
hypoxia-dependent retention of radiolabeled FMISO in
isolated myocytes (5) and in buffer-perfused, isolated
hearts (6). In vivo, FMISO accumulates in ischemic myo
cardium, but not in normally perfused or necrotic myo
cardium (7,8). More recently, [â€˜8F]FMISOhas been used
to detect myocardial ischemia noninvasively using posi
tron emission tomography (PET), and a potential role for
this compound as a marker of tissue viability has been
suggested (8). The goal of this study was to further char
acterize the uptake of [â€˜8F]FMISOin ischemic myocar
dium using positron emission tomography (PET) and to
relate its retention in ischemic tissue to regional flow and
additional indicators of tissue viability.

METHODS

Animal Preparation and Surgery
Ten mongreldogs (22â€”34kg) were sedatedwith intravenous

thiamyl sodium (20 mg/kg) and intubated. General anesthesia
was maintained by mechanicallyventilating the animals with
Halothane and oxygen.Arterialblood gaseswere intermittently
monitored and ventilatory parameters were adjusted to maintain
blood pH between 7.37 and 7.45. Arterial p02 in each animal
was greater than 200 mmHg. A left thoracotomy was performed,
the pericardium opened and a variable hydraulic occluder placed
loosely around the left anterior descending(LAD) coronary artery
proximal to the first major diagonal branch. Additional catheters
were placed in the left atrium, left carotid artery, internal jugular
vein and a peripheral foreleg vein. The electrocardiogram and
arterial blood pressure were continuously monitored. In five
animals,a pair of sonomicrometercrystalswerepositionedin the
myocardium within the LAD distribution to monitor regional
systolic wall thickening. For this study, systolic wall thickening
was defined as the absolute change in wall thickness occurring
between the ECG R-wave and the dichrotic notch of the aortic

pressuretrace.

Experimental Protocols
Two groups of animals were studied. In Group 1 (n = 5),

complete occlusion ofthe LAD was employed, whereas in Group
2 (n = 5), the LAD was only partiallyoccludedto produce less
severe ischemia. Each animal received prophylactic lidocaine (2
mg/kg i.v. bolus followed by a constant infusion of 1 mg/mm)

to minimizethe likelihoodof ventricularfibrillation.

Fluoromisonidazole(FMISO)is metabolicallytrappedinviable
cells as a function of reduced cellular p02. Therefore [18F]-
FMISO is potentially useful for evaluating patients with hy
poxic but viable myocardium. The goal of this study was to
investigate[18F]FMISOuptakeinischemicmyocardiumnon
invasivelyusingpositronemissiontomography(PET).Studies
were performed in 10 open-chest dogs subjected to either
complete (Group 1, n = 5) or partial (Group 2, n = 5) occlusion
of the left anteriordescendingcoronaryartery. The tracer
was administeredby intravenousbolusfollowingthe onsetof
ischemia and senal PET images were acquired for the next 4
hr. In Group 1, viability was assessed using histochemical
stalning(nitrobluetetrazolium,NBT) and @â€œTc-pyrophos
phate (Tc-PYP). In Group 2, viability was assessed using
measurements of regionalwallmotion, histochemical staining
and histology (two animals). In each study, PET images
obtained at times between 2 and 4 hr postinjection showed
specific enhancement of tracer activity in the distal Ã©nterior
wallandapexof the left ventricle.At 4 hr, the tissue-to-blood
pool count ratio was significantly higher in ischemic regions;
1.8 Â±0.4 for Group 1 and 1.6 Â±0.2 for Group 2 versus 1.0
Â±0.1 innonischemicregions.Postmortemtissuesamplingof
Group 1 hearts showed significant FMISO retention in sam
pIes without evidence for infarction, either by NBT or Tc-PYP
deposition,as well as in moreseverelyischemicregions.In
Group2 animals,FMISOwas retainedin myocardialregions
with reducedbloodflow (microspheres),whichexhibitedim
proved contraction followingreperfusion. We conclude that
PETimagingof [18F]FMISOis a promisingtechniquefor the
noninvasiveidentificationofviablehypoxicmyocardium.

