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RUBIDillvI-81 USED f,s A r:1YO:::A.f1DIUr·l n:rAGTIIG . AGEItr 

T. F. Budinger, Y. Yarlo, J. r'ICRae 

Donner Labcratol""J and 
latlrence Berkeley Laboratory 

University of California 
Berkeley . 

INTRODUCTIO~J 

,. 

The rapid rate of potCl..5s1um accumulation 1.'1. the nwocardium is a 
reflection ofm/ocardial circulation ar.d potassiurnexchange '>'1ithin the 
beating heart nT,lsclc. This fact has be(~n used foraspessing myoca..."'Clial 
perfusion using 1t,2K and It 'Kover the past 17 yearz(saperstein, 1956; . 
!:Onato ct al •• ;1964; Love etal., 1969; Eurley et al., 1971; Smith et 
al., 1972; Holeman et al., 1973; r.!aclntyre et ale ,1973; Zaret et al., 
1973). Cesium ard rubidiLIDl are other alkali metals U;at behave similar 
to potassiuln. The isctopes u3ed' for static irragir.g are rubidium-32, 
rubidium-84) l'UbidiuIi:-86, cesiu.i1-128, cesiu:n-129, andcesiurTI-131. These 
have been used successfully by various invcstit;a.tcrs to image the mYo­
carditl'n (Carr ct al., 19611; ,Y:mo et al., 1970; Budinser and Yano, 1972; 
Poeet al., 1973jSodd etal. ,1973)" Por l"1yoca.rdialitnaginr; the above 
radionuc1ides ha:ve serious limitations of half-life,.iJ.vallability, a11d 

. photopeak energy. LGw enerrs [';1 yes a hiGh ba.ckn"oufK.! fi'Om multiple 
"'c~4-~~ .... ~~- (131C~\ t-.~,41 ~r."'~' ~-t •• ",~ ~ \"'-l,...:~ J.--"I·,-""'·· .... d· ~u" t" c~114 . 
~t;;~'~~~~tratio~' (1t12'K~ 1t3K':' ~~Fb:·'e~·r~,"B·(,~.b)~: ... r·T~~··<i;alf-liv~s ~f s;Hb' 
and 12 eCs are too short ar.d half-lives of' other radioriuclides .::h~ greater 
than 12 hours, th'.ls doses necessa!j' for <lc1equ?te st·3.tistics are p!'O~ubi­
ti ve. Rubidiu'11-81 (Haters et a1., 1970) ho.s an ide2.l half life of 4.6 . 
hrs and an abuildant photon at 190 keY f1·on its daur-.hter e lmKr (,r ? = 
13 sec); ho\>;ever, the Compton from the 67% abundant positron ~~i1ation 
garrr;ms at 511 keV and 23.5% abundant photons at ~46keV detract from reso­
lution at 190 keY al1.d necessitate irnagingvlith the \dndow at 440 to 511 keV. 

Nevertheless, this radicnu::lide ca.n ~e prod:.rcedinexpensively in 
large qU2.ntities::tnd ca.'1 be inj cctE-Q in dose:3 of 3 to 6 mCi for both 
dy"""'rrr'L·.'''' 'tI1d S+-!:l+-l"'" <"tu' cli" es '1"''',· ;l-l·,l.·;"y·{.··.· .. 'c·o,·". """"'+-jo ~f 8lR'D" Bln:;, ..... can ,&J,C"..;. _ ...... c... V_.OOI l.,. ....... • ".I.e.:..: _. ;::,\oiC-vLJ.'-'Cl. • ..L_.~. J.c;..;.\"I. - U . • j,~ 

be measured by the rate of 1146,...524 ~r:.eV p;·:~)tons to 190 keY phOtO"1Sa.!1d 
might [,ive a. r:;cn.s:,u:'e of ref,lon2.} blco . .l fIo\; in a measurement s:Lmila.r' to 

. that of Jones et £1.1. (1973). 'l'!-lis, pape~' r0vic'::s ourprelirnin:'1r'J results 
L~ patients. . 

