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Cesium-131 has been suggested as a promising
radiopharmaceutical for detecting myocardial in-
farcts because of the selective concentration of
cesium by the myocardium (7). Several investigators
have reported varying degrees of success with this
radionuclide in scanning both dog and human myo-
cardia; the obstacles encountered in these studies
have also been related (2—4). Photoscanning of the
heart with !31Cs is hampered by its inherent low-
energy, 29.4-keV x-ray, resulting in some tissue ab-
sorption by the structures of the chest wall. Also
the interpretation of myocardial scans may be com-
plicated by cardiac contraction and chest-wall res-
piratory movement.

MATERIALS AND METHODS

A phantom preparation was designed to simulate
some of the factors outlined above which interfere
with myocardial scanning both singly and in com-
bination. Commercially available cast polystyrene
heart models from Merck, Sharp and Dohme Drug
Co. were used because of their anatomical accuracy.
Each heart model consisted of two sections, anterior
and posterior, and was constructed with sealed atrial
and ventricular chambers, enclosed by the septum
and the atrial and ventricular walls. When opened,

FIG. 1. Open-heart model showing interior cavities which re-
mained free of radioactive solution.
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the position of the septum and the shape of the ven-
tricles were seen to be reproduced accurately (Fig.
1). This arrangement enabled an approximation of
in vivo conditions. These models were modified by
drilling out entry ways into the hollow myocardial
wall area to instill a !3'Cs solution, leaving the ven-
tricles empty. In one heart model selected areas
were filled with solid plastic. These areas corre-
sponded to a distribution of myocardial infarcts
secondary to the occlusion of the anterior descending
and circumflex coronary artery branches. Klemperer
has shown that coronary thrombosis occurs in order
of decreasing frequency in the left anterior descend-
ing artery, the right coronary artery and the left cir-
cumflex artery (5). Almost all infarcts occur in the
left ventricle, and the most frequent site is the an-
terior region of the left ventricle near the apex (6).
This model was used to represent an infarcted heart
with the defects in the following locations: (1) a
small lesion 2.5 cm in dia in the anterior aspect of
the left ventricle, (2) a large area approximately
6 X 3 cm in the anterior apex of the heart and (3)
a small lesion 2 cm in dia in the posterior aspect of
the right ventricle (Fig. 2). The myocardial area
in the second model was not filled with plastic so
that a normal heart would be simulated.

The solution used for the study contained approxi-
mately 12.5 pCi of 13!Cs. This activity is based on
available calculations concerning cesium accumula-
tion in heart muscle and is approximately 1% of
administered patient dose reported (2—4,7). After
the diagnostic use of 1 mCi of 13!Cs, the highest nu-
clide concentration found in the heart is 0.05 xCi/gm
(8). In a 250-gm heart the resulting activity of 131Cs
would be 12.5 uCi. At a scan time of approxi-
mately 234 hr 13'Cs has localized in vivo so that
there is a myocardial-to-blood ratio of about 20:1
(2). This dose level was followed throughout the
study with some minor variation.
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In addition to the phantom heart, an autopsy
specimen including the sternum, ribs and intercostal
muscles overlying the heart was obtained from a
5 ft 10 in., 170-1b male cadaver to study the attenu-
ating effects of the chest wall. A roentgenogram of
the specimen with the phantom heart in place was
taken to determine the exact location of these struc-
tures to assure correct positioning in those studies
using the heart model and the specimen together
(Fig. 3). On all scans the following landmarks were
used for later reference: (1) the area between the
superior vena cava and the pulmonary artery, (2)
the junction of the left atrium and left ventricle, (3)
the apex of the heart and (4) the junction of the
right atrium and right ventricle.

Scans were then performed using a Picker Mag-
nascanner with a 1 X 3-in. NaI(Tl) crystal and
the following collimators: (1) a standard Picker
19-hole, 3-in. medium-focus collimator, (2) a stand-
ard Picker 73-hole, 3-in. low-energy medium-focus
collimator and (3) the specially constructed 1,045-
hole, low-energy, medium-focus Brookhaven colli-
mator. Specifications of these collimators are listed
in Table 1. All three collimators were used in con-
junction with the standard Picker small light aper-
ture of 2 mm in dia for the phantom studies. A 25-
keV analyzer window was used, and scanning factors
were selected to obtain a statistically satisfactory
ratio of counts/cm? over the area of maximum
counting rate. For these studies, a ratio of 250
counts/cm? was considered optimum for the low
counting rate obtained and was also the most
feasible with regard to time required to complete a
scan. Counting statistics were consistent throughout
the experiment on those studies performed for com-
parative purposes. Scanning time for each picture was
adjusted to keep the statistics approximately the
same.