J NucIMed 1992;33:2202â€”2208

luoromisonidazole (FMISO) and related compounds
have been characterized as probes for hypoxic cells in a
number of tissues (1â€”6).Cardiac studies have shown the
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for each heart. The normal zone value was defined as the mean
activity of 48 tissue samples taken from the inferior wall of the

left ventricle. For Group 1 dogs, each tissue sample was further
categorizedon the basisofhistochemicalstainingasNBTpositive
(noninfarcted) or NBT negative (infarcted).

In two Group 2 animals selectedat random, 12of the pieces
(6 anterior wall and 6 inferior wall) from each heart were divided
and placed in formalin for histologic examination. Two histolog
ical stains, hematoxylin and eosin (H&E) and Gomori trichrome
(GT) weredone on each sample.Pyknosis,lossof nuclear stain
ing,acidophiliaofthe myocyteand polymorphonuclearleukocyte
cellular response were detected by H&E. Banding of the cyto
plasm, a characteristic of selective myocardial cell necrosis was
detected by GT (12). Initially all slides were reviewed under high
power to detect areas of necrosis. Using the GT stained slides,
areas of necrosis were traced under low power using a camera
lucida (Leitz Dialux 20) and digitizedas a percent of the total
area ofmyocardial tissue using computerized planimetry (Hewlitt
Packard 9874 A digitizer).

PET
PET was accomplishedwith the University of Washington

time-of-flight system (UWPET). This tomograph was derived
from the PETT Electronics SP-3000 PET system and utilizes up
to four rings of BaF2 detectors (320 crystals in each ring). The
machine acquires emission data in list mode format (writing data
to disk, even by event, with timing markers). This format allows
selection of time binning and/or gating criteria after the acquisi
tion, preserving maximum flexibility in analysis of data. Images
are reconstructed using the reduced-angle confidence-weighted
time-of-flight algorithm developed by Snyder (13) and imple
mented by Politte (14). The reconstructions include corrections
for attenuation (based on a measured transmission scan), ran
doms, and scatter. The system provides a limiting resolution at
the center of the field of view of 5 mm in the transaxial plane
and either 7.5 or 11 mm in the axial plane (selectable by the
operator) (15â€”17).

For this study, the imageswere reconstructedwith a 12-mm
filter, a slice thickness of 11 mm, and a slice separation of 14
mm. Images were integrated over 5 mm time intervals during the
first hour of each study, and over 30-mm intervals for the
remainder of each study. Each animal was positioned in the
tomograph with a polyurethane mold (custom fitted to each
animal) to minimize movement. Final positioning was accom
plished by placing a laser beam centered in the first image plane
of the machine over the desired position on the exposed heart.
Postmortem, the laser beam was used to guide the placement of

small needle markers in the image planes to facilitate registration

ofthe image data with the tissue samples. An â€˜8Ffilled bottle was
placed in the image field to permit decay and dead time correc
tions.

PET Image Analysis
Regions of interest (ROIs) representing 2.0â€”3.0cm3 were de

finedfor the central LV blood pool, distal anterior wallmyocar
dium and inferior wall myocardium, and applied to the serial
images to obtain time-activity data. These regions were defined
visually by inspection of the attenuation and early [â€˜8FJFMISO
(blood pool) images and drawn manually using a computer
program. A ROl outside the chest was placed for scatter correc
tion. Counts in this ROl were considered â€œbackgroundâ€•and
subtracted on a per pixel basis from the entire image. A ROl

Group 1, Complete LAD Occlusion. The purpose ofthis group
of experiments was to study FMISO accumulation under condi
tions of severe tissue hypoxia, and thus a total occlusion was
applied. For Group 1 animals, [â€˜8F]FMISO (5â€”13 mCi) was

injected intravenously 15 mm following complete LAD occlu
sion. The reasons for waiting 15 mm to inject the FMISO were
to allow time for the development ofcollateral blood flow to the
ischemic area and to evaluate the hemodynamic stability of the

animal prior to initiation of the PET imaging. In these initial
experiments, 3H-FMISO (0.15â€”0.23mg/kg, specific activity 13.8
@tCi/mg)was injected simultaneously to evaluate whether the two

tracers would yield comparable biodistribution data in the heart.

