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ABSTRACT 

The deoxyglucose sethod originally developed for aeasureaents of the local 

cerebral aetabollc rate for glucose has been Investigated In teras of its 

application to studies of the heart with positron coaputed tocography (PCT) 

and FDC. Studies were perforned in dogs to aeasure the tissue kinetics of FOG 

with PCT and by direct arterlal-vcnous saapllng. The operational equation 

developed In our laboratory as an extension of the Sokoloff aodcl was used to 

analyze the data. Error propagation, prlaarlly freo corrections applied to 

reaove spillover of activity froa the ayocardlal blood pool to tissue and froa 

partial voluae effects In the PCT laages, Halted the accuracy of est lasting 

the Individual rate constant for transport, phosphorylation and ^phosphory­

lation. However, a constant representing the combination of transport and 

phosphorylation was accurately dcteralned and yielded aeasured values of the 

•yocardlal aetabollc rate for glucose (MMRClc) that were In good agreement 

with direct determinations using the Flck aethod over a wide range of glucose 

ae'abollc rates (froa 1.7 to 21.1 «g/aln/100ga). An accurate and stable value 

of the lumped constant (0.67 ± 0.10) was also found over this range of aetabo-

11 sa. The FDG aethod accurately predicted the true HHRClc even when the 

glucose aetabollc rate was noraal but ayocardlal blood flow .(HBF) was elevated 

S tlaes the control value or when aetabollsa was reduced to 10Z of noraal and 

HBF Increased S times noraal. Iaproveaents In PCT resolution are required to 

improve the accuracy of the estlaates of the rate constants and the HHRClc. 
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With the recent development ot positron coaputed tonography (PCX), cross-

sectional Imaging of the heart has becoac possible (1,2). These cross-sec­

tional laages reflect quantitatively the distribution of radioactive tracer 

concentrations in ayocardlua and thus reseable In vivo autoradiography. This 

new laaglng approach provides a potential nontraumatic oeans of quantitatfng 

regional ayocafdlal aetabollsa using tracer kinetic nod*Is. 

Sokoloff et al (3) recently developed an autoradiographic acthod and 

tracer kinetic oodel for the ae.isureacnt of the local cerebral cotjbollc rate 

for glucose using the C-14 labeled glucose analog. 2-deoxyglucosc The 2-

deoxyglucosc has been labeled with fluorlne-I8 by Ido et al (4) to fora 2-

fluoro-2-deoxy-D-glucose (FDG). FD6 has been shown by bcsscll et al (S>, 

Gallagher et »1 (6), Seivich et al (7) ar.d M.ich.ido DeDoaenoeh and Sals (8) Jo 

be a substrate for hcxoklnase with the end product being FDG-6-PO^- Phelps et 

al (9) and Haang et al (10) have shown that the transport and phosphorylation 

constants for FDG in the brain of aan are atallar to those for DC In the 

aonkey (11) and somewhat lower than values In the rat (3) because of the 

higher blood flow and netabollc rates in rat brain. Thus FDC and DC appear to 

behave similarly as coapetltlve substrates with glucose for aeabrane transport 

•ites and hexokinase. 

Because DG-o-PO^ and FDG-6-PO^ are not substrates for further aetabollsa 

through glycolysis, glycogen formation or the pentose shunt, they accuaulate 

in tissue. The Tate of accuaulation or the net accuaulatlon over a given 

period of tlae is proportional to the phosphorylation rate of exogenous 

glucose. This allows the Isolation of the aeabrane transport and phosphoryla­

tion steps and their aatheaatical description using the principles of coapetl-

tive enzyae reactions and tracer kinetics (3,9,10). Studies in dogs, aonkeys 

and huaans by Phelps et al (12,13) and la rats and dogs by Gallagher et «1 
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(6,14) have shown that FDG is extracted and converted to FDG-6-PO^ in the 

myocardium and suggest that FDG could be used to measure the rate of exogenous 

glucose utilization in the heart. 

lit the present study, ve have Investigated the use of FDG, the tracer 

kinetic model developed In our laboratory (9,13) as an extension of the 

Sokoloff model (3) and PCT for the deteralnatton of the local myocardial rate 

of glucose aetabollsa in vivo. These studies in dogs were performed to 

deteralne 1) the kinetic constants for transport and phosphorylation of FDG 

and dephosphorylation of FDC-6-PO^; 2) the luaped constant; and 3) to. examine 

the stability of the model over a wide range of glucose aetabollc rates and in 

states of severe alsoatches In ayocardlal blood flow and glucose taecabollsa. 

