
froni myocardial cells is an immediate early marker of
impaired cell membrane function and necrosis that has
been well documented by a substantial literature (12â€”
21). Therefore,a quantitative imaging method utilizing
a potassium analogue reflectingcell membrane function
might be useful for assessing viability and infarct size.

The intracellular-extracellularpotassium gradient is
maintained by intact myocardial cell membranes, the
characteristics of which have been well documented
(16â€”23). Damaged cell membranes associated with
myocardial necrosis leak potassium from cells (19â€”21)
into interstitial space (1 7) and venous effluent (14â€”18).
The extent of potassium loss from myocardial cells is
directly and linearly related with CPK enzyme loss (18,
20,21), reflecting extent ofnecrosis. In addition to being
a marker of necrosis, radioactive potassium, 43K,has
been well studied for myocardial imaging (23â€”26).

Rubidium is a potassium analog with a variety of
medically useful radioactive forms including 81Rb,82Rb,
84Rb,and 86Rb.Myocardial cell membrane transport,
trapping, and flow-extraction characteristics of potas
sium and rubidium paralleleach other (27â€”34).Rubid
ium tracershave also been used for measuringperfusion
in animals (29-46) and in man (47â€”54).For PET
imaging, the strontium-82/rubidium-82 generator has
been developed (55) and adapted for commercial pro
duction (56). Clinically, it is useful for qualitative in
farct imaging (54) and has high sensitivity/specificity
for diagnosis ofcoronary arterystenosis and its severity
(57,58). Therefore, the behavior and kinetics of rubid
ium in myocardium are well established.

The basis for using 82Rbin assessing viability and
infarctsize has also been demonstrated in animals (59).
Upon delivery by coronary flow to myocardium, rubid
ium enters normal cells where it is trapped. However,
if these cells are necrotic (TTC negative), the delivered
rubidium leaks or washes out of the cells. In dogs with
myocardial infarction and reperfusion, myocardial ru

Potassiumloss from damagedmyocardialcells is linearly
relatedto CPKenzyme loss reflectingextent of necrosis.
Thepotassiumanalog,rubidium-82(@Rb),is extracted
afteri.v. injectionandretainedin viablemyocardiumbut is
nottrappedorwashedoutofnecroticregions.Tocompare
myocardialcellmetabolism with membrane dysfunction as
indicatorsof necrosis/viability,43 patientswithevolving
myocardialinfarctionandcoronaryartenographyhadpos
itron emission tomography using fluorodeoxyglucose
(FDG)andthe potassiumanalog @Rb.Percentof heart
showingFDG defects and @Rbwashout on sequential
imagesindicatingfailureto retainthepotassiumanalogue
werevisuallyassessedandquantifiedbyautomatedsoft
ware. Infarct size basedon rubidiumkineticscorrelated
closelywith sizeand locationon FDGimages(visualr =
0.93, automatedr = 0.82), suggestingthat loss of cell
membraneintegrityfortrappingthepotassiumanalog @Rb
parallelsloss of intracellularglucose metabolism,both
comparablequantitativemarkersof myocardialnecrosis/
viability.
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ositron emission tomography (PET) identifies is
chemic, viable, or necrotic/fibrotic myocardium by im
aging rest-stressperfusion (1) or metabolic analogues,
especially fluorine-l8-fluorodeoxyglucose (FDG) de
pending on whether patients are fasted or glucose
loaded (2-11). Other markers of myocardial necrosis
include release of myocardial CPK enzymes, inosine
(12,13), phosphate(14,15), or potassium(12â€”21),but
such approaches do not regionally locate and size the
area of infarction or viability. The leak of potassium
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FIGURE 1
Schematic of the clinical protocol utilizing the kinetic changes
of82Rbafteri.v.injectionforassessingmyocardialviability.

level of washout proportional to the percent of viable or
infarcted tissue. The activity in the late (52) rubidium image
relative to the early (Sl) image reflects the extent of washout
and proportion of viable or necrotic myocardium.