Both tracerswere synthesizedas previouslydescribed(9,10). In
addition, approximately 1.0 mCi of 99mTc@pyrophosphate(PYP)
was injected as a marker of necrosis. Dynamic time of flight PET
images were obtained for the next 4 hr. Serial arterial blood
samples were obtained throughout the study, Three minutes prior

to killingthe animal, 20Tl (0.5 mCi) was injectedto providean
estimate of relative regional myocardial blood flow (11). Radio
labeledmicrosphereswerenot usedto measuremyocardialblood
flow in Group 1 animals to avoid interference in the detection of
3H activity due to Compton scattered electrons from gamma
emitting isotopes in a liquid scintillation counting system. The
animals were killed with a lethal intravenous bolus of potassium
chloride.

Group 2, Partial LAD Occlusion. Group 2 animals were in
strumented with sonomicrometer crystals and a partial stenosis

was applied to the LAD with the hydraulic occluder until systolic
wall thickening was decreased by approximately 50% (range
30%â€”65%)from control. During approximately the first 15 mm
following the stenosis, readjustments of the hydraulic occluder
were frequently required to maintain wall thickening in the
desired range, presumably secondary to recruitment of collateral
blood flow to the ischemic area. After a stable reduction in wall
thickening was achieved, [â€˜8F}FMISOwas injected intravenously
and serial PET images were obtained as above. Microsphere
myocardial blood flow measurements were made prior to ische
mia and at 2 and 4 hr following fluoromisonidazole injection.
Radiolabeled(â€˜â€˜3Sn,46Sc,â€˜Â°3Ru)15 micron spheres (3â€”5. 106)
were injected into the left atrium while a reference organ sample
was drawn from the carotid catheter at 15 ml/min for 1 mm.
Just prior to death the LAD stenosis was removed for 30-60 sec
to test for reversibility ofthe contractile impairment.

Postmortem Tissue Sampling
Postmortem, the heart was rapidly removed, rinsed of excess

blood, cut in slices parallel to the image planes and incubated in
nitroblue tetrazolium (NBT) to identify areas of infarction. For
Group 1 experiments, a single slice corresponding to the middle
ofone image plane was further sectioned into 16 radial segments
which were further cut into 6 transmural pieces for a total of 96
pieces (236 Â±108 mg per piece). Each piece was weighed and
counted for â€˜8F,99mTcand 2OVflactivity in a 3-inch Na! well
counter, then was solubilized using Instagel (Packard) and H202.

Tritium activity was determined by liquid scintillation count
ing after allowing for decay of the gamma emitting isotopes.
Quench correction was done by the external standards method.
For Group 2, 16radial segmentswerecut into three transmural
piecesfor a total of 48 pieces(499 Â±162mg) and counted for
â€˜8Fand microsphereactivity. The gamma well counting and
liquid scintillation counting data were corrected for piece weight
and normalized as a fraction of the mean normal zone activity
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encompassing the â€˜8Ffilled boule was also placed for the purposes

decayand dead time corrections.This correctionwasperformed
by multiplying each image by the ratio:

bottle(@@counts/pixel/min
bottle@I)counts/pixel/min'

where bottle@X)and bOttle@I)are the bottle counts in the xthimage
and in an image obtainedjust prior to injection ofthe radiotracer.

Stated statistical comparisons between group means were gen
erally accomplishedusing the Mann-WhitneyU-test. The two
tailed null hypothesis was rejected when the critical value of U
was exceeded at a significant level of 0.05. Where p values are
given, a two-tailed t-test was used.

