
The cardiac blood pool is visualized with high
temporal resolution during a complete, average,
cardiac cycle. The technique yields both quali.
tative and quantitative measures of cardiac per

for@nce.

A method is described that produces a collection
of scintigraphic images (typically 80â€”100) , each 10
msec in duration, that depicts a single, average car
diac cycle. This image sequence constructed from
1,200â€”1,500 heartbeats may be analyzed to yield
estimates of various left ventricular function param
eters such as ejection fraction, mean and peak frac
tional ejection rate, and mean and peak circumfer
ential fiber shortening. Various temporal quantities
can be measured such as left ventricular ejection
duration and time-to-peak flow.

Left ventricular wall motion abnormalities can be
detected in the difference image created by subtract
ing the end-systolic image from the end-diastolic
image or by presenting the image sequence in cine
angiogram format.

METHOD

A scintillation camera equipped with parallel-hole
collimation is positioned over the patient's heart in
a left anterior oblique orientation modified by a
15â€”30deg superior rotation relative to the trans
verse plane (1 ). This position allows the scintigraphic
images of the cardiac chambers to be separated.

A bolus of OOmTc.@humanserum albumin (10 mCi)

is rapidly injected into the antecubital vein. The first

transit of the radionuclide through the heart is used
to determine cardiac output and to help delineate
cardiac anatomy.

After the tracer is equilibrated in the patient's
blood volume, three ECO leads are attached. The
ECG signal is continuously processed by a trigger
device which emits a pulse (R-marker) each time the
Râ€”Stransition of the QRS complex is encountered.

Digitized xâ€”yscintillation coordinates and R-mark
ct-sfromtheECGtriggerdevicearethenaccumu
lated with a minicomputer system ( 12K, 16 bits!
word) in LIST mode. These data (typically consist
ing of about 5 million scintillation events per 20 mm)
are recorded on magnetic tape and transferred to a
large-scale digital computer facility (200K, 36 bits!
word).

Here the LIST mode data are sorted into a se
quence of images or frames as depicted in Fig. 1.
The LIST mode data are searched for the first
R-marker (Beat 1) . The xâ€”ydata from scintilla
tions that occurred during the first I 0 msec following
this marker are sorted into the first picture; the 5cc
ond 10 msec of xâ€”ydata are sorted into the second
picture, and so on until the next R-marker is de
tected. Following this R-marker (Beat 2) the first
10 msec of xâ€”ycoordinates are sorted additively
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into Picture 1, the second 10 msec of xâ€”ycoordi
nates into Picture 2, and so on until all Râ€”Rintervals
have been examined. The final result is a collection
of sequential scintigraphic images that represents an
average cardiac cycle. This picture file is written
back onto magnetic tape and returned to the mini

computer system for analysis.
The picture file can be manipulated to yield a left

ventricular â€œvolumeâ€•curve from which parameters
describing left ventricular function can be obtained.
First, an end-diastolic and an end-systolic image are
created (Fig. 2A and B, respectively). The end
diastolic image is formed by summing the first three
pictures in the file and is thus comprised of scintilla
tion data that occurred during the first 30 msec fol
lowing each R-marker. The end-systolic image is
created by summing the three consecutive images
in the file that bracket the time at which the mini
mum occurs in the (uncalibrated) volume curve (310
msec after the R-marker in Fig. 2E).

Figure 2C shows a region of interest over the left
ventricle at end-diastole that has been identified to
the minicomputer system. The total count in this
region (ap@vroximately 10@ counts at end-diastole)
is plotted as a function of picture number, i.e., time
during the average cardiac cycle, in Fig. 2E. The
peak before the final falloff of this curve indicates
the point of minimal Râ€”Rinterval length for all the
beats examined. B@yond this point (to the right of)
fewer and fewer beats contribute to the C.)unt-time
curve. Finally, the point of maximal Râ€”R interval

length is reached beyond which no counts are added
to the curve. The mean Râ€”Rinterval length is thus
represented by a point about midway down the final
slope of the curve.

A substantial portion of the total count in the yen
tricular region of each image (approximately 50%
at end-diastole) is made up of events due to activity
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FIG. 1. Picturefile creation.1,200â€”
1,.500 cardiac cycles (beats) are examined.
Upon completion of framing, each picture
typically contains 50 X 10@ events of
which about 10â€”20%originate in left yen
tricular region. Picture file represents sin
gle, average cardiac cycle.

in the vessels of the lungs, chest wall, and myocar
dium. To correct for this background offset, a second
region of interest (Fig. 2D) is defined by light pen
around the ventricle at end-systole (2). On the as
sumption that left ventricular background is time
independent, the mean count per cell over this region
is calculated and this value is subtracted from each

cell in the first region (Fig. 2C) over the entire cycle.
The result is a curve (Fig. 2F) whose ordinate values
are proportional to ventricular volume.

