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F-18-labeled 2-deoxyglucose (FDG) was studied as a glucose analog Jor
the measure of myocardial glucose metabolLsm. Myocardial uptake and
retention, blood clearance, species dependence (dog, monkey, mAn), and

effect of diet on uptake were investigated. Normal myocardial uptake of
FDG was 3-4% of injected dose in dog and monkey, and 1â€”4% in man,
compared with brain uptakes of 1.5-3% in dog, 5-6% in monkey, and
4-8% in man. The myocardial metabolic rate (MR) for glucose in the non
fasting (glycolytic) state was 2.8 times that in the fasting (ketogenic) state.

Human subjects showed higher myocardial uptake after a normal meal than
after-meal containing mostly free fatty aicds (FFA). Blood clearance was
rapid with initial clearance t11@of 0.2â€”0.3 mm, followed by a t11, of 8.4 Â±
1.2 mm in dog and 11.6 Â± 1.1 mm in man. A small third component had
half-times of 59 Â± 10 mm and 88 Â± 4 mm in dog and man, respectively.
With the ECAT positron tomograph, high image-contrast ratios were found
between heart and blood (dog 3.5/1, man 14/1), heart and lung (dog 9/1,
man 20/1), and heart and liver (dog 15/1, man 10/1). FEIG was found to
be taken up rapidly by the myocardium without any significant tissue clear
ance over a 4-hr period. FDG exhibits excellent imaging properties. Aver
age counting rates of 12K, 20K, and 40K c/mm-mCi injected are obtained
in human subjects with high, medium, and low resolutions of the ECAT
tomograph. Determination of glucose and FFA MR in vivo with ECT pro
vides a method for investigation and assessment of changing aerobic and
anaerobic metabolic rates in ischemic heart disease in man.

JNuclMed 19:1311-1319,1978

Emission computed tomography (ECT) can pro
duce images that quantitatively reflect the true tissue
concentration of administered radiopharmaceuticals,
and this has stimulated a growing interest in the
use of the technique for the in vivo measurement of
physiologic functions and metabolic rates (1â€”3).
Since ischemic heart disease is a serious health prob
lem, it is a major focus of study for new methods of
diagnostic evaluation and therapy.

Most experimental data on myocardial substrate
metabolism has been derived from the isolated rat
and rabbit heart and open-chest, in situ dog and
pig heart models (4â€”9).Although the results of these
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investigations have sometimes varied according to
the method of study, several general statements can
be made. In the normoxic heart perfused with free
fatty acids (FFA) and glucose, FFAs are the major
source of substrate for oxidative respiration. The
amount of FFA uptake depends directly on plasma
FFA concentration and on the rate of oxidative
respiration. As oxidative respiration is reduced, un
der conditions of ischemia or anoxia, FFA acid up
take and oxidation are also reduced.

The metabolism of glucose in the aerobic heart
depends upon the plasma concentration of glucose
(and insulin), availability of alternative substrates
(especially FFA) , mechanical work, and rate of
oxidative respiration (4â€”9). Under anoxic condi
tions the rate of glucose metabolism appears to be
primarily a flow-related phenomenon. If coronary
flow is maintained in anoxemia, glycolysis is accel
erated, however, in ischemia, the rate of glycolysis
may increase or decrease. This difference is prob
ably related to decreased wash-out of metabolic
breakdown products such as lactate and H+, which
inhibit glycolysis (4â€”7). It appears that the degree of
inhibition of glycolysis is therefore related to the
severity of the decrease in flow.

In the isolated perfused heart (Langendorif prep
aration) preliminary studies showed that [11C] glu
cose had a low extraction and a relatively rapid
turnover (10) in the â€œnormalâ€•perfusion states of
this modelâ€”i.e., high-flow states of about 400 cd
mm per 100 g to provide normal oxygen delivery in
the absence of hemoglobin. While these investigators
carried out in vivo studies under normal and is
chemic conditions in the dog with [11C]palmitic and
and [11C] octanoic acid, no in vivo studies were done
with [11C] glucose (10).

Recently, Ido et al. have successfully used F-i 8
to label 2-deoxy-2-fluoro-D-glucose, FDG, (11,12).
Studies in dogs, monkeys, and humans by Phelps
et al. (13) and in rats and dogs by Gallagher et al.
(14) have shown that FDG has a significant extrac
tion by the myocardium with a slow clearance [t112
> > 2 hr, Gallagher et al. (14)]. The work of these
investigators suggests that FDG could be used to
study glucose metabolism in the heart.