In orderto avoid questionableassumptionsof complex
models, we used a simple measurement scheme to quantify
rubidium washout where percent viable myocardium is equal
to theratioofactivityin thelateto theearlyimage,corrected
for background activity, written as %V = (52-B)/(Sl-B). By
rearrangingthis simple expression, an equation is obtained
(Fig. 2), relatingthe late/early activity ratio (52/51) to percent
viability, 52/51 = %V + [B-B (%V)J/Sl. Since it cannot
resolve left ventricular subendocardial-subepicardial differ
ences, PET imaging shows mean transmural radionuclide
distribution. Defining MI on the basis ofdecreased transmural
radionuclide uptake therefore requires choosing some arbi
trary degree of necrosis through the left ventricular wall that
is defined as â€œinfarction.â€•Therefore, for purposes of objective
automated infarct sizing, we then defined necrotic myocar
dium as less than 50% viable tissue in any given segment of
myocardium. Accordingly, the value of V in the above equa
tion was chosen to be 50%.

Due to the combination ofspillover, partialvolume errors,
positron range, and background activity, an average of 55%
of maximum activity remains in the most severe perfusion
defects (scar) on PET scans of rubidium and/or FDG. Ac
cordingly, the value of B in the above equation was chosen to
be 55%. Average activity of normal myocardium is typically
85% of maximum activity on rubidium PET scans under
resting conditions. Substituting these values into the equation
of Figure 2 gives the relative S2/Si threshold, 0.825, below
which myocardium was defined as necrotic. Percent of the
myocardium that was infarcted as defined above was then
automatically determined from the polar map display of the
relative S2/Si ratio image as that percent of the relative 52/
SI polar map fallingbelow the thresholdofO.825. For scarred
myocardium with occluded coronary arteries, the initial dcliv
cry of tracer may be negligible on early and late images,
thereby causing a defect comparable to background. Since
activity in such severe defects is so low in the early image,
there is no further washout due to activity at background
levels. For such cases (2 of43 patients), size ofMI was defined
as percent of myocardium with less than 55% of maximum
activity, just as for FDG images.

bidium washout measured by beta probes over the 120â€”
240-sec after i.v. injection identifies necrotic versus
viable myocardium with high reliability and little over
lap (59).

Based on these prior reports, the current study was
carried out to determine in patients with myocardial
infarction (MI) whether cell membrane dysfunction as
evidenced by abnormal kinetics of the potassium ana
logue 82Rb parallels abnormal intracellular metabolism
of the glucose analogue, FDG. This question is impor
tant for an integratedunderstandingof how we identify
viable versus necrotic myocardium in clinically appli
cable physiologic terms. An important associated ques
tion on the quantitative relation ofmetabolic and mem
brane function was: Does the size of myocardial infarct
showing a rubidium leak measured in man by PET
equal the size of MI showing abnormal glucose metab
olism measured by FDG imaging?

METHODS

Patient Population
Study subjectswere 43 male or female patientshospitalized

for suspected Ml ruled in or out by characteristic ECG and/
or CPK enzyme changes. Coronary arteriographywas ob
tamed in all patients for clinical reasons by the percutaneous
transfemoral route. Patient selection depended primarily on
availability ofan 82Rbgenerator, availability ofFDG, consent
of patient and attending physician, availability of attending
and technical staff, and adequate scanner function. A mix of
patients with recent or old MI were selected in order to make
the study population comparable to that seen in clinical
practice. The median time between MI and the PET scan was
27dayswitharangeof4 daysto72mo.Twenty-twopatients
had MI within 1 mo prior to the PET scan and 21 patients
more than 1 mo prior to PET studies. Therefore, the study
population included a balanced range of infarct ages charac
teristic of a clinical practice. PET studies were carried out
after informed consent, approved by the University of Texas
Committee for the Protection of Human Subjects, was oh
tamed.

Rubidium-82 Kinetics for Assessing Myocardial
Necrosis/Viability

The clinical protocol based on rubidium kinetics is illus
trated in Figure 1. It divides resting PET data collected in list
mode into an early image(first 15â€”110sec)and a late image
(all data after 120 sec). A new defect or worsening defect on
the late image compared to the early image indicates washout
or failure to trap rubidium and therefore necrosis. Residual
myocardialtrapping of rubidium on the late imagewithin a
defect reflecting partial or limited washout indicates some
residualviablemyocardium.

