
Variable methods for analyzing myocardial images have
been used. The analysis is often qualitative, with visual
comparison of segmental [â€˜8FJFDGuptake to that of a
perfusion tracer (6â€”9,13)or the segmental ratio of
[18flpyJuptakeandflowthathasbeencalculated(1â€”5,7â€”
10,13,17â€”19).A semiquantitativeapproachby normalizing
[18f9p@yJuptaketo thesegmentwith maximumflow has
also been used (12,14â€”17).The recent development of a
method to derive regional myocardial glucose utilization
rates (rMGU) from [â€˜8F@FDGPET data (20â€”23)has made
it possible to measure rMGU noninvasively in humans.
This method has been suggested in many studies and re
portedly allows more accuratedeterminationofthe amount
of viable tissue (1,3,5,9â€”11,13,15,18,19). Although this
method requires dynamic PET imaging and is more com
plicated than measuring static [â€˜8F]FDGuptake, it has
potential advantages. In addition to being a physiological
variable, rMGU accounts for the [â€˜8F]FDGdose, imaging
time, patient size and plasma glucose levels without requir
ing informationabout myocardialperfusion. However, the
accuracy of this approach in detecting myocardial viability
has not been studied.

The purpose of this study was: (1) to assess the value of
absolute quantitation of rMGU in studies of myocardial
viability and (2) to compare those results to semiquantita
tive analysis of [â€˜8F]FDGuptake, which is widely used in
viability studies (12,14â€”17).

METhODS

Subjects
The studygroupconsistedof 70 consecutivenondiabeticpa

tients with stable angiographicallyconfirmedcoronaryarterydis
ease. All patients had a priormyocardialinfarction(Table 1). All
patientshada wallmotionabnormalityatrestdetectedby echo
cardiographyor cineventriculography.The mean intervalbe
tween the myocardial infarction and the PET study was 14 mo
(range 3â€”120mo).

Study Protocol
All 70 patients underwent PET imaging with [18F]FDG. Sixty

fourpatientsalso underwentSPECTperfusionimagingat rest.

To studywhetherabsolutequantitationof reg@nalmyocardial
glucose u@ation (rMGU)enhances detection of myocardial
viability, 70 nondiabetic patients with prior myocardial infarction
and anglOgraphicallyconfirmed coronary artery disease were
studied w@i I@F1FDGPET after oral glucose loading. Forty
eightpatientswere also revascularizedand underwentechocar
diography after revascularization to detect wall motion recovery.
The rMGUwas calcuiatedinnightmyocardialsegments ineach
patient and the results were compared to nOrmalized(relative)
[1819FDGuptake values. In normal segments (n = 225), rMGU
was 56 Â±18 ;zmoie/n*i/100 g (mean Â±s.d.) and relative
[18FJFDGuptake 97% Â±12%. The interindMdualvariationof
rMGU in normal myocardium was greaterthan the intraindMdual
variation(s.d. 31% versus I 1%).The respective values for rel
ative [18fl@ uptake were 9% and 10%. Both rMGUand
[1819FDGuptake were elgn@canfly reduced in segments with
scaning observed visually during bypass surgery (29 Â±19
@tmola/min/1OOg and 45% Â±22%, n = 26). The rMGUand

[18flFDGuptake were higher in segments that recovered after
revascularizabon(53 Â±17 @unoie/minh1OO/gand 110% Â±21%,
n = 27)thaninthosethatdidnot(37 Â±20 @mole/min/1OOg and
65%Â±24%,n= 63).However,duetolargervariabilityofrMGU
values, normalized [@FJFDGuptake was superior to rMGUin
separating normal and scar segments as well as in pred@ng
wall motion recovery. We condude that rMGU variabilfty is no
table and is caused mainly by variations between patients. In
terindMdual variation is reduced by normalization, which results
inmoreaccurateassessment ofmyocardialviability.Thus,static
imaging and semiquantftative analysis are sufficient for the din
@icalassessment of myocardialviability.
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ET imaging of the heart with [â€˜8F]-2-fluoro-2-deoxy-D-
glucose ([l8fl@1JfJ)has been widely used to assess myo
cardial viability in patients with myocardial infarction (1-19).
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TABLE I
Patient Characteristics

ECG = electrocardiography;EF = leftventricularejectionfr@ion in
cineanglography(availablein55 patients)Ml= myocardialinfarction.