In this work we have used the ECAT* positron
imaging system (1 ,2,13,15) to investigate the myo
cardial uptake and retention of FDG, its blood clear
ance rates, the species dependence (dog, monkey,
man) of myocardial uptake, and the effect of diet on
myocardial uptake. Image contrast ratios between
myocardium, blood, lung and liver, and system
count rate per intravenous dose, have also been
measured with the ECAT. These studies were car
ried out to examine whether FDG would be suitable

for the noninvasive in vivo measure of myocardial
metabolic rate for glucose with ECT.

MATERIALS AND METHODS

Preparation of FDG. FDG was prepared after the
method developed by the chemistry group at Brook
haven National Laboratory (11,12) . 18F2was pro
duced using the 20Ne(d,a)18F reaction with 11-MeV
deuterons on a target containing 1.1% F2 in neon.
18F2 is subsequently swept (with He) into a read
tion vessel containing 3,4,5-tri-0-acetyl-D-glucal to
form [18F]3,4,6-tri-0-acetyl-2-deoxy-2-fluoro-D-glu
copyranosyl fluoride, which was purified by liquid
chromatography (silica gel) by elution with a 4:1
mixture of petroleum ether and diethyl ether. Subse
quent acid hydrolysis and removal of (â€˜8F) with
an alumina column gave FDG. The overall radio

chemical yield is about 10% with a purity >95%.
Animal preparafions. Ten dogs and three rhesus

monkeys were lightly anesthetized with sodium pen
tobarbital (20 mg/Kg). A femoral arterial catheter
was used for determination of glucose concentration
and FDG blood clearance rate, and a femoral vein
catheter for injection of FDG. These animals were
used for either the determination of blood clearance
rates and/or whole-body rectilinear scans and tomo
graphic studies.

Blood clearance. FDG was injected intravenously
over a 30-sec interval and arterial blood samples

taken; starting at time zero, a sample was taken
every 15 sec for 1 mm, every minute for the next
5 mm, and the interval was then progressively
lengthened as samples were drawn for the next 1â€”4
hr. Blood samples, for measurement of FDG and
plasma glucose concentration were immediately
placed into an ice bath. FDG plasma data were cor
rected for radioactive decay, plotted, and analyzed
to determine clearance rates. Plasma glucose levels
were measuredby standard colorimetric techniques
in triplicate.

ECATstudies.All the animalandhumanimag
ing studies with the ECAT were carried out using
i.v. injections of 0.5â€”5mCi of FDG. All quantitative

studies were preceded by transmission scans for cor
rection of photon attenuation in the subject (16).
The rectilinear emission scans were used to study
the whole-body distribution of FDG, and the trans
mission scans to select levels to be studied in detail
with ECT (see Fig. 5).

The myocardial accumulation rate for FDG was
studied with ECT scans of a single cross section of
the heart using the following sequence: images were
made every 30 sec for the first 5 mm after injection,
3 mm images were then made for the next 9 mm,
and progressively longer imaging times were then

1312 THE JOURNAL OF NUCLEAR MEDICINE



. - -@@@ .;@- @-.-I-
.. -@.@ .. .; -:@ -@-),- - - â€”â€”--------;@Jet@.@J;r@@ â€˜-

CLINICAL SCIENCES
INVESTIGATIVE NUCLEAR MEDICINE

used to follow myocardial tissue activity for another
4 hr. In all other studies, 40â€”50mm after injection
were allowed to establish a steady-state (or near
steady) condition before scanning. Regions of in
terest of the left ventricle were selected for the meas
urement of tissue activity as a function of time. The
scan times for whole-body rectilinear scan studies
varied from 10 to 40 mm (three views), and 2â€”3
mm for limited-field views of the thorax (three
views) . Scan times of 4â€”7mm/slice were used in the
ECT studies, depending on the amount of FDG in
jected and time after injection.

The high (HR), medium (MR), and low (LR)
resolutions of the ECAT in the tomographic mode
are0.95, 1.3, and 1.7 cm,respectively,in the cross
section plane, with a slice thickness of about 1.9 cm
(1,15). In the rectilinear scan format they are 0.85,
1.3, and 1.8 cm, respectively (15). The tomograph
was calibrated daily with a phantom 20 cm in diam
eter containing a known amount of positron activity,
which allows the determination of the tissue activity
concentration in units of MCi/cc.

