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Seventeen patients with coronai'y artery, val-
vular, or myopathic heart disease were studied
to determine correlations of the cardiac output
and ejection fraction when comparing the re-
sults obtained with a portable probe technique
using **In with those obtained with standard
methods (cineangiographic, Fick, and dye dilu-
tion). With ejection fractions ranging from
0.10 to 0.85, the coefficient of correlation was
0.90 when comparing cineangiographic and ra-
dionuclide techniques. Cardiac output deter-
minations by the radionuclide technique also
correlated well with standard methods (r —
0.88). The radionuclide method shows promise
as an accurate, safe, and simple method in the
evaluation of cardiac function at the bedside.

Of the various parameters measured to evaluate
left ventricular performance, the ejection fraction
appears to be the best estimator of overall pump
function in patients with various forms of heart dis-
ease (I). Noninvasive techniques, such as echocar-
diography (2) and systolic time interval measure-
ment (3), have been used to assess ventricular
performance; however, neither measures ejection
fraction in a manner that is unaffected by localized
wall motion abnormalities such as occur in coronary
artery disease. Therefore, a need exists for an accu-
rate, safe, and simple noninvasive method of meas-
uring overall pump function, including left ventricular
ejection fraction, in patients with various forms of
heart disease. For years, radionuclides have been
used to obtain quantitative information on the size
of various cardiac chambers and the rate of blood
flow through them (4). The determination of cardiac
output using a scintillation camera has been pre-
viously described (5). More recently, modifications
in the scintillation probe and the use of high-fre-
quency variation in counting rate recording from
within the left ventricle have provided accurate in-
formation concerning the left ventricular ejection
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fraction when appropriate correction has been made
for counts from surrounding tissue (6,7).

In this paper we report our results comparing car-
diac output, left ventricular ejection fraction, and
left ventricular end-diastolic volume determined by
standard invasive methods with results obtained
using a portable single probe to monitor the passage
of a radionuclide through the arterial circulation.

METHODS

Radionuclide method. The equipment and proce-
dures used in this study have been previously de-
scribed (6,7). The radionuclide used is !**™In. Easily
elutable from a commercially available, long-lived
generator (118 days), !'*™In has a photon energy
(393 keV) that assures near isoefficiency of count-
ing regardless of depth, and its lack of beta radiation
is associated with a low body radiation dose (25
mrads/mCi). Its short half-life (100 min) allows
serial studies to be performed within a short period
of time without exceeding allowable radiation limits.
If injected as the chloride directly into the blood
stream, ''3"In combines quantitatively with trans-
ferrin and remains intravascular. With appropriate
blood sampling, calculations of blood volume can
be made.

A catheter is positioned in the superior vena cava.
A cutaneous marker is placed over the estimated
midpoint of the left ventricle as determined by fluros-
copy or chest radiograph. A portable scintillation
probe with a 5- X S-cm sodium iodide crystal and a
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Collimation for

background ‘ring’

FIG. 1. Method for determining ejection fraction. Separate
collimators are used to record activity from left ventricle (top left)
and from background tissue surrounding left ventricle (bottom left).
A/B, ejection fraction. [Modified from Steele (7) with permission.]

high-speed strip-chart recorder with a counting rate-
meter with 10 million cpm capacity and time con-
stant af less than 0.1 sec is used to record radioac-
tivity. With the probe centered at the midpoint of
the left ventricle, 1 mCi of '3™In-Cl (approximately
1 ml) is injected as a bolus into the superior vena
cava and the radioactivity is recorded (Fig. 1). Col-
limation for obtaining the left ventricular counting
rate curve is provided by a 138 in.-circular port in
the %2 in.-lead shield. Background correction is made
following a second injection of 0.5 mCi of the same
radionuclide using a different collimator, which
eclipses the region of the left ventricle but records
paraventricular activity (Fig. 1). The eclipsing col-
limator is a 2344 in.-circular lead shield Y2 in.-thick,
placed 134 in. out from the probe face (435 in. from
the detector crystal) and maintained in position by a
Styrofoam cone. The recorded curve generated with
the left ventricle eclipsed becomes the “background”
curve when it is superimposed on that obtained with
the left ventricle exposed in such a manner that their
nadirs are matched. For each of the first several
beats following the peak of the left ventricular curve,
the differences in counting rate between maximum
and minimum and between maximum and back-
ground are determined (Fig. 1). The ejection frac-
tion is determined by averaging for the several beats
the ratios of the maximum-minimum difference to
the maximum-background difference. In order to
determine cardiac output, the area (first pass area)
under the left ventricular sampling curve is measured
by planimeter from the onset of injection and fol-
lowing the curve representing the exponentially ex-
trapolated washout of left ventricular activity (Fig.
1). The area under a 1-min segment of the left ven-
tricular curve at equilibrium is similarly planimetered
(equilibration area). The cardiac output is calcu-
lated as the product of the blood volume times the
equilibration area divided by the first pass area (7).