Echocardiography was performed on the same day as PET imag
ing in 53 patientsand it was repeated2â€”6mo aftercoronary
bypass surgery (3â€”8wk after angioplasty) in the 48 patients who
were subsequentlyrevascularized.The decision to performrevas
cularizationhad been made without knowledgeof the PET and
echocardiographicresults. Coronaryangiographywas performed
1.6 Â±1.3mo priorto thePETstudy(allwithin4 mo).Thetime
interval between the PET and SPECF studies was 2.2 Â±3.7 mo
and2.2 Â±1.9 mo between the PET study andrevascularization(in
96% of patients within 4 mo). None of the patients experienced
unstableanginaor myocardialinfarctionbetweenthe studies, the
revascularization procedure and follow-up echocardiography.
Each subject gave written informed consent and the study proto
col was accepted by the Ethical Committeeof the TurkuUniver
sity CentralHospital.

PET Study
All studies were performed after a 12-hr overnight fast. Patients

took only nitrates, if needed, for at least 24 hr prior to the PET
study. The patients ingested 50 g of glucose 60 mm before tracer
injection. Two catheters were inserted, one in an antecubital vein
for injection of [l8fl@TjGand the other in a contralateralhand
vein of the upper extremity that was warmed (70Â°C)for sampling
of arterializedvenousblood.Plasmaglucosewas determinedcv
cry 10 mm from arterialized venous blood.

Preparation of [â€˜8FJFDG. Fluorine-18-FDG was synthesized

with an automatic apparatusby a modifiedmethod of Hamacher
et al. (24).The 18F-F hada specificactivityof 5500GBq/@.unole
(150 Ci/pinole) (25,26); radiochemical purity exceeded 99%.

Image Acquisition. The patients were positioned supine with
their arms within the field of view in an eight-ringECAT 931iV8
tomograph(Siemens/CTICorp., Knoxville,TN)witha measured
axial resolution of 6.7 mm and 6.5 mm inpiane. To correct for
photonattenuation,transmissionscanningwas performedfor
25â€”30mm prior to emission imaging with a removable ring source
containing @Ge(total counts 15-30 x 1O@per plane). Sixty min
utes afteroralglucose loading, 240 Â±50 MBq (6.6 Â±1.6 mCi)of

[18fl@f@wasinjectedintravenouslyover15-30secanddynamic
imaging followed for 60 mm (8 x 15 sec, 2 x 30 sec, 2 x 120 see,
1 x 180see, 4 x 300see, 3 x 600see). Twenty-fiveblood samples
weretakenformeasurementof radioactivityin plasma.

ImagePmcessingand Corrections.All datawere correctedfor
deadtime, decay and photon attenuation and reconstructed in a
256 x 256 matrix. The final inplane resolution in reconstructed
andHann-filteredimageswas 8 mm FWHM.Thirty-fiveto 40
elliptical regions of interest (ROIs) were placed on representative
transaxial ventricular slices in each patient (typically 4â€”6ROIs of
2-4 cc per plane), avoiding myocardial borders; the time-activity
curves were calculated. Myocardial time-activity curves were
corrected for partial volume effects using information from
echocardiographical measurements ofwall thickness and left yen
tricular diameter and phantom studies (2728). Plasma time-activ
ity curves were generated from the calibrated arterialized venous
blood samples by a nonlinear least squares fitting routine; this
informationyieldedthe tracer inputcurve.

Calculation ofRegional GIL Plasma and tissue time-activity
curves were analyzed graphically(22). The slope ofthe plot in the
graphicalanalysisis equalto the utilizationconstantof [18F]FDO,
K1,whichrepresentsthefractionalrateof tracertransportand
phosphorylation. In this study, the last six time points represent
ingthetime15â€”60mmafterinjectionwereusedto determinethe
slope bylinear regression.The myocardiumwas dividedintoeight
segments as previously described (29) (anterobasal, anterior, an
teroseptal, lateral, inferoseptal, apical, inferior and posterobasal).
The meanK1for each segmentwas derivedfromthreeto five
ROIs.Therateofmyocardialglucoseuptakeineachsegmentwas
given by K1* Pgiuc,ILC,where PghiclSmean plasma glucose level
duringimagingand LC (lumpedconstant)was used to correct for
differencesin the transport and metabolismof [l8fl@IJ and
glucose (30â€”32).In this study, LC was assumed to be 0.67 (30).