Calculation of metabolic rate. The myocardial
metabolic rate for a glucose (MR) could be calcu
lated for EDG if the rate constants for transport,
enzymatic phosphorylation, glucose-6-P04 utiliza
tion, and FDG distribution volumes were known
(1 7) . Although these values are known for brain,
they have not yet been determined for the myo
cardium. Without them, however, one can still cal
culate a relative index of MR that allows MR
ratios to be determined rather than the absolute
values. Using an approximate form of the model

developed by Sokoloff et al. (17) for the cerebral
metabolic rate for glucose, all the constants can be
lumped into a single term, K, and the metabolic rate
is given byt

MR@K[G@@@T (1)

fCb(t)dt

where [GluJ is the capillary plasma glucose concen
tration, CT is the FDG-6-P04 tissue concentration
at time T (mean time of ECT measurement) , and
Cb(t) is the FDG capillary plasma concentration at
any given time between injection and time T. Al
though the arterial [Glu] and Cb(t) values were used
in Eq. 1, the venous values across a resting arm or
leg have been shown preliminarily to give a good
approximation of capillary values (18). The tissue
concentration, CT, is measured from the tomographic
image in jsCi/g. The integral in the denominator of
Eq. 1 is the area, A, under the blood curve from 0
to time T in units of (MCi/cc) X time, and [Glu] is
in units of mg/cc. Thus, Eq. 1 can be reduced to

MR_K@@@]CT (2)
â€” A â€˜

where MR is in glucose utilization units of mg glu
dose/unit time, per gram of tissue.

In fasting studies carried out in this work, the
metabolic rate for glucose was varied from one state
(MR1) to another (MR2) to give

(3)MR1 = K [Glu]1 C@,1
A1

FIG.1. RectilinearscanswithECATshowingwhole-bodydistributionof intravenouslyinjectedFDGindog,monkeyandman.Dog:
20-mm scan performed 90 mm after injeciton of four mCi of FDG. Study was performed about 2 hr after morning meal. Note high up
take in heart and low uptake in brain. Monkey: 20-mm scan performed 30 mm after injection of 1 mCi FDG. Scan was performed about
2 hr after morning meal. Note high uptake in both brain and heart. Human (A): 20-mm rectilinear scan performed 2 hr after injection
of 8 mCi of FDG. Study was performed 2 hr after normal meal containing substantial amounts of sugar. Note high uptake in both brain
and heart. Human (B): 40-mm rectilinear scan 40 mm after injection of 2 mCi FDG. Study was performed 1 hr after meal containing
high level of free fatty acids. Note high uptake in brain and low uptake in heart. Human (C): 40-mm rectilinear scan 90 mm after injec
tion of 0.4 mCi of FDG in patient with left.sided hemiparesis. Note high uptake in brain and heart and low uptake in paralyzed arm
(arrow).
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body distributions of FDG, following i.v. injection,
in dog, rhesus monkey, and man and illustrates the

(4) differences due to species and diet. The dog and
monkey studieswere performed about 3 hr after their
morning meal. Whereas the dog typically shows a
higher uptake in the heart [3.4 Â±1.1 (mean Â±s.d.)
% of injected dose], compared with the brain (1.8
Â± 0.4) , the monkey shows similar or lower uptake

in heart (3.7 Â±0.8) compared with brain (5.9 Â±
0.6).

The three images of man (Fig. 1 ) illustrate dis
tributions in a volunteer (A) 3 hr after a normal
breakfast; (B) a normal human volunteer studied
after eating a meal containing mainly free fatty acids;
and (C) a patient with left-sided hemiparesis. In this
work the normal cerebral uptake of FDG in man
was found to be about 4â€”8% (6.3 Â± 1.8) of the
injected dose.The myocardial uptake in man varied
from about 1 to 4% (3.3 Â± 1.0).

