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In previous reports from our laboratory (I,2)
and those of others (3—6), it has been suggested that
dynamic studies of cardiac blood flow with ?*=Tc
and the scintillation camera might be of clinical
utility. The recent development of the image-intensi-
fier scintillation camera, also capable of recording
wide-field radioisotope images from the precordium
and incorporating a system for video storage and
analysis (7,8), has permitted us to extend the scope
of these studies to quantitative assessment of cardiac
output in animals and man. The present communi-
cation reports our initial findings.
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MATERIALS AND METHODS

The technique used throughout this study was the
single-injection indicator-dilution method with in-
direct sampling (9). Seven patients and six dogs
were studied.

Technetium-99m-human serum albumin (specific
activity 3—5 mCi/ml), prepared by the method of
Kazem and Maier-Borst (10), was selected as the
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optimum high specific-activity preparation available
to fulfill the necessary criteria for an indicator (9);
i.e., that it remain entirely in blood between the
points of injection and sampling and that it disperse
uniformly in blood. The important time periods of
the indicator dilution display are: (A) the initial
10-15 sec which include the first passage of indi-
cator through the heart (1,2), and (B) the time at
which isotopic equilibrium is assumed to be achieved,
10 min postinjection of the bolus (11).

Stability of the injected **»Tc-albumin was tested
by ascending thin-layer chromatography (Eastman
chromagram sheet 6065) of serially obtained plasma
samples in 85% methanol.

The image-intensifier scintillation camera used in
these studies has been described in detail elsewhere
(7,8). The quantifying device, a television “cursor”
system (3) drives a strip-chart recorder; the strip-
chart readout permits digital display of the intensity
of radiation detected in the discrete field of view
encompassed by the cursors. A 35-mm stop-motion
camera mounted on the oscilloscope permits pho-
tography of events on the oscilloscope face in any
one of eleven different time intervals, ranging from
1/60 sec to 5 min. This permits replay and integra-
tion of the entire sequence as often as is necessary
to quantitate radioactivity in any area of interest.

RESULTS

The radiochromatogram shown in Fig. 1 indicates
an initial rapid breakdown of *™Tc-albumin in vivo.
However, it would appear that following this initial
breakdown (5 min postinjection, Fig. 1), no fur-
ther breakdown occurs during the next 10 min
during which time an equilibrium plasma sample
has already been obtained and the study completed.

In calculating cardiac output (vide infra), we
have assumed that no significant breakdown of
labeled albumin occurs during the first passage of

the radioactive bolus through the heart (from which
events the radiation intensity curves are obtained),
and the height of the curve at equilibrium has been
corrected for a 10% loss of tag (based on radio-
chromatograms on three batches of °**Tc-albumin
encompassing eight studies in normal subjects—
Table 1).

Mongrel dogs were studied immediately after
cardiac output had been determined using the car-
diogreen direct-sampling indicator-dilution tech-
nique (9). Immediately before the °*™Tc-albumin
cardiac output study, a blood volume was obtained
using radioiodinated albumin (/2,/3). The animal
was then positioned under the detector, and 3 mCi
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FIG. 2. intensity curve, cursors over right atrium, obtained
from ®™Tc-albumin study performed in mongrel dog.

TABLE 1. LOSS OF 99mTc-ALBUMIN TAG OVER TIME
_ *™Tc tagged albumin
“mT‘.‘ % tog = ®=T¢ tagged albumin 4 free ®™Tc X 100
albumin time (min) % loss of tag time (min)
batch Patient
No. No. 0 5 10 15 0-5 0-10 0-15
1 97.5 86.6 877 89.6 1.2 10.0 8.1
! { 2 97.5 87.2 88.5 87.6 10.5 9.2 10.1
3 953 85.1 84.8 84.6 10.7 1n.o 11.2
2 { 4 95.3 844 85.2 86.1 N4 10.6 9.7
5 95.6 85.6 85.3 84.7 104 10.8 114
6 95.6 84.8 85.6 86.1 13 104 9.9
3 7 95.6 85.1 84.8 85.5 10.9 n3 10.6
8 95.6 85.2 84.5 85.8 10.9 1.6 10.3
mean % loss of tag 10.9 10.6 10.2
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99mTc-albumin were injected through an indwelling
catheter placed in the jugular vein. The passage of
the bolus through the heart was recorded on video-
tape. Thereafter, the tape was replayed, areas of
interest localized, and intensity recordings in these
areas obtained. Figure 2 shows a representative in-
tensity curve obtained from an area of interest in the
right heart. The descending limb of the curve was
then extrapolated on semilog paper and replotted.
The area under the curve was determined by planim-
etry. Cardiac output was calculated using the for-
mula (11):

Cardiac output (liters/min) =

[Height of curve at equilibrium]
[Chart speed (in./min)]
Area under curve [in.2]