The basisforautomatedquantitationofinfarct sizeby PET
based on kinetics of 82Rb is shown in Figure 2. Viable myo
cardium traps rubidium with no washout from a region of
interest on the time-activity curve (upper panel). Infarcted
myocardium fails to retain rubidium, which washes out from
cells after initial uptake (middle panel). A mix of infarcted
and viable tissue in the field ofview resultsin an intermediate

2 TheJournalof NuclearMedicineâ€¢Vol.32â€¢No.1 â€¢January1991



non-viable areas as a flow-metabolism match (perfusion de
fect,FDG defect)(2).

Patientswith underperfused,viable myocardium identified
by FDG uptakedemonstratedimprovedleftventricularfunc
tion after bypass surgery (3). For patients having recent MI,
75%â€”80%ofpatientsand50%â€”68%ofmyocardialsegments
have significant remaining viable myocardium (3,4,9,11),
85%ofwhich demonstrateimprovedcontractilefunctionafter
reperfusion (3).

PET Imaging Protocol
For the viability-infarctsize protocol, non-fasted patients

were given 50 g of oral glucola on arrival in the PET labora
tory. Diabetic patients had their usual breakfastand insulin
or oral hyperglycemic drugs in their usual doses. Twelve
standardECG leads and Dynamap blood pressurecuffs were
attached for monitoring each patient throughout the study.
Heart borders were marked by fluoroscopyand the patient
was positioned in the PET scanner. Using a ring of gallium
68,atransmissionscanwasobtainedover25â€”30mmcontain
ing 200 million counts. Forty to 50 mCi of 82Rbwas infused
intravenously from a strontium-82/rubidium-82 generator
(Squibb, Princeton, NJ) over 30â€”60sec. The generator was
eluted daily for calibrationand for strontium breakthrough,
which did not occur.

Data collection ofrubidium activity was begun in list mode
at 80 sec (defined as zero time of data collection) after the
beginning of 82Rbinfusion to allow for blood-pool clearance
and continued through 360 sec. The first 15 sec of data were
discardedand the early phase image was collected 95â€”190sec
after injection or 15â€”110sec after beginning ofdata collection.
Early and late images were reconstructed using the first 15â€”
110 sec and 120â€”360sec of data collection, respectively.
During the fixed 6-mm data collection, typically 15â€”25million
counts were obtained. Each original nine-slice image set of
early and late data were reformattedinto true short-axis,true
long-axis, and polar maps in paired side-by-side displays as
previously reported (60). A relative ratio image of the late-to
early polar maps was also displayed as a ratio polar map
(relative S2/Si) for quantitative analysis.

After completion of rubidium imaging, 10 mCi of [â€˜8fl
FIXi was injected intravenously. Forty-five minutes later, data
collection ofthe FDG images was started, lasting 30 mm with
acquisition of approximately 30 million counts per whole
heart data set.

For the myocardial ischemia protocol, patients were fasted
for 16 hr before the study and no glucola was given, the
remainderof the protocol being the same as for the glucose
loaded viability protocol. FDO images were processed into
true short- and long-axisviewsand polar map displaysin a
pairedside-by-sidecomparison to the late rubidium images.

Data Acquisition
PETimageswereobtainedon theUniversityofTexasnine

slice, prototype, positron emission tomograph as described
previously (57â€”64)and used in over 1250 patient studies on
clinical protocols. This tomograph utilizes cesium fluoride
detectors and a narrow coincidence window of 6 nsec that
reduces randoms and increases count rate capacity essential
for obtaining adequate image counts with ultrashorthalf-life
tracers.Reconstructed resolution was 14 mm consistent with
the range of heart motion on ungated images. Second- and
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FIGURE 2
Basisfor automated quantitationof infarctsize by PET based
on the kineticsof @Rb.

Our ratio of late-to-early myocardial activity (52/51) is a
measure of myocardial washout because (a) images are oh
tamed temporally later(95â€”l90sec after injection)than blood
pool activity for arterial input (0â€”40sec) and (b) the regional
myocardial ratio 52/51 is used, not myocardial-to-blood pool
ratio as calculated for perfusion.

