
Radionuclide angiocardiography provides a safe,
noninvasive, repeatable method for determining left
ventricular ejection fraction (EF) . Radiotracer tech
niques overcome the limitations of risk and discom
fort, and since hospitalization is not required, they
involve much less expense than that inherent in
conventional x-ray contrast angiography. Radioac
tive methods are therefore much better suited to the
assessment of ventricular performance in serial stud
ies and in acute intervention trials.

The EF can be derived from scintillation images
by several different methods. One such technique,
the first-transit time-activity method, employs scm
tillation counting over a region of interest that en
compasses the left ventricle during the first transit
of a rapidly injected radioactive bolus (1,2) . End
systolic and end-diastolic counting rates (ESC and
EDC) , measured during left-ventricular bolus transit
and corrected for background, are used to calculate
ejection fraction by the following formula:

_EDCâ€”ESC
EFâ€” EDC

A second technique, the gated equilibriumblood
pool time-activity method, employs scintillation
counting over the left ventricular region of interest
after equilibrium distribution of a blood-pool imag
ing agent (3â€”7). Electrocardiographically gated ESC
and EDC are summed over several hundred cardiac
cycles, corrected for background, and the EF is cal
culated as above. In a third technique, the area

length method of Dodge and Sandler (8)â€”initially
developed for the determination of ventricular vol
umes from contrast angiogramsâ€”is applied to equi
librium blood-pool end-diastolic and end-systolic
gated images to calculate end-diastolic volume (EDV),
end-systolic volume (ESV), and EF (9,10).

This study compares these three radiotracer meth
ods with standard x-ray contrast angiography in a
group of 30 patients to determine the relative ad
vantages and limitations of each.
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Left-ventricular ejection fraction (EF) can be measured by several raâ€¢
dionuclide methods. The EFs determined by three such methods (first-transit
time-activity, equilibrium blood-pool time-activity, and equilibrium blood

pool area-length) were compared in 30 patients with EFs measured by
area-length analysis of x-ray contrast angiograms. Both time-activity meth.
ods (first-transit and blood-pool) yielded EFs that correlated well with
x-ray contrast EFs (r = 0.86 and 0.84, respectively). AreaJength analysis
of blood-pool images yielded EFs that agreed less well with x-ray contrast
EFs (r = 0.73 in the RI4O view, 0.70 in the LAO view). We condude that
first-transitand blood-pooltechniquesare equally accurate methods for
determining EF when the time-activity method of analysis is employed.

JNuclMed 18: 1159-1166, 1977



FOLLAND,HAMILTON, LARSON,KENNEDY,WILLIAMS, ANDRITCHIE

R WAVE SYNCHRONIZED BLOOD POOL IMAGING

MATERIALS AND METHODS

Patient selection. Thirty patients were selected
from those undergoing diagnostic cardiac catheteriza
tion; all consented to the performance of a radio
tracer angiogram following contrast ventriculogra
phy. Selection was additionally based on an x-ray
contrast angiogram of good technical quality. The
contrast and radiotracer studies were performed
within 2 days of each other in 20 of the 30 cases
(range, 0â€”48 days) . In six cases, more than 7 days
elapsed between studies; all six had contrast ejection
fractions greater than 0.50, none were in clinical
congestive failure, and all were clinically unchanged
between studies. Patients were eliminated from the
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FIG.1. Gatedblood-poolimaging
t.chniqu.. Each cardiac cycle is divided
into 40-msec segments beginning with the
electrocardiographicR.wave.All cyclesare
then summed to form a single representa
tive cyclecomposedof 40-msecsequential
images.

study if there were intervening cardiac events or
changes in the therapeutic program. There were 27
patients with coronary artery disease, one with car
diomyopathy and two were normal. All were in nor
mal sinus rhythm.

X-ray contrast angiography. Single-plane left
ventricular contrast angiograms were performed in
the 30Â°right anterior oblique (RAO) position dur
ing power injection of 35â€”50 cc of sodium and
meglumine diatrizoate contrast material, at a rate
of 15â€”20 ml/sec. Using a 6- or 9-in. image intensi
fier, 35-mm filming was performed at 60 frames per
second with a resolution greater than 80 lines per
inch. Only sinus beats two cycles removed from the
last premature beat were selected for quantitative

40 milliseconds
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FIG. 2. First-transittechnique.Framesof 2 seceachdisplaythe Tc-99mbolusas it passesthroughthe right heart,lungs,and left
heart.
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volume analysis by methods we have previously re
ported (11).