MATERIALS ASP METHODS 

Preparation of FDG: 

FDG with a specific activity of 10-20 aCl per ag was synthesized by the 

aethod developed by Ido et al (4) and codified by Barrio et al (IS). The 

radiochemical purity, as assayed by thin layer liquid chromatography, was 

.greater than 9SZ. 

Anlaal preparation; 

Ten aongrel dogs weighing 20 to 30 kg were anesthetized with sodium 

pentobarbital (25mg/kg, lv), and small suppleaental doses were administered as 

required. The anlaals were Intubated and ventilated with rooa air using a 

Harvard respirator. Catheters were advanced through bcth feaoral arteries 

into the aorta for aonltorlng syscealc blood pressure and withdrawal of 

arterial blood for measurements of blood flow with radioactive microspheres. 

a, thoracotomy was performed in the fifth left intercostal space, the peri­

cardium incised widely and sutured to the chest wall to form a cradle in which 
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the heart was suspended. Two polyethylene cannulae were inserted through a 

puncture wound Into the left atrlua and used for injection of radiolabeled 

microspheres and arterial blood sampling. A third catheter was inserted in 

the coronary sinus for venous blood saapling. ECC and systcalc blood 

pressure, measured through the aortic catheter with a St.ith.ia P23 Db pressure 

transducer, were recorded continuously on a strip chart recorder. 

Two dogs were prepared as described above but In addition a ncchanlcal 

occluder was placed on the left circuaflex artery (LCX). Blood flow through 

the LCX was continuously oonltorcd with an clectrooagni-lic flow probe (Scries 

500, Blotronlx) placed proximal to the constrictor. A 30 gauge needle con­

nected to fine plastic tubing (Lytaphanglography Set No. 6677, Bccton-

Dicklnson) was inserted into the LCX In order to Induce coronary hyperemia by 

• bolus injection of the vasodilator papavarine (1 og). 

Blood samples: 

10 aCl of FDC was Injected Intravenously over a 30 second Interval and 

arterial and venous blood samples obtained; starting at time zero, samples 

were withdrawn every IS seconds for 3 alnutes and every alnute for the next 12 

alnutes. The sampling interval was then progressively lengthened over the 

next 3 hours. Every saaple was divided Into two allquots, one for aeasureaent 

of FDG activity In whole blood, while the other one was Immediately placed 

Into an Ice bath for measurement of FDG plasma activity and plasma glucose 

concentrations. FDG activity was aeasured In a well counter and corrected for 

radioactive decay. Plasma glucose levels were aeasured by standard enzymatic 

techniques. Additional arterial and venous samples were taken at the 

beginning, middle and end of each experlaeot for the aeasureaent of free fatty 

•eld and lactic acid concentrations, hematocrit and blood gases. 

Arterial and coronary sinus venous plasma activity were used to calculate 

the myocardial tissue activity curve by the Fick method. This was 
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accomplished by integration of the A-V difference nultlplled by the plasaa 

flow (plasma flow • whole blood flow x (1-heaatocrlt)) over tloe. This 

measurenent of the ayocardlal tine activity curve was then compared to the 

tissue curve obtained froa the ayocardlal activity measured by PCT. 

Measurement of ayocardlal blood flow: 

Regional ayocardlal blood flow was determined with ra'loactlve carbonized 

polystyrene microspheres (IS t 3 u) using the arterial reference saaple tech­

nique (16) at the beginning (Co-57) and at the end (Sn-113) of each experi-

aent. The details of this approach are presented elsewhere (17). 

Tomographic Imagine: 

After Instrumentation, each dog was carefully positioned In the UCLA 

positron cooputed tomograph, ECAT (13, Or tec. Inc., Oak Judge, Tennessee). A 

low power neon laser was used in order to Identify an optlaal cross-section 

through the left ventricle. After recording a transmission scan for subse­

quent correction of photon attenuation, a blood pool Inage was acquired for 

two alnutes after In vivo labeling of red blood cells by inhalation of 0-15 

carbon aonoxlde. The blood pool laage was used to correct the myocardial P-18 

tissue activity for cross contamination froa TOG activity In the blood pools 

and the blood activity In ayocardial tissue. To allow for sufficient decay of 

0-15 (halftlme 2.04 minutes), FOG was injected 15 alnutes later. Starting at 

the time of Injection, serial images were recorded at the saae le-el across 

the heart: an initial set of tea 2-aia laages was followed by ten 5-mln 

laages and by ten 10-rain laages, resulting In a total scanning tiae of 3 

hours. All iaage data were collected in tht aediua resolution mode with an 

laage resolution of 1.6 ca full width half aaxlaua. Also, in order to reduce 

the blurring effect of cardiac motion, the mages were acquired la a gated 

aode of the diastolic phase of the cardiac cycle. All images were decay 

corrected and normalized to the saae acquisition tine. 
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The tomograph was calibrated following each experiment with a 20 en 

