
A refinement of the radionuclide-angiocardio
gram is described using a low deadtime scintilla
tion camera and hardwire data storage, proc.
essing, and display system for the purpose of
anatomic definition of the passage of a radio
active bolus through the cardiopulmonary cir
culation by dual-channel, dual-color, subtraction
methodology. The summation of the bolus path
way is displayed as a static frame of reference
for the sequential kinetic image. The technique
is noninvasive and employs 15 mCi of somTc per
technetate. This procedure may be employed as
the conventional bolus study for determining
the cardiac kinetics ordinarily obtained by the
method. The opportunity of viewing the bolus
position in relation to its entire pathway sig
nificantly facilitates defining the multiple areas
of interest the observer may wish to study.

The passage of an externally detectable bolus of
gamma-emitting radionuclide solution through the
cardiopulmonary circulation was the subject of the
initial dynamic studies employing radiation detectors
(1,2) . The method has been variously applied to
determine circulation time, cardiac output, ejection
fraction, stroke volume, and shunting between the
right and left heart and dyskinesis of the myocar
dium.

The early studies of scintillation angiocardiogra
phy with probes have largely been replaced by the
scintillation cameras. These systems with associated

information storage, and processing and display de

vices have been progressively more productive of
pertinent information. The rapid sequential time
changerate of well-resolvedimagesof the passage
of high-fluxshort-livedradionuclides,usually99mTc,
through specific sites of the cardiopulmonary circu
lation has received wide study and significant clini
cal application and is a prologue to the method
described (3â€”10).

A new method of acquiring, processing, and dis
playing the radionucide angiogram is described.
This method employs a modification of the dual
channel, dual-color, subtraction technique previously
introduced by the author (11).

METhOD

The patient was placed in a supine position and
the detector of the scintillation camera using a
10,000-hole low-energy collimator was positioned
over the chest in a left anterior oblique position, 30
deg from the midsagittal plane. A bolus of 15 mCi
of 99mTc@pertechnetatein 1 ml of saline was injected
into the right antecubital vein. The CE-i Elscint
scintillation camera employed claims a deadtime of
1.5 @sec.The actual deadtime determined by the
authors was i .4 @secas determined by the multiple
sourcemethodof Arnold, et al (12). The informa
tion was acquiredat a frame rate of 0.2 sec and
storedon a 200-frame digital data disk; frame rates
of 0.1 secare possiblewith the systemused.

The informationwas processed,stored,and dis
played in the various means indicated below, using
the Elscint CDP-2 and VDP-2 hardwire acquisition
processing and video display system. The procedures
describedare standardfunctionsof the equipment
used.

I . The 100 acquired 96 X 96 matrix frames
are added to give a summation image of the
pathway of the bolus through the cardio
pulmonmy circulation (approximately 550,-
000 counts/20 secâ€”atthis counting rate
very little information is lost due to dead
time) . This information was stored in a
separate frame on the digital data disk (Fig.
1a) . The actual pathway of the bolus may
be observedon line on the video dis@ay
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FIG. 1. (a)Summationof @â€˜mTcpathwaythroughcardiopulmo
nary circulation. (b) Activity is located in right brachial vein show
ing 1-sec interval; this represents summation of five 200-msec
frames. (c) Activity visualized entering superior vena cava. (d) Bolus
visualized filling right atrium and entering right ventricle. (eâ€”g)
Bolus visualized filling right ventricle and entering pulmonary ar
tery. Left ventricular summation activity in (e) through (i) is empty
of advancing bolus indicating absence of right-to-left shunt. (hâ€”j)

Bolus is shown filling pulmonary circulation. Right lung is partially
obscured by left anterior oblique position. (kâ€”I)Activity is vis
ualized returning from lungsthrough pulmonaryveinsand entering
left ventricle. (mâ€”n)Activity is visualized entering aorta and filling
ascending aorta and arch. (a) Activity is visualized entering and
filling abdominal aorta. (oâ€”t)Activity from bolus is absent from
right ventricle in any significant amount precluding left-to-right
shunt.
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unit of the system until cardiopulmonary
transit is complete. Additional frames up to

200 may be acquired if the passage of the
bolus is slowed due to heart failure or other
causes.

2. The summation image was transferred to a
second frame and an area of interest was
defined over six successive portions of the
bolus pathway : the superior vena cava, right
ventricle, pulmonary artery, left lung, left
ventricle, and aortic arch.

3. The counts detected were determined for
each 0.2-sec interval for each area of inter
est. The histogram information was stored
on the digital data disk. This information
can be displayed as individual histograms or
in any combination desired.