FDG for Assessing Myocardial Necrosis/Viability
In the literature, cardiac FDG imaging has been carried out

after both fasting and oral glucose loading. Because the liter
ature is unclear as to the merits of fasting or glucose loading
by direct comparison in the same subject, six patients had two
sequential resting cardiac FDG images on separate days oh
tamed after fasting and oral glucose loading. As described in
the Results, FDG imaging at rest under fasting conditions is
often uninterpretable. Consequently, in our laboratory, for
the clinicalquestion of whether myocardiumis viableversus
necrotic/scar, we obtain PET images ofmyocardial FDO after
an oral glucose load when both normal and ischemic myocar
dium take up FDO but necrotic tissue does not (2â€”4);the
glucose-loadedprotocol does not separateischemic from non
ischemic normal myocardium. For the question of whether
myocardium is ischemic, we obtain PET images of FDG
injectedintravenouslyafterfasting and during exercise(or at
rest for this study) when ischemic viable myocardium traps
FDG but necrotic and normal myocardium do not (2,5â€”10);
the fasting protocol does not separate normal nonischemic
from necroticmyocardium.Either one or both of these pro
tocolsare usedforclinicalpurposesto decideon interventions
after MI either with or without reperfusion (glucose-loaded,
viability protocol) or for assessing stenoses ofequivocal sever
ity (fasting, exercise ischemia protocol).

Since under glucose-loaded conditions, ischemic viable and
normal nonischemic myocardium both take up FDG, perfu
sion imagingat rest is carried out first to identifyunderper
fusedareas. Viableareas are then definedby a flow-metabo
lism mismatch (perfusion defect, normal FDG uptake) and
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third-order cross coincidenceswere used to improve axial
sampling. Resolution and sensitivity were uniform to within
Â±10%throughout the field of interest.

Data Analysis
Polarmapdisplayswerenormalizedto the meantop 2%

ofactivity in each whole-heart polar map display as previously
described(60). The size ofthe infarcted area was automatically
determinedas percentofthe rubidium 52/51 ratio image that
waslessthan0.825,asdescribedabove.

Since many of our patients had undergone reperfusion
therapyfor acute MI, the concept of a perfusion-metabolism
mismatch (perfusion defect, FDG uptake) to define viable
myocardiumor a perfusion-metabolismmatch (perfusionde
fect, FDG defect) to define necrotic myocardium was not
clearly applicable. Accordingly, the size of the infarcted area
on the FDG image was automatically determined as the
percent ofthe FDG polar map display that was less than 55%
of maximum FDG uptake in that polar map.

Imageswere also visually interpretedindependently by two
experiencedPET observersblindedto clinicaland arterio
graphicdata. Visualestimatesof infarctsizeas percentof the
left ventriclewerealso made from the tomogramsand polar
map display of paired late/early rubidium images and paired
late rubidium/FDO images. Correlationsbetween infarct size
by visual estimates and by the automated technique for late/
early rubidium and FIX@images were made using linear
regression(65).

RESULTS

Forty-three patients were studied, 36 with rubidium
and FDG after glucose loading. Seven of the 43 were
studied with FDG after glucose loading and again with
FDG after fasting in order to compare the merits of the
glucose-loaded viability protocol with the fasting ische
mia protocol in the setting of acute evolving MI.

Figure 3 shows early (Sl) and late (S2) images after
a single i.v. injection of generator-produced82Rbin a
patient with an evolving acute inferior myocardial in
farction in true short-axis views (Fig. 3A), and in hori
zontal and vertical long-axis views (Fig. 3B). The num
ber after the decimal is the image plane for both studies
1 and 2. In the color coding, white indicates the highest
activity, red next highest, yellow intermediate, with
green and blue as the lowest relative activity. In true
short-axis views in Figure 3A, the image planes are
arranged from the AV ring at the upper left to the apex
at the lower right.The anteriorwall is at the top of each
image, the free LV wall is on the left, and the septum
is on the right of each tomograph.

