressed volume; E,,, end-systolic pressure-volume; wt, weight; EDV, end-diastolic volume; LV, left ventricle. 

ists for either E,, or E,, slope values calculated with 
radionuclide angiography in dogs. 

METHODS 

Animal instrumentation. Sixteen dogs of either sex, 
weighing 20 to 39 kg, were anesthetized with intravenous 
pentobarbital sodium (35 mg/kg), intubated, and venti- 
lated with 15 ml/kg oxygen-enriched room air. A left 
carotid arteriotomy and internal jugular venotomy were 
performed for vascular access. Electrocardiographic limb 
leads were attached to monitor heart rate. Through the 
fifth left intercostal space, a thoracotomy was performed, 
and the descending thoracic aorta and inferior vena cava 
were encircled with elastic snares. The pericardium was 
then incised parallel to the phrenic nerve and was left un- 
opposed. A precalibrated micromanometer catheter (Millar 
Instruments, Houston, Texas) was inserted into the left 
ventricle through an apical stab wound and was secured. 
Finally, each animal was anticoagulated with 3000 units of 
heparin. 

Protocol. Each animal was positioned under the gamma 
scintillation camera in an obliquity that optimally sepa- 
rated the left ventricle from the right ventricle in the plane 
of the interventricular septum. During each radionuclide 
acquisition, an electrocardiogram, micromanometer left 
ventricular pressures, and the first derivative of left ven- 
tricular pressure (dP/dt) were recorded on a Gould 2800s 
eight-channel physiologic recorder (Gould Electronics, 
Cleveland, Ohio). All data were acquired under control 
conditions and during a maximum of six additional, steady- 
state hemodynamic conditions produced by either aortic or 
inferior vena caval occlusion. At the completion of the pro- 
tocol, each animal was killed. The distance from the geo- 
metric center of the left ventricle to the chest wall (camera 
crystal) was then measured. At that time the hearts were 
excised, structures were dissected free from the left ventri- 
cle, and the left ventricles were weighed (in grams). 

Hemodynamics. The micromanometer left ventricular 
pressure signals were averaged, and the average left ven- 
tricular pressure waveforms were hand digitized at 200 Hz 
using a Calcomp 9100 interfaced to an IBM PC computer 
(IBM Corp., Purchase, N.Y.). The program developed in 
our laboratory provides instantaneous left ventricular 
pressure and the first derivative of left ventricular pressure, 
dP/dt.6-8v l1 These hand-digitized left ventricular pressure 
data were interpolated to guarantee the isochronicity of the 
pressure-volume data points. 

Radionuclide angiography. Red blood cells were tagged 
by means of a modified in vitro labeling technique with 30 
mCi of technetium-99m. A standard field of view gamma 
scintillation camera (Siemens Gammasonics, Inc. Nuclear 
Medicine Division, Des Plaines, Ill.) was used to acquire 
radionuclide images under control conditions and during 
each hemodynamic steady-state condition into 64 X 64 
byte matrices for consecutive, corresponding 20 msec 
frames until information from 500 R-R intervals was pro- 
cessed. Midway through the radionuclide acquisition, a 2 
ml blood sample was obtained and the time was recorded. 
Each blood sample was counted at the completion of the 
protocol on the collimator for 2 minutes to obtain counts/2 
min/2 ml. The distance from the gamma scintillation cam- 
era to the left ventricular geometric center of mass was ob- 
tained at the completion of the protocol. 

Radionuclide left ventricular volumes were calculated by 
means of a hand-drawn region-of-interest technique to ob- 
tain left ventricular count data.12* l3 Briefly, the left ven- 
tricular images were background-subtracted and smoothed. 
Left ventricular regions-of-interest were outlined by the 
operator for each frame. Then these background-sub- 
tracted left ventricular counts were standardized for frame 
duration, cardiac cycles acquired, and decay-corrected 
blood sample counts. These standardized left ventricular 
counts were corrected for photon attenuation (eUd), where 
u is assumed to represent the linear attenuation coefficient 
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of 0.15 cm-l for the 140 keV photon of technetium-99m and 
d represents the directly measured distance to the left 
ventricular geometric center of mass. 