Cakulation of Nonnalized (Relative)(â€˜8F)FDGUptake. The
partial-volume corrected mean countvalue during 30-60 min after
tracer injection in each segment was used for further calculations.
Assuming that glucose uptake is normal in myocardial regions
with noncompromizedblood flow, [â€˜8F]FDGuptakewas normal
ized relative to the segment uptake with the highest tracer uptake
observed visually in resting SPECF perfusion imaging(typically
an anterior or lateral segment). In those six patients with no
SPECT imaging, the noninfarcted lateral or anterior segment sup
plied by a normal or nonsignificantlystenosed coronary artery
was used as a reference. To study the effect of normalization,we
also calculated the respective relative rMGU values.

Coronary Anglography
All patients underwent selective coronary angiography by stan

dardtechniques.A 50%orgreatervisualdiameterreductionin a
majorepicardialbranchwasconsideredsignificant.Simultaneous
two-view ventriculography was also performed in 55 patients to
assess global left ventricularfunction. Angiographywas not re
peatedafterrevascularization.

Echocardlography
Echocardiography (Aloka SSD 870, Aloka mc, Japan or Acu

son 128XP/5, Acuson Inc., CA) was performed according to the
semiquantitativemethodrecommendedby the AmericanSodety
of EchocardiographyCommitteeon Standards(33) with a modi
fled segmental subdivision (29). All standardized long-axis and
short-axis echocardiographicviews were obtained and video
taped. Echocardiographic analysis reproducibility was also con
firmed by reanalysis of videotape recordings in 12 patients.

Sex(male/female)
Age (yr,mean Â±s.d.)
Myocardialinfarction

ECG 0-wave Ml
AnteriorwallMl
Inferioror posterior wall Ml

NYHAdass
EF
Coronmya@

One-vassal disease
Two-vessel disease
Three-vessel disease

Modloatiore
Nitrates
Beta-blockers
Calcium antagonists

Revascularization
C@orary@
Mg@

67/3
53Â±9

70(100%)
45(64%)
35(50%)
35(50%)
22 Â±0.8
51 Â± 11%

15(21%)

12 (17%)

43(61%)

58(83%)
57(81%)

38(54%)
48(87%)
37(67%)
11 (20%)
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Echocardiogramswere analyzed visually by a blinded, experi
enced physician. The results of individual pre- and postinterven
tion echocardiographieswere verified by comparison of paired
videotape recordings. Segmental left ventricular wall motion and
systolic thickeningwas visually scored accordingto the following
scale: (1) normal, (2) hypokineticwall motion with systolic thick
ening, (3) akinetic wall motion with no systolic thickening and (4)
dyskineticmotionwith no systolicthickening.The segmentwas
classified into a higher class of abnormality if one-third of the
segment showed respective findings.After revascularization,im
provement of contractile function was diagnosed if systolic thick
ening (correspondingto score 1 or 2) became apparentin a seg
ment that hadbeen akineticor dyskinetic or if normalmotionwas
detected in a previously hypokinetic segment. Improvement in
function was acknowledged only if it was apparent in a central
area of the segment. Special emphasis was focused on the an
teroseptal segments because postsurgicalwall motion abnormali
ties arecommonin thisarea(34).Thus,the appearanceof post
operative anteroseptalhypokinesiawas regardedas normal, and
improvementwas recognizedonly if systolicthickeningbecame
apparent in a previously akinetic or dyskinetic segment or if
hypokinesia was normalized.