Glycolytic/ketogenic metabolic ratio. The index
of myocardial metabolic rate for glucose (MR1) was
calculated for six cross-sectional levels of the left
ventricle (Fig. 2) for the dog that was fasted 2.5
days. The arterial plasma glucose values during the
experiment were relatively constant (78.5 Â± 2.0
mg% ; mean Â±s.d.). Following glucose plus insulin
infusion, the arterial plasma glucose values were
higher and somewhat more variable ( 1i2 Â± 15
mg% ) . The calculated index of the metabolic rate
for glucosein this state (MR2) was dramatically in

and

MR2 = K [G1uJ2C@,2,
A2

In taking the ratio between Eqs. 3 and 4 (MR1/
MR2) the undetermined value of K cancels.

Glycolytic/ketogenic MR. To measure the effect
of fasting and nonfasting states, a 20-kg dog was
fasted for 2Â½ days, anesthetized, and catheters
placed in the femoral artery and a saphenous vein.
FDG (0.7 mCi) was injected i.v. and blood samples
withdrawn for measurement of plasma glucose and
the FDG blood curve. Six tomographic slices of the
thorax, separated by 15 mm, were taken with images
starting 40â€”50mm after injection.

One hour later the dog was infused i.v. with 10%
glucoseand 25 units of insulin for 20 mm, followed
by an injection of 2.5 mCi of FDG; the scanning
procedure was then repeated with continuous glu
cose infusion (400 cc total ) . The residual F-i 8
activity from the previous scan was measured by
performing scans as a function of time until the sec
ond injection, and extrapolating these data to the
times of the subsequent scans. (This resulted in a
correction of about 18 % .) For control, a similar

study of the same dog was run a month later with
out the fasting.

RESULTS

Whole-body disfribution. Figure 1 shows the whole

FIG. 2. Tomograph@studyof dog's
myocardial glucose metabolism in keto
genic state from 2'/2 days of fasting, and
in glycolytic state from infusion of glucose
and insulin. Top: reconstructed transmission

=;.â€” images of thorax from levels at base to

apex of heart. Middle: cross-sectional to
mographic images showing glucose meta

@ bolic rate in left ventricle during ketogenicstate.Bottom:samecross-sectionallevelsas
shown above, taken after second injection
of FDG subsequent to 20-mm infusion of
glucose that was continued throughout
study to bring animal into glycolytic state
of metabolism. Numerical values shown at
bottom are slice-by-slice ratios for glyco
lytic metabolic rate over ketogenic MR.
Resolution was medium and images were
ungated.
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about 0.2â€”0.3mm for both dog and human subjects.
The second component had a half-time of 5â€”10mm
(8.4 Â± 1.2 mm) in dogs and 10â€”13mm (11.6 Â±
1.1 mm) in man, whereas the third component had
a half-time of 40â€”80mm (59 Â± 10 mm) in dogs
and 80â€”95mm (88 Â± 4 mm) in man. The major
portion of the fast component probably results from
the dilution of the injected FDG in the total blood
pool and extraction by highly perfused tissues before
equilibration is established. The remaining clearance
is due to continued metabolic extraction and also to
clearance by the kidneys. These three components
should not be taken as three compartments, since
FDG is extracted by all the perfused tissue; the three
components are somewhat artificial and are given
only to indicate the characteristics of the blood
clearance.

Imaging characteristics of FDG. A selected series
of cross-sectional images of the thorax in a dog and
a human volunteer after the i.v. injection of FDG
are shown in Figs. 4 and 5. These images show
mainly the left ventricle, although the first levels in
each study also show the right ventricle. The image
contrast ratios of FDG in the left ventricle a) to the
right ventricle, b) to the blood pool of left ventricle,
c) to the liver, and d) to the lung are shown in
Table 1. Examples of histogram profiles across se
lected levels for a human study are shown in Fig. 5.
Considering that these studies were performed in
the medium-resolution mode and were ungated, the

image-contrast ratios of myocardium to blood, lung,
and liver are very high.

In the normal human subject (e.g., Fig. 5), aver
agecounting ratesof 40K, 20K, 12K c/mm per mCi
injected i.v. were measured for the low ( 1.7 cm),
medium ( 1.3 cm), and high (0.95 cm) ECT reso
lution.

A fundamental assumption of Eq. 1 is that blood
FDG activity level in the myocardial tissue is small
compared with the intracellular FDG-6-P04. An
estimate of this can be obtained from the image
contrast ratio of myocardium to blood in left
ventricular chamber of about 14: 1 in humans at a
time @40mm post injection (Table I ) . Assuming
a myocardial blood volume of 8 % , an intertissue
volume for free glucose of 15 % (19) , and a tissue
to-blood concentration ratio for glucose of about 0.9
(J. Bassingthwaighte, unpublished data) , then more
than 95 % of the F-i 8 tissue activity is in the form
of FDG-6-P04.

