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Abstract

A CRITICAL EVALUATION OF POTASSIUM-43 AND CAESIUM-129 FOR QUANTITATIVE MYOCARDIAL

SCANNING.
The recent availability of potassium-43 and caesium-129 has revived interest in myocardial scanning.

This study was undertaken to compare imaging characteristics of these two ions for the purpose of quantitating

myocardial infarction. Both nuclides were produced on-site in a small biomedical cyclotron.

Instrumentation: Although better quality images could be obtained with rectilinear scanners, emphasis

was placed on scintillation camera imaging because of ease of quantitation. A high efficiency pinhole co lli-

mator proved most satisfactory. Modulation transfer functions showed poorer resolution with potassium-43 due

to collimator penetration from the 0. 619 MeV photons.

Animal experiments: After intravenous injections in dogs, between 5-8% of the administered dose

concentrated in myocardium. Potassium reached peak values in 10-20 min, then cleared rapidly (T£ 6h).

Caesium turnover was slower with a peak between 1-3 h and a T i approaching one day. Myocardial extraction

efficiency, determined by direct intracoronary injection, was 70% for potassium and 20% for caesium. Acute

and chronic ischaemia and/or infarction were produced by ligation of the anterior descending coronary artery

at different levels. Small lesions were not detected in vivo and even large lesions were often not clearly enough

defined for quantitation.

Clinical investigations: Correlative studies were performed in patients undergoing cardiac catheterization
and ventriculography. With nuclide doses up to 2 .5 mCi by intravenous injection and 1. 0 mCi by intracoronary

injection, satisfactory anterior and right and left anterior oblique views are obtainable. The anterior image is

"O" or "U" shaped and represents left ventricular and septal muscle mass with a central ventricular cavity defect.

There is also a tendency for diminished apical activity. These factors combine to obscure anterior and apical

lesions. Resolution is further reduced by a low 4: 1 target-to-background ratio after intravenous injections.

The ratio can be increased to 7 :1 with caesium by intracoronary injection. Although the myocardial extraction

of potassium is more efficient and gives higher ratios, this advantage is quickly lost by its more rapid clearance.

In over 30 patients studied by intravenous and/or intracoronary injections of caesium-129 and potassium-43,
only large abnormalities such as aneurysms could be defined consistently. It is concluded that radiopharma-

ceuticals with greater myocardial specificity are needed for quantitative measurement of regional myocardial

ischaemia.

INTRODUCTION

The widespread incidence of coronary artery disease has stimulated
interest in noninvasive techniques to evaluate the extent and severity
o f the disease process. Specifica lly , there is a need to localize the
sites of injury and to quantitate the degree of ischemia. External de-
tection of gamma-emitting radionuclides as they pass through the coronary
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vessels and/or loca lize in the myocardium is a log ica l approach to this
problem. More precise anatomic localization o f abnormalities would be
possible with the addition o f scintiscanning. This concept is not new
and a number of radiopharmaceuticals for myocardial scanning have been
investigated M - The most promising agents were potassium and its ana-
logs, rubidium and cesium, but imaging with the available nuclides was
unsatisfactory because the energies were either too high or too low.
In the past few years, potassium-^3 and cesium-129 have become available.
Both of these radionuclides have energies which are suitable for imaging
by either scintillation cameras or rectilinear scanners [ 2 , 3 ] .

The purpose of this study is to further define the turnover charac-
teristics o f potassium and cesium in normal and ischemic myocardium and
to determine the usefulness of ^ and 129cs in the clin ica l evaluation
of coronary artery disease.

RADIONUCLIDE PRODUCTION

Both ^3k and 129Cs are produced on-site in a small biomedical cyclo-
tron .1 (^2k and 13lCs, used in some animal experiments, were obtained
from commercial sources.) The potassium is made by the ^Ar (a,p)
reaction from bombardment of purified argon gas with 20. MEV alpha par-
tic les in a gold-plated brass cylinder. The resultant pure * is rinsed
out with normal saline. The average yield at the end o f bombardment is
0 .08 mCi per /xA-hour. The typical usable yield 100 minutes after a 2-
hour run is about 2.5 mCi. Attempts are being made to increase this yield .