SPECT PerfusIon ImagIng
Sixty-fourpatientsunderwentmyocardialSPECFperfusion

imaging at rest. Thallium-201 was used in 33 patients and @â€œTc
MIBI was used in 31 patients. One millicurie of @Â°@Tlor 20 mCi of

@@u@FcMIBI was injected 1 hr before imaging in all but two pa
tients who were studied at rest 4 hrafter @Â°@Tlstress imaging(4-hr
washout). SPECTimages were obtainedon a Siemens-Rota
SPECF gamma camera (Siemens Gammasonics, Hoffman Es
tates, IL). The radioactivityin the eight anatomic segments was
assessed qualitatively and blindly by two experienced nuclear
medicine specialists. The results fromrestingimageswere scored
according to the following scale: (1) normal, (2) mild defect, (3)
moderate defect and (4) severe or complete defect. Discordances
were resolved by simultaneousreanalysis.

Visual Inspection of Myocardlum During Bypass
0@

Myocardialscarswerevisuallydetectedandlocalizedduring
bypasssurgerywithoutknowledgeof the resultsof the other stud
ies. A pale and firm area was considered to be scarred. A segment
was regarded as revascularized if a corresponding major epicardial
coronary artery branch had undergone a successful procedure.

Alignment of Results Obtained by Different Methods
The SPECTandPETtransaxialslices were visuallyaligned

andcomparedto eachother.Theresultsof thetransaxialimages
were assigned to the eight segments with a heart map phantom.
Wall motion abnormalities on echocardiograms and the visually
detected scars were also localized in the segmental heart map
phantom.Allresultswerefirstlocalizedby thephysicianrespon
sible for each study. Segmental results from each method were
finallyalignedand pooledtogetherby the first author.

Classification of Myocardlal Segments
For the purposeof this study,echocardiographyandSPECF

first results were used to find normal myocardial segments as
precisely as possible. To avoid errors induced by misalignment,
only segments with concordant results by all modalities were
classified as normal in this study. Thus, normal segments in this
study were selected by first choosing the segments with less than
75% stenosis in the corresponding major epicardial coronary ar

tery and then excluding fromthese the segments with any abnor
mal finding on the SPECF perfusion study or echocardiography.
The scarringobservedduringbypass surgerywas used as an
indicatorof severely injuredmyocardiumand the normalseg
ments were compared to these scarred segments.

Echocardiographic results were then used to detect functional
recovery. The segments with initially abnormal wall motion in
echocardiographywere dividedinto reversibleor irreversible
based on the results in follow-up echocardiography.

Analytical Procedures
Plasmaglucosewas determinedin duplicateby the glucose

oxidase method (35) using a Beckman Glucose Analyzer II (Beck
man Instruments,Fullerton,CA) or an Analox GM7(Analox
Instruments Ltd., Denmark).

Statistical Analysis
Independentvariables were comparedby analysis of variance

and Bonferroni testing. All results were expressed as mean values
and standarddeviations. To test and compare differentparame
ters in separatingsegmentgroups, the discriminantanalysisof the
SASstatisticalprogramwas used (SASInstituteInc., Cary, NC).
Sensitivities and specificities of functional recovery for different
[lSflpJgJ uptake and rMGU limit values were calculated in the

segments with initially abnormal wall motion that underwent re
vascularization.Pearsoncorrelationcoefficientswereused.

RESULTS

Fluorlne-I8-FDG Uptake and rMGU In Normal
Segments

By definition, 560 myocardial segments in 70 patients
were studied. The numberof normalsegments by all non
PET methods was 225 (40%).At least one segment in each
patient was classified as normal, the mean number being
32 Â±1.6. In these segments rMGU was 56 Â±18 @mole/
min/100 g (Fig. 1A) and the relative uptake of [â€˜8F]FDG
was 97% Â±12% (Fig. 1B). The variability of rMGU ex
pressed as %s.d. of mean was higher than that of relative
[â€˜8F]FDGuptake (s.d. 31% versus 13%). This difference
was not due to the segmental variation of the results, since
the mean values and standarddeviations of these two pa
rameters were concordant in different segment types (Fig.
2). By both methods, the mean uptake was lowest in apical
segments (p < 0.05).

