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This paper compares the accuracy of imaging

and resolution obtained with 81Rb and 43K using
coincidence and noncoincidence counting. Phan

toms and isolated infarcted dog hearts were
used. The results clearly show the superiority of
coincidence counting with a resolution of 0.5

cm. Noncoincidence counting failed to reveal
even sizable defects in the radioactive source.

Within recent years a series of papers have been
published dealing with heart imaging using radio
nuclides (1â€”5). The most frequently used isotopes
are 43K and more recently 81Rb. The latter is more
easily produced, its manufacture is less expensive,
and it has a shorter half-life. The main difference
between the two nuclides is that @â€˜Rb is a positron
emitter that disintegrates at a high rate per unit of
time and which emits high-energy gamma rays. Pre
vious studies from this laboratory have demonstrated
the advantage of using positron emitters with electron
capture in combination with coincidence counting
(6,7) . However, none of the paperspublishedon
81Rb have made use of the properties of this isotope
as a positron emitter and few reports have been
published using coincidence counting in imaging of
the heart (8,9).

It is the purpose of this report to compare imaging
with 8@Rb with and without coincidence counting
using phantom preparations and isolated arrested
dog hearts. Special emphasis will be on the degree
of resolution. These results will be compared with
those obtained with 43K.

MATERIALS AND METHODS

Rubidium-8 1-chloride was obtained as a cyclotron
produced, sterile, apyrogenic radiochemical from a
commercial source (Medi-Physics, Inc., Emeryville,
Calif. ) . Rubidium-8 I decays with a 4.7-hr half-life
to 8lmKr and 81Kr by electron capture (87% of the
time) and positron emission ( 13 % of the time).
These positrons emitted from 81Rb disintegrate by
striking an electron; the positron and electron are
annihilated and two 0.51-MeV gamma ray photons

are produced that travel in opposite directions along
a straight line away from the source (10) . Because
of the two photons traveling at the speed of light,
they will reach nearby detectors essentially at the
same instant.

The principal radiations arising from decay of 81Rb
and its decay products are 0.446 MeV (23.5%
abundant), 0.5 11 MeV (67 % abundant from posi
tron emission) , and 0.190 MeV (64.5 % abundant)
from decay of 8lmKr The decay energy amounts to
2.05 MeV (JO). Rubidium-87, as shipped, contains
appreciable amounts of 82Rb (less than 0.33 mCi/
ml) and negligible amounts of 83Rb and 84Rb at cali
bration time. However, the setting of the energy win
dow in our system will accept all f.@+emitters.

Potassium-43 decays by negatron (/3 ) emission
to stable 43Ca with a half-life of 22.4 hr (10). The
principal gamma rays associated with this decay are
370â€”394keV (103% abundant) and 590â€”610keY
(94% abundant).

The equipment used for these experiments per
mitted counting with and without coincidence. It in
cluded a pair of heavily shielded scintillation crystals
coupled to photomultiplier tubes and connected to
coincidence electronics (MDH Industries, Inc., Pasa
dena, Calif.) . It must be emphasized at this point
that the equipment used here is inadequate for imag
ing the beating heart in situ. This is because only two
detectors are available in coincidence and because
the uptake of rubidium by the heart remains constant
only for a limited period of time (90â€”270 sec) (7).
The use of only one pair of detectors precludes im
aging of the whole heart in this short period of time.
The detectors consisted of 5-cm-diam and 5-cm-high
circular cylinders of NaI(TI ) scintillator connected
to photomultiplier tubes and coincidence electronics.
The active area of the detector was restricted to a
circular window of 2 cm diam by a 5-cm-thick lead
collimator to allow myocardial imaging with suffi

Received July 3, 1974; revision accepted Jan. 30, 1975.
For reprints contact: Richard J. Bing, Huntington Me

morial Hospital, 100 Congress St., Pasadena, Calif. 91105.

658 JOURNAL OF NUCLEAR MEDICINE



ExperimentFigure(No.)
Isotope (No.)

Phantom

INSTRUMENTATION AND PHYSICS

filter paper was then soaked in 81Rb or 43K and 0.5
cm of the filter paper was counted passing through
the center of both squares.

Isolated excised heartâ€¢Dogs anesthetized with an
intravenous injection of sodium pentobarbital (30
mg/kg) were placed on artificial respiration using
room air (Experiments 9â€”12, Table I ) . After left
thoracotomy in the fifth intercostal space, the left
anterior descending coronary artery was ligated with
silk threads distal to the origin of the main septal
branch. Arrhythmias were prevented by an injection
of an intravenous bolus of lidocaine (20 mg) fol
lowed by a slow drip (30 mg/hr) . One to two hr
after ligation of the coronary arteries, 2 mCi of 81Rb
or 0.8 mCi of 43K were injected intravenously. The
heart was excised and counted 2â€”3mm later. This
was accomplished by placing the heart positioned
as in situ on the table between the two detectors.
The heart was then moved I cm on the table and
counts were taken for 30 sec in each position. This
continued until the whole anterior projection of the
heart had been covered. Total counting usually pro
ceeded for 2 hr. Since there was no exchange of ru
bidium to and from the blood, the counts remained
stable over that period of time. The digital printout
of the different counts was corrected for the decay
rate of the isotopes.

