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CORONARY BLOOD FLOW STUDIES WITH
"CESIUM-129 AND THE SCINTILLATION CAMERA

~ Yukio Yano, Donald Van Dyke, M.D., Thomas F.
Budinger, M. D., Hal O. Anger, and Patricia Chu

D‘onri‘er.Laboratory and. Lawrence Radiation Laboratory
- University of California, _Berkeley, California 94720

Decémber 1969

The radionuclides of Rb and Cs ‘have been useci ‘by 2 number of re-
searchers fo assess coronary blood flow in both animal and human sub-
" jects. Th'ese radionuclides are extracted by the _myocafdium in much the
sa1;ne way vé.’s potassium (4, 2). Rubidium-86 was used as an indicator of
ciororiary blood flow by determiniﬁg the myocardial upta_ke ‘of the isotope
‘after intravenous injection (3, 4). Cohen et al. have ﬁsed 84Rb with
coincidence counting technics ton establish changes in the e_xfraction ra.tio
of 84va by the myocardium, both for ndrnual subjects and for those with
coronary artery disease, as a function of the rate of coronary blood flow

and the action of nitroglycerin (5, 6). McHenry and Knobel used 8

‘e
with the coincidence couﬁting and a single bolus injection technic to
determine coronary-bloo"d. f].:O\V as>the ratio of myocardiél radionuclide
uptake to the integrated-time conccht;;gtion. curve of the first arterial |
circulafion of the radionucliée (7). -

Rubidium-82, a generatof—}afodﬁced isotope (Tv1/2 = 75.sec) was used

with the positron scintillation camera to imagev the myocardium after an

intravenous injection (8). This method was successful for visualizihg
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. ,'the mydcardial. uptake of 82Rb in animal studies, but in hu:nah _s.uh‘jectsv

" the uptake of 8 Rh' by the m}rocardium was inconsistent. I o,
| Ces1um 131, wh1ch emlts 29, 4- keV x rays, has been used by Carr

to 1mage the myocardlum (9) About 2 hours after 1nJect10n of 13105; - -
the myocardlum was visualized and the areas of 1nfarct10n appeared ae

a '"cold'" area in the scan, However, there were d1ff1cult1es, attr1butab1e .

to attenuation of the 29. 4-keV x-ray‘.emiséion of 131Cs by over1y1ng body
) 129

| tissue. 'This factor led us to investigate.. Cs as'a scanmng agent for

v myocardial blood flow studies.
* This paper p'reeehts a method for brodu'e‘ing and pr'ocessing miili_-_

129

curie amounts of Cs for studies in patients with coronary disease.
Scintillation camera pictures of myoc,ardial uptake in both animal and
human subjects are presented. Experimental results of the distribution

of 129

CsC1 in various tissues of dogs and rats and the blood disappear -
ance curve are also given.

_ Materials and Methods

:-.The. radioisotope 129Cs (Ti/2 = 32 hr) decays 100% by electron :
‘capture Withthe emission of the following y rays: 2% 40- keV, 3% 280- heV
48% 375-keV, 25% 416-keV, and 5% 550-keV to stable ?Xe. The 375-
keV y-ray emission can be used to obtain scmt111at1on camera p1ctures.
However, the 25% abundant. 416 keV and the 5% abundant 550 - keV - ray
emissions require 1mproved collimation over the standard 134 1 colllmator
to obtain adequate resolution with the scintillation camera. (Colhmator
resolution_ is discussed in a subsequent section. ) Cesium-129 produ_c_tlon

and the loss of resolution in camera pictures because of the high energy

Y-ray emissions have been reported by Clark (10).

il
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i 400-channel y-ray spectrum takenr after most of the
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Cesiu.tn'—129 is produced by irradiating about 200 mg.of reagent
grade Nal in a 0. 010-inch- thick pressed powder target through a 0 005-in.

Al cover f01l w1th 35-MeV’ a particles in the. Lawrence Radlation Laboratory

88-inch cyclotron. The nuclear reaction of the 100% abundant 1271 is
1?;1( , 2n)129Cs The threshold energy for this reaction is 14.8 MeV..

The average beam current is about 12 p.A, and the average yield of.