Radionudide hnaging. First-transit imaging was
performed with a gamma scintillation camera using
a high-resolution, parallel-hole collimator and an
energy window of 20% centered at 140 keY. The
patient was imaged supine with the camera in the
400 left posterior oblique (LPO) position. In our
laboratory, this position has proven optimal for
delineation of valve planes (2) . A standard injection
technique was assured by inserting a flexible plastic
catheter through a 14-gauge needle in the medial
antecubital vein, and advancing the tip to a central
venous position. An injection of 25 mCi Tc-99m-
labeled autologous red blood cells (volume 3.5 cc)
was flushed in with 10 cc of saline (12) . This tech
nique was chosen because of the high labeling effi
ciency (greater than 97% ) and improved image-to
background ratio attainable with labeled red blood
cells. All scintillation data and R-wave synchronous
pulses from the ECG were stored on a dedicated
computer system in serial or list mode. Collection of
first-transit data usually required less than 60 sec.

After a 5-mm delay to allow for tracer equilibrium
in the blood pool, images were obtained in the 30Â°
RAO and 45Â°left anterior oblique (LAO) positions.
Data collection was computer controlled*, such that
image data for synchronized 40-msec segments of
each cardiac cycle (based on the R-wave synchro
nous pulse) were stored in a selected section of corn
puter core memory (Fig. 1 ) . Collection was termi
nated when each 40-msec segment image contained
100,000 counts. This usually required 400â€”500
cycles over 8â€”10mm. Each 4-msec image was digit
ized into a 32 X 32 matrix covering the central one
fourth of the scintillation camera's field of view (4).

Data processing. The first-transit serial-mode scm
tillation data were first reconstructed in sequential
image frames of 2 or 3 seconds' duration (Fig. 2).
The frames showing the left ventricle (LV) most
clearly (frames 6â€”9,Fig. 2) were then summed to
form a composite LV image from which LV and
surrounding background regions of interest were
defined (Fig. 3 ) . Time-activity curves were then

generated for both regions at frame rates of 10 and
25 per second (Fig. 4). The timing of the six cycles
containing maximal LV activity was determined, and
the computer was instructed to generate from the
initial serial-mode data a single R-wave-synchronized
composite time-activity curve during the selected
period of time (2) . This composite curve was re
constructed in such a manner that framing began
120 msec before the R wave and continued through
the cycle at a rate of 25 frames per second (Fig. 4).

REGION OF
INTEREST

ANALYS IS

LEFT VENTRICLE
BACKGROUND

LV AND BKG
REGIONS

UNSMOOTHED SMOOTHED

SUMMED IMAGE OF LV PHASE

FIG.3. First-transittechnique.Thelowerphotosrepresentthe
summed left ventricular image before and after computer smooth
ing. In the upper photograph the left-ventricular and background
regions of interest have been selected by light pen.

The composite curve maintains time resolution while
reducing the effect of counting statistics observed in
the initial 25-frame per second curve. The curve
shown in Fig. 4 is representative and routinely shows
an atrial kick if it is present. The background curve
was constructed in the same manner, normalized to
the same number of matrix channels, and subtracted
from the LV curve. The EF was calculated by means
of Eqn I from the maximum counts at end-diastole
and minimum counts at end-systole.

The EF was determined from the equilibrium im
ages by placing an LV region of interest over the
left ventricle in the first 40-msec image correspond
ing to end-diastole. A background region was con
structed 1 cm outside the LV in a 90Â°arc, as shown
in Fig. 5. The background-subtracted LV time

activity curve was then generated (Fig. 5 ) , and EF
calculated from Eqn I.