Patient selection and procedure. Seventeen patients
undergoing diagnostic catheterization were subjects
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for this study. Of these seventeen patients, five had
coronary artery disease, seven had valvular heart dis-
ease, four had a cardiomyopathy, and one had co-
arctation of the aorta. After right- and left-sided
pressures and cardiac outputs were obtained, the
radionuclide studies were performed, then left ven-
tricular cineangiography was performed in the 30-deg
right anterior oblique position. The cineangiographic
recording system used, together with the methods of
left ventricular volume and ejection fraction deter-
mination and validation in our laboratory, has been
previously described (8). Briefly, a video disk re-
corder, a light-pen unit, and a digital computer are
used for computing left ventricular volumes and
ejection fractions.

RESULTS

Figure 2 shows good correlation of the left ven-
tricular ejection fraction as determined by contrast
cineangiography and the radionuclide technique (r =
0.90). Elimination of patients with valvular heart
disease does not alter this correlation. Figure 3 shows
a typical record obtained from a patient with a nor-
mal ejection fraction and that of another patient with
a low ejection fraction. Patients in atrial fibrillation
were excluded from ejection fraction determination
and correlation study since the maximum-to-mini-
mum oscillations in ventricular activity vary consid-
erably with changing R-R intervals. The correlation
of the cardiac output using ''*™In and standard
methods (dye dilution or Fick) is shown in Fig. 4.
The inclusion of patients with valvular insufficiency
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FIG. 2. Correlation of ejection fraction determined from con-
trast cineangiographic and radioisotope techniques. EF, ejection
fraction; r, correlation coefficient; and SEE, standard error of the
estimate.
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FIG. 3. Records from patient with normal ejection fraction (top)
and another patient with low ejection fraction (bottom).
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FIG. 4. Correlation of cardiac output determined from stand-
ard and radioisotop thods. CO, cardiac output; SEE, standard
error of estimate; and r, correlation coefficient.

did not alter this correlation. The results of end-
diastolic volume using the radioisotope method
(stroke volume divided by ejection fraction) did
not correlate as well with the results obtained by
contrast cineangiography (r = 0.51). If patients
with valvular regurgitation are excluded, however,
this correlation was improved to 0.88 (Fig. 5).

DISCUSSION

Previous studies have shown that the left ventricu-
lar ejection fraction is a good measure of overall
pump function (/) and of significant prognostic
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value in patients with coronary artery and valvular
heart disease (9,10). Contrast cineangiographic meth-
ods used to determine the ejection fraction, although
generally accepted as the most reliable standard for
comparison, have certain inherent risks (I1), can
alter cardiac hemodynamics (/2), and are not easily
repeatable. The determination of cardiac output by
standard Fick and dye dilution techniques involves
cardiac catheterization. Therefore, a simple and safe
method for repeated bedside measurements of left
ventricular ejection fraction and cardiac output would
be of great value in evaluating and managing pa-
tients with various forms of heart disease. The radio-
nuclide method described in this communication
requires only a central venous pressure line, uses
simple equipment, is associated with minimal radia-
tion exposure, and gives quick and accurate informa-
tion on the cardiac output and left ventricular ejec-
tion fraction. Although the radionuclide method of
measuring cardiac output is ideally suited to patients
with ischemic heart disease hospitalized in coronary
care units, the accuracy was equally good for pa-
tients with or without valvular heart disease. Steele,
et al have reported a correlation of 0.78 for cardiac
output determinations using !3*™In and standard In-
docyanine dye methods (7).

There are several limitations that must be consid-
ered in using the radionuclide method. Calculation
of the ejection fraction in patients with atrial fibrilla-
tion is difficult and may give inaccurate information.
Ejection fraction measurements below 15% are dif-
ficult to measure accurately because of small changes
in counting rate from beat to beat. The quantitation
of end-diastolic volume may be less accurate since
this calculated result depends on the accuracy of
two separate determinations: ejection fraction and
cardiac output.
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FIG. 5. Correlation of end-diastolic volume determined from
cineangiographic and radioisotope methods when all patients are
included. Comparison is not as close as for ejection fraction and
cardiac output. EDV, end-diastolic vol ; and r, correlation co-
efficient.
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