Tomographic data are summarized in a polar display
(Fig. 3B). Polar displays on the left (lower half of figure)
show the relative activity on a scale of 0%â€”l00%with
the early study as the upper (51) and the late study as
the lower (S2) of the polar maps on the left side of the
panel. The lower right polar display, labeled relative
S2/Sl ratio, shows the relative change in normalized
activity of the late image divided by the relative distri

bution ofnormalized activity ofthe early image (relative
insteadofabsolute values), on a scale of0â€”2.It therefore
quantifies the relative change in activity from early to
late images. The upper rightpolar map labeled absolute
S2/Si ratio is used for comparing rest-stress images and
has no meaning or use for comparing early-lateimages.

In Figure 3B the early rubidium image (Si) shows
some perfusion to the inferior wall that washes out to
leave a severe defect indicating necrosis in this area.
Letters and numbers beside each polar map show quan
titative results. The numbers beside the rubidium rela
tive S2/Si polar display of Figure 3B (lower right)
indicate the % ofthe polar map (W = whole LV) below
the 0.825 threshold, shown on the lower right polar
map as 10%ofthe left ventricle. The inferior infarct on
the FDG image (52) of Figure 3C is the same as on the
late rubidium image (Si). Infarct size by FDG shown
beside the lower left (52) polar map indicates that i3%
of the heart failed to take up glucose and was therefore
necrotic, also inferiorly.

Figure 4A correlates the visually estimated infarct
size on rubidium and FDG images. However, to avoid
possible observer bias, the automated infarct sizes by
rubidium and FDG were also correlated as shown in
Figure 4B. The patients with very large infarct areas
had previous infarctions and severe ischemic cardio
myopathy and were under consideration for cardiac
transplantation. For these large infarct areas, the rela
tion between infarct size by rubidium and FDG is less
good. Either the 82Rb method underestimates the very
large infarcts or the FDG method overestimates their
size. Since the largest infarct sizes of 80% by FDG (but
smallerby 82Rbwashout) would generallybe considered
incompatible with survival, the 80% infarct size by
FDG may be an overestimate due to lack of myocardial
uptake in some viable areas as occurs in up to 20%-
25% of hearts for reasons other than MI.

In one patient, with the smallest infarct by FDG, the
late rubidium and FDG images appeared visually iden
tical but the FDG activity in the infarct areas was just
above the 55% threshold for automated determination
of size; therefore, the automated infarct size by FDG
was smaller than the visual size of the infarct on both
FDG and rubidium images.

Of the 36 patients with FDG and rubidium studies,
there were six patients in whom there was no or little
uptake of FDG by myocardium, the activity being
entirely or primarily in blood pool in four patients. In
the remaining two of these six patients, part of the
normal myocardium took up FDG but large areas of
the left ventricle failed to take up FDG despite normal
contractile function on left ventricular angiogram and
normal resting flow (no perfusion defect) through non
infarct related, normal, or minimally narrowed coro
nary arteries. All six of these patients were diabetic
treated with either insulin, oral hypoglycemic agents,
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or dietary regimens. Since these six FDG images were
uninterpretable, they were excluded from the quanti
tative analysis comparing FDG to rubidium.

In three additional patients, FDG and rubidium im
ages were markedly discordant due to defect size on
FDG images that were grossly larger visually and by
automated sizing than on rubidium images; this large
defect size on FDG images was caused by lack of FDG
uptake in myocardial areas of normal left ventricular
contraction and normal perfusion by noninfarct-re
lated, normal, or mildly narrowed coronary arteries.
Two ofthese three patientswerealso diabetic. However,
these three patients with aberrant absence of regional
FDG uptake were included in the quantitative compar
ison of the FDG with rubidium for infarct sizing since
at least substantial parts of the myocardium took up
glucose appropriately.

There was visual concurrence in location, essential
interpretation, and visual size of the infarct area on
rubidium and FDG images in 27 of the 27 remaining
patients in whom FDG was normally taken up by

normal areas of myocardium not involved in the in
farction. In 2 of these 27 patients, the essential visual
interpretation was the same but the infarct size on the
FDG image was somewhat larger than by rubidium,
both of whom had no FDG uptake in small areas of
normal left ventricular contraction and perfusion by
noninfarct-related arteries. Conservatively, for the
quantitative comparison of infarct size on rubidium
with FDG images, only the six patients with unusable
FDG images were excluded, leaving 30 of the 36 pa
tients with paired FDG and rubidium studies, including
those with some regional deficiency of FDG uptake
despite normal contraction and perfusion through non
infarction-related arteries to those areas. The agreement
between infarct size by FDG and 82Rb was independent
of infarct age and held true over the full range of times
between infarction and PET scans.