RESULTS AND DISCUSSION

Scans of the “normal” heart model were made first
using the 73-hole collimator. Uptake corresponded

TABLE 1. COLLIMATOR SPECIFICATIONS
Full width at
Picker Focal half maximum
catalog length of line spread
Collimator no. (in.) function (in.)
19 hole
medium focus 2107 3.0 0.50 @ 360 keV
73 hole
low energy,
medium focus 213 30 0.25 @ 140 keV
1,045 hole
low energy
medium focus —_ 3.5 0.23 @ 140 keV
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well to the distribution of myocardium including the
ventricular septum, and negative areas corresponding
to the ventricular chambers could be distinguished.
In the first scan, using the heart model alone, the
counting rate obtained was 1,200/min. When the
model was rescanned with the sternal structures posi-
tioned above it, the counting rate was reduced by
approximately 50% . In comparing these two studies,
it was observed that attenuation from the overlying
anatomical specimen did not preclude the procure-
ment of a satisfactory scan (Fig. 4A, B).

Ant. Post.

FIG. 2. Diagram indicating location of simulated infarcts
placed between inner and outer walls of model. Anatomical land-
marks used on scans are also shown.

FIG. 3. Radiograph of cadaver chest section obtained for du-
plicating attenuation and scatter conditions. Position of phantom
heart underneath specimen is outlined.
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Studies of the infarcted heart model were then
performed using the 73-hole collimator. A scan of
the model alone was obtained at a counting rate of
1,000/cpm, and the locations of the artificial infarcts
in the anterior aspect were demonstrated as areas
of lesser activity. The defect in the posterior right
ventricle was not as well visualized, probably be-
cause of the overlying activity in the anterior half
of the model. On the second scan, although the count-
ing rate was reduced by 50% with the addition of
the specimen, the underlying heart model with its
anterior defects was again clearly visualized without
appreciable decrease in quality of the scan (Fig.
4C, D).

Several comparative studies—scans obtained first
without and then with the specimen—led to the
conclusion that attenuation from the overlying chest

38

FIG. 4. Comparison scans showing appearance of (A) normal
model without superimposed cadaver speci , (B) speci over-
lying normal model, (C) model taining described in text
without superimposed specimen and (D) predescribed model with
specimen superimposed.

wall had little effect upon visualization of the infarcts
in the phantom heart. However, potential uptake of
131Cs by the intercostal muscles of a living subject
could not be approximated in an autopsy specimen.
Although bone absorption of the 29.4-keV x-ray of
181Cs js of little significance in myocardial scanning,
activity in the overlying intercostal muscles may
cause difficulty in patient studies (especially if res-
piratory motion is marked).

Chest-wall movement and cardiac contraction
were considered as two possible sources of con-
fusion in interpreting myocardial scans. Because
these factors were difficult to evaluate with a solid
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VARIABLES IN MYOCARDIAL SCANNING WITH 131Cs

FIG. 5. iIntercomparison study of effect of various collimators
on image quality: A made with Picker 19-hole, 3-in. medium-focus

phantom and an autopsy specimen, this area of con-
cern was not specifically investigated. However, it
was noted from observing chest fluoroscopy that in
the supine position movement due to normal dia-
phragmatic excursion was surprisingly small. In an
attempt to evaluate the effect of cardiac contraction,
Carr (2) compared cardiac silhouettes obtained from
chest x-ray films to cardiac scan images of the same
patient. He reported only minor discrepancies which
were not considered significant.