, ~iETIIOD8 

Isotop~J2rep~~_~jJ?!~. 

uHb1s prepilr'(>dby bOI:1b~u·d:l.tlC; bn-,::11~lcas i·::tBI' \Tlth 26i·leV ifIle ions 
at the I .. 'l~\Tenre B,:,"'~·.cley Izbc!':l:c-ry ~;:J·-iiK;il cycl<.)~·!~C:l inc;he follNlil'lg 
react1rrl· 79~rro.,'Jn)el-:D ··'-'·"""·'·"'il'n"tir'" f· ......... n· egi,:. ,(r:n.../~ -'6 ., hr' , . J. ...J.\ ,co l~. v· ..... ~ ....... ::· ... ! ~' ..... ,L,,/ •• 4..'" ....,.1 !'iU. ,..:4.1 t!. - • J , 

71'1 keV [83%J anJcthcr w·Mantf.:d hi[.: 12:' CiiP.1'U' gn!T:::!:3 )is rn1nir:iizccl by 
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using tiiin targets and opt 1m1zatlon of pa......t;icle ener~. The target thick­
ness now used is 0.13 rnm or less, and the ratio of e Rb to umRb is a~proxi­
mat ely 3:1. Comparison of image resolution for a mixture of 81Rb to zmRb 
of 1:1 vs.that for the rnixtu.~ of 3:1 shows the latter to be superior 
in 1ma.g1ngphantor.s, distributed sources, and the myocardium of dOgS. . 
The yield of, BlEb is about 50'0' j.lei j.lA-1 hr- 1 with a total yield of about 
12 to 15 nCl for a2 to 3 hour irradiation. The target materiaJ. 1s' 
dissolvedirl H20 and passed through an anion exchange resin, in the 
chloride forin to exchane;e bromide. The B1Rb chloride so1.utionispassed 
through a 0.22 j.lr.U.llipore for sterility. 

Two other methods suggested by Professor W. rtrer:s, and perhaps 
explored by others , are: 

85}1b(p,5n) 81Sr 

The production of B1Sr should give good yields \,lith 60fIJeV protons. 81Rb 
is the daughter of B1Sr (Tl/225 IT'.1n) and can be reITPvedby chemical 
separation • 

. Low-energy deuterons on natural krypton or enriched 8 uKr (2.3% 
abundant) in 

uKr(d ,1'1) 81Rb 

15 also ~ promising reaction. Both these latter reactions should give 
good yields' \,lith insi!,)1ificant contamination' from 1$ :lmRb. 

Patient :iJnaging •. , 

To collimate the 511 keY photons we use a large thick~wal1ed lead 
pinl-J.o1e collimator attached to a 16"-Anger camera ... The pinhole aper;ture 
is of plat inurn with an opening of 4 fl1'n. 'I'hisco11imator was developed 
by Dr. Saul. Hinche11 for li'Fe work a few years ago ....• Additional lecld 
brick shielding around tb(: pinhole will aid in rcrrpving unwanted pene­
trati~ photons ~,~ch as the' 777 keY from tl2mf.b contari1inatio~l. From 3 to 
6 mCi lRb are 1nj ected intravenously and the accumulation lIllaged for 
4 to 10' min depending on the dose and pinhole insert~ '. With 5 mCi approxi­
mately 30'0,00'0' dots are accunlllated in4 minutes \'lith all e mn diameter 
insert. Tnree views are taken, LAO, anterior, andfu'\O. 

RESUl.JfS 

'1\.,.0 patients Hithout symptoms shmved a norrral accLunulation; whereas 
5 patients \-lith' S:}'r.1Ptoms of angina pectc.ris . "lith or without EKG findings 
shmJed definite defects (Figs. ). and 2). Fig. 2 ccmbe compared to 
Pig. 3, which is a J ;£'jCs 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. Trle smoothed irnaces 
of Fig. 3 had 1/6tfl the number of dots present for th,c /I JRb study, . 
which account[') for' the elca.rer dcU!.1eat~.on of c'. lesion LC:3ihg RtJ. i'·lore 
isotope can be injected, and thc~ extr3.clion efficiency of the heart for 
Rb is better tJ1311 tha.t for Cs, but less thc'lIl that for potassi1:un. F'lf~. ~ 

'\ 
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shows the whole~b~dy distribution of • 'Rb, l'lhich is' sinrl.lar to potas­
sium. The whole-body dose is 100 mrad/nCi. 

SUt>w\RY 

,Hubidiurn-tllis a new rrwocaroial iInaging agent with ,an ideal Tl/2 
"" of 4.6 hr and energies acceptable for gamna-camera viewing. The 

target-to-ncntarget ratio for heart image to backgrOl.U1din the pro~ 
jection images is usually less than 2:1, thus good statistics are neces­
sary to delineate lesions. The 10\,1 ra.diation dose artdava11abil1ty of 
this isotope allow one to obtain 6 to 10 times the data, and rubidium-81 
is probably superior to 129CS and It 'K for rnyocaroial:trna.ging if adequate 
coll.1ma.tion is present. ' 

'lh1s work was supported by the U.S.A.E.C. We thank Drs. S •. 
Winchell and J. Lamb off\'Iedi-Physics for their encouragement andinte­
rest in the use of this isotope. Professor VI. ~!iyers suggested \'Ie try 
this isotope five years ago. ' 