RESULTS

PET Images
For each animal, PET images acquired between 2 and

4 hrpostinjectionshowedspecificenhancementofactivity
in the mid to distal anterior wall and apex of the LV (Fig.
1). A representative set of time-activity curves for the LV
blood pool and normal and ischemic myocardial regions
are shown in Figure 2. Tracer activity in normal myocar
dium rapidly equilibrates with blood activity and the sub
sequent clearance curves are virtually superimposable. Ac

tivity in ischemic myocardium is low initially but slowly
accumulates resulting in a progressive increase in the

â€˜AF-fluoromisonidazole imaging

FIGURE1. SerialPET imagesshow [18F}FMISOuptakein
ischemic myocardium. The images have not been reoriented and
representa cross sectionthroughthe chest cavityroughlyparallel
to thelong-axisoftheheart.Thespineisontheleft,whilethe
apex of the left ventricle is to the right. Later imagesshow the
outhne of the thorax with the thoracotomy opening at the top. At
1 mm after injection, the tracer is concentrated in the blood pool,
whileat 15 mm,thereisequilibrationbetweenbloodpooland
both normal and ischemic myocardium. The 2-hr image shows
slightenhancementof activity in the distal anteriorwall and apex
oftheleftventnculewhichismoreprominentby4hrpostinjection.
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FIGURE2. Representativetime-activitycurves for the LV
bloodpoolandnormaland ischemicmyocardialROls.The blood
pool curve is biphasic with a rapid distribution phase and a slower
clearancephase.By 5 mm postinjection,activity in normalmyo
cardium is equal to that of the blood pool and remains in equilib
numthroughout the study. In ischemicmyocardium,there is net
traceraccumulationbetween30and240mm.

ischemic ROI-to-normal ROl count ratio. The average

myocardium-to-blood pool ratios at various time points
out to 4 hr are shown in Figure 3 for both groups of dogs.
The ratios were significantly higher for ischemic versus
normal myocardium at time points beyond 2 hr.

Tissue Sampling Data
The myocardial tissue samples from Group 1and Group

2 dogs were analyzed separately. For Group 1 dogs, his

tochemical staining with NBT showed evidence for non
transmural infarction in each of the five hearts. For the
purposes of analysis, we defined the â€œischemicâ€•zone as
the entire transmural section ofthe ventricular wall whose
lateral edges were demarcated by NBT negative (infarcted)
tissue. Typically the ischemic zone contained an admixture
ofNBT negative samples and more subepicardially located
NBT positive samples. The â€œnormalâ€•zone consisted of
myocardium entirely outside the ischemic zone. The re
lationship between the relative regional myocardial blood
flow (as estimated by 201'fldeposition) and the relative
deposition of 99mTcpyp and [â€˜8F]FMISOin normal and
ischemic myocardium is shown in Figure 4. Relative to
the normal zone, flow in NBT positive samples was mod
erately decreased, 0.59 Â±0.03, p < 0.05, and more severely
decreased in NBT negative samples, 0.26 Â±0.02, p < 0.05.
Technetium-99m-PYP values were not significantly ele
vated in NBT positive samples, 1.17 Â±0.08, but were
increased in samples lacking NBT staining, 1.74 Â±0.12, p
< 0.05. [â€˜8F]FMISOdeposition wasincreasedto a similar
extent in both NBT positive samples 2.98 Â±0. 16, p <
0.05,andNBT negativesamples2.82Â±0.13,p < 0.05.
The tritium and â€˜8Factivity in the 96 tissue samples from
each of the five hearts were compared by expressing each
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FiGURE3. Tissue-to-bloodpoolratiosat varioustimepoints
followinginjectionof [18FJFMISO.Incomparisonto normalmyo
cardium,thereis a progressiveincreasein thisratioin ischemic
myocardium, both dunng complete (Group 1) and partial (Group
2) occlusionof the LAD.Thedataare meanÂ±s.d. for all 20
normalROlsandfor 10GroupI and 10Group2 ROls. indicates
statisticallysignificantdifferencesfromnormal.

value as a percent of the injected dose per gram. There
was excellent agreement between the two isotopes in each
study. Representative data from one study are shown in
Figure 5.