The intraindividualvariationwas estimated as the sd. of
normal segments in patients with 2 such segments (n =
46). The intraindividual s.d. of rMGU was 6.3 j@mole/min/
100g (11.4%) and the s.d. of relative [l8fl}@TJ@juptake was
9.4% (9.7%of the mean uptakevalue). The interindividual
variation was estimated as the s.d. of average normal values
in each patient. The interindividuals.d. of rMGUwas 17.3
p@mole/min/1OOg (31.2%) in patients with at least two nor
mal segments (n = 46) and 18.6 pinole/min/100 g (34.0%) in
all patients (n = 70) These values were higher than the
respective results for relative [â€˜8F]FDGuptake (8.6% and
8.7%). To study whether the observed difference in the
interindividual variabilities was dependent on the normal
ization procedure, normalized rMGU values were calcu
lated using the same reference segments used to normalize
[18flp@yJuptakevalues.Variabilitiesobtainedby both

2070 TheJournalof NudearMedicineâ€¢Vol.34 â€¢No. 12 â€¢December1993



70
I,,

C 60
a,
E
0) 50
a,

,â€” 40
0

@;30

I

A 80
V rMGU. Mean*SD

a Uptaks of 18â€”FDG. M.antSDNormalssqm.nts,56*18 @nno1I1OOg/mui
I Visuaflyscarrads.qm.nu.29*19p,noIflOOg/min

U.., Â±2SD

220

200
z

180 2
3

160@

140

120

100

80

60@

40

20

p=O.0008 Q=O.000 1

I@

@1@

I 000 20 40 60 80

rMGU (pmol/lOOg/min) 0@

recovary no recov.ry
nâ€”27 nâ€”63

, 1

ricovary no recovery
nâ€”27 nâ€”63B 80

70

@ 60
a,
E
a@ 50
a,

40
0

@ 3,)
.0
E@ 20
z

10

Nian * 2SD
Functionaloutcomeafter revucularization

FIGURE 3. rMGU and [18@9p@uptake in revascularized dys
functionalsegments withand withoutrecovery.Note the striking
ovedap in rMGUvalues between the two segment groups. P values
between the segment groups were obtained by analysis ofvariance.

Fluorlne-18-FDG Uptake and rMGU In Segments with
ScarÃ±ng

In 26 segments, scarringwas detected by visual obser
vation duringcoronary bypass surgery. Wall motion was
abnormal in all the 26 segments by echocardiography and
none of them recovered after the intervention. The rMGU
and relative uptake of [â€˜8F]FDGwere clearly reduced in
these segments (29 Â±19 @mole/min/100g and 45% Â±22%,
p < 0.001 as compared with normal segments). However,
the variabilityand overlap of values in normaland scarred
segments was larger in rMGU than in relative [18F]FDO
uptake (Fig. 1).

fluodne-18-FDG Uptake, rMGUand Functional
Recovery

In the 48 patients studied before and afterrevasculariza
tion by echocardiography, 106 (29%) segments were orig
inally classified as dysfunctional at rest; 90 of these were
subsequently revascularized. Wall motion improvement
occurred in 27 (30%)of these segments. Segments without
revascularization remained unchanged. Both the mean
rMGU (53 Â±18 versus 37 Â±20 @mole/min/100g, p =
0.0008)and the relative [â€˜8FIFDOuptake (110 Â±22% vs. 65
Â±24%, p = 0.0001) were significantly higher in segments
that recovered comparedto irreversiblydysfunctionalseg
ments (Fig. 3). The ability of both variables to distinguish
between segments with and without recovery was tested
by discriminant analysis. By using rMGU, 28% of seg
ments were incorrectly classified in contrast to 17% by
[â€˜8fl@Guptake.Figure4 demonstratestheeffectsof the
cutoff values on the diagnostic performanceof normalized
[â€˜8F]FDGuptake and rMGU. Specificity was enhanced by
higher limit values, but sensitivity decreased substantially.
When 85%â€”90%of normalized [â€˜8F]FDGuptake was used
as a thresholdvalue, a sensitivity of 85%and specificity of
84%werereachedsimultaneously.However,with rMGU,
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FiGURE1. DistributionofrMGU(A)and[1@FJFDGuptake(B)in
normal and visually scarred segments. Note the wider range in
normal segments and the higher ovedap between the two segment
groups in rMGU.

rMGU and [â€˜8FJFDGuptakewere then foundto be similar,
and the parameterscorrelated highlywith each other (r =
0.98).
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tended to be higher in the recovered segments than in the
segments without recovery, but the difference was not
statistically significant. In this group, none of the other
methods could distinguish the recovered segments from
the segments that did not recover.