Calculation of left ventricular Emax and Egs slope 
values. The corresponding micromanometer left ventricu- 
lar pressures and radionuclide left ventricular volumes for 
each loading condition were plotted to obtain multiple 
pressure-volume loops for each animal. Then isochronal 
pressure-volume data points from each of the pressure- 
volume loops were subjected to linear regression analysis to 
obtain the maximum slope of these relations, which was 
defined as E,,,. 1-a The E,, relations were calculated by de- 
termining the maximal pressure-volume ratio, and then 
subjecting these pressure-volume data points to linear re- 
gression analysis to obtain a slope.6l 8, 14-lg 

Statistical analysis. All data are presented as the 
mean + standard deviation. The E,, slope values were 
compared to the E,, slope values by a paired t test. The 
unstressed volumes (Vo) for these indices of left ventricu- 
lar contractility were also compared by a paired t test. The 
E,, and E,, slope and Vo values were also compared by 
linear regression analysis. A z test for parallelism was per- 
formed to establish whether the E,, and E,, slope values 
differed in an individual dog. The E,, and E,, slope val- 
ues were compared to dog weight, left ventricular weight, 
and left ventricular end-diastolic volume (defined as the 
maximum left ventricular volume obtained from the radi- 
onuclide time-activity curve) using multiple regression 
analysis (MIDAS, University of Michigan, 1976). A prob- 
ability value of 0.05 or less was required for significance. 

RESULTS 

Indices of left ventricular contractility. The individ- 
ual and mean E,, and E,, slope values are shown in 
Table 1 and Fig. 1. The E,, slope values ranged from 
2.76 to 12.10 mm Hg/ml, with a mean of 7.14 f 2.54 
mm Hg/ml. The E,, slope values ranged from 2.52 to 
9.12 mm Hg/ml, with a mean of 5.68 k 1.88 mm Hg/ 
ml. The average E,, slope value exceeded that for 
E,, (p < 0.01, Fig. 1, left panel). In spite of a signif- 
icant difference in the mean E,,, and E,, slope val- 
ues, a separate issue is whether the E,,, and E,, slope 
values calculated using the present methodology 
differ in an individual dog. The individual E,, and 
E,, slope values did not differ significantly when a z 
test for parallelism was used to compare them in each 
dog (p > 0.05 for all comparisons). This lack of a sig- 
nificant difference between the individual E,, and 
E,, slope values occurred in spite of the generation of 
as many as seven pressure-volume loops. Moreover, 
the individual E,, slope values correlated with their 
corresponding E max slope values (r = 0.95 and p < 
0.001, Fig. 2, left panel). 

The extrapolated volume-axis intercepts for the 
E,, slope values ranged from -10 to 23 ml, with an 
average Vo of 7 f 8 ml. The E,, slope values had un- 
stressed volumes that ranged from -12 to 17, with a 
mean of 1 -t 7 ml. These Vo values differed signifi- 
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Fig. 1. A, The mean E,,, (open bar) and the mean E, 
(cross-hatched bar) slope values from the 16 animals are 
shown. A significant difference is noted. 6, The mean &,, 
(open bar) and the mean E, (cross-hatched bar) unstressed 
volumes IV,) are shown. A significant difference is noted. 

cantly (p < 0.01, Fig. 1, right panel). The Vos for the 
E,, relations correlated, however, with those for E,,, 
(r = 0.80, p < 0.001, Fig. 2, right panel). 