To investigate [â€˜8F]FMISObinding during less severe
ischemia, a partial LAD stenosis was applied during the 4

FIGURE4. Postmortemtissuesamplingdata from Group1
dogs showing the relationshipbetween @Â°i1(MBF), @Tc-pyro
phosphate(TC-PYP)depositionand [1@FJFMlSO(FMISO)depo
sition in normalmyocardium,ISchemiC-NBTpositive(nonin
farcted) and ISchemic-NBTnegativeQnfarCted)tissue. Whereas
both TC-PYPand FMISOaccumulate In samples with histochem
ical e@Ã±dencefor necroals, only [â€˜8FJFMISOShOWSenhanced
accumulationin tissue sampleswithin the iSchemICzone which
retainedtheabllltyto reduceNBT.NBT= nitrobluetetrazolium.
a@@ 0.05 versus normal myocardium tissue region.

FIGURE5. The relationshipbetween3H-FMISOand [18F]
FMISOdepositionIn96 postmortemtissue samples froma single
study is shown and Indicates an excellent agreement in the
relativedepositionof the two tracers.

hr imaging period in five animals (Group 2). The wall
thickening data are shown in Figure 6. In one animal, wall
thickening was reduced by 70% during ischemia and only
a slight recovery of function was noted immediately fol
lowing reperfusion at the end ofthe study. In this animal,

there was NBT evidence for infarction involving the an
tenor papillary muscle, while no infarction was present by
NBT in the four animals showing significant mechanical
recovery. Detailed histological examination of two of the
Group 2 hearts revealed small areas of selective necrosis
in some of the tissue samples taken from the ischemic
zone, but the total area of necrosis accounted for no more
than 5% of the tissue area in any one of them.

FIGURE6. Wallthickeningdatafor Group2 animals.During
ischemla,systolic wall thickeningwas decreasedto 30%-60%
of normal.Fourof the fivedogs showed significantimprovement
followingreperfuslon.

NORMAL ISCHEMICNBT + ISCHEMICNBT -
n=278 n=98 n=104
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The microsphere myocardial blood flows and [â€˜8F]
FMISO data for all Group 2 animals, representing a total
of 240 tissue samples are shown in Figure 7. Since in the
dogs subjected to partial LAD stenosis the â€œischemicâ€•zone
could not be identified by NBT staining, tissue samples
were categorized as â€œnormalâ€•or ischemic based on their
spatial relationship to the epicardial vessels. The myocar
dial blood flow data are expressed as a ratio of flow during
the LAD stenosis (the mean of the two separate micro
sphere flow measurements made during ischemia) to base
line flow. The fluoromisonidazole data were normalized
to the mean value of the normal zone. As shown, there is
a fairly uniform deposition of FMISO in normal myocar
dial samples despite the broad range of flows. In samples
taken from potentially ischemic areas in the anterior wall
and apex, FMISO deposition and flow were inversely
related with maximum normalized FMISO values equal
to five.

DISCUSSION

The rationale for evaluating fluoromisonidazole as a
probe for myocardial hypoxia is based on in vitro studies
showing that this compound and similar molecules are
metabolically trapped in cells principally as a function of
reduced PO2 (1â€”6).While the exact mechanism of trapping
in ischemic myocardium is unknown, a general mecha
nism based on in vitro data and the known biochemistry
of nitroimidazoles may be postulated. The drug is lipo
philic (octanol:water partition coefficient = 0.42) and dif
fuses easily from the bloodstream to the tissues. PET time
activity curves suggest that its entry into tissues is delayed,

FIGURE7. Tissuesamplingdata from all Group2 animals
showing the relationship between [18FJFMISOdeposition and
microsphere myocardial blood flow in 240 samples. The blood
flowdata are expressed as the ratio of the flowafter the LAD
stenosiswasapplied(themeanof2 separatemicrospheremeas
urements)to the prestenosis(baseline)flow. The [18F]FMISO
dataineachsamplewasnormalizedto theaveragevaluein the
normalmyocardium.

but only slightly, in regions of reduced flow. Figure 3
shows that by 15 mm postinjection, FMISO concentra
tions are on average equal in blood, normal and ischemic
tissue.