RESULTS AND DISCUSSION

Results obtained on phantom models. Table 1
shows that five tests were carried out to study both
the degree of resolution and to see how closely nu
clide imaging reflected the aperture in the filter paper
(Experiments 1â€”8) . Figure 1 compares counts re
corded with and without coincidence. The left half

TABLE 1. COMPARISON BETWEEN
AND NONCOINCIDENCE IMAGING

(8lRb or 43K)

COINCIDENCE
OF THE HEART

@â€˜Rb

@â€˜Rb
MRb

4*K*

â€œK

â€˜:Rb

â€œK
@â€˜Rb

1 (Exp 1)
3 (Exp 2a)
2 (Exp 3)

5

4A, B

experiments

2a, b, c, d
3
4
5

6
7a, b, c

8

Arrested excised heart
9

lOa, b
11

12a, b

S Resolution experiment.

cient spatial resolution. In order to reduce sufficiently
accidental counts, it was extremely important to
shield the curved surfaces of each detector with 5 cm
of lead; thus, each detector was surrounded by a
5-cm-thick lead cup.

Both detectors are connected electronically ; the
electronics provided a coincidence-resolving time of
40 nsec.

Using both coincidence counting and lead collima
tion, the field of view of the detectors is well defined
and the dependence of counting rates and resolution
on the distance between subject and detector is small.
The opposing two detectors in coincidence exhibit a
sensitivity of 38.4 cpm/@Ci @1Rb.The gamma-energy
window was set to include both the 0.446- and 0.551-
MeV photons resulting from decay of the @+emit
ters.

Phantom models. In experiments concerned with
comparisons of coincidence and noncoincidence
counting in phantoms (Experiments I , 3, 4, 5, and
6, Table 1), a filter paper of 12.5 cm diam and
with a center hole of 4 X 4 cm was soaked in 0.5
mCi of 81Rb. The paper was then dried and placed
in a Petri dish. Using 43K, the filter paper was soaked
in 0.2 mCi of this isotope. Every I cm of the filter
paper was then counted in sequence using coinci
dence and noncoincidence counting. With 43K, only
noncoincidence counting was used since this isotope
decays only by negatron emission.

When resolution experiments were carried out
(Experiments 2, 7, and 8, Table 1 ), a filter paper

of 12.5 cm diam was used. Square openings (2 X 2
cm) were cut into the paper and the distance between
theseopeningswasvariedto from 0.5 to 3 cm. The
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FIG.1. Experiment1. Comparisonof coincidencewith @Rb
noncoincidence counting using phantom (filter paper without cutout
square hole). Only left half of figure, as imaged by coincidence
counting, shows cutout in filter paper. Circle shows outline of filter
paper soaked in @Rb.
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using 43K with single detectors failed to image the
two cutouts (Experiments 7a, b, and c).

Results obtained on the infarcted heart. These ob
servations find further confirmation in experiments
in which the infarcted, arrested, and excised heart
was counted (Experiments 9â€”12,Table 1) . Figures
4A and B illustrate typical experiments. Figure 4A
shows that counting in coincidence with 81Rb sharply
delineates the infarcted region; by contrast, as illus
trated in Fig. 4B, it is difficult to recognize the in
farcted region using noncoincidence counting with
81Rb. As shown in Fig. 5, imaging of the excised and
arrested dog heart with 43Kfails to show the infarcted
region with noncoincidence techniques.

These results clearly illustrate the superiority of
coincidence counting. They demonstrate that coin
cidence counting permits clear delineation of a â€œcold
spotâ€•with a resolution of as little as 0.5 cm. Count
ing without coincidence does not discriminate small
â€œcoldspotsâ€• in the model and fails to outline the
infarcted area in the arrested excised heart. It is un
likely that the use of multicrystal detectors or scm
tillation cameras counting not in coincidence would
be sufficient to increase the resolution. In our experi
ments, in principle, multicrystal imaging was carried
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FIG.4. (A)Experiment12a.Resultof imagingof excisedor
rested dog heart. Rubidium-81 (2 mCi) injected intravenously into
dog 3 mm prior to removal of heart. Two hr prior to this, main
descending branch of left anterior descending coronary artery and
side brancheswere ligated. Diminution in countsin region supplied
by ligated arteries is shown. (B) Experiment 12b. Imaging of heart
identical to (A) except that counting was not carried out in coin
cidence. Infarcted region is not visualized.
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fly

of the figure, as imaged in coincidence, clearly de
lineates the aperture in the filter paper. In contrast,
counting with a single detector (noncoincidence)
completely fails to image the square opening in the
paper. The use of the same technique employing 43K
also fails to show any contrast between the emitting
filter paper and the cutout square (Fig. 2).