To further elucidate the possible mechanisms for 
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Fig. 2. A, The individual E,, slope values (on the ordinate) are compared to the individual E,, slope values (on 
the abscissa). The individual data points, regression line, regression equation, correlation coefficient (r). and stan- 
dard error of the estimate (SEE) are shown. B, The individual E, unstressed volumes (on the ordinate) are com- 
pared to the individual E,,, unstressed volumes (on the abscissa) in a similar fashion. 

these observations, we investigated the individual 
E,, and Ees curves for each dog. The E,,, and E,, 
slope values were essentially identical in 5 of the 16 
dogs, while they differed by more than 1 mm Hg/ml 

‘in the remaining 11 dogs. Two possible explanations 
emerged. First, as shown in Fig. 3, in the higher con- 
tractile range (>6 mm Hg/ml), there was curvilinear- 
ity to these relationships. When a polynomial curve 
fit to these data was performed, the E,, and E,, re- 
lations became nearly superimposable with compa- 
rable Vos. Second, also shown in Fig. 3, the time- 
varying elastance function appeared to go beyond the 
maximum pressure-volume point in some dogs on 
those pressure-volume loops generated following in- 

ferior vena caval occlusion, but not generally on those 
pressure-volume loops generated under control con- 
ditions or following aortic occlusion. The time- 
varying elastance did not, however, go beyond min- 
imum ventricular volume, and it did not exceed the 
maximum pressure-volume point by more than 20 
msec in this preparation. 

Comparisons with heart size. When the E,,, slope 
values were compared to dog weight, left ventricular 
weight, and left ventricular end-diastolic volume, 
they demonstrated an inverse linear relationship 
with left ventricular mass and end-diastolic volume 
(F = -0.59 and -0.76, p < 0.05 and <O.OOl). When 
the E, slope values were compared with these mea- 
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Fig. 3. Curvilinearity to the E,, and E,, relations in the high contractile range are shown. Note that when 
a polynomial curve fit to the individual E,,, and E,, pressure-volume data points is applied, there is no 
difference in the two relations. 

sures, they demonstrated an inverse linear relation- 
ship with dog weight (r = -0.54, p < 0.05), left ven- 
tricular weight (r = -0.59, p < 0.05), and left ven- 
tricular end-diastolic volume (r = -0.69, p < 0.01). 
When multiple regression analyses were applied to 
these data, the E,, and E,, slope values demon- 
strated relationships only with left ventricular end- 
diastolic volume (Fig. 4). 

When the E,,, Vos were compared to dog weight, 
left ventricular weight, and left ventricular end-dias- 
tolic volume, the Vo values demonstrated a relation- 
ship with dog weight (r = 0.53, p < .05) and left ven- 
tricular weight (r = 0.57, p = 0.02), but not with left 
ventricular end-diastolic volume. When the E,, Vos 
were compared with these measures, no consistent 
relationship was evident. 

DISCUSSION 

The data from the present investigation, in which 
radionuclide angiography was used to calculate left 
ventricular contractile indices, indicate that the av- 
erage E,, an d E,, slope values differ. The apparent 
mechanisms for this observation are the assumption 
of linearity when curvilinearity is present and the 
dependency of these slopes on the timing of systolic 
events in some dogs. An inverse linear relationship 
was demonstrated between the individual E,,, and 
E,, slope values and their corresponding left ventric- 
ular end-diastolic volumes. Only the E,, slope val- 
ues had Vos that demonstrated a relationship with 
heart size, while the E,, Vos had no relationship to 
animal or heart size. Thus the average E,,, and E,, 
slope values differ when the potential for curvilin- 

earity and the timing of systolic events is ignored, and 
these contractile indices both have a comparable re- 
lationship with heart size that is best represented by 
left ventricular end-diastolic volume. 