REFERENCES 

Budinger, T. F., Yano, Y. ~·!yocardial function evaluation by uptake of 
129CS. J. Nucl. filed. 13, 417, 1972. ' 

Carr, E. A., Gleason, G., ShaH, S., et ale The direct diagno3 is' of , 
nvocaluial infarction by photos canning after administration of c€siwn':'" 
131. Amer. Heart J. 68, 62'/-636, 1964. ' 

iX:>nato, L., Bartolomei, G., Giordani, R. Evaluation of myocardial blood 
perfusion in man \'lith radioactive potassium or rubidium andp:recordial 
counting~ Circulation 29,195-203, 19611. 

Holman, B. t., Eldh, P., Adams, D. F., Han, M. H., Poggenburg, J. K., 
Adelstein, S. J. Evaluation of myocardial perfusion after intra­
coronary injection of radiop6tnsslum. J. Nucl. Me~.L 14, 274-278, 1973. 

Hurley, P. J., Cooper, fIl., Reba, R.C. et ale It'KCl:a new radio­
pharmaceutical for imaging the: heart. J. Nucl. riled. 12 ~ 516-519, 1971. 

Jones, T., Pettit, J. E., Rhodes, C. G., \'Jaters, S. L . 
81mKr ratio for the measurement of spleen blood flov!. 
145 4111, 1973. 

Use of e lRb­
J. Nucl. t'1ed. 

Love, W. D., Smith, R. 0., Pulley, P. Eo Mapping myocardial rna.ss and 
regional co.ronaryblood flow by extE:"rnal monitoring of lt2Kor HRb 
clearance. J~ Nuc1. Med. 10, 702-707, 1969. . 

'MacIntyre, \v. J;, Botti,R. E., 151111, Y.,PrltchanJ,.H. H.Atraumatic 
measurement of the distribution of myocardial blood flow usir..g It 3K and 
a scintillation camera. lri tledi~al J1a,dio.isotooe Scintigraphy (Proc. 
Symp. TvbnteCarlo, 1972) ,1972 fin press). 

Poe, N. D."Robinson,.·G. D., FncDonald, N. S. f-wocardlal extraction 
of varioUSly labeled fatty acids a11d carboxylates .J. Nucl. f:led. 14, 
~~O, 1973. ' 



-4-

Saperstein, L. A. Fractionation of the cardiac output of rats with 
isotopic potassium. Cire. Res. !£, 689-692, 1956. 

'. Sm1th,R. 0., LDve, W .D., Lehan, P • H., lIellems, IL.K. Delayed 
coronary blood flow detected by computer analysis of serial scans. Am. 
Heart J. 84, 670-677, 1972. 

'Sodd, V. J. , Romh11t , D. W., Adolph, R. J., Levenson, N. I., August; 
L'. S., Nishiyama.,H •. Detection and loccilization of myocardial infarc-
tion using 12~Cs. J. Nucl. ~1ed. 14, 455, 1973. . 

Strauss, H.. W., Zaret, B. L., Hurley, P. J., Natarajan, T. K., Pitt,B. 
A scintiphotographic method for measuring left ventricular ej ection 
fraction in. 111c.'U1.withoutcardiac catheterization.'· Am. J. Cardiol. 28, 
575-580, 1971.' .' -

Waters, S.L., .silvester, D. J., Goodier, I. VI. Decay of 81 Rb .Phys . 
Rev. (Series C} ~,2441-2443, 1970. 

Yano, Y. M., Van Dyke, D., BudinGer, T. F., et ale r-Jyocardial uptake 
studies with 129CS and the scintillation camera. J~Nucl. r-Ied. 11, . 
663-668, 1970. 

Zaret, B. L., Strauss, H. W., rlJartin, N. D., Wells, H. P. Jr. Non­
invasive regional myocardial perfusion with radioactive potassium. 
Study of patients at rest, with exercise and dl.h .... ingangina pectoris. 
New Erig. J. Med. 288, ~09-812, 1973. 

I . 



- 5-

IILUSTRA'l'IOl JS 

Fig. 1: IlRb Il1Yocardial accumulation in left lateral and anterior 
views for a patient with multiple apical infarctions. 

Fig. 2: 11Rb IT\Yocardial accl..ID1Ulation in left latemland anterior 
views for a patient with anterolateral parietal block. 

Fig. 3: lUes study on SamE' patient as Fig. 2. Data are smoothed 
low target to nontarget ratio demonstrated .by profile vieHS. 

Fig. 4: Whole body distributioIl of e Inb and the changes in distri­
bution wit:h time after 3 mGi LV. injection. 
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