Thus, out of 43 patients with acute-evolving MI
studied with FIX) after glucose loading, 9, or 21 %, had
no myocardial uptake anywhere in the heart or large
areas of normal myocardium that did not take up

5MetabolismAndMembraneIntegrityinClinicalMyocardialInfarctionby PET@ Gouldet al

A@@

$ltcv $ _$,@II@_$ a S

, â€¢.LjbI415:'@ :@
@*.L@ .. p@

S.@ $5I7@@
PIG'S',.@

$7tcv 1
I. S

S. L.A $I4@I S I

@ S S,,P:@@4 p

FiGURE3
Sequentialrubidiumimagesearly(Si) andlate(52)afteri.V.
injectionofapatientwithanevolvingacuteinferiormyocardial
infarction.(A) Short-axis views. The early images are shown
in the uppermostcornerof eachpairof imagerows(study
1).Thelateimagesareinthe lowerrowof each pairof image
rows(study2). (B) Horizontal(left)and vertical(right)long
axisviews.Earlyimagesareshownin the top row with late
imagesin the lowerrow of the top halfof the figure.The
horizontallong-axisviewsareonentedasif lookingdownfrom
above.Theverticallong-axistomographsareorientedas if
looking at the left side of the body cut head to toe. Antenor
myocardiumis at thetop, inferiorat the bottom,apexat the
left, and the AV ring on the right. (C)Comparisonof late
rubidiumimages(Si) with FDGimages(S2)of the same
patient.Thenumbersbesidethe FDGpolardisplay(S2)are
the% of thepolardisplaybelow55% of themaximum.
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glucose after glucose loading despite normal contraction
and perfusion. Eight out of these nine were diabetic.

Of the seven patients studied with FDG aftera 16-hr
fast, two failed to take up FDG anywhere in the heart
either after fasting or glucose loading; five showed in
tense FDG uptake in areas of infarcted myocardium,
as defined by (a) a severe defect or lack of FDG uptake
on glucose-loaded images in contrast to normal myo
cardium which did take up FDG, (b) akinesis on left
ventricular angiogram in the area of the defect on
perfusion and glucose-loaded FDG images, and (c) ar
terial occlusion, severe stenosis, and/or intraluminal
clot in the infarct-related artery by arteriography. Figure
5 illustrates the phenomenon of intense FDO uptake
by recently infarcted myocardium. The upper of each
pair of tomographic rows (Si) shows FDG images after
glucose loading. The lower row of each pair (52) shows
FDG images after fasting. Under glucose-loaded con
ditions, the normal myocardium took up FDG but the
infarct area failed to take up FDG, corresponding to an
akinetic anterior wall and an occluded LAD at arteri
ography. After glucose loading, the normal myocar
dium took up FDG with peak activity of 103,973 cts/
pixel.

However, afterfastingthis same areaofnecrosis took
up FDG intensely, with a peak activity of 101,913 cts/
pixel. Therefore, the intensity of FDG uptake in the
necrotic area after fasting is not due to relative upscaling
ofimage intensity referencedto suppressedFDG uptake
in normal myocardium. Rather, it is due to intense
FDG uptake in an area ofinfarcted myocardium which
is so intense that it downscales relative intensity of the
rest of the image.

DISCUSSION

These results suggest that in myocardial necrosis in
man the loss of cell membrane integrity as reflected by
abnormal kinetics of the potassium analog, 82Rb, par
allels loss of intracellular intermediary glucose metab
olism as reflected by a lack ofFDG uptake. In addition,

the size of infarcted myocardium defined by abnormal
rubidium kinetics is comparable to the size of infarcted
myocardium defined by a lack of FDG uptake on PET
images. Our observations extend the well described
behavior of potassium as a marker of myocardial ne
crosis into clinical application for infarct sizing and
relates it to more recent measures of viability based on
metabolic imaging. Thus, myocardial necrosis or via
bility may be identified by measures of either glucose
metabolism or cell membrane integrity.