129cs is made by 2k.6MEV alpha bombardment of sodium iodide by the
127l (a,2n) 129cs reaction. The product is dissolved in pyrogen-free d is-
tilled water su fficient to make the fina l solution isoton ic. Small
amounts of 22ua are present. The average yield is 0.15 mCi per (iA-hour.
The typical usable yield is 5 mCi 16 hours after a 2 hour bombardment.
A delay of 12-16 hours is required for decay of ^ arising from the
(a,n) reaction.

INSTRUMENTATION

The selection o f instrumentation was based on observations with 12 9cs,
the first analog available to us. It was generally agreed that the best
quality in vivo images were obtained in both animals and humans with a
3-inch rectilinear scanner using a medium energy collimator. However,
for speed and potential ease of regional quantitation, a large crystal
scin tillation camera2 was chosen. As images obtainable with a straight
bore collimator were small and failed to optimally u tilize the available
crystal surface, a converging collimator was tried . The distortion with
this collimator at a ll distances was so great as to produce a tota lly
useless image. A pinhole collimator with a high sensitivity aperture of
slightly over 80 mm was fina lly selected. For most anterior studies,
the collimator was positioned 6 cm from the chest wall. This distance
provided an axial magnification factor of approximately 2. Although
greater magnification would be desirable, distortion of the three dimen-
sional myocardial image became excessive i f closer positioning was attemp-
ted.

‘ and 129cs have dominant gamma emissions sim ilar to 131l. However,
^3k has a significant high energy contribution which possibly could lead

* Cyclotron Corporation, Berkeley, California.

® Picker Dynacamera 2B.
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to loss of resolution . The major gamma energies (MEV) and intensities
for *+3k are 0.373(85$), 0.390(1 8$), 0.590(1 3$), 0 .619 ( 81$ ); and for 129Cs
are 0 .375(^"8$), 0.^1 6(25$), 0.550(5$). It was our opinion that slightly
better images were obtainable with 129Cs (Fig. l ) . In an attempt to
clarify this point, the two radionuclides were compared by determining
modulation transfer functions and penetration fractions. The MTF's for
90 cm line sources at a distance o f 10 cm from the collimator are seen
in Figure 2. The curves are very close, suggesting only a slight super-
iority for 129cs. However, using the same line sources, the penetration
fraction for 129 qs i s o.l^J- in contrast to a fraction of 0 . 6 l for ^ .
The lateral penetration of ^3K photons from nontarget sources, particular-
ly after tota l body distribution following intravenous administration,
could noticeably degrade the resultant scan image.

C s 

RECTILINEAR (LEFT LATERAL)

CAMERA (ANTERIOR)

FIG .l. Comparison of images obtained with 129Cs and 43K using a 3-in . rectilinear scanner and a large crystal

scintillation camera. In general, scans performed on a rectilinear scanner using 129Cs give the best resolution.

With the camera, cesium also shows better detail, but physiologically may not provide as reliable information

as does potassium. (Arrows indicate apex.)
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FIG.2. Modulation transfer functions for 125Cs and 43K from a large crystal scintillation camera equipped with

a high sensitivity pinhole collimator. The MTF’s were obtained from a 90-cm line source coveted by 2 .5 cm
of Lucite and placed 10 cm from the collimator.

FIG.3. Clearance curves for potassium (A) and cesium (B). The turnover characteristics of these two ions are

distinctly different with potassium showing more rapid uptake and clearance. (Count-rates adjusted for graphic

purposes.)

ION KINETICS

Normal potassium and cesium uptake and turnover characteristics were
determined in anesthetized dogs [^ J. Average values following intravenous
in jections are found in Figure 3. Blood clearance for both ions is multi-
phasic, but is more rapid and complete for potassium. Precordial uptake
of potassium reaches a peak within 20 minutes after in jection , then begins
an immediate decline with a half-time of approximately 6 hours. The peak
for cesium is gradually achieved between 1-3 hours followed by a slow and
prolonged clearance estimated to be about 2h hours. The precordial curve
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is only an approximation of myocardial concentration as both blood clear-
ance and overlying skeletal muscle uptake are reflected . Sim ilarly, the
head curve is a combination o f blood clearance and skeletal muscle uptake.
In Figure 3, note the flatness of the head curves which demonstrates the
concentration and slow turnover of these ions in skeletal muscle. The
relatively low myocardial concentration of potassium and cesium (5-8$ of
the injected dose) plus substantial uptake in overlying tissue result in
a low target-to-background ratio which poses a problem in the use of these
ions for quantitative investigations. The high background is maintained
because renal clearance of these ions from the tota l body potassium pool
is very slow.