In cells, FMISO is metabolized by the action of ubiq
uitous nitroreductase enzymes resulting in the formation
of reduced metabolites (18). When oxygen is abundant,
the parent FMISO compound is quickly regenerated and
metabolites do not accumulate. Thus in normally oxygen
ated tissue, the distribution of FMISO is a measure of
partition coefficient. When cellular p02 is low, reduced

FMISO metabolites bind to other intracellular molecules

which do not as readily leave the cell and thus are
â€œtrappedâ€•(19). Isolated cell studies clearly indicate that
some metabolites may â€œback-diffuseâ€•from the cell at a
low rate (4,5), but the mechanism and significance of
back-diffusion in the intact organ is unknown. Since
FMISO trapping is enzyme-dependent, no trapping occurs

in metabolically inactive tissue. The strong correlation
between 3H- and â€˜8F-labeledFMISO in our study suggests
that the image data cannot be explained by the uptake of
free â€˜8Fin necrotic myocardium.

The results of this study are in general agreement with
those of Shelton et al. (8) who first reported the use of
[â€˜8fl@@fI5Oto image ischemic myocardium with PET.
In their study, the myocardial retention of FMISO was
higher in dogs in which the tracer was administered within
3 hr of coronary occlusion than in those in which it was
given either 6 or 24 hr post occlusion. The authors attrib
uted this result to the greater proportion of jeopardized
but viable myocardium which would be expected in dogs
with the 3 hr coronary occlusion as opposed to longer
occlusions, but direct evidence of tissue viability was not
provided.

Our data also support the hypothesis that FMISO can
be trapped at levels ofhypoxia which do not cause necrosis,
and thus may be used as a metabolic probe for ischemic
but viable myocardium. By design in the dogs subjected
to partial LAD stenosis (Group 2), flow was reduced to a
point that contraction was impaired but not abolished.
Thus, the myocardium remained functionally viable
throughout the study. Furthermore, contractile function

improved immediately in four of the five animals when
flow was restored (albeit briefly), indicating that the is
chemic injury was reversible. As shown in Figure 7,
FMISO retention was elevated in some tissue samples

which were only mildly underperfused relative to baseline,
in which necrosis would not be expected. NBT staining
and direct histology (in two hearts) also failed to show
significant necrosis in this study.

In Group 1 dogs, coronary occlusion produced more
severe ischemia resulting in a transmurally heterogeneous
admixture of NBT positive and NBT negative tissue. The
finding of FMISO uptake in NBT positive samples with
minimally increased PYP and modestly decreased flow
(thallium) indirectly supports the notion that FMISO
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marks hypoxic but viable tissue. However, FMISO uptake
was also enhanced in samples in which necrosis was clearly
evident by NBT and PYP, seemingly contradicting the

notion that FMISO is trapped in ischemic but viable tissue,
but not in dead tissue. It is known that following a total
occlusion in dogs, the subendocardial layer of myocardium
in the ischemic zone begins to undergo necrosis after 20â€”
30 mm and that necrosis proceeds slowly outward towards
the subepicardial layer and the full extent of necrosis is
not achieved for 3â€”6hr (20). Necrosis may reach the
epicardium, but more often a rim of epicardial tissue is
spared, remaining ischemic but viable. The relative trans
mural thicknesses of the necrotic and viable tissue are
highly variable from dog to dog, depending on the extent

ofcollateral blood flow. Therefore, the avid FMISO uptake

in the Group 1 dogs is not unexpected, since the tracer
was given only 15 mm after the onset of ischemia, at a
time when the tissue was intensely hypoxic but had not
yet become necrotic. During the subsequent 4 hr, contin
ued uptake and permanent trapping in cells not yet ne
crotic, but destined to become so, would be expected. This
suggests that FMISO may not reliably distinguish viable
from nonviable tissue when it is administered during acute
severe ischemia, when hypoxic cells rapidly undergo a
transition from reversible to irreversible injury. A more
promising potential clinical application is the detection of
hypoxic myocardium in the convalescent phase of acute
myocardial infarction or in patients with chronically is
chemic but viable (hibernating) myocardium.