Comparative scans were also performed to study
the effect of various collimators on counting rate,
scan quality and image sharpness (Fig. 5). The scan
in Fig. SA was done with a 19-hole, 3-in., medium-
focus collimator in conjunction with the small light
aperture to optimize results with this collimator. In
the scan in Fig. 5B, the counting rate was reduced
approximately 40% by using the 73-hole, 3-in.,
medium-focus collimator. The scan in Fig. 5C was
obtained with the 1,045-hole Brookhaven collimator
at a counting rate reduction of about 55% of that
obtained with the 19-hole collimator. These changes
in counting rate required adjustment of scan speed
to maintain the same number of counts/cm?. Rela-
tionships between these and previously discussed
scans are given in Table 2.

In each of these scans (Fig. 5) of the infarcted
model alone, the defects in the anterior aspect were
well visualized and distinct from areas of greater
activity. Again, the lesion in the posterior half was
not as well demonstrated. The 19-hole collimator
produced an adequate scan image of the heart and
areas of infarction. Although the cold areas were
not as clearly delineated as with the 73- and 1,045-
hole collimators, this relatively small decrease in
definition permitted far less scanning time—an im-
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collimator, B with Picker 73-hole, 3-in. medium-focus collimator
and C with Brookhaven 1,045-hole, medium-focus collimator.

portant consideration in patient studies. The heart
model was visualized well with the low-energy colli-
mators in spite of the lower counting rates. A some-
what less homogeneous image was produced, but the
infarcted areas were more sharply defined. The scan
images obtained with the 73-hole and the Brook-
haven collimators were so close in appearance that
it was difficult to identify them consistently. Because
of its wider availability, the 73-hole collimator was
considered to be the more practical means of obtain-
ing optimum image sharpness and scan quality and
was therefore used to obtain the major portion of
the phantom scans. It would therefore also be the
preferable collimator for patient studies whenever
scanning time is not of major importance.

SUMMARY

In conclusion, visualization of myocardial infarcts
with 131Cs appears to be a promising method. Studies

TABLE 2. SCANNING FACTORS USED
Approxi-
Counting Scan mate
rate Counts/ speed scan time
(cpm) cm®  (cm/min)  (min)
Normal model
without specimen 1,200 250 23 35
with specimen 600 250 12 70
Infarcted model
without specimen 1,000 250 19 45
with specimen 500 250 10 80
Infarcted model
without specimen
19-hole collimator 1,600 250 30 25
73-hole collimator 1,000 250 19 45
1,045-hole collimator 750 250 . 14 60
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of the phantom heart have shown the following: (1)
lesions can be well visualized if they are on the an-
terior wall, (2) attenuation from bony structures
of the overlying chest wall has little effect upon scan
quality if scan time is increased to maintain good
statistics and (3) the use of low-energy collimators
aids in obtaining scans of good quality. Although
studies of the effects of respiration and cardiac con-
traction were not included in this experiment, it is
felt that these factors would not significantly alter
the scan image. The effect of biological distribution
of 18!Cs in the intercostal muscles was not deter-
mined. Further evaluation of the effectiveness of this
radionuclide will be pursued in future patient studies.
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SECOND CALL FOR NUCLEAR MEDICINE “ART” EXHIBITS
FOR 17TH ANNUAL MEETING IN WASHINGTON, D.C.

July 6-12, 1970

The Scientific Exhibits Committee is planning a nuclear medicine art exhibit open only to tech-
nicians (technical affiliates and associate members) who will display their best “works of art."* This
“art” may consist of normal and abnormal scans, scintophotos, renograms or other dynamic studies,

All exhibits will be illuminated by available room light. There will be no provisions for transillu-
mination, e.g. view boxes. Photographic prints or Polaroid film (black and white or color), any
size, should be mounted on poster board not exceeding 30 in. X 30 in. No more than two boards
may be entered for a subject. Exhibits should be clearly titled. Technical information related to the
study displayed should be concise yet sufficiently detailed to instruct and assure duplication. Clini-
cal information should be limited to details pertinent to the study. Technician’s name and institutional
address should appear at lower left corner. Prizes for the best exhibits will be awarded at the annual
business meeting. The art will be judged on the basis of quality, presentation, originality and tech-
nical detail. Notice of intent to exhibit should be sent before May 1, 1970 to:

* “Art" is defined as products of the nuclear medicine professional effort as distinguished from sculpture, painting or

GARY A. WOOD
P.O. Box 479
Friendswood, Texas 77546
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