Based on the equilibrium LV time-activity curve,
images representing end-diastole and end-systole
were selected and summed to form composite end
diastolic and end-systolic images (all frames within
10% of the maximum and minimum counts were
selected as representing end-diastole and end-systole,
respectively) . Image borders were traced on plastic
sheets in random sequence without knowledge of
the patient or cardiac phase of any given image.
Systolic and diastolic outlines were planimetered for
area (A) and measured for the longest dimension
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tion and blood-pool time-activity ejection fraction
is shown in Fig. 7. The correlation coefficient is 0.84,
and s.c. of the estimate is 0. 11. The regression line
for these data falls quite close to the line of identity,
although the blood-pool technique underestimates
contrast ejection fraction by about 0.05. The fit ap
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FIG.4. Time.activitycurvesfromthe
LV region minus the background region
shown in Fig. 3. The upper curve at 27
frames/second has good temporal resolu
tion, but end-diastole and end-systoleare
indistinct due to poor counting statistics.
The 10-frame/second curve has better sta
tistics but poor temporal resolution. The
6-cycle compositecurve (lower right) main@
tains a 25-frame/second time resolution
with good counting statistics.

I

(L) . Ejection fraction was then calculatedas fol
lows:

Adias.2 Asys.2
Ldias@ Lsys.@

A
L dias.

Eight RAO images were misaligned in the computer
matrix and could not be included in the analysis.

Linear regression analysis was used to calculate
correlation coefficients and standard errors of the
estimate, comparing ejection fraction as measured
by each radiotracer technique with that measured
by x-ray contrast. The correlation coefficients cal
culated in this manner were then compared to de
termine the probability that they are members of
the same parent distribution (13).

RESULTS

Individual patient data are summarized in Table 1.
Mean ejection fractions for the group varied de
pending upon the technique used. In Fig. 6, x-ray
contrast ejection fraction is plotted against first
transit time-activity ejection fraction for 30 patients.
The correlation coefficient (r) is 0.86, and the s.c.
of the estimate (S7@) is 0.08. Although the absolute
value of contrast ejection fraction is uniformly Un
derestimated by the first-transit technique, the fit
of points along the regression line is good. These
results are similar to others previously reported from
this laboratory (2).

The relation between x-ray contrast ejection frac

LV TIME ACTIVITY

END DIASTOLIC IMAGE LV AND BKG REGIONS

FIG.5. Gatedequilibriumblood-pooltime-activitymethod.The
450 left anterior oblique image of the heart at end-diastole is

shownat lower left. At lower right, left ventricular and background
regions of interest have been selected by light pen. Upper photo
displays synchronizedcompositetime-activity curve generated dur
ing several hundred cardiac cyclesfrom the background.subtracted
left ventricularregion of interest.
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Age Diagnosis contrasttime-activitytime-activityRAO LAO

DIAGNOSTIC NUCLEAR MEDICINE

TABLE 1. RADIONUCLIDE AND ANGIOGRAPHIC DATA

H.R.54CAD.67.50.57.61F.B.43NI.70.44.49.40C.N.60CAD.47.39.35.88.26W.H.50CAD.58.40.50.58.61J.s.50CAD.50.47.55.44J.P.49CAD.62.47.80.70C.K.56CAD.67.45.43JO.60J.T.53CAD.61.45.46.81.60C.L.45CAD.7752.63J8.46E.P.56CAD.63.54.48.76.47F.T.68CAD.61.47J7J7.51S.G.60CAD.75.65.67.68.49D.M.58CAD.68.42.49.56.52E.L.55CAD31.32.60.67.48FJ.51CAD.20.21.16.45.32J.H.35CM.20.09.11.19V.R.46CAD.58.35.42.70.39LA.55CAD.22.12.08.14.10G.L.57CAD.13.08.05.10.01GD.46NI.65.44.58.55.69LA.48CAD.66.64.76.80.69J.s.51CAD.63.58.65.61.33G.C.52CAD.55.48J4.82.67EJ.61CAD.49.28.40.47.36E.M.46CAD.54.46.63.67.67C.G.52CAD.66.47.58.55GB.40CAD.53.34.55.57i.G.38CAD.18.14.11.38Ri.58CAD.37.39.40.59.43LN.44CAD.34.33.29.50.09Mean51.53.40.48.62.46

pears to be tightest for patients with contrast ejection
fractions of less than 0.55. Considering only 12 such
patients, the correlation coefficieni is 0.96 and the
S.C. of the estimate is 0.06.