diameter cylindrical phantota containing a known aaount of positron activity. 

A known voluae (measured with calibrated plpets) of activity from the 'cali­

bration phantom was counted in a well counter along with the blood samples. 

The ratio of the counts/tine/vol use In the well counter to the 

counts/tlme/volume of the cylinder in the topograph provides a calibration 

factor that relate* the tomographic measurement of the myocardial activity to 

the activity of the blood samples measured In the well counter (9). 

After reconstruction of the cross-sectional Images, regional myocardial F-

18 concentrations were measured as follows: Six regions of Interest, usually 

0.428 cm large (37 pixels), were assigned to ejcli of the 30 lsages of the 

oyocardiisa of each experiment. A seventh region of Interest -.-.is placed In the 

center of the ventricular cavity In each Image In order to measure ine blood 

pool activity. Within the regions of Interest, the mean counts/pixel were 

determined. The same regions of interest were also assigned to the 0-15 CO 

blood pool Image in order to evaluate the amount of contamination from blood 

activity in each of the myocardial tissue regions. The F-18 tissue data were 

•then corrected for a spillover from blood activity using: 

"FCOi " ( C " 0 ) i ( C"°>bl l 8F(t) c 

(C 1 50) c
 1 8 F ( t ) b l

 C ^ ^ 

Where ( C O ) , is the 0-15 activity concentration in the myocardial region of 

interest measured with the PCT. The terms ( C 1 5 0 ) c and 1 8F(t) are the 0-15 

and F-18 activity concentration In a region of interest located in the center 

of the left ventricular chamber of the PCT images. The terns (C 1 5o). and 

F(t) b l are the activity concentrations in the blood samples as measured la a 
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well counter for a known voluae of blood. The terms involving F-18 are deter-

nlned as a function of time t because the activity concentrations of F-18 In 

tissue and blood ace changing with time. Equation 1 allows the calculation of 
18 the local F-18 activity in the image ( F(t)j) of the myocardium due to 

spillover of activity from blood chanters and that due to activity In the vas­

cular space of the ayocardiua itself. These values are calculated for each 

region of interest and are subtracted froa the corresponding tissue F-18 

concentration to allow the determination of the Interstitial FOG plus FDC-6-

P0 4 concentrations. 

A second correction was needed because of the object size related partial 

volume effect (1?) which causes an underestimation of the Isotope concen­

trations on the PCT images if the sire of the object Is close to or smaller 

than the resolution of the tomograph. The recovery coefficients (RC) used to 

correct for this partial voluae effect have been established Initially in 

phantoa studies by Hoffman et al (19) and their use for in vivo measurements 

was subsequently confirmed by Ulscnberg et al (20). The RC is the apparent 

isotope concentration in the image divided by the true isotope concentration; 

its value is 1 for large objects In which image concentration is equal to the 

true object concentration. These corrections require knowledge of the myocar­

dial wall thickness which was determined in vivo by echocardiography and post 

mortem as follows. At the end of each experiment, the plane of the cross-

sectional image was identified on the heart with the aid of the low power neon 

Laser and was carefully marked on the surface of the left ventricle. The dogs 

were then sacrificed with a high concentrated KC1, the heart was removed and a 

1.6 aa thick slice taken at the level of the PCT image. The shape of this 

•lice was then drawn at a 1 to 1 scale. The wall thickness was measured at 

the level of each region of interest on the images, and the data divided by 

the corresponding recovery coefficient. 
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Calculation of the rate constants, luaped constant and glucose aetabollc rate 

