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~dynamic -and static studies. 'ihe instantancous mujo of ®!Rb:
‘be measured by thn rate of L446-52L eV photons to 190 keV photons and
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INTRODUC"’IO‘J

The rapid rata of potassium accmulation in the myocardlum is a
reflection of myocardial circulation and potassium: exchange within the
beating heart ruscle. This fact has been used Io‘_aSQessing myocardial
perfusion using “?K and “3K over the _past ‘17 years. (bapersteln 1956;
Donato et al.y 1964; Love et al., 19G9; Furley et al.; 1971; Smith et.

al., 1972; Holeman et al., 1973; “acIn.,vr-e et al., 1973, Zaret et al.,
1973) Cesium ard rubidium are other alkali metals that behave similar
to potassium. The isctopes used for static imaging ar'e rubi"liurr'—S?
rubidium-84, rubidiun-86, cesium-128, cesium-129, and cesium-131. These
have been used successfully by VQI‘lOLLo investigaters to image the myo- -
cardiun (Carr et al., 196U4; Yano et al., 1970; Budingsér and Yano, 1972;
Poe et al., 1973;50dd et al., 1973). TFor myocardial imaging the above
radionuclides have serious limitations of half-life, availability, and

. -photopeak energy. Low energy gives a high backp'nounf‘ fx'om multiple
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mator p°n°tr‘ation (“?K, “3K, (52% Eh b, €¢2b). Tne. ‘half-lives of ®2Rb

~and '2°Cs ars too short- and . bali—llws of' other radionuclides a;x greater
‘than 12 hours, thus doses necessary for adequate statistics are prohibi~

tive. Rubidium-81 (Waters et al., 1970) hss an idezl half life of 4.6

hrs and an abundant photon at 190 keV from its daughter °'Kr (T)

13 sec); however, the Compton from the 67% abundant positron amuéllaulon
gamas at 511 keV and 23.5% abundant photons at U446 keV detract from reso-
lution at 190 keV and necessitate imaolrg with the. V'l"dOW at 440 to 511 keV.

Neverthmeos,' i'hls radlonuvllda can te pr-od.xced imxpensw 1y 1 n‘
large quantities and ean be injected in doses ¢f 3 to 6 mCi for both
B1PKy can

might glve a measure of reglonzl blood flow 1_*1 a megasurenent similar to

that of Jones eL al. (1973). This. paper reviews our pr'elimimr'y *esults
- in patients., - E ' ,

METHODS

' Isotooe pren.:r‘a‘.:iom n

®1kb 4s preporcd by boro: mx‘w’* hn. 1ine-as .a‘ﬁ irith 26 ileV “l{c ions

at the I;J:.\'renoe Barrelev Izzbr\w tory Sd-ire N, u'f”ot' =1 in cbe follc-umo
reaction: 7°or{a;zn)®lip. Conteminuticn from 8275y (Tw/ = 6.3 hr;

777 keV [8%] and cther L.uucmt(d nigher Cu(’lb}’ sarrn ~) 1s minirized by
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using thin targets and optimization of particle ene: $y The tarbet thick—
ness now used 1s 0.13 m or less, and the ratio of *'Rb to **"Rb is approxi—
mately 3:1. - Comparisori of image resolution for a mixture of ®!Rb to ®#™Rb
of 1:1 vs. that for the mixture of 3:1 shows the latter to be superior
in imaging phantorms, distributed sources, and the myocardium of dogs.

The yield of ®'Rb is about 500 wCi pA=! hr—? with a total yield of about
12 to 15 mCi for a 2 to 3 hour irradiation. The target material is.
dissolved in HgO and passed through an anion exchange resin.in the
chloride form to exchange bromide. The ® Rb chloride solution is passed
through a O 22 u millipore for sterility. : . ‘ _

v TWo other methods saggested by Professor w Myers and perhaps
explored by others are: _ e

USRb(p sn)slsr, :

The production of ®'Sr should give good yields with 60 MeV protons. °'Rb
is the daughter of °’Sr (Ty/2 25 min) and can be removed by chemical
separation.v' . .

Low—energy deuterons on’ natural krypton or enriched °°Kr (2.3%
abundant) in v ,

'°Kr(d n)‘“Rb ;

1s also a promising reaction. Both these latter reactions should give
~ good ylelds: with in31gn1ficant contamination from “mRb :

“»Patient hnaging

o collimate ‘the 511 keV: photons we use a large thick—walled lead
pinhole collimator attached to a 16"-Anger camera.. - The pinhole aperture
is of platinum with an opening of 4 rm.. This collimator was developed
by Dr. Saul Winchell for *¥Fe work a few years ago. * Additional lead
brick shielding around the- pinhole will aid in romoving unwanted pene-
trating photons such as the 777 keV from **"Rb contaminaticn.. From 3 to
6 mCi 61 Rb are injected intravenously and the accunulation imagcd for
4 to 10 min depending on the dose and pinhole insert. - With 5 mCi aoproxi—
" mately 300,000 dots. are accumulated in U minutes with an- Y mm diannter
insert. Three views are tahen,-LAO -anterior, and RAQ.

REOUL.PS.