First-transit and equilibrium blood-pool time
activity ejection fractions are compared with each
other in Fig. 8. The correlation coefficient is 0.87
and the s.c. of the estimate is 0.11.

In Figs. 9 and 10, x-ray contrast ejection fraction
is compared with blood-pool area-length ejection
fraction in the RAO and LAO projections, demon
strating correlation coefficients of 0.73 and 0.70 and
s.e.'s of the estimate of 0. 14 and 0. 13, respectively.
The scatter of data points with this technique is con
siderably wider than those of the two time-activity
techniques.

Ejection fraction measured by time-activity radio
1.00 active techniques (first-transit and blood-pool) cor

related with x-ray contrast ejection fraction better
than ejection fraction measured by either of the
area-length radioactive techniques. Figure 11 corn
pares the correlation coefficients obtained with the

(4: 1.00
I4@

1%

I..

. .

...

.

.20 .40 .60 .80
X-RAY CONTRAST E.F.

FIG. 6. Comparisonbetwen flrst.transittime-activityradionu
clide ejection fraction and right anterior oblique x-ray contrast
ejection fraction.
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methods in determining ejection fraction from radio
tracer information.

DISCUSSION

Two imaging techniques (first-transit and gated
equilibrium blood-pool) and two methods of image
analysis (time-activity and area-length) have been
compared. We did not perform area-length analysis
of the first-transit data because the counting rates
of our operating system did not provide adequate
end-diastolic and end-systolic images.

The conclusions of this study are twofold: (a)
the time-activity method of analysis gives similar
values for EF when applied to either the first-transit
or equilibrium techniques; and (b) the time-@totivity

I 00 method of analysis is superior to area-length analysis
under the conditions studied.

The reproducibility of both first-transit and equi
librium blood-pool time-activity methods has been
studied in our laboratory. The correlation coeffi
cient for two sequential first-transit studies sepa
rated by one day is 0.92 (2). The correlation co
efficient for two equilibrium blood-pool studies
separated by 30 mm is 0.98, and 95% of repeat
determinations are within 0.05 of the initial deter
mination (unpublished data). Clearly the correla
tion of these techniques with contrast angiography
was not limited by their own reproducibility. We
have not performed reproducibility studies on our
area-length radiotracer methods.

The equilibrium blood-pool technique has several
advantages over the first-transit method. Most im
portantly, it allows repeated imaging for several
hours after injection of the imaging agent; This is
particularly useful for following ventricular function
during the course of acute intervention trials. It is
also useful for assessment of anatomy from multiple
views. An additional advantage of the blood-pool
technique is the ease with which gated time frames
summed from multiple beats can be displayed in
real time â€œcineâ€•format. Time-activity analysis of
blood-pool images also requires less technician time
(10 mm) thansimilaranalysisof first-transitimages
(45 mm).

The chief disadvantage of the blood-pool tech
nique is cardiac-chamber overlapping due to simul
taneous visualization of all chambers. The time
activity analysis is more uncertain when border defi
nition is applied to a region of interest that is super
imposed upon other radioactive blood volumes. The
right ventricle in the 30Â°RAO view, and left atrium
in the 45Â°LAO view, overlap the left ventricle and
thereby interfere with left ventricular imaging. Un
fortunately, the only view that would isolate the left
ventricle from other major cardiac chambers would
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FIG. 7. Comparisonbetweengatedequilibriumblood-poolra
dionuclide ejection fraction and right anterior oblique x.ray con
trast ejection fraction. Note that agreement between the two
methodsis best (r 0.96) for x-ray contrastejection fractions be
low 0.55.

different techniques to ascertain whether the r values
are significantly different. A small probability (p)â€”
such as that observed when r of the first-transit vs.
x-ray is compared to r of area-length LAO vs. x-ray
â€”indicateslow probability that the r values are from
the same distribution. Likewise, a high probability
(p) suggests that the r values are similar. While
these probabilities do not meet the ordinary criteria
for significance (p < 0.05), they strongly suggest
that time-activity methods are superior to area-length

20 40 60 80 100
FIRST TRANSIT TIME-ACTIVITY E.F.