As deaonstraced previously for the brain (7,9,10), the tyocardial 

•etabollc rate of glucose (MMRGlc) froa exogenous sources can be derived' froa 

the Itinc'cs of FDC using an extension of tbc Sokoloft oodcl P ) by Phelps and 

Huang {9,10). This aodel assuaes three compartments, viz, a plassa coapart-

aent, a coapartoent for glucose and FDC In tissue, an." a coapartaont for 

phosphorylation of glucose and FDC to £lucose-6-P04 p-id FOG-6-PO4 In tissue 

(Figure 1). These three coapartacnts are referred to AS coopartaents 1, 2, 

and 3, respectively. The boundary between coapartnents 1 and 2 cor slats of 

th" capillary and cell oqrabranes. Coapartacnts 2 and 3 arc not separated by a 

physical barrier but by the phosphorylation ratio catalyzed by hexoklnasc and 

dcphosphorylatlon by phosphatase. Thus, t!".c capillary and cell aenbr.ines are 

lumped together in th» foro of the operational aodel equation of Sokoloft et 

al (3) and Phelps and Huang et al (9,10). 

In this model, if FflC-6-PÔ  is trapped in coapartnent 3 and Its concentra­

tion is directly related to HMRGlc. The terns k| to k 4 (Figure 1) are first 

order rate constants which can be determined using the operational equation of 

the aodel (9,10) if the rate of change of total tissue F-18, plasaa FDG and 

plasna gluocsc concentration are known as a function of time. The time 

dependent F-18 tissue concentration curves were obtained by cvo nethods: By 

PCT inaging and blood sampling to determine the arterial-venous FDC difference 

acros* the heart as * function of Ciae (i.e. see Figure 9). Deterainatlon of 

the plasaa glucose concentrations from the arterial blood samples. These 

value* are then used Co calculate the values of the k a by a least-squares 

estimation routine. The operational equations of Che aodel and description of 

Che analysis are given elsewhere (9,10). 
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Assuring k« ' snail ( i . e lov enzyme act ivi ty of phosphatase which 

hydrolyzes FDG-6-P0,, (20)) and knowledge of the specific rate constants of 

the model, the aetabollc rate of glucose can be calculated according eo the 

formula (9,10) . 

MMRClc - t G l c l k 3* kjVfltjVckj* + k 3*) ( 2 ) 

LC 

where (Clc] i s the capillary plasma glucose concentration and LC is the lunped 

constant which accounts for difference In transport and phosphorylation 

between FDC and glucose. The term k 3 x kj /(kj + kj ) , which describes the 

combination of transport and phosphorylation of FDG will be referred to as a 

"Ingle term K. The value of LC has been shown to be equal to (9 ,10) . 

i r _ [Glc] k * V */(k * + It,*) 
* (3) 

where MR. Is the metabolic rate of exogenous glucose measured according to the 

Flck principle 

MR f « MBF (A-V) <*) 

where MBF is the myocardial blood flow and A and V are arterial and venous 

plasma concentrations of glucose. 

Uncoupling of flow and metabolism 

The Independence of the FDG model from myocardial blood flow (MBF) was 

examined in the following manner. Local MBF was increased by intracoronary 

administration of papaverine (1 mg) into the LCX without producing a signlfi-
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cant change la metabolism (22}. This produced a condition of high local MBF 

and normal local metabolism In the distribution of the LCX. During this state 

l 3KHj and labeled microspheres (1-125} vere injected into the left atrium, 5 

min allowed for equilibration of ' SH,, and a PCT la.if.e of the myocardium 

recorded* After 70 ain, the papaverine administration was repeated, FOG (5 

•CI) was injected intravenously and oic: ̂ spheres (Cs-)Al) were injected Into 

the left atrium. PCT and blood sampling were performed to estimate the rate 

constants and MHKGlc us described above. 

This same sequence was repeated except that hypcreala was Induced by 

occluding the LCX for 30 aln and then releasing the occluder to produce reac­

tive hyperemia. At the peak of the hyperealc MBF response (determined with 

the electromagnetic flow probe), FDG and labeled alcrjspheres were injected 

Intravenously into the left atrium, respectively. The reactive hypetcala 

after a 30 oln total occlusion produces a state of high MBF and low glucose 

metabolism (about 30 to 50Z of control values for 10 to 20 aln) due to 

residual tissue acidosis (23). The HMRGlc was calculated using the directly 

measured rate constants and equation 2. 