Two patients without symptomns showed a norﬂal’accumulation;nwhereas__
5 patients with syrmptoms of angina pectoris with or without EXG findirgs
showed definite defects (Figs. ) and 2). Fig. 2 can be compared to .
Fig. 3, which is a *““Cs study on the same. patient. : The target-to-non-
target ratio is 3:2 for much of ‘the heart region, thus. good statistics
are needed for accurate detection of small lesions. The smoothed images
‘of Fig. 3 had 1/6th the number of dots present for the ®*Rb study,
which accounts for the clearer delineation of & lesion using Rb. Hore
Isotope can be injoctcd, and the extraction efficiency of the heart for
Rb 1s better-than that for Cs, but less than that for potassium. Flg. 4



.shows the whole—body distribution of "Rb, which 1s similar to potas-

sium. The whole—body dose is 100 mrad/nCi
SUMMARY
Rubidium-ol is a new myocardial imaging agent with an ideal T1/2

™ of 4.6 hr and energles acceptable for gamma—camera viewing. The
'-target—to—nontarget ratio for heart image to background in the pro-

Jection images is usually less than 2:1, thus good statistics are neces-
sary to delineate lesions. The low radiation dose and . availability of
this isotope allow one to obtain 6 to 10 times the data, and rubidium-81

" 1s probably superior to !'2%Cs and “3K for myocardial imaging if adequatef
.collimation“iS'present. R o

ACKNOWLEDGMENTS

This work was supported by the U.S.A.E.C. We thank Drs. S.

' Winchell and J. Lamb of Medi-Physics for their encouragement and inte- -
rest in the use of this isotope. Professor V. Myers suggested we try

this isotope five years ago.‘_'

REFERFACES

t;Budinger, T. F., Yano, Y. "chardial function evaluation by uptake of =

‘"CS. J. Nucl. Med. 13, u17, 1972.

' Carr E. A., Gleaoon, G., Shaw, S. ,-et al. The dirtot‘diagnOSié'of

myocardlal infarction by photoacanning after admini ration of cesium; :
131. Amer. Heart J. 68, 627~ 636 1964, - : R I

Donato, L., Bartolomei, G., Glordani, R. P\ralua;ion of myocardial blood -
o perstion in man with radioactive potasqium or rubidium and precordial
.'counting Circulation 29, 195-203, 1964, :

Holman, B. L., Eldh, P., Adamu D. F., Han, M. H., Poggenburg, J. K.,ﬂ

. ‘Adelstein, S. J. Evaluation of mJocardial perfusion after intra-
:coronary inJection of radiopota - J. Nucl Med 14, 274-278, 1973.

Hurley, P. J., Cooper, M., Reba, R. C. et al. “3Cl: ‘a'new radio-

- pharmaceutical for imaging the heart. J. Nucl. Med 12, 516-519, 1971Q -

",-,Jones T., Pettit, J. E., Rnodes, C. G., Waters, S. L. Use of ®'Ro-

$1mgr ratio for the measurenment of spleen blood flow. J. Nucl. Med.

Hilb Ulu 1973

Love, W. D., Smith, K. 0., Pulley, P. E. Mapping ryocardial mass and -
regional coronary Blood flow by external monitor inb of l'ZK or ®%Rb

”clearance. 'J Nucl. Med. 10, 702-707, 1969

”MacIntyre W. J., Ibtti 'R. E., Ishii, Y., Pritchard, W. . Atraumatic

measurement: of the diotribution of mvocaydial blood flow usirg *’K and

- a scintillation camera. In Medical Radioisotope Sczntigraphy,(Proc.
Symp. Monte Carlo, 1972) 1972 (1n press) ‘ '

" Poe, N. D., Robinaon G. D., Machonald, N, S. Myoeafdial extraction

of variougly labeled iatty aoid and carbowylatog. »JgﬂNucl, Med. 1%,

- h4o, 1973.



Sapefstein_," LA Fractionation of the cardiac output of rats with ’
isotopic potassium. Circ Res. 4, 689-692, 1956. ‘

" Smith, R. 0., Love, W. D., Lehan, P. H., Hellems, H. K. Delayed

coronary blood flow detected by computer' analysis of.‘ serial scans. Am

Heart J. 814 670-677, 1972. _ . _
Sodd, V. J., Romhilt, D. W., Adolph, R. J., Levenson, :'N 1. August"

L. S., Nishiyama, H. Detection and loca..Lzation of‘_rrwocandlal infare-

‘tion using '**Cs. J. Nucl. Med. 14, 455, 1973

Strauss, H. W., Zaret, B. L., Hurley, P. J. Nataraj‘an,'r K., Pitt, B.

A scintiphotographic method for' measuring 1eft ventricular' el ection
" fraction in man.without ca.r'diac cathetev-izatio'l Am J Cardiol. 28

575-580, 1971, o Lo
Waters, S. L., Silvester, D. J Goodier, I. w De'c’ay‘of ”Rb. -Phys'.
Rev. (Series C) 2, 2441~ 214143, 1970 ' e

'Yano, Y. M., Van Dyke, D., Budinger, T. F. , et al. i‘viy,océmdial uptake o

studies with 12"’Cs and the ocintilldtlon camera. J. Nucl. Med. 11,
663-668, 1970. : o R

Zaret, B. L., Str’ausa, H. W., Martin, N. D. Wells,._Hf.‘ P. Jr. Non-
invasive reg;ional myocardial perf‘usmn with r'adioaf-tiVe potassium.
Study of patients at rest, with exercise and during angjna pectoris
New hng Med 288, 809-812, 1973 _

o




Fig.

Fig.

Fig.

Fig.

-5-
ILLUSTRATIONS
81Rb myocardial accumulation in left lateral and anterior

views for a patient with multiple apical infarctions.

81Rb myocardial accumulation in left lateral and anterior
views for a patient with anterolateral parietal block.

129Cs study on same patient as Fig. 2. Data are smoothed
low target to nontarget ratio demonstrated by profile views.

Whole body distribution of ®!Rb and the changes in distri-
bution with time after 3 mCi I.V. injection.



2% cs HUMAN

Fig, 3



HEART

LIVER

BLADDER

4 22
HOUI’S aftel‘ 3 mC| |V. XBB 735-1226

Fig. 4



LEGAL NOTICE
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United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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