Myocardial tissue uptake. Initially, FDG is rap
idly taken up by the myocardium and then continues
to accumulate slowly from the FDG in the blood, as
shown in Figure 6.
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creased over the previous metabolic state (MR2/
MR1 = 2.8 Â±0.1; see Fig. 2).

The same sequence of measurements as above
were repeated with the same dog but without fasting
(control study) . The arterial plasma glucose values
in the first set of measurements of MR were constant
during the course of the study (87.7 Â± 2. 1) . The
plasma glucose values were higher during the second
part (i.e., during glucose infusion) but remained
relatively constant (202 Â±10 mg% ) . The average
ratio of MR2/MR1 from six cross sections of the
left ventricle was found to be 0.96 Â±0.07.

The above results indicate that the MR index is
sensitive to real metabolic changes, since the meas
ured MR changed during physiologic alteration of
fasting, whereas no change was observed during
passive alteration of blood glucose.

Blood clearance of FDG. FDG was found to clear
rapidly from the blood, as shown in Fig. 3. The
arterial-blood clearance curves for six dogs and four
human subjects can be approximated by three com
ponents. The major component had a half-time of

FIG. 3. Arterial bloodcurvesubsequentto iv. injectionof
FDG. Solid dots indicate measured values, and dashed lines mdi.
cate three exponential components that best fit measured data.
These components should not be taken as compartments and are
shown only to indicate the major features of the blood-clearance
curves.

TABLE 1. IMAGE-CONTRAST RATIOS IN
FDG MYOCARDIAL STUDIES

L.V./R.V.t L.V./blood$ L.V./lung L.V./liver

Dog' 2/1 3â€”4/1 8-10/1 10â€”12/1
Human' 2.5/1 12â€”16/1 12â€”30/1 6â€”12/1

S Range of values at cross-sectional levels from base to

near apex of heart. Three dogs contributed (12 levels total),
and one human subject (six levels). Time after injection was
40â€”60mm in both dog and human.

t L.V.= left ventricle;R.V. rightventricle.
4:Bloodin left-ventricularchamber.
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FIG.4. Tomographicstudy(bottom
row) of 20-kg dog started 40 mm after i.v.
injection of 0.4 mCi FDG. Scan time was
5 mm per slice, each containing about

S 700,000 counts. Resolution was medium
and study was ungated. Levels are from
base to apex in 15-mm steps and major
structure seen is left ventricle. Right yen
tricle (arrow) is seen in first level at left
but is difficult to image because of its
lower metabolic rate and size. Recon
structedtransmissionimages are shown at
top.

FDG) and diet (at a substantial time after the meal
the whole-body respiratory quotient drops and the
rest of the body extracts a smaller amount of glucose
and FDG). The large variations in myocardial up
take of FDG are due not only to variations in ex
traction from changing levels of blood glucose, but
they also result because glucose is a secondary sub
strate to FFA under normal conditions of myocardial
metabolism (4â€”9).

Our in vivo ratios for the uptake in the left yen

DISCUSSION

Our in vivo values for the percentage uptake of
FDG in heart and brain in the dog and monkey are
in relatively good agreement with the in vitro values
of Gallagher et al. (14). The variation in the per
centage uptake in the human brain was primarily
dependent (in normal subjects) upon the level of
blood glucose (i.e., the higher level of blood glucose,
the lower the extraction fraction of glucose and

â€˜,-.,.

