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Gated radionuclide cardiac blood-pool imaging can produce reliable estimates
of left-ventricular (LV) volume and ejection fraction. The ventricular volurhe curve
can be used to develop normalized ejection rates, since count volumes and fram-
ing times are known. To test the accuracy of the peak ejection rate (maximum
dv/dt), as derived by a standard computer algorithm, we studied 15 patients with
coronary artery disease by both contrast ventriculography and radionuclide angi-
ography. Max dv/dt by the radionuclide technique correlated well with the angio-
graphic result: r = 0.92, p < 0.01. The mean intraobserver variation was +0.3 end-
diastolic volumes per sec (+12%) and the mean interobserver variation 10.33
end-diastolic volumes per sec (+13% ). We conclude that maximum dv/dt may be
derived from gated blood images, with reasonable accuracy and modest vari-

ability.
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Ejection-phase indices have proven to be the most
clinically effective way to characterize global left-ven-
tricular performance (/). It has been suggested that
global, holosystolic velocity-dependent indices may be
more sensitive than ejection fraction alone in detecting
subtle left-ventricular dysfunction (2). Ejection fraction
depends on both preload and afterload (3-5), whereas
velocity phase indices seem relatively independent of
preload (3,4). Thus, velocity indices may prove more
suitable for clinical situations where preload is altered,
such as during atrial pacing, active diuresis, or volume
infusions (5,6).

Gated radionuclide imaging of the heart has been
shown to be a reliable and reproducible technique for
evaluating left-ventricular function, size, and regional
performance (7-18). Nonetheless, little data are avail-
able on the accuracy of the peak value of the first de-
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rivative of the gated time-activity (volume) curves, an
easily derived velocity index of the cardiac ejection pe-
riod. To determine this, we studied 15 patients with
coronary heart disease by both contrast ventriculography
and radionuclide angiography.

METHODS

The 15 patients consisted of 12 men and three women
with a mean age of 56 + 6 yr (range 31-78 yr). All ra-
dionuclide studies were performed within 48 hr of the
contrast ventriculograms.

Contrast ventriculography. Biplane left ventriculog-
raphy was performed after completion of hemodynamic
studies but before coronary arteriography. A 3-sec in-
jection of 76% sodium and meglumine diatrizoate (12-18
ml/sec) was delivered through either a No. 8 Pigtail or
NIH catheter opening in front of the mitral valve.
Thirty-degree right anterior oblique and 60° left anterior
oblique projections were routinely used. The opacified
ventricle was filmed at 58-62 frames/sec, and exposed
on 35 mm film. To identify the exposure of each cine
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FIG. 1. Computer-generated time-activity curves. Because of dif-
ficulty in photographing the computer image, the time-activity curve
and its first derivative were redrawn from the original. For conve-
nience, the dV/dt curve is inverted.

frame the surface ECG and a cine-pulse marker were
recorded on a strip chart at 200-400 mm/sec. Ventric-
ulograms were made at held peak-inspiration. The
magnification grid located at the tip of the catheter was
exposed in each plane. Sinus beats removed from ectopic
beats by at least two cardiac cycles were analyzed.
Left-ventricular silhouettes for both projections, along
with the magnification grid, were drawn on paper and
digitized using a digitizer* interfaced to a table-top
calculator. The area-length method was used to calculate
ventricular volumes (/9). Frame-by-frame left-ven-
tricular volume-time data were then smoothed using a
digital Sth-order Butterworth low-pass filter with a
cutoff frequency of 7.5 Hz. The slope of this curve was
derived using a Lagrange polynomial (20) (Fig. 1). The
peak negative value was normalized to the end-diastolic
volume to give the peak rate of emptying in end-diastolic
volumes/sec.

Radionuclide data analysis. After equilibration of
Tc-99m-labeled human serum albumin in the vascular
space, multiple-gated acquisition studies were performed
using a portable gamma camera with a low-energy,
general-purpose parallel-hole collimator. Energy se-
lection was set at 140 keV with a 20% window.

In order to provide good separation between the left
and right ventricles, the detector was positioned in the
40-50° left anterior oblique position with a 5-10° caudal
tilt.

A nuclear medicine digital computer system was used
to integrate several hundred heart beats (R-R intervals)
and to construct multiple, identically phased composite
images. Each heart beat was divided into 28 frames of
20-40 msec duration (R-R interval/28), each depending
on heart rate. In a 5-min acquisition, usually an average
of 10,000 counts (range 8,000-18,000) could be accu-
mulated within the left ventricular region of interest at
end-diastole in one 40-msec frame. Counts were cor-
rected for background activity.
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To generate a time-activity curve and to calculate
ejection fraction and ejection rate, a rectangle was placed
around the left ventricle at end diastole. A computer
algorithm was used to locate the edge of the left ventricle,
using as guidelines a combination of (a) the second de-
rivative of the count profile of the image within the
rectangle and (b) a minimum count-rate decline of 5%
per element. The threshold of edge detection was then
lowered by inspection to the point at which the entire
left-ventricular outline was incorporated by the “second
derivative” function. Each subsequent frame was pro-
cessed at the same threshold level so that throughout all
28 frames a “variable” region of interest closely ap-
proximating the ventricular silhouette was used to de-
termine the changing count rate within the left ventricle.
A computer-assigned region of interest adjacent to the
left lower border of the left-ventricular ROI was used to
correct for noncardiac activity. A typical curve is shown
in Fig. 2. This computer algorithm has been previously
shown to develop, reproducibly, left-ventricular ejection
fractions and volumes that correlate well with contrast
angiographic results (9-11).