12 9Cs is about 300 p.Cl/uAh. |
. The irradiated Nal is processed.-in a l?Berkeley box" which has Z—in. -

thick Pb shielding. »The‘ N_aI is washed from the powder plate with 25 ml

 of sterile HéO, and a few drop_s of .0 N Na25203 are added to keepvt_h_e'_

I” in the reduced state. T’his solution is..filtered and the filterate is |

‘ passed through an ion- exchange column which contains 6 ml of anion-

exchange resin AG 1X10 in the C1~ form to convert 129Cs-NaI solution

' to. 129CsC:l in sahne solution. The resin column also removes -126I‘

.(T 1/2 13 days), wh1ch is produced by the nuclear reaction ;127:1('&, dnlizél.
The threshold energy for thls reactlon is about 11 MeV. |

Re su.lts and Discussion

‘The 'y‘-‘ray spectrum of 129Cs from‘ a 400-channe'l analyzer and Nal
crystal is shown in Fig. 1. The spectrum shows a strong peak at 375
‘keV and a weaker peak at 550 keV, The p’res.evnce of long-lived 22Na
was established by c.oincidence counting, which gave a‘ decay curve with
'a T 1/2 of about 2 yr. » Sod1um 22 is produced by the nuclear reaction, |
1Na(cv, arn)11Na, wh1ch has a threshold energy of about 13 MeV A
12 9Cs had decayed

_away showed y-ray emissions of 511 keV and 1275 keV. The amount of
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22N present is 3 X 10 parts of the 129Cs at the time of injection.

129

The injected dose of Cs is 500 pCi in both human and ammal

.. studies with about 0. 15 pCi of unwanted .ZNa.v‘ The whole-body radiation__ o

‘dose to a 70—kg human subject is 2 5 mrad for 0, 15 p.Ci-of 22Na-. For -

9Cs, the calculated whole - body radlatlon dose in a 70 -kg-

500 pCi of
human sub_]ect is about 110 mrad.

The 32-hr half-life of 12 9Cs is long enough to allow production of’
the isotope at a cyclotron and transportatlon to a d1stant cardlac center.

129¢s by 100% electron capture keeps the

Furthermore the decay of
radiation dose within acceptable limits for coronary patients, who are.
usually 40 or more years old.

Animal Studies -

The pr1nc1pa1 organs of uptake as determlned from uptake in dogs, '

Table 1, and the radiation dose for a comparable d1str1but10n in a human
subject are given in Table II. It can be seen that 1 hr after 1ntravenous
1nJect1on the highest uptake is in the G. L tract (28. 3%), and the organ

rece1v1ng the greatest radiation exposure is the k1dney, with 1.32 rad
.for 500 puCi of 12 9Cs. Studies were also done with rats to de_termrne-’
the ratio of 129Cs uptake in the various organs to the uptake in'blood,' :
. and the ratio of uptake in heart to uptake in liver, as a function of time
after intravenous injection. Table III sho.ws' the results as the ratio ..of

129Cs per g of organ to 12'9Cs per g of blood and the ratio of 12'C)Cs per g

129

of heart of Cs per g of liver, It can be seen that the ratio of heart
to blood content increases with time, and that the ratio of heart to liver
content decreases with time. An optimurn time to obtain the best myo-

cardial uptake ratio would be 40 to 90,rnin postinjection.
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Studies were done on tbree normal dogs, "and the blood d'isap.pear—

_ ance curve shown in F'ig." 2 was obtained by taking 1-ml blood samples

: periodicallyv' for 2.5 hr after intr_avenous injection and counting in a

well counter- There is an initial rapid disappearance phase w1th half-

tlmes of 2 min and 7 m1n, and a slower phase with a half time of about

765 min,

Further studies on normal dogs showed myocardial uptake 1 hr

‘postinjection. 29Cs pictures of the myocardium were taken in five

doge, and 1 week later the interventricular branch of the right coronary

artery was ligated. The dogs were medicated with bretYlliurh’tosylat_e_

" prior to surgery to reduce the 1nc1dence of fibrillation, Five hundred

p.Cl of 12 9Cs ‘was given 1ntravenously at completion of the operation -

(chest closed) and scintiphotos taken 1 hr later (1.5 hr after ligat.ion).'
In four of the five dogs cie'arly visible negative defects wereapparent
in the region of the apex supplied by the ligated artery. Autopsy demon-

strated a 10:1 difference in uptake between normal myocardium and the'

infarct In the one dog in Wthh no defect was apparent in the scintiphoto,
‘autopsy demonstrated no infarct and only a 50% reductlon in isotope in '

the area ,supphed by the ligated coronary artery. It was apparent-that '

sufficient collateral circulation existed in this dog so that flow was
reduced but not obliterated. The 50% reduction in uptake was not ap-
parent in the scintillation camera picture. Figure 3 shows,"tbp, 99rn_T,c

heart shadow transmission picture; middle, 129Cs rﬁyocardial uptake

1 hr pestinjection, left lateral view; and, bottom, same dog in same.

position 1 week later, 1.5 hr after coronary artery ligation and 1 hr
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po'stihject'ion.h The area of reduced corohary blood flow is 'vindicated by

9

v the reduced uptake of Cs.