Myocardial extraction efficiency was determined in anesthetized open-
chest dogs by myocardial counting following direct intracoronary in jection
of ^2k and 131Cs. About 70$ of the administered potassium is retained
during the first circulation . The clearance by this route is slightly
over 1 hour. With injected cesium, only 20$ is retained on the first
passage and the clearance Tg is 6 hours.

Acute and chronic (up to 6 months) ischemic lesions and infarcts
were produced in 30 open-chest dogs by single or multiple ligations of
the anterior descending coronary artery and major tributaries. At select-
ed intervals, technetium-99m labeled resin microspheres (<35^ diameter)
and 131cs or 129cs were simultaneously injected into the le ft atrium.
Thirty minutes la ter , the animal was sacrificed and multiple sections
of the myocardium were counted in a dual spectrometer well-counter. The
relative counts of the two radionuclides correlated closely and showed
decreased concentration in the ischemic areas. The attained level of
activity was assumed to represent relative blood flow. However, i f cesium
is given intravenously and incorporated into the myocardium prior to vas-
cular occlusion, there is a definite lag time before cesium is lost from
the damaged ce lls . Even in severely injured tissue, insignificant amounts
are cleared in the first 6 hours. By 2 k hours considerable cesium is lost
but the amount retained is approximately two times the amount taken up
after post-occlusion in jection . In other words, equilibration between
loss from injured or dead ce lls and blood flow is not yet attained by 2h
hours. Similar studies with preinfarction administration o f potassium
were not performed, but Jennings et a l. [ 5 ] have previously studied this
problem. Their results indicate that clearance from dead cells and equi-
libration with blood flow are more rapid with potassium than cesium.

DOSIMETRY

The human dosimetry calculations were derived from MXRD Committee
sources (Supplement U, Pamphlet 6 for *+ , and prepublication data for
129c s ) and from the animal turnover data above. The following assump-
tions were used for both radionuclides: 1.0 mCi intravenous dose, 5$
myocardial uptake, 300 gm heart mass, and no tota l body clearance. For
- the b iolog ic half-time in the heart was 6 hours; and for 129 cs the

b iologic half-time was equated with the physical half-time. These assump-
tions presumably tend to overestimate the actual dosage delivered. ^
gives 1. 2k rads to the myocardium and 0.59 rads to the tota l body. Corres-
ponding 129cs values are 1.05 rads and 0.22 rads. With direct intracor-
onary arterial in jection , the myocardial dose for both radionuclides would
increase sign ificantly , but the tota l body dose would decrease only slightly
because the ions which are rapidly cleared from the myocardium would quickly
enter the tota l body potassium pool with radiation effects similar to those
found after intravenous in jection .

To date, UCLA Human Use Committee approval has been granted only to
study patients with heart disease undergoing cardiac catheterization. For
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both nuclides, intravenous doses up to 2.5 mCi can be given and intracor-
onary doses up to 1.0 mCi. Under optimal conditions, these doses provide
between 50,000 and 100,000 counts in ten minutes or less . The ten minute
time interval was arbitrarily selected as a period suitable for u tiliza -
tion o f this type o f procedure in acutely i l l patients or as a screening
test.

IMAGING OF EXPERIMENTAL INFARCTION

The de novo detection of ischemic defects following coronary artery
ligation has proven to be a definite problem. Scans obtained from normal
animals in the anterior and le ft lateral projections show so much variation
that it is often impossible to differentiate ischemic lesions from areas
which normally contain relatively low levels of activ ity . In the anterior
projection , there is a centrally located region of diminished uptake which
represents the Is ft ventricular cavity. Also, in most animals, there is
a less well defined decrease in activity at the apex (Fig. l ) . In the
le ft lateral view, an irregular band-like region of relatively low radio-
nuclide content extends from the apex to the base (Figs. 1, kA, 5A).

A 

FIG.4 . Baseline (A) and immediate postinfarction ( B) left lateral scans and lead AVL electrocardiographic

tracings in a dog after ligation of the anterior descending coronary artery. Note the development of a large

anterior scan defect and ECG evidence of acute infarction in the follow-up study.
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The exact et i ol ogy of t hi s defect i s not yet ascer t ai ned but pr esumabl y
r epr esent s a combi nat i on of t he vent r i cul ar and api cal vari at i ons not ed
i n t he ant eri or proj ect i on.