A first-derivative curve of the ventricular activity
curve was computed using the difference between each
two consecutive points divided by the time interval be-
tween them (R-R interval/28). The peak negative value
of this curve, which indicates the maximum emptying
rate, was normalized to the end-diastolic counts to permit
comparisons of hearts of varying sizes and to allow the
characterization of meaningful emptying rates, in lieu
of converting relative count volumes to absolute millili-
ter. No subject had more than three extrasystolic beats
during the radionuclide study, and no attempt was made
to exclude sinus beats of varying R-R duration.

Correlations were performed using a least-squares
linear curve fit. All data are given as the group mean +
standard deviation.

Reproducibility. Intraobserver reproducibility was
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FIG. 2. Volume and normalized derivative, as calculated from
contrast ventriculograms, are plotted against time. Dots are real data
points; smoothed volumes are shown by curve. Volumes are nor-
malized by body surface area.

507



BHARGAVA, SLUTSKY, AND COSTELLO

ast
L
st
g
>
©
x 25}
&
z
15} N=15
R=092
Y=087x+005
0sf

05 15 28 35 a5
ANGIO PEAK dV/dt

FIG. 3. Correlation between peak rate of left-ventricular ejection,
as calculated from contrast angiographic and radionuclide data is
shown.

assessed by having the observer make the radionuclide
studies on two different occasions separated by at least
1 mo. Interobserver reproducibility was investigated by
having the second observer analyze the scintigraphic
data without knowledge of the results of the first ob-
server, usually within 1 mo (but not less than 2 wk) of the
original data collection and processing.

RESULTS

In 15 patients the peak rate of ejection, as measured
by angiographic techniques (x), correlated well with

TABLE 1. COMPARISON OF RATES OF LEFT-
VENTRICULAR EJECTION, AS ASSESSED BY
THE RADIOTRACER (y) AND CONTRAST (x)
METHODS
L.
Subject Maximum negative EDV dt
no. (Angio) (Radionuclide)
1 25 2.8
2 3.1 3.0
3 2.2 1.6
4 45 4.0
5 24 2.8
6 0.6 0.2
7 2.1 14
8 34 3.4
9 4.9 4.5
10 1.4 1.7
1 2.9 2.2
12 3.2 23
13 1.1 1.2
14 3.4 23
15 1.7 1.6
Mean + s.d. 263+ 19 233+ 1.2
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the radionuclide method (y) (r = 0.92). The regression
equation was found to be y = 0.87x + 0.05 (Fig. 3). Peak
emptying rates are given in Table 1.

When the radionuclide data were reprocessed by the
first observer, the mean variation in the peak emptying
rate was 0.3 £ 0.1 end-diastolic volumes/sec (+£12%).
When the data from two different observers were com-
pared, in all 15 cases, again little variation in peak
ejection was found (0.33 £ 0.1 end-diastolic volumes/
sec, +13% variation).

CONCLUSIONS

Standard gated radionuclide techniques can produce
accurate cardiac time-activity (volume) curves, though
there is some controversy over the absolute accuracy of
the timing and shape of the curve during early systolic
ejection (2/,22). Nonetheless, peak normalized ejection
rates can be determined by merely calculating the
change in counts between two frames of known duration,
and determining the highest value during ventricular
empyting. In our study of 15 patients with coronary heart
disease, the correlation between peak emptying rates
determined from biplane contrast ventriculograms and
those obtained by means of a standard, commercial
nuclear computer and gated blood images was excellent
(r = 0.92, p <0.01). The variability of the techniques
was modest for the same observer (£12%) or a second
one (£13%).

Validation of the radionuclide peak ejection rate had
not been examined previously. Bacharach and co-
workers (23) have demonstrated that 40-msec frame
durations provide reproducible and reliable measure-
ments of peak ejection rate. They examined frame du-
rations from 10-50 msec, and found that even 50-msec
frame durations are reliable at rest. This explains why
the shorter framing time of the contrast study (16-17
msec) did not distort the results, and thus correlated with
the radionuclide study (frame time 30-40 msec). The
slope of the regression equation can be expected to be less
than unity, because the sample time for the radionuclide
studies is higher.

Thus we conclude that a velocity-dependent, ejec-
tion-phase index can be satisfactorily derived from gated
blood-pool images. This index may be of particular use
when alterations of preload are expected, with the ex-
pectation that the data will be accurate and reproduc-
ible.

FOOTNOTE

* Talos.
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