Human Studies '

Studies were done on both normal subjects and t'hose with ‘coronary
disease. Six patients were studied after i'ntraverious. injection of 5001

uCi 129

Ce. Three patients were normal,.‘and three hac‘l‘ dieea'ses knqwn
to affect the rnyoéardium: coronary a_rtery _diseaee, essential hyper-
teinsion, and yidiopathic myocardopathy. All three patients,iivith r'n'yo_; -
'c.arvdial. pathelogy had cardiome‘gal‘y‘. Patients Were counted uhder 'the'
camera (usually 20 min) at frequent 1ntervals to 5 hours after 1n_]ect1on .
.by using the follow1ng collimators: 1nverted d1verg1ng, 2 2-in, w1thout, _
and 2. 2-in with extension (see section on Collimation). The—colhmators
of choice are the: extended 2. 2 1n. when the d1stance from the colhmator
to the subJect is greater than 2. 5- 1n. s and the 1nverted dlverglng c0111—
mator at 2.5 in. or less. The optlmum time for myocardial V1sua11z,at10n
is 45 to 90 min after injection, ahd the tluratieh of cbunting neces sary
for 100 OOO counts is 15 min.’ B | |

There was better overall uptake of 12905 in the myocardia: of '
normals than in abnormals. The distribution of ° 9Cs is shown in Flg. 4
for anterior vi.ews of (A'). normal, (B) car‘diomegaly, (C) hypertens;on, _,

and. (D) coronary disease, Upt'ake'ot 129

Cs by‘the myocardiurn-can be'. :
. seen in 'che ceutral portion of the pictures. Uptake of the 1sotope can |
also be seen 1n the 11ver at the lower perlphery of the plctures, espe;

. cially in the normal, Fig. 4-A. A definite boundary separating th'e area

of the myocardium from the area of the liver can be seen in all the studi_es

except the cardiomegaly (B). The patient with hypertension is also shown
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99

“in Fig. 5, which shows (top) the *"™Tc transmission vp'icture of the heart

shadow, (fhiddle)-"the scintillation camera 'ipi_cture of uptake in the myo-
cardium, and (bottom) the whole-body scan Wit\hvthe Mark Iva_}hole.-body
| 99m | i '

Teb_tx_'a_nsmissi..on picture ‘helps. t_o:o.rient the area of
129Cé"vui)ta;1<e relative to the position of the heart svvl_l‘a_dp'v»v. The 'whole"_
body scan, Wthh s.ho.ws thre:e different intensity s‘etfings taken simul-
taheously and an 241Am x- ray transmission of the whole- body outhne
superimposed on one of the views, plctures the dlstnbu’clon of 12 Cs in
the heart, liver, gastro1nt'est1nal tract, k1dneys, »and hea‘d.v Whole;bedy
scans. taken 24 hr later 'showed the 129Cs activity widely distribﬁted to all
the soft tiseues. - The right heart myecardiu:n was not Vieualiéed with
129¢6 as an entity distinct from the left veﬁtricle. Myo‘cax;diai 129(3&_;

concentration noticeably diminishes after a few hours, whereas the.liver,

129

gut, and stomach concentrations increase. In most of the Cs pictures

‘of the myocardium there is an area of reduced uptake in the upper pa_,'_rt

‘o‘f the myocardium which corresponds to the blood chamber within the

99m.,.

ventricles., This is demonstrated in Fig. 6, which shows. (top) Tc

transmission picture of the heart shadow, (middle) the uptake of 12_.9Cs

by the myocardium, and (bottom) the blood pooi within "c_he ventx"ic.:le's'.
shown by a dynamic study using 99rnTCO4. " The 1oWer tip of ’che blod_d
129"

activity can be super1mposed on the area of diminished uptake of Cs .

 of the myocardlum This series of p1ctures was taken of a normal patlent

_who-remauned in the same position beneath the camera head for all three.
Cesium-129 has potential value in quantitating coronary.bloed‘ f_lew,

imaging myocardial infarction, and assessing changes in myocardial



-8- | . UCRL-19434

flow in response to drugs, diet, age, and exercise. Many of these appli-

cations can _Be done with thé instrumentation now available..'. Impro've -

ments can be made by using a thicker crystal for the. déteétoi"and a |

data readout ,Syste.m for quantitating activit‘y ofrer the fhyocaii'diufri..' | : | .
Our'ser.ie.s of studies is being extended to thé acu‘.tv’e myocardial-

infarction patients for assessment of the clinical pré.cticality"of i.maging'

and following the progreséion or regression of myocafdial in_farqtion_'s. -

Camera Collimation

The IAEA liver élice phantom was filled with 500 pCi »of 12()C_s :

and pictures were taken with the scintillation cé.mel;a by use of a medium-
: v.e‘nergy (0.36 MeV) 2.2-in. thick coiliﬁ;ator (11), the mgdium-’ene.rgy :
collimator plus-a 1-in. e);_fension that increases i’.cs.maXirn‘um-‘y—ra’y: |
“energy to 0.44 MeV, ana the in{rerted Nuclear-Chicago diverging c_‘oll_'i- v

mator. When the last collimator is used, a maghifiéd image of the

" heart is projected on the scintillator. The best resolution is obtained__

- with the inverted di\.fverging collimator when the distance from the colli-
mator to the subject is 2.5 in.i ’qu‘evel;, whén the distance fr.omv'th‘e :
collimator to the éubject is »4.5, the medium-energy collimator w1th
: e’xténsion gives thé best resolution. | | o
Summary
A method for the production of 129Cs by cyclo'tron.'irradia'tion 1s : ’