Limitations of the Methodology
We observedseveralcircumstanceswhere myocardial

FDG uptake may not be consistent and is therefore
difficult to interpret for differentiating necrotic from
viable tissue. Normal myocardium of diabetic patients
may not take up FDG either with or without glucose

FIGURE 5
FDGtomographsobtainedafterglucoseloading(Si or upper
rowof eachpairedrowsof images)and afterfasting(S2 or
lower row of each paired rows of images). Orientationof
imagesandcolorscalingareasdescribedfor Figure3A.
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loading, even after their usual dose of insulin and/or
oral hypoglycemic agents. Therefore, diabetic myocar
dium behaves as in a fasting patient, where normal
FDG uptake is suppressed within the 45â€”90-mmperiod
of imaging when non-diabetics take up FDG. In addi
tion, in the fasting state at rest in normal and diabetic
subjects, FIXi uptake either with or without evolving
myocardial infarction is so variable as to be uninter
pretable. Finally, afterfasting at rest in the setting of
acute evolving MI, intense FDG uptake may occur in
areas of myocardium that are necrotic documented by
lack of FDG uptake after glucose loading, left ventric
ular akinesis, and arteriographic involvement of the
corresponding coronary artery. For these patients, ne
crotic tissue may appear viable due to intense FDG
uptake. Similar FIX@uptake in necrotic myocardium
has been observed in experimental animals (66). In our
early experience before recognizing these problems, two
such patients had bypass surgery on the basis of intense
FDG uptake in the occluded artery distribution after
fasting but demonstrated no recovery of function and
remained in chronic heart failure postoperatively de
spite open bypass grafts.

The mechanism for FDG uptake in recently infarcted
myocardium is unclear. In experimental chronic cere
bral infarction, elevated FIX) uptake is observed in
infarcted tissue in association with white blood cell
phagocytosis of cellular debris (67). FDG uptake by
white blood cells in MI in acute short-term experiments
(6 hr) is insufficient (68) to explain these observations.
However, longer term experiments on white blood cell
uptake of FtX@ in evolving MI comparable to those
observed for cerebral infarction or comparable to our
observations in man have not been performed. Conse
quently, FDG uptake in evolving MI after fasting which
we observed may be associated with phagocytic activity
ofwhite blood cells as found in cerebralinfarction (67).

Stress-Perfusion Imaging for Assessing Myocardial
Necrosis and Viability in Man

Several reports have defined myocardial viability in
terms ofstress-perfusion defects that reverse with redis
tribution after thallium stress testing (69-74) or by
separate rest-stress imaging with nitrogen-13-ammonia
by PET (1). Metabolic imaging by PET has been com
pared to thallium-20l for assessing viability(11,75â€”77).
However, it is not appropriate to compare reversible
stress-perfusion defects with resting metabolic abnor
malities since they provide different information.
Stress-perfusion defects not present at rest or redistri
bution indicate areas of limited coronary flow reserve
that are measures of zones at risk, not viability per se.
For severe stenoses that reduce resting flow, the defect
severity on stress-perfusion images may be more intense
and/or largerthan at rest simply because adjacent areas
with normal flow reserve have greater perfusion tracer

activity associated with higher stress flow unrelated to
viability in the perfusion defect. Thus, reversible stress
defects reflect flow capacity of normal myocardium
around a restingdefect but do not provide information
on viability of myocardium within a resting perfusion
defect.

With reperfusion, the definition of viability as meta
bolically active (or not) tissue with low flow becomes
unusable since the artery is patent with adequate flow
and the zone at risk contains a mix of viable and
necrotic tissue. In this case, stress-inducedenlargement
of a perfusion defect may indicate additional zones at
risk with low coronary flow reserve around the damaged
area or limited flow capacity in the central defect due
to edema or obliteration ofvascular channels. However,
it does not provide information on whether there is
viable myocardium in the more central reperfusedarea
of injury.

Based on its feasibility shown here, assessing cell
membrane integritywith the potassium analogue, 82Rb,
appears useful for clinically evaluating myocardial via
bility and infarct size. Since our results were obtained
using a cesium-fluoride PET scanner with coincidence
windows of6 msec, furtherstudies may be necessaryto
achieve these results with standard BGO detectors.
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