FIG.5. Tomographicstudyofmyocar
dial glucose metabolism in human volunteer.Left:reconstructedtransmissionim
ages. Center: reconstructed emission images
with histogram profiles through levels in
dicated by crosses on images. Scans are
from level of base to apex of heart in
18.mm steps, performed 40 mm after i.v.
injection of 4.6 mCi of FDG. Resolutionwasmedium,scantimeswere7mmper
slice, and images contain 400,000 to 600,-
000 countsper slice.Scanswere ungated.
Major structure seen is left ventricle. Right
ventricle is seen in upper two images.
Note ratio between right ventricle in top
image and left ventricle in lower images;
also ratio of left ventricle to blood pool
in second and third images from top, and
left ventricle to lung and liver in second,
third, and fourth images from top. Right:
Limited-field rectilinear scan in transmis
sion mode (3-mm scan) and emission mode
(3-mm scan) used for identification and
setup for tomographic scans. Rectilinearscanshavethreeviews:A-PandtwoÂ±60Â°
oblique views that are obtained simul
taneously with ECAT. Scan levels are se
lected for tomography with a joy stick
on console that indicates level by crosses
on rectilinear image. Resolution was me
dium and scans were ungated.
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take and long retention seen in these studies and
the in vivo work of Gallagher et al. (14) are con
sistent with the hypothesis that in the myocardium
FDG competes for transport sites and hexokinase
in the same manner as has been determined in the
brain from in vitro studies with [14C} deoxyglucose
(17) and FDG (21). The FDG-6-PO4 appears to be
formed and trapped in the myocardium as in the
brain, due to its low cellular membrane permeability
(Fig. 7) and the low activity of glucose-6-phospha
tase (4) for conversion of FDG-6-PO4 back to FDG,
which can diffuse out of the tissue into the blood.

The low liver uptake seen in this work (at >40
mm post injection) and the rapid clearance from the
liver found by Gallagher et al. (14) suggest that
FDG is not converted to glycogen (through glucose
i -phosphate) for storage in the liver (see Fig. 7).
Sole and Crane (22) have shown that 2-deoxyglu
cose does inhibit the conversion of DG-6-P04 to
DO-i -P04 for incorporation into glycogen (Fig. 7).
In addition, the liver has a high concentration of
glucose-6-phosphatase to convert glucose-6-PO4
(FDG-6-P04) to glucose (FDG) (23), which then
diffuses back into blood stream (liver acts as a
blood-glucose buffer) . This is consistent with our
findings and that of Gallagher et al. (14) in that
FDG is not retained by the liver; it also provides the
explanation for the high image-contrast ratio be
tween myocardium and liver.

The above discussion also implies that FDG is
specific for myocardial glycolysis from glucose sup
plied by the circulating blood, rather than from the
composite source of blood and intracellular glyco
gen. This could appear as a problem, since the glu
cose metabolic rate measured with FDG would not
reflect that portion derived from glycogen. The
amount of glycogen stored in myocardial cells is
small (20), however, and can provide glucose only
for a short time. Glycogen metabolism is a transient
phenomenon that is initiated by cyclic AMP through
the activation of phosphorylase â€˜a'(Fig. 7) . In acute
anoxia the energy requirements of the heart can be
sustained by glycolysis from glycogen alone for only
about 4.2 mm (20).

FDG exhibits a number of important characteris
tics for the imaging of the myocardial metabolic rate
for glucose in vivo with positron tomography. It has
rapid tissue uptake, long-term retention in the tissue,
and rapid blood clearance. Our blood clearance
rates are also in good agreement with the data of
Gallagher et al. (14) . The rapid blood clearance is
important for two reasons when ECT is used to
image and measure the myocardial metabolic rate
for glucose (MR) . First, the physiologic compart
mental model (approximate form given by Eq. 1)

U
I',
U,

C,,

z
0
0

FIG.6. Accumulationcurveof DGin myocardialtissueasit
is continually extracted from the blood and trapped in cells as
DG-6-P04. Extraction rote is initially high due to high initial FDG
blood concentration; it then slowly decreases as blood concentra
tion falls with time (see blood curve in Fig. 3).

tricle over those in liver and lung (Table 1), ob
tamed in dog and man, are considerably higher than
the corresponding ratios for dog, and lower than
those for rat, obtained from in vitro studies with
FDG (14). The in vivo ratio of left to right ventricle

was about 2.3/i, which is in good agreement with
the average in vitro value of 2. 1 in dogs with FDG
(14).

The ratio of glycolytic to ketogenic myocardial
metabolism (2.8 Â± 0.1 ) found in this work is in
excellent agreement with the 2.9 reported in the
literature (20) for the ratio of the myocardial meta
bolic rate for carbohydrates between human fasting
and nonfasting. Our fasting dog had been driven
into a state of aerobic metabolism, deriving its meta
bolic energy almost exclusively from FFA. The in
fusion of glucose with insulin provided a source of
glucose, allowing a more nearly normal balance of,
and interrelationship between, myocardial substrates
in or supplied to the blood. The nonfasteddog could
be assumed to have adequate substrate levels during
all scans. The fact that MR remains constant in the
nonfasted dog even when the blood glucose is
markedly elevated, results because in the normal
well-oxygenated state, there is a maintained balance
between myocardial metabolism of FFA and glucose
in which there is a preference for metabolism of the
high-energy content FFA (4â€”9).A variation in the
utilization rates of these two substrates is not pas
sively dependent upon the blood glucose level in the
normoxic state when sufficient blood FFA and glu
cose are present.