The rMGU values were also higher in the segment
groups that recovered as compared to those that did not
(Fig. 5B). The differencewas, however, statistically signif
icant only in segments with severely decreased perfusion at
rest. Also, the overlap of rMGU values in this group was
large. Thus, it was not possible to distinguish recovered
and nonrecovered segments in any perfusion defect group
even by combined evaluation of rMGU and perfusion.

DISCUSSION

The results of this study show that semiquantitativerel
ative [â€˜8flFDGuptake is superior to calculated rMGU in
predicting wall motion recovery after revascularization.
The ability of rMGU to distinguish normal myocardium
from scarredsegments as well as segments with functional
recovery from the irreversibly dysfunctional segments is
deterioratedby the high variability of the glucose utiiza
tion rates between individuals.

rMGU per se or in combinationwith perfusion datawas
not able to accuratelypredict functionalrecovery in any of
the segment groups (Figs. 4A, 5A). In contrast to this,
acceptable good (â€”85%)sensitivity and specificity values
were achievable with normalized [â€˜8F]FDOuptake alone
(Fig. 4B). Evaluation of resting perfusion as studied by
qualitative analysis of SPECT images showed that pre
served normalized [18F]FDGuptake in the segments with
moderate or severe perfusion defects at rest identified the
recovered segments precisely (Fig. 5B). These results are
concordant with most of the earlier studies showing that
so-called mismatch of metabolism to blood flow predicts
functionalrecovery (2,9,13). In the study by Gropleret al.
(19), [â€˜8F]FDGuptake was not a good prognosticator for
functional recovery. In that study, patients with recent
myocardial infarctions were also included and the normal
ization and image analysis methods were different when
compared to this and other previous studies.

rMGU variability in normal myocardium was notable
and was caused mainly by variations between patients. In
previous studies, the %s.d. of rMGU has been 26%â€”46%
(13,1829,36), and the s.d. of this study falls well within
that range (31%).Interindividualand intraindividualvaria
tions have not been appreciated in the previous studies.
Based on the data in previous studies, we calculated inter
individual and intraindividuals.d.s; values ranged from
33% to 51% and 12% to 18%, respectively (1823,36). In
our recent study (29), the s.d.s were 26% and 9%, respec
tively, in a small population. The high interindividualvan
ation of rMGU can be explained by several factors that
regulate myocardial glucose uptake. These include myo
cardial workload, plasma levels of insulin and substrate
supply, e.g., plasma levels of glucose and fatty acids, and
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FIGURE 4. Sensitivityandspecificityforrecoveryare shownas a
functionof the rMGU(A)and [18FIFDGuptake(B)threshold.Note
that highsensitivityand spedflcftyvaluescannotbe obtainedsimul
taneouslyby rMGUmeasurement

such high sensitivity and specificity could not be obtained
simultaneously. Again, relative rMGU values gave concor
dant results with relative [l8fl@T@)fJuptake.

Ruodne-18-FDG Uptake, rMGU, Resting Perfusion and
Functional Recovery

SPEC! perfusion results were available in 84 of the 90
initially dysfunctional revascularized segments (Fig. 5).
The perfusion defects were classified as mild in 31 seg
ments (normal in 5 segments), moderate in 17 segments and
severe in 36 segments. Functional recovery was detected
in 14 (45%), 6 (35%)and 5 (14%)segments, respectively.
Significantly higher mean [â€˜8F]FDGuptake values were
detected in the recovered segments as compared to the
segments without recovery in the groups of moderate and
severe SPECT perfusion defects (Fig. 5A). Positive and
negative predictivevalues ofpreserved [â€˜8F]FDGuptake in
these segments were 100%forwall motion recovery. In the
group of mild perfusion defects, [â€˜8F]FDGuptake also
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intenindividual variation of [18F]FDO uptake and rMGU in
normal segments. The drawbacks of the normalization
method are the necessity of a flow study to localize the
reference segments and that only relative and semiquanti
tative results are obtained. However, the method has clear
advantages: static imagingis sufficient;analysis is simple;
andno blood samplingis required.Therefore, the approach
is more appropriatefor clinical work. Intraindividualvail
ability of rMGU and [l8fl@(J uptake in normal segments
was only about 10%.Therefore, it can be assumed that the
precise selection of a reference segment for normalization
within normal myocardium is not critical to the results.