It has previously been reported that E,, slope 
values calculated with biplane contrast cineangi- 
ography6 and radionuclide angiography5y 7* 8 in man 
are underestimated by other indices of left ventricu- 
lar contractility. The explanation for these observa- 
tions has not been completely elucidated, but several 
possibilities exist. First, in the animals with higher 
slope values, curvilinearity affected the assumptions 
regarding linearity of and the observations regarding 

. 
differences between the E,, an d E,, slope values in 
the present investigation. This is consistent with the 
observations of Burkhoff et a120 in an excised sup- 
ported left ventricle, and of Little et a121 in chroni- 
cally instrumented animals. Little et a121 reported 
that, despite significant linear fits to the E,, data, 
curvilinearity shifted the relationship to a higher Vo, 
which was noted in this investigation for E,, more so 
than for E,,,. Compensation for curvilinearity caused 
the E,, relations to approximate more closely the 
E,, relations in some dogs. Second, there may also 
be an important timing phenomenon in some pa- 
tients or animal&-that is, the E,, slope value may 
include pressure-volume data points beyond the 
maximum pressure-volume point but not beyond 
minimum ventricular volume in the unloaded pres- 
sure-volume loops. This observation contrasts with 
what Kass et a1.22 have suggested and with what has 
been shown for indices of regional left ventricular 
contractility by Miller et al.23 They reported that the 
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Fig. 4. A, The individual end-diastolic volumes (EDV) (on the ordinate) are compared to the individual E,,, slope 
values (on the abscissa). The individual data points, regression line, regression equation, correlation coefficient (r), 
and standard error of the estimate (SEE) are shown. 6, The left ventricular end-diastolic volumes (on the ordi- 
nate) are compared to the E,, slope values (on the abscissa) in a similar fashion. 

E,,, slope values may be constructed from pressure- regional E,, slope values to variations in arterial 
volume points22 or pressure-segment length (wall loading conditions in contrast to the regional E,,, 
thickness) points, 23 which all reside well beyond the slope values, which further supports the importance 
maximal pressure-volume point of each loop. We did of the timing of systolic events on the calculation of 
not make this observation in our study. Nevertheless, these contractile indices, particularly E,,. A third ex- 
the present observations are consistent with those planation may be the difficulty inherent in this prep- 
using similar methodology in man,6, 8 which suggest aration of identifying the maximal pressure-volume 
that the maximal pressure-volume point is more ratios from each pressure-volume loop for the calcu- 
rapidly achieved in the unloaded condition compared lation of E,, due to several pressure-volume data 
with that in the resistively loaded condition, and may points being at or near the same ratio. This was not 
explain in part why the slope and Vos are larger for a difficulty with the E,,, slope values, which were 
E,,, compared with E,, in some dogs. Further, Miller consistently and reproducibility identified in these 
et a1.23 reported a disproportionate sensitivity of the animals. Consequently, the explanation for differ- 
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ences in the average E,,, and E,, slope values may be 
complex and may be due to curvilinearity, the timing 
of systolic events, particularly in the unloaded con- 
dition, and the ability to identify the appropriate 
pressure-volume data points to include when calcu- 
lating E,, slope values. 

The problem of delineating the mechanisms for the 
differences in the mean E,,, slope values and other 
contractile indices in man is that of insufficient data 
points to determine whether curvilinearity exists and 
in obtaining sufficient pressure-volume data points 
to guarantee statistical reliability of the slope values. 
A minimum of three pressure-volume data points 
have been employed to calculate E,,, and other con- 
tractile indices in man.6-8 Although these studies 
have identified differences between the average E,,, 
and E,, slope values, the statistical reliability of the 
individual slope values may not be sufficient to con- 
clude that the E,,, and E,, slope values in an indi- 
vidual patient differ significantly, or to elucidate the 
mechanisms for these differences, if indeed they do 
differ in an individual patient, because their 95% 
confidence intervals are wide. In our study, when a z 
test for parallelism of the E,,, and E,, slope values 
was performed to determine whether these slope val- 
ues differed in each dog, no significant difference was 
noted when up to seuen pressure-volume data points 
were included in the calculations. These observations 
imply that the use of few pressure-volume data 
points to calculate either the E,,, or E,, relationship 
may be insufficient to determine whether a statisti- 
cally significant change in left ventricular contractil- 
ity has occurred in an individual animal or patient. 
However, the E,,, or E,, data may be used to assess 
differences in left ventricular contractility between 
patient groups or to determine whether changes in 
left ventricular contractility have occurred in re- 
sponse to an intervention within groups. 