Wi t h r efer ence t o Fi gur es Hb and 5B, t her e i s no pr obl em i n i dent i -
fyi ng t he ant eri or defect s i n t he post i nfarct i on scans as abnor mal i t i es.
However , i n Fi gure 1, t he possi bi l i t y of an api cal l esi on i n t he basel i ne
scan cannot be excl uded. A si mi l ar st at ement coul d be made for t he base-
l i ne scan i n Fi gur e 1+.

Al t hough preci se det ermi nat i ons of t he si ze of defect s t hat can be
i ndi sput abl y det ect ed by scanni ng have not yet been est abl i shed, i t i s
apparent t hat onl y l arge l esi ons i nvol vi ng most of t he ant eri or surface
of the hear t can be consi st ent l y det ect ed i n vi vo. Even wi t h basel i ne
r efer ence scans and el ect rocar di ographi c evi dence of acut e i nfarct i on,
many i nfarct s go undet ect ed. Thi s fai l ur e occurs i nspi t e of rel at i ve r e-
duct i ons i n r adi onucl i de concent rat i on i n t he i nfarct of 8ofa or mor e as
det ermi ned by i n vi t ro count i ng.

Once an abnormal i t y i s det ect ed, t her e i s no way of di fferent i at i ng
acut e damage from heal ed scar t i ssue. I n i schemi c t i ssue, t he concent ra-
t i on of t he t r acer cl osel y cor rel at es wi t h t he rel at i ve bl ood fl ow. Aft er

i

( ¡ I

A

FIG. 5. Baseline (A) and 6-month postinfarction (B) left lateral scans and lead AVF electrocardiographic tracings

in a dog after ligation of the anterior descending coronary artery. A distinct anterior defect developed after

infarction. The follow-up ECG shows only ischemia.
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i nfarct i on, t he r adi onucl i de cont ent of t he dead t i ssue comes i nt o equi l i -
br i um wi t h t he ext r acel l ul ar fl ui d. Wi t h heal i ng t he i nfar ct ed muscl e i s
r epl aced wi t h fi brous t i ssue. The cel l s i n t he scar, al so t ake up t he t r a-
cer but t he concent rat i on on a per gr am basi s i s about one- hal f or l ess
t he concent rat i on i n t he sur roundi ng myocardi um. The l ow pot assi um or
cesi um cont ent , t he r el at i ve t hi nness of t he heal ed i nfarct pl us a t en-
dency for hypert r ophy of t he adj acent myocar di um al l combi ne t o enhance
t he pr obabi l i t y of det ect i ng ol d i nfarct s.

Reduced bl ood fl ow wi t hout t i ssue i nj ury or i nfarct i on i s not det ect -
abl e wi t h st at i c i magi ng. Si mpl e l i gat i on of t he ant eri or descendi ng cor -
onary ar t ery oft en pr oduces no scan or el ect rocardi ogr aphi c evi dence of
i schemi a. Obvi ousl y, col l at er al fl ow can be suffi ci ent t o prevent cel l u-
l ar damage but absol ut e fl ow i s al most cer t ai nl y r educed i ni ti al l y. Fr om
t hi s observat i on, i t i s probabl e t hat st enot i c l esi ons, even of hi gh de-
gree, wi l l not produce scan abnormal i t i es.

As wi l l be seen bel ow, t he probl ems encount er ed i n det ect i ng exper i -
ment al i schemi a and i nfarct i on i n dogs appl y equal l y t o cl i ni cal i nvest i -
gat i ons .