A recognized limitation of this study is that it does not
provide direct evidence that FMISO is not taken up when
given at a time when the tissue is already necrotic. How
ever, data from other systems has shown that FMISO
trapping is enzyme mediated and does not occur in dead
cells (4). In the studies by Shelton et al. (8), some of the
animals were given FMISO after 24 hr of coronary occlu

sion and no or minimal FMISO uptake was found.
In the current studies, we imaged for 4 hr following

FMISO injection to maximize the information obtained

from each study. An image â€œhotspotâ€•was generally ob
servable after about 2 hr. This delayed appearance ofa hot
spot reflects the 4.5 hr plasma clearance half-time of this
drug (7) and the relatively low absolute rates of FMISO
trapping in tissue. Clinical application of this drug might
require delayed imaging protocols similar to that used for
redistribution thallium imaging. However, examination of
the time-activity curves (Fig. 2) shows clear differences in
the curves for normal and ischemic myocardium at times
prior to 2 hr, suggesting that the development of appro
priate tracer kinetic models might allow shorter imaging
protocols to be used. Shelton et al. imaged for just 45 mm
following injection and were able to show differences
between experimental groups of animals by dividing the
45 mm FMISO image by a H2150 image (8). Further
studies are needed to define the optimal imaging protocol

for this molecule.

Another potential limitation of this study is the use of
the LV blood-pool region of interest as an index of the
arterial blood activity in dog hearts due to the potential
for â€œspilloverâ€•of tracer activity from the myocardium to
the blood pool. Spillover and â€œpartialvolumeâ€•effects
likewise complicate the quantitation of myocardial wall
activity. In the current study, no attempt was made to
correct either the blood-pool or myocardial wall data for
spillover or partial volume effects. While this is a clear
limitation of the analysis, it is unlikely that making cor
rections for spillover or partial volume effects would have
substantially changed the conclusions ofthe study, for the
following reasons. There is substantial tissue sampling data
from the heart and other organs showing that the tissue
to-blood ratios in nonhypoxic tissue at time points from
30 minâ€”240mm are approximately 1.0, with exceptions
being the liver and kidneys where it is higher (7). In the
current study, serial blood samples were collected and the
tissue-to-blood ratio, using the blood sample collected at
4 hr just prior to death, for the nonischemic myocardial
samples from the inferior wall of the LV was 1.02 Â±0.06.
This is in good agreement with the â€œnormalzoneâ€•tissue
to-blood-pool ratios shown in Figure 3, which are also
slightly in excess of 1.0. Thus we do not believe that the
blood-pool values taken from the LV cavity are substan
tially in error. The expected effect of spillover of myocar
dial wall counts from the ischemic regions to the LV cavity
would be to increase LV cavity counts at the late time
points. At the same time, partial volume effects would lead
to an apparent decrease in counts in the ischemic LV wall
due to its proximity to the LV cavity and the lung. The
net effect would be to decrease the apparent tissue-to
blood-pool ratio in the ischemic region. Thus, correcting
for these effects would lead to even greater estimates of
FMISO uptake in ischemic regions. We did not use the

left atrial region of interest to estimate blood-pool activity
since we were able to acquire images in only two planes in
these experiments, and a suitable left atrial cavity signal
was not consistently present in all of the studies.

CONCLUSIONS
In conclusion, FMISO is an important and novel addi

tion to the growing list of compounds used to study
myocardial blood flow and metabolism with PET. Myo
cardial P02 is determined by a multiplicity of factors
including blood flow, blood oxygen content, tissue extrac
tion and utilization. Therefore, any assessment of tissue
oxygenation based on a single parameter, for example
blood flow, is necessarily incomplete. Because its retention
in tissue is linked to cellular p02, PET imaging of [â€˜8F]
FMISO should allow an assessment of whether or not

oxygen transport to tissues is matched to metabolic de
mands and thus may offer advantages as a diagnostic tool.
Ultimately, the development ofgamma emitting analogues
(21) may permit the use ofthis strategy with single-photon
emission computed tomography.
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