129

described., The distribution of CsC1 in various tissues of rats a.’n‘d_ :

dogs has been determined for various time intervals after intravenous

- injection., Areas of myocardial infarction have been demonstrated -inv ‘ g

dogs. ' : .;
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Cesi‘um-'129'and thev scintillation camera with suitable collimation
have be'en._vuse.d to image the myocaraial ';iiétribution of coronary biood
flow both 1n norfnals_:and in patients with cor'ona'vry disease. |

N A greater number of patients lne,e_ds to be studied to eétablish the :
. 29 .

clinical usefulness of Cs in determining areas of infarction or is-

chemia.
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TABLE 1 UPTAKE OF CESIUM-129 IN DOG, 1 hr after intravenous in- -
‘jection of 500 pCi of 129CSC1. : ' ‘ C e

LA
Organ " Part of inje"c.ted dose (in %) for whole .
- or"gén plus standard erro_i' (aireiagé for
two ddgs) o o ‘
Heart 15.'0:&0.5. _
Blood (per ml) 3.x1073
Liver | 7.01%0.9
G.I. tract 28.3:!: 0.0
Kidney 9.42£0.8
Lungs 2.51+0.3
Spleen 9.47%
a.'.l One dog. -




L TABLE 2 R_ADIATION DOSE TO A HUMAN SUBJECT (70kg) FOR 500

}.LCl OF CESIUM '129. E

Calculatlons based on organ upta.ke in dog -

- or gan

Dose. . -

{rads)

) Hé‘ar_t“ )

G;' I t:ractj

Lungs
Liver

Kidneys

" Whole body

0.78

1.10

0.12

0.24

1.32

0.11°
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TABLE 3 UPTAKE OF CESIUM-129 IN RATS AS A FUNCTION OF
TIME AFTER INTROVENOUS INJECTION

Ratio

129¢5 per g of organ

129

Cs per g of blood

'plus standard error -

- (a\}era‘ge of two animals) after

180 Vmin :

0.20 % 0,04

Organ 7 min 14 min 43 min |

Heart - 11,9%1.2 22.8+0.9 29.3+0.7 28.5%2.5
Kidney 38.6 +0.2 48.3 +13.4 58.9 0.6 28.9%2.5
Liver 2.49+0.03 2.93 40,32  6.48+0.87 “,-.16.22.:1:'0.3_8
Spleen 3.920.62 3.78£0.20 102 12.8% 0.3
Lung 5.24+0.10 5.58+0,13 14, uo 8 |

Muscle 0.76+0.14 = 1,20£0.48 3. 5¢1 24 5.70%.30
‘Bone 2.2720.28  2.83%1.2 3.82 0,47 6.52£0.12
Heart:liver 4.78+0.43  7.85%0.50 '4.66#0.-50  2.81%0.35
- %/ml Bléod 0.16 +0.04 0.08 £0.03 0.07 % 0.03

o
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FIGURE LEGENDS . o

Ga.mmay-r-ay spectrum of 1295 with 400-channel analyzer and

‘NaI(T1) crystal. Principle peak at 375 keV.

129

Blood disappearance curve for Cs after intravenous injection -

in dogs. There are three components Wi‘l;h half-times of 2 min,

7 min, and 65 min.

99

' mTc -po'ir.1t source transmission ih"e‘arti shadow.

Middle: lateral view, 1 hr pdstinjeétion’ in dog, of 1-?_'9Cs uptake

| | in nbrmal myocardiurn.. | o

Bottom: afte.r coronary artery ligation, area of dirvninished.

129Cs uptake corresponding fo area of reduced

coronary blood flow. |

Mybcardia.l uptake of 129Cs in humaﬁ sﬁbjecfs:~' '(‘A)'norn.na.-l,

(B) cardiomggaly, (C) hypeftensfon, and (D) cc_)ro'navryvdisease.' ‘A '
99 ‘ 129Cs s'cintillation

camera picture; and bottom: whole-body sc.an' of ,patjien'c with

hyper’fension. : . |

Top: transmission with 99m"I‘c Qf the hearf sha‘dowf middi_e:

9Cs uptake in myocardium; and bottom: ventricle blood

99
4
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