FIG.8. Comparisonbetweenblood-pooltime-activityejec
tion fraction and first-transit time-activity ejection fraction.
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require a 45Â°caudad angulation of the gamma cam
era in the LAO view. A 10â€”15Â°caudad tilt approxi
mates this, but does not totally avoid overlap of the
left ventricle and atrium. This did not prove to be
an appreciable disadvantage for measuring ejection

fraction by the equilibrium time-activity method in
this study. The reasons for this may be the greater
distance between the left atrium and the detector,
and the attenuation of the left atrial signal by the
left ventricle. Further, the population studied here
is weighted heavily toward patients who have a
normal-sized left atrium. Ventricular and atrial su@
perimposition could be more important in cases with
significant atrial enlargement, as in mitral stenosis.

Chamber superimposition presents a far more Se
vere problem in area-length analysis. In our equilib
rium images, valve planes are usually impossible to
define with any degree of certainty. The upper an
tenor border of the RAO ventricular image is often
formed by the right ventricle and pulmonary conus.
The line demarcating this structure from the true
anterior wall of the left ventricle is obscure. In the
45Â°LAO view, the upper posterior â€œleftventricularâ€•
border is actually formed by the left atrium. Since
we relied solely on the blood-pool images for our
area-length analysis, the relatively poor correlation
between radiotracer and x-ray contrast area-length
ejection fraction is not surprising. Other investigators
have obtained better results by combined use of first
transit and blood-pool data (9,10). Valve planes
were defined during the first transit, and then applied
to equilibrium images. The latter approach is satis
factory for a single study, but is obviously not suit
able for serial studies.

The first-transit technique largely eliminates the
problem of chamber superimposition. In terms of cor
relation coefficient and standard error, this method
agreed most closely with x-ray contrast, but it was
not significantly better than blood-pool time-activity.
Although a central venous catheter was used for the
first-transit part of this study, other investigators
have shown that it is not essential (1 ) . If so, a major
disadvantage of the first-transit technique can be
eliminated, making it a very desirable technique
where a single, accurate measurement of ejection
fraction is the only requirement. The first-transit
technique still suffers from the considerable techni
cian time required for image analysis. If anatomic
definition, wall motion, or repeated imaging are re
quired, the method is less attractive than blood-pool
imaging.

Time-activity methods for determining LV ejec
tion fraction have definite theoretical advantages
over the area-length method. Given a constant radio
nuclide decay rate and concentration, precordial ac
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FIG. 9. Ejectionfractionsdeterminedby area@lengthanalysis
of right anterior oblique gated equilibrium blood-pool images,
compared with right anterior oblique x-ray contrast ejection frac
tions.

tivity is a direct function of the volume of the cham
ber being imaged. Direct volume dependence elimi
nates the geometrical assumptions that are basic to
the area-length method and are one of its principal
sources of error. Our data demonstrate a closer fit
between x-ray contrast ejection fraction and both
time-activity ejection fractions, than that between
x-ray contrast and area-length radiotracer ejection
fractions. Given the additional problems of chamber
superimposition and added technician work incurred
by area-length analysis, the time-activity method is
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FIG. 10. Ejectionfractionsdeterminedbyarea-lengthanalysis
of left anterior oblique gated equilibrium blood-pool images com
pored with right anterior oblique x-ray contrastejection fractions.
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*p equals the probability of obtaining a pair of r values
whose difference is greater than that observed if the
methodsore identical.
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FIG. 11. Correlationcoefficientsbetweenejectionfractionsde
termined by each of four radionuclide methods and RAO x-ray
contrastare comparedwith one another. Low p value suggeststhat
methodsare dissimilar. This comparisonsuggeststhat time-activity
methods are superior to area-length methods in the population
studied (see text).

preferable for most ejection fraction applications.
In clinical use, all of the techniques discussed can

be corrected by appropriate regression equations to
give values of ejection fraction that agree with x-ray
contrast on an absolute scale. Since various relatively
subjective factors (such as background subtraction)
play major roles in determining the absolute value
of ejection fraction, it would be advisable for a
laboratory using these methods to develop its own
regression equations based on a series of patients
undergoing both radiotracer and x-ray contrast an
giography.

Because of the need to measure both ejection frac
tion and wall motion simultaneously and often at
frequent intervals, the time-activity analysis of the
equilibrium study seems most suitable for general
use.
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