It has also b&en suggested on theoretic grounds 
that E,,, and E,, slope values may have to be stan- 
dardized to eliminate the influence of heart size be- 
fore differences in left ventricular contractile state 
can be identified.15 Belcher et a1.g reported that E,, 
slope values demonstrated an inverse linear relation- 
ship with dog weight and left ventricular weight un- 
der basal and enhanced contractile states. Similarly, 
it has been shown in patients with normal left 
ventricle& that E,,, slope values are inversely re- 
lated to left ventricular mass, which is consistent with 
the observations of Belcher et a1.,g but they were also 
inversely related to left ventricular end-diastolic vol- 
ume. The data in the present investigation suggest 
that E,,, and E,, slope values calculated with radi- 
onuclide angiography are inversely related to left 

ventricular end-diastolic volume. In contrast, no in- 
dependent relationship could be defined for animal 
weight or left ventricular weight. Only the E,,, vol- 
ume-axis intercepts were related to body and left 
ventricular weight. Thus the data in the present in- 
vestigation are consistent with the previous observa- 
tions made in various animal preparationsgy lo and in 
man,6 which indicate that indices of left ventricular 
contractility have a relationship with heart size. 

Methods for standardizing the E,, and E,, slope 
values have been proposed.1°7 15, 241 25 Berko et al.1° 
have demonstrated, in an acute animal preparation 
of mitral regurgitation, that E,, slope values were in- 
versely related to left ventricular end-diastolic vol- 
ume, both in the control and mitral regurgitant 
states. The mean E,, slope value decreased from the 
control condition following the production of acute 
mitral regurgitation. This reduction in the E,, slope 
values was presumably due to an increase in left ven- 
tricular end-diastolic volume, since the E,, slope val- 
ues were unchanged following standardization for the 
change in heart size. These data would suggest that 
E,,, and E,, slope values should be standardized for 
the change in heart size to determine whether a 
change in left ventricular contractility has occurred. 
In contrast, others have suggested standardizingI or 
have tried standardizing24, 25 contractile indices by 
multiplying the E,, slope by the Vo. However, using 
an extrapolated value obtained assuming linearity 
between pressure-volume data points may not be ap- 
propriate, because the relationship may be curvilin- 
ear and negative Vo values may be obtained in some 
patients or animals. Consequently, simple multipli- 
cation of E max and E,, slope values by Vo, consider- 
ing the demonstrated problems with determining Vo 
in this and other investigations,20, 21 suggests that 
other approaches should be investigated. 

Whether standardization of E,,, slope values is 
necessary to determine if left ventricular contractil- 
ity is normal or depressed in an individual patient, 
when comparisons are made between patients who 
have a normal left ventricle and patients who have an 
increase in heart size due to cardiac pathology, is not 
clear.24T 26 Using a mathematical standardization of 
the E,,, slope value for left ventricular end-diastolic 
volume, preliminary data from our laboratory would 
suggest that, at least in patients with left ventricular 
volume overload and cardiomyopathy, the patho- 
physiologic process has a much greater impact on left 
ventricular contractility than does heart size.26 The 
percentage reduction in the E,,, slope values due to 
heart size averaged only 13 % . This was similar to the 
reduction in the E,, slope value observed by Berko et 
al.1° following the development of acute mitral re- 
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gurgitation in an animal preparation. Consequently, 
a correction for heart size in patients with chronic left 
ventricular volume overload or cardiomyopathy did 
not help dichotomize patients into those with pre- 
served compared to depressed left ventricular 
contractility.26 Thus standardization for heart size is 
probably important when one compares contractile 
indices generated in the same heart under different 
conditions, while it may not be necessary for deter- 
mining whether left ventricular contractility is pre- 
served or depressed between patients. 