CLI NI CAL I NVESTI GATI ONS

The basi c pur pose of our i nvest i gat i on i s t o devel op a si mpl e, r api d
i nt ravenous sci nt i scan t echni que for det ect i ng and quant i t at i ng regi onal
myocar di al i nj ury, i schemi a, and i nfarct i on. The i nvest i gat i onal pl an
was t o per for m correl at i ve scan st udi es i n coronar y art ery di sease pat i ent s
under goi ng car di ac cat het eri zat i on, coronar y angi ography, and vent r i cul o-
graphy. Scans aft er i nt ravenous admi ni st rat i on of t racer wer e t o be
obt ai ned t he day before or aft er cat het eri zat i on. Comparat i ve i mages made
aft er sel ect i ve i nt ra- art er i al i nj ect i on duri ng t he cat het eri zat i on pr oce-
dur e wer e al so t o be obt ai ned. Thi s appr oach was not fol l owed cl osel y for
t wo reasons. Fi rst , t he t ar get - t o-backgr ound rat i os avai l abl e aft er i nt r a-
venous i nj ect i on of ei t her 1 29Cs or -̂ gi ve such poor qual i t y scans t hat
quant i t at i ve and even qual i t at i ve est i mat es of r egi onal perfusi on, ar e
di ffi cul t (Fi gs. 6, 7). Second, t he sl ow myocar di al cl ear ance of cesi um
makes repeat st udi es wi t hi n 2h hour s al most i mpossi bl e. I t i s ant i ci -
pat ed t hat comput er mani pul at i on of t he dat a, not avai l abl e at t he t i me
of wri t i ng, wi l l be r equi red t o sol ve t hese pr obl ems and t o event ual l y
det er mi ne t he pract i cal i t y and useful ness of t he i nt ravenous rout e. As
a resul t of t hose l i mi t at i ons, most of t he pat i ent s st udi ed have had ei t her
i nt ravenous or i nt racor onar y admi ni st r at i on of radi onucl i de, not bot h.

The sel ect i on of posi t i ons for whi ch t o vi ew t he myocar di um ar e di c-
t at ed by bot h pract i cal and t heor et i cal consi der at i ons. For compar i son
wi t h el ect r ocar di ographi c and speci al r adi ographi c dat a, t he ant eri or and
r i ght and l eft ant eri or obl i que posi t i ons ( camera posi t i oned ant eri or l y
t o t he pat i ent ) are best . These vi ews ar e easi l y and most sat i sfact ori l y
obt ai ned. The st rai ght l eft l at eral pr oj ect i on i s more di ffi cul t because
of great er t ar get di st ance and a t endency for super i mposi t i on on t he l i ver.
Wi t h a st andard sci nt i l l at i on camera, t he post er i or pr oj ect i on i s essent i -
al l y unobt ai nabl e because of t he i nt erposed skel et al muscl e bar r i er whi ch
cont ai ns hi gh concent r at i ons of i nj ect ed radi onucl i de. Fai l ure t o obt ai n
t hese t wo vi ews i s a maj or di sadvant age because i t precl udes eval uat i on
of t he i nferi or and post er i or wal l s of t he heart . Unfor t unat el y, t he ant -
eri or and obl i que proj ect i ons al so have ot her l i mi t at i ons whi ch wi l l be
descr i bed bel ow.

Al t hough over 30 pat i ent s have been studi ed, t he hi gh i nci dence of
myocar di al di sease has i nt erfer ed wi t h est abl i shment of nor mal i mage pat -
t erns. Based on a few l eft coronar y i nj ect i ons i n subj ect s wi t h nonscl er-
ot i c domi nant l eft cor onary ar t eri es (Fi gs. 6C, 8), t he nor mal ant er i or
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FIG.6. Relative target-to-background ratios with 129Cs and 43K by different injection routes. (A) intravenous

cesium, (B) intravenous potassium, (Q intracoronary cesium, (D) inuacoronary potassium. Similar ratios are

found in the intravenous studies, but far superior values can be obtained with intracoronary potassium.

pr oj ect i on shows an el l i psoi dal i mage, pr i mar i l y r epr esent i ng t he l eft
vent r i cul ar muscl e mass. The bl ood fi l l ed l eft vent r i cul ar cavi t y i s
seen var i abl y as a cent r al defect . Ther e i s a t endency for decr eased
act i vi t y at t he apex. The l eft ant er i or obl i que i mage i s r ounder and t he
cent r al and api cal def ect s ar e mor e pr omi nent . I n t he r i ght ant er i or ob-
l i que, t he cent r al defect i s l ess not i ceabl e and t he ant er i or sur face i s
r ounded. I n di seased hear t s, t he ant er i or i mage assumes a mor e ci r cul ar
shape and t he cent r al defect i n t he ant er i or and l eft obl i que i mages be-
comes mor e evi dent .