Although we have not yet measured the kinetic
rate constants for FDG in the myocardium, the up
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FIG.7. Simplifiedschematicrepresen.
tation of myocardial utilization of glucose
and a physiologicanalog, 2-deoxyglucose
labeled with F-i 8 (FDG). G-6-PO, is glu
cose-6-P04; G-1-P04 is glucose-1-P04; F.6-
P04 is fructose-6-PO@.FDG competes with
glucosefor transport sites in the capillary
and cell membrane and for hexokinase,
the enzyme for converting glucose to
glucose-6-P04. FDG is trapped in myo
cordial cells as FDG-6.P04, since the en
zymatic conversion to G-1-P04 and F-6-P04
is inhibited by the 2-deoxy analog of
glucose and low membrane permeability
to DG-6-P01. Slow tissue clearance of
FDG-6.P04 shown in this work indicates
that cellular concentration of glucose-6-
phosphatase(G-6-P), which converts FDG
6-P04 bock to FDG, must be low. Note
that glycolysis can occur from both exogenous(cellularglycogen)sources,whereas
FDG is specificto the exogenousroute.
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C.,

-I
C,

C,
0
LI.

C,

for the measure of MR assumes that FDG is rapidly
cleared from the blood and accumulates in tissue
such that at a reasonable time after injection (30-40
mm)mostof theactivityin theorganis intracellular
in the form of FDG-6-PO4 (17,21 ) . Second from
an imaging point of view, the blood activity in the
ventricular chambers should be low enough to mini
mize interference with the measurement of activity
in the myocardial tissue. In combination with posi
tron tomography, the FDG images provide high con
trast between myocardium, blood, lung, and liver.

FDG appears to be an excellent tracer for the

in vivo study of myocardial metabolic rate for exog
enous glucose in normal, hyper-, and hypometabolic
states. FDG and labeled FFA (e.g., [11C] palmitic
acid) in combination with positron tomography will
allow characterization of regional anaerobic/aerobic
myocardial metabolic rates and a measure of the
working energy state of the myocardium.

The changes in FFA and glucose metabolism dur
ing the graded levels of ischemia that are present in
different degrees of human ischemic heart disease
are still poorly defined, and therefore this approach
could improve our understanding of this disease
entity.

FOOTNOTES

C ORTEC, Inc., Oak Ridge, TN.
t This approximate form assumesthat sufficient time after

injection has been allowed for FDG to be in or close to a
true steady-state condition and that tissue FDG concentra
tion is small. At 40â€”SOmm after injection this is a good
approximation (Phelps, unpublished work; see also Results
section ) . A more exact model of MR can be applied after
the kinetic constants of FDG in heart have been determined.
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Medical Student Fellowship Program: This educational project is designed to stimulate interest among
medical students in the United States and Canada in the field of nuclear medicine. It will make it possible for
interested and qualified students to spend elective quarters and summers in active nuclear medicine
laboratories working and associating with experts in the field. Maximum grant: $1,000. Application letters in

duplicate, including a description ofthe project and budget, should be sent to the President of the Foundation,
do Societyof Nuclear Medicine, 475 Park Avenue South,New York, New York 10016.

Mallinckroclt Fellowship: A $1,000 grant is awarded for graduate research in basic medical science related
to the physical or biochemical aspects of nuclear medicine.

Pilot Research Grants in Nuclear Medicine: The goal of this research support is to provide limited sumsof
money to scientists to support deserving projects that are pilot in nature. It is hoped that it will make is possible
for nuclear medicine scientists to apply for small sums of money for clinical and basic research, and to get a
decision within a short-time following application. The grants will not support salaries, major equipment
purchases or travel, but are designed to provide essential materials so that innovative ideas can be quickly
tested. Maximum grant $1,000. Application forms are available from the President of the Foundation, do
Society of Nuclear Medicine, 475 Park Avenue South, New York, New York 10016.