Potential limitations to the methodology used to 
calculate the maximum time-varying elastance in 
this short-term animal preparation should be con- 
sidered. We employed aortic or inferior vena caval 
occlusion to alter left ventricular loading conditions. 
Previous studies have demonstrated that altering ar- 
terial resistance by pharmacologic means shifts the 
end-systolic pressure-volume relationship to a 
smaller Vc without a change in slope from that 
observed under control conditions.161 27, 28 This prob- 
ably relates to a closer approximation of the isovolu- 
mic length-tension relationship when arterial load is 
increased.27 Nevertheless, the changes observed in 
these studies were small and were well within the po- 
tential variability of all clinically applicable volu- 
metric techniques. 

Second, it has also been demonstrated that the 
pressure-volume relationship may be curvilinear at 
the extremes of the pressure range.21, 22, 2gs 3o In the 
puppy left ventricle, Suga et a1.30 demonstrated a 
plateauing of the end-systolic pressure-volume rela- 
tionship at high arterial loads, suggesting a satura- 
tion effect. This was not observed, however, in the 
adult canine left ventricle. Sunagawa et a1.2g have 
observed a curvilinear relationship toward the vol- 
ume-axis intercept at loads below a critical coronary 
perfusion pressure of approximately 60 mm Hg. This 
may be related to inadequate coronary perfusion and 
the induction of global myocardial ischemia. We did 
not alter left ventricular loading conditions in these 
animals below a mean arterial pressure of 60 mm Hg. 
Moreover, curvilinearity of the end-systolic pressure- 
volume relationship has been observed by Burkhoff 
et a1.20 at high or low left ventricular contractile 
states, while linear relationships were observed within 
the range of contractile states observed in some of our 
animals. As previously discussed, curvilinearity did 
exist in our short-term animal preparations for both 
the Emax and E,, slope values in the higher contrac- 
tile range, which may explain in part the difference 
between the average E,, and E,, slope values. 
Therefore one may only assume linearity for these 
relationships within a relatively narrow range of 

contractile states. Whether curvilinearity of these 
relationships exists in man will require the genera- 
tion of many more pressure-volume data points. 

Finally, we studied our animals following beta- 
adrenergic blockade to alleviate the effects of alter- 
ations in sympathetic nervous system activity on left 
ventricular contractility.“l, 32 We cannot completely 
exclude reflex changes in autonomic tone during the 
alterations in loading conditions produced by the 
aortic or inferior vena caval occlusions. Previous data 
from our laboratory in man would suggest, however, 
that this range of loading conditions produces only a 
modest change in serum catecholamines and no 
change in left ventricular contractility, as measured 
by (+)dP/dt at a developed pressure of 40 mm Hg. 
This observation is consistent with prior observa- 
tions on the effects of catecholamines on left ventric- 
ular contractility in conscious animals.33s 34 Thus al- 
terations in the activity of the sympathetic nervous 
system probably had little effect on the generation of 
the Emax and E,, slope values in our animals. 

We conclude that the mean E,,, and E,, slope val- 
ues calculated with radionuclide angiography differ. 
These observations are related to the assumption of 
linearity when curvilinearity is present, the timing of 
systolic events, or to a combination of these factors. 
Thus since both the E,,, and E,, slope values calcu- 
lated using the radionuclide methodology employed 
in this investigation are variably affected by similar 
influences, are highly correlated, are not different in 
an individual animal, and are comparably related to 
heart size, they both may be useful for assessing 
short- and long-term alteration in left ventricular 
contractility in animals and man, as long as they are 
applied consistently within an individual animal or 
patient or between groups of animals or patients. 

The assistance of Sheila Squicciarini, BS, and Diane Bauer in 
the preparation of this manuscript is appreciated. 
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