As was seen wi t h t he dog wor k, di st i ngui shi ng t r ue abnor mal i t i es fr om
nor mal var i at i ons i n act i vi t y i n t he vent r i cul ar cavi t y and t he apex be-
comes a ser i ous pr obl em i n al l but t he most ext ensi ve l esi ons. For exam-
pl e, i n Fi gur e 9, t he l ar ge api cal and fr ee wal l def ect i s easi l y seen i n
a pat i ent who has a massi ve vent r i cul ar aneur ysm demonst r at ed by aki nesi s
on t he cor r espondi ng vent r i cul ogr am. I n cont r ast , compar e t he t wo exam-
pl es i n Fi gur e 8. The r el at i ve i mages ar e r easonabl y si mi l ar. The po-
t assi um pat i ent has no demonst r abl e ar t er i al di sease by angi ogr aphy, but
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FIG.7. Anterior and left and right anterior oblique scans following intravenous injection of 129Cs in a patient

with a dilated, thin myocardium. This is an example of the best quality image obtained by this injection route.
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FIG .8. Intracoronary arterial injections. The patient receiving 43 has no demonstrable coronary artery

disease by angiography. The 129Cs patient has severe triple vessel disease and an old apical infarction.

The extent of the disease in the second patient is not evident from these studies.

iŒP

IA
E
A
-S
M
-1
6
4
/1
3
2

3
75



FIG.9. Anterior and right anterior oblique images after left coronary arterial injection of 129Cs. A large

apical defect supports a diagnosis of left ventricular aneurysm. The ventriculogram shows little evidence of

ventricular contraction from diastole (solid line) to systole (dotted line).
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the cesi um pat i ent has extensi ve di sease consi sti ng of ri ght coronary ar -
t ery occl usi on wi t h col l at eral reconsti tuti on, 80$ stenosi s of the ant er-
i or descendi ng coronary artery, part i al ci rcumfl ex i nvol vement, and api -
cal aki nesi s from an ol d i nferi or myocardi al i nfarct i on. Al t hough the
cesi um scan seri es woul d not be i nterpret ed as normal , the extent and
severi ty of t he di sease i s si mpl y not evi dent.

An i nt eresti ng questi on ari ses from the foregoi ng exampl e. Woul d
pot assi um have been more sensi ti ve t han cesi um i n demonst rati ng the pat ho-
l ogy? There i s some experi ment al evi dence t o suggest i t coul d have.
Love et al . [ 6] have shown a rel ati vel y constant myocardi al ext ract i on of
cesi um i ndependent of fl ow but potassi um extracti on i ncreases as fl ow i n-
creases. These fi ndi ngs combi ned wi t h the more rapi d bl ood cl earance of
pot assi um coul d be expect ed t o provi de great er cont rast bet ween wel l per -
fused and poorl y perfused regi ons. Furt her studi es wi l l be requi red to
cl ari fy thi s poi nt, but the exchange ki neti cs of these two anal ogs di ffer
suffi ci ent l y t o postul at e that si gni fi cant di fferences coul d exi st i n the
di st ri but i on patt erns found i n condi t i ons of al t ered perfusi on.

COMMENTS

Al t hough the general t enor of thi s paper casts doubt on the rel i abi l i t y
of quanti tati ve myocardi al i magi ng wi t h potassi um anal ogs, consi derabl y
more basi c and cl i ni cal i nvesti gati ve work i s necessary before a fi nal de-
ci si on i s reached. I mmedi at e i mprovement i n resul t s can be ant i ci pat ed
wi t h comput eri zed data mani pul at i on. Heart mot i on can be reduced and the
t arget -t o-background rat i o can be i mproved. Dynami c i magi ng of mul t i pl e
regi ons-of-i nterest may be of val ue. Normal di st ri but i on patt erns and
probabi l i t y est i mates of abnormal i ty can be determi ned. The computer can
al so be of val ue for stori ng, addi ng, and subtracti ng data col l ect ed after
sel ecti ve seri al i nj ect i ons of the coronary arteri es wi t h  ̂ . I mproved
resol ut i on and sensi ti vi ty i n the i nst rumentati on wi l l al so hel p i mprove
t he resul ts.

Neverthel ess, for pract i cal appl i cat i on, the real need i s for new
radi opharmaceuti cal s wi t h great er myocardi al speci fi ci ty. Onl y by thi s
means wi l l quant i ati ve i magi ng aft er i ntravenous admi ni strat i on become
practi cal . I t i s probabl e that several agents whi ch behave di fferent l y
i n i schemi c, i nfarct ed, and scarred ti ssue wi l l be necessary for compl ete
characteri zat i on of the abnormal i ti es occurri ng i n coronary art ery di sease.
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