Figure 3 illustrates the degree of resolution ob
tamed with 81Rb (Experiments 2a, b, c, and d; 7a,
b, and c; Table 1) . In Fig. 3 the distance between
the two square openings is 0.5 cm. It can be seen
in the upper panel of this figure that the square cut
out in the filter paper coincides with a sharp fall in
counts and that the presence of as little as 0.5 cm
of radiating source (filter paper) between these two
cutouts is reflected in a sharp rise in counts. In
contrast, in separate experiments resolution tests
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FIG.2. Experiment3.Phantom(filterpapersoakedinâ€œKwith
square cutout hole, noncoincidencecounting). Cutout square is not
imaged.

FIG.3. Experiment2a. Resolutionon phantomusingcoinci
dence counting (â€œRb).Two square cutouts were made in filter paper
soaked in â€œRb.Distance between 2 cutoutsis 0.5 cm. Counting was
performed along three parallel lines at 0.5 cm distance passing
through center of both squares (lower panel). Upper panel shows
excellent resolution obtained, as indicated by sharp decline in
counts/mm over cutout, and rising counts obtained in small (0.5
cm) region of filter paper, separating cutouts.
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cardial uptake permitting high-resolution tomo
graphic images (9).

Counts/30 sec
x1O2!120-

110â€”119
@ 100-109

::@ 90-99

r% â€˜:@APEX
ACKNOWLEDGMENT

This work was supported by grants from the Council for

Tobacco Research, USA, Inc., the Margaret W. and Herbert
Hoover, Jr. Foundation, and the Kenneth and Eileen L.
Norris Foundation.

REFERENCES

1. HURLEY PJ, COOPER M, REBA RC, et al: â€œKCl:A
new radiopharmaceutical for imaging the heart. I NucI Med
12: 516â€”519,1971

2. Born RE, MACINTYRE WJ, PRITCHARD WH: Identi

fication of ischemic area of left ventricle by visualization of
â€œKmyocardial deposition. Circulation 47: 486â€”492,1973

3. ZARETBL, Sm@ussHW, MARTINND, et al: Non
invasive regional myocardial perfusion with radioactive po
tassium. Study of patients at rest, with exercise and during
anginapectoris.N EngIJ Med 288:809â€”812,1973

4. MCGOWANRL, MARTINND, ZARETBL, et al: Ru
bidium-8 1, A new agent for myocardial perfusion scans at
rest and exercise, and comparison with potassium-43. Am
I Cardiol33: 154,1974

5. MARTIN ND, ZARET BL, MCGOWAN RL, et al: Ru

bidium-8 1: A new myocardial scanning agent. Noninvasive
regional myocardial perfusion scans at rest and exercise and
comparison with potassium-43. Radiology 11 1: 651â€”656,
1974

6. BINGRJ,BENNISHA, BLUEMCHENG, et al: Thede
termination of coronary flow equivalent with coincidence

counting technique. Circulation 29 : 833â€”846, 1964
7. LEB G, DERNTL F, GOLDSCHLAGERN, et al: Deter

mination of effective and total coronary blood flow using
RbTM.Am I Med Sd 257: 203â€”217,1969

8. Hoop B, SMITHTW, BURNHAMCA et al: Myocardial
imaging with â€œNH4@and a multicrystal positron camera.
JNuclMed 14:181â€”183,1973

9. SMITh TW, BELLERGA, GOLD HK, et al: Three
dimensional myocardial imaging using a multicrystal posi
tron camera. Circulation 49 : Suppl No III, 24, 1974

10. LEDERER CM, HOLLANDER JM, PERLMAN I: Table of

isotopes, 6th ed, New York, Wiley, 1967 pp 14â€”35

0

2
3

4

5

6

7 cm

8
9

I0

2

â€˜3

14

0 I 2 345 67 8 9101112
cm

FIG.5. Experiment9. Resultof imagingof excised,arrested
dog heart with â€œKinjected 3 mm prior to excision of heart. Two
hr before, the main left anterior descending coronary artery and
its side branches were ligated. Infarcted region is not visualized.

out since the object (phantom or heart) was moved
in sequence beneath a single crystal.

With these results in mind, it is difficult to see how,
using noncoincidence counting in the beating heart
in situ, any â€œcoldspotsâ€•can be detected using either
43Kor 81Rb. Unfortunately, limitations in our equip
ment (use of only two detectors) makes comparison
of coincidence with noncoincidence counting in the
beating heart in situ difficult, since the uptake of
81Rb by the heart remains constant only for from
90 to 270 sec (7) . Therefore, the use of only one
pair of detectors precludes imaging the whole heart
in this short period of time.

It is certain that the difficulties in resolution en
countered with noncoincidence techniques would also
have been present under in vivo conditions. Smith
and associates have already demonstrated the advan
tage of a high-resolution multicrystal positron cam
era interfaced with a computer system (8,9) . Their
studies in a canine experimental model have shown
that intravenous injection of ISNH,+ results in myo
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