It is importantto note thatquantitationof rMGUgave no
additional accuracy over [â€˜8F]FDGuptake in predicting
functional recovery when normalization was applied to
both variables. However, there are several situations
where quantitativemeasurementof rMGU is essential. For
example, we have studied myocardial glucose consump
tion in diabetic patients and compared it to normal controls
(40,41). We have also shown in vivo by [â€˜8F]FDGPET that
the glucose-free fatty acid cycle operates in the human
heart (38). Thus, measurement of rMGU is required when

oxygen supply (37,38). Plasma insulin and glucose levels
can be standardized and matched by the glucose-insulin
clamp technique (29,39). However, we have observed a
similardegree ofvariabiity ofrMGU in normalmyocardial
segments within and between patients duringinsulinclamp
and after glucose loading (29).

The averagevalue of absolute rMGU afterglucose load
ing in normal segments in this study was 56 Â±18 @mole/
min/100 g. In previous studies, rMGU has been 54 Â±29
@tmole/min/100g (calculated from the data of references

13,18,23,36). The rMGU values of scarred segments in
previous studies have been more variable, depending on
the criteria for selection of scarred segments (18,29,36).
The ischemically injured myocardium has often been
shown to be a mixture of living myocytes and scar tissue
(4). In this study, the visually observedpaleandfirm area
was taken as representing myocardial scar, and rMGU in
these segments was 29 Â±19 @mole/min. 100g. However,
no biopsies were available to assess the amountof residual
myocytes in these areas.

With normalization, the results are standardizedto the
segment with maximum perfusion. This results in reduced
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interest is focused on such questions as the influence of
metabolic changes and medications on myocardialglucose
uptake.

Resting perfusion alone, as studied by qualitative
SPECT imaging, seems to underestimate viability as com
pared to [18fl@@ uptake-flow relations. In some dysfunc
tional segments, perfusion was classifIed as mildly de
creased of even normal at rest. None of the methods
appliedcould distinguishthe segments thatrecovered from
those that did not in this segment group. However, pre
served flow and metabolism in these segments per se show
that considerable amount of viable tissue must reside in
these segments, which may possibly be enough for clinical
decision-making of viability and revascularization.

Potential Study Umitatlons
In SPEC!' perfusionimaging,both @Â°â€˜Tland @Â°@Tc-MIBI

were used and only a qualitative analysis of the SPECT
images was performed.We think, however, that this is not
an importantproblem since resting defect sizes have been
shown to be similar if not identical with both tracers
(42,43). In this study, absolute flow data were not avail
able. We are therefore not able to compare our results to
methods that use the ratio of [â€˜8flFDGand flow. Errors
associated with Patlakgraphicalanalysis are also possible
and might explain at least part of the variation. These
potentialerrorsources include measurementof inputfunc
tions and changes in plasma glucose levels after glucose
loading. In our previous studies, however, reproducibility
of rMGU measurements has been high, even in abnormal
segments (29). In addition, changes in individual lumped
constants cannot be accounted for in either normal or
pathological myocardial tissue. This is also true for the
dephosphorylation rate of [â€˜8F]FDGphosphate, which has
not been confirmedto be stable duringischemia and reper
fusion.

CONCLUSIONS

Although rMGU measured by PET represents a physi
ologically meaningfulsignal, the high interindividualvan
ability necessitates a wide reference range for normalcy
and significantly reduces its diagnostic performance for
viability. Normalization of myocardial [â€˜8F]FDOuptake or
rMGU to the area of maximalperfusion enhances the abil
ity of [l8fl@TJGPET to predict functionalrecovery. Accu
rate assessment of myocardialviability in clinicalwork can
thus be achieved by static imaging and semiquantitative
analysis.
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