X Blood volume [liters].
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FIG. 3. Correlation between sequential cardiac outputs as
determined by cardiogreen technique and isotopic method in six
mongrel dogs.
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Figure 3 shows the correlation between sequential
cardiac outputs as determined with the cardiogreen
technique and the isotopic method in six dogs. As
can be seen from the correlation coefficient of 0.95,
p < 0.02, the agreement between the two techniques
is excellent. The statistical identity of these meas-
urements is further corroborated by paired t-test:
t = —1.25, at 90% confidence level —2.015 < t <
2.015. The sensitivity of the isotopic method to
change in cardiac output is attested to by sequential
dye and radionuclide output measurements before
and after 200 cc phlebotomy in one of the study
dogs, viz, control output: cardiogreen, 2.7 liters/min,
9%mTe, 2.3 liters/min; postphlebotomy output: car-
diogreen, 1.9 liters/min, **™Tc, 1.4 liters/min.

Seven patients (Table 2) undergoing cardiac cath-
eterization were also studied by the isotopic tech-
nique. In two instances, the isotopic study was
carried out with the catheter still in place; in the
remainder, the study was performed with a concen-
trated bolus injection into an antecubital vein (7,2)
1 day after cardiac catheterization. All studies were
carried out in the anterior projection. To delineate
the field of view, three ®*»Tc markers were placed on
the chest at the suprasternal notch, the Sth intercostal
space at the right sternal border, and at the point
of maximum impulse. Three to 5 mCi ***Tc-albumin
were injected either directly into the cardiac catheter
or into an antecubital vein (1,2). Figure 4 shows
the first 2.5 sec of a typical study. Note the cursors
in position over the enlarged right atrium. Cardiac
output was determined in the same manner as de-
scribed for the dog studies. Figure S indicates the ex-
cellent correlation between cardiac output in the
seven patients studied to date as determined by the
cardiogreen procedure and that determined by the
isotopic technique (correlation coefficient 0.8, p <
0.05). Analysis of these data by paired t-test again
confirms their statistical identity (t = —0.52, at
90% confidence level —1.943 < t < 1.943).
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FIG. 4. Image-intensifier scintillation
camera ®™Tc-albumin cardiac blood-flow
study in patient LP. SVC = superior vena
cava; RA = right atrium; RV — right ven-
tricle; PO = pulmonary ovutflow tract.
Small solid circle in 0.25-sec photo en-
closes cursors placed over (enlarged) right
atrium.
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TABLE 2. DIAGNOSES AND WAY IN WHICH
ISOTOPIC STUDY WAS PERFORMED IN
SEVEN PATIENTS STUDIED

Site of isotope

Patient Diagnosis injection
Jp No confirmed cardiac Catheter in inferior
disease vena cava
JC Mitral stenosis; aortic Left antecubital vein
regurgitation
M Aortic stenosis and re-  Left antecubital vein
gurgitation

PM Aortic regurgitation,
severe

LP Status postsurgical
closure of left-to-
right atrial shunt

Right antecubital vein

Catheter in superior
vena cava

cp Pseudo-coarctation of Left antecubital vein
aorta
GW No confirmed cardiac Left antecubital vein
disease.
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FIG. 5. Correlation between cardiac outputs in seven patients
as determined by cardiogreen technique and by *™Tc-albumin
procedure.

DISCUSSIONS AND CONCLUSIONS

There have been a number of publications (74—
17) reporting the determination of cardiac output
by external monitoring of cardiac output of radio-
nuclides using collimated scintillation probes. Accu-
racy of probe placement is critical to each of these
methods, and our own experience (2) suggests that
use of a scintillation camera obviates this potential
source of serious error. In addition, the instantaneous
visualization of the passage of the radioactive bolus
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through the cardiac chambers affords substantive
qualitative information and offers the potential for
measurement of, e.g., ventricular volume (4).

Herbert et al (/8) have reported an initial rapid
breakdown of ?*™Tc-albumin in vivo. The present
studies confirm their findings but suggest that con-
tinued breakdown does not occur beyond 5 min. It
must be noted, however, that our data do not pre-
clude the possibility that the subsequent constancy
of the ratio of labeled albumin to **"TcO,~ might,
in part, reflect passage of *™TcO,~ from the intra-
vascular compartment to the extravascular space.

The findings reported herein indicate that accurate
quantitative assessment of cardiac output can be ob-
tained by an external monitoring isotopic method
with a scintillation camera which need not involve
cardiac catheterization. Use of ?™Tc-albumin by
systemic injection in this manner has caused no un-
toward side effects of hemodynamic disturbances.
Studies are presently under way in patients with
intracardiac shunts to determine the potential and
limitations, if any, of this approach.
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