DISCUSSION

Representative quantities that can be computed
from this curve include the following:

1. Ejection fraction, (VED â€” VES)/VED. In
the case shown the ejection fraction was

0.63 (mean Â±1 s.d.). Normal (3) : 0.64
Â±0.07.

2. Peak fractional ejection rate (PFER) can
be computed using a suitable polynomial fit
to the systolic portion of the volume curve.
PFER is defined as maximum systolic dV/dt
where V = V(t)/VED and V(t) is yen
tricular volume at time t. In the example,
PFER was 3.14/sec. Normal (3) : 2.84 Â±
0.50/sec.

3. Peak circumferential fiber shortening (PCFS)
can be estimated from the volume curve if
it is assumed that the left ventricle is a con
tracting prolate spheroid whose major and
minor axes are in constant proportion. Ex
pressed in end-diastolic circumferences per
second, PCFS is:

PCFS = [Â½(V213) dV/dt] max.

In the case shown, this model gave a PCFS
of 1.27/sec. Normal (3): 1.28 Â± 0.33/
sec.
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7FIG.2. Resultsobtainedin patient
with aortic insufficiency.(A) End-diastole.
RA, right atrium; PA-LA, pulmonaryartery
left atrium; LV, left ventricle. (B) End.
systole.(C)Leftventricularcursor(D)Back
ground cursor. (E) Raw volume curve. (F)
Background-corrected volume curve. ic,
minimum cardiac period; VED,end-diastolic
volume; Vms, end-systolic volume; and T@,
systolicduration.

4. The time between ejection onset and peak
systolic flow was 170 msec. Normal (3):
167 Â± 45 msec.

Qualitative assessment of left ventricular wall mo
tion as well as cardiac anatomy can be achieved by
presenting the picture file in cineangiogram format
(i.e., cyclic projection of the picture file to simulate

continuous beating of the heart). Wall motion abnor
malities can also be detected in the difference image
formed by substracting the end-systolic image from
the end-diastolic image.

The method outlined here has several advantages
over conventional gated studies (4â€”7). The cine

angiogram display allows a qualitative assessment
of ventricular performance in a format that is not
possible with methods which produce only end
diastolic and end-systolic images. The data in Fig.
2F can also yield estimates of time-dependent func
tional parameters (3). In addition, the end-systolic
image can be constructed without knowledge of the
T-wave. Instead the temporal location of end-systole
is obtained directly from the volume curve.

The basic methodology is currently being investi
gated in a baboon preparation with a surgically im
planted flowmeter around the ascending aorta. In
these studies the effects of Râ€”Rvariation and im
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proper cardiac chamber separation can be assessed.
Comparative studies in patients undergoing cardiac

catheterization are also underway to evaluate alter
native ventricular background correction methods.
Also under investigation are independent methods

(6,7) that canbe usedto calibratethe volumecurve
by providing knowledge of absolute end-diastolic and
end-systolic volumes.
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June 17-20, 1975 Philadelphia Civic Center Philadelphia, Pennsylvania

The TechnologistProgramCommitteeannouncesthat abstractsof exhibits are now being re
viewed for the 22nd Annual Meeting. Applications are welcomed from all technologists. The Corn
mittee also welcomes exhibits that compliment presented papers on the program.

All exhibits will be illuminated by available room light. Therewill be no provisonsfor transil
lumination, e.g., view boxes. The exhibit should be mounted on poster board not exceeding
30 x 30 in.@ No more than two boards may be entered for a subject. Exhibits should be clearly
titled. Submitthe following information with your application: Exhibitor's nameand affiliation, title
of exhibit ( 10 words maximum), abstract ( 100 words), dimensions(maximumof two boards not
exceeding 30 x 30 in.).

Exhibit Awards: The Section is pleased to announce the presentation of 1st, 2nd, and 3rd
place awards for the three most outstanding scientific exhibits. These are judged on the basis of
scientific merit, originality, display format, and appearance.

Sendapplications to:
James K. Langan
Division of Nuclear Medicine
TheJohnsHopkinsHospital
601 N. Broadway
Baltimore,Md. 21205
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