4. Each 0.2-sec frame recorded approximately
6,000 counts and could be sequentially
viewed at a predetermined frame display
rate or as individual frames. Any number of
sequential frames may be added together
for display of longer predetermined Se
quences. The information in 19 successive
five-frame sequences of 1 sec each was
summed and stored in 19 consecutive disk
frames. Each frame contained approxi
mately 30,000 counts. The information for
the total summation was transferred to one
of the solid state memories (Channel B)
of the color video display system (VDP-2)
and displayed as a blue-green image (Fig.
1A) . The 19 consecutive 1-sec intervals of
bolus passage are transferred from the disk
and sequentially placed into the second
solid state memory (Channel A) of the dis
play system as optimized images and dis
played as a red image. Optimizing may be
accomplished by background erasure, set
ting the intensity levels for the counting rate

employed, nine-point smoothing addition of
a sequence of less or more than five se
quential frames for Channel A information
or even overlapping the terminal portion of
one sequence with the initial portion of the

following sequence. This may readily be ac
complished by push button controls on the

console of the hardwire system. If the se

quential images are designated and dis

played in Channel A and the summation
image designated and displayed in Chan
nel B, the total display may be desig
nated A + (B â€”KA) in which K equals
6 for the sequence illustrated. A selection
of a value for K is made by inspection

of subtraction of the kinetic information
which may be accomplished digitally with
out color display of the kinetic component.
At an appropriate value for K, the total or
near-total subtraction results in a blanking
of information on the summation image
where the kinetic component is superim
posed. Superimposition alone is inferior to
subtraction with superimposition, as the
combination of red and green for low in
tensity of red may not be easily discrimi
nated but seen as a variation of the green
rather than as a contrasting color portion
of the image. This results in partial or total
subtraction of the summation image (green)
at the site of the bolus and the bolus super
imposed as a red or red-and-green display
dependent upon the relative intensity of the
two images.

RESULTS AND DISCUSSION

The finished display accomplishedas described
represents a dual-channel, dual-color subtraction
scintigraphic sequence of the passage of a bolus of
a single isotope superimposed upon the summation
of the total bolus pathway; this is illustrated in Fig.
I . The principal advantages of the method are the
precise anatomic orientation of the bolus kinetics in
relation to the total pathway of transit visible as an
integral image, the permanent electronic storage on
digital data disk of the static summation and the
kinetic components of the study, its ready recall as
a static or dynamic display on a colored video dis
play, and the availability as digital matrix informa
tion for additional processing.

The scintillation camera acquisition system, the
dual digital data disk storage component, and the
color video display device and accompanying hard
wire processor will accomplish the additional proc
essing. While the dual-channel methodology is an

original contribution, the processing for deriving
kinetic information has been described by others
(3â€”10) but is facilitated by the system and meth
odology.

Multiple areas of interest along the pathway of the
bolus are more readily identified from the anatomic
orientation provided by the summation image. The
size, shape, and location of these cursors are con
trollable. The generation of histograms for each re
gion of interest is virtually linear due to the low
deadtime during acquisition at the counting rates re
quired for this procedure. The summation configura
tion of the bolusand its kineticsadd this extra di
mension to current techniques. They should also be
determined in a variety of diseases involving the car
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diopulmonary circulation. It is anticipated from the
many earlier studies of the radioangiocardiogram that
the refinementsdescribedin this paper would en
hance the derivation of much useful information.

Attempts to derive equal information from a scm
tillation camera with deadtime in excess of 10 @sec
have been significantly less satisfactory. At the high
counting rates required, proportionality between ac
tivity present and counts obtained ceases to remain
linear.The diastolicâ€”systoliccyclesin the ventricular
area of interest are also distorted.

@ The information obtainable by this noninvasive
method, employing99mTcand commerciallyavail
able devices, offers an opportunity to evaluate the
dynamics@of cardiopulmonary circulation in great
detail. This may be accomplished in approximately
the time required to perform a chest x-ray with ra
diologic safe dosages of a well-evaluated and readily
available radionuclide. The operating time of the
scintillation camera and the acquisition and storage
system is less than 30 sec, independent of time for
patient positioning. The offline processing of the ac
quired information may be accomplished without a
computer but may be significantly enhanced by in
terfacing to an available minicomputer system for

specific data processing. The authors have defined
the circulatory kinetics of other organs by the tech
nique described in work still in progress.
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The von Hevesy Prize for Nuclear Medicine Awarded in Tokyo

At the First World Congress for Nuclear Medicine in Tokyo, October 1974, the von Hevesy Prize for
Nuclear Medicine was in equal shares awarded to:

D. A. Goodwin,C. F. Meares,C. I. Diamanti,and M. W. Sundbergfor their paper, â€œBifunc
tional Chelates for Radiopharmaceutical Labeling,â€•from Stanford University and the Univer
sityof California;andto A. Maseri,P.Mancini,A. Pesola,A. L'Abbate,R.Bedini,P.Pesani,C.
Michelassi, C. Contini, M. Marzilli, and D. M. de Nes for their paper, â€œMethOdfor the Study
of Regional Myocardial Perfusion in Patients with Atherosclerotic Coronary Artery Disease.
Findings at rest after Nitroglycerin and during Angina Pectoris,â€•from Pisa University.

The von Hevesy Medal Awarded to John H. Lawrence

At the international meeting of the Gesellschaft fÃ¼rNuclearmedizin in Athens, Greece, September
1973, John H. Lawrence gave the von Hevesy Lecture.

The main topic of his lecturewas the pioneerwork performedby von Hevesy;he also spokeof his
own studies, both the early and more recent ones, using today's very sophisticated instrumentation.

In September 1974, Lawrence was awarded the von Hevesy Memorial Medal, in recognition of his
early and recent pioneer work within the sphere of nuclear medicine. w.Horst,Zurich
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