RESULTS 

A typical example of a kinetic study is shown la Figure 2. Sixteen out 

of thirty serial iaages obtained at the same cross sectional le-el over a 200 

•in period after Injection are shown on the left of Figure 2. The kinetic 

tissue data on the right of Figure 2 were obtained from $ regions of Interest 

in. the left ventricle. The counts in these 6 regions were also averaged and 

the best fit of least squares analysis was plotted. The Initial part of the 

curve, corresponding to the early images where blood activity is high and 

myocardial activity low, is contaminated by blood pool activity. Correction 

for this contamination was performed in all experiments using the spillover 
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fraction, obtained froa the 0-15 CO blood pool laage for each region of 

interest, and the blood F-18 activity at the tl=e of each scan. Slood 
a 

activity could not be measured directly froa the iaages because of a reverse 

contamination froa oyocardlal activity Into the blood activity in the cardiac 

cbaaber". The activity measured in the center of the ventricular cavity 

agreed vlth the value obtained fvoa arterial blood saaples only at the very 

early time when there was a high ratio of blood to Myocardial activity (Figure 

3). 

The spillover fraction measured on the blood pool laage by taking the 

ratio of activity in each region o£ Interest to activity in the center of the 

ventricle, averaged 0.36 ± 0.12 SI) and ranged froa 0.19 to 0.50 for values 

throughout the myocardial sections and for all do£ experiments. 

The data of each region of Interest were further corrected for a partial 

volume using the recovery coefficient predeterained In phautoa studies (19) 

and corresponding to the thickness of the ayocardlua. The effect of both 

corrections are shown In Figure 4. The correction for blood pool spillover 

shown in Panel B resulted in a core realistic curve of early myocardial tissue 

'uptake of FOG. Panel C shows the sane data after correction for the partial 

voluae effect. This latter correction significantly reduced the scatter in 

. the values from different regions of interest. The aean curve shows a higher 

total tissue uptake than in Panel A, indicating that without the partial 

voluae correction, the uptake rate and total tissue radioactivity concentra­

tion were underestiaated. This of course results In an underestimation of the 

HHRGlc (i-e. only the metabolic rate obtained froa the corrected curve was in 

agreement with the aetabolic rate obtained by the Fi zV. aethod). 

The effect of the spillover of activity froa the chaaber to the ayocardlua 

was also greatest when the MMRGlc was low. This is illustrated by the studies 
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In Figure 5 and 6 where the values of the MXKGlc were 5.08 and 19.9 sg/aln/100 

gas, respectively. This results frou the fact that as higher HMRGlc 

Increases, the rate of foraation and total amount of the FDG-b-PO^'-also 

increases compared to the surrounding activity as Is apparent In the Images 

and nuoerically In the curves of Figures 5 and 6-

Blood activity of FOG: 

FDG clears rapidly froa the arterial and ve IOUS blood, as shown In Figure 

7. The expanded tlae scale of the early portion of the curve shows the delay 

between the arterial and the venous peak of activity. This delay averaged 

0.24 t 0.06 mlns and represents the conblnatlon of blood transit tlac across 

the heart and the rapid forward and reverse exchange becween blood and 

Interstitial space due to the changes in the blood to tissue concentration 

gradient as a function of tlae after injection. 

Metabolic rate and lumped constant (UC) 

The tissue curves obtained froa the images were used to estiaate k, 'to 

k^ of our compartmental model (9,10). Due to the proportionally high values 

of the corrections applied to the data and the propagation of errors through 

these corrections (i.e. limitations iaposed by the present FCT resolution) the 

true value of individual It's could not be satisfactorily estimated. However, 

the estimate of the combined rate constant K , which is the product of the 

rate constants of phosphorylation kj tiaes the distribution voluae of FBC 

(kj /(k2 +k 3 )], was found to be reliable and had alnlmua variability Intro­

duced by errors generated by the corrections. The tera K* is the fractional 

utilization constant (i.e. rate constant describing the fractional rate at 

which plasma FDG is transported across the capillary and cell aeabraaes and 

phosphorylated). This constant was then used to calculate the lumped -

constant, LC, in each experiment according to equation 3. The results 
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obtained are listed In Table 1 . The same calculation was applied to the 

tissue curves obtained froQ arterial-venous (A-V) FDG plassa activity. An 

exaaple of the comparison of the kinetic curves obtained from the saae ahlaal 

by PCT and A-V sampling Is shown In Figure 8. 

The mean value of 0.68 1 0.1 for LC was used to recalculate the exogenous 

metabolic rate using equation 2 for each Individual expcrl-ient. The metabolic 

rate calculated In this manner was coopared with the ractabolic rate of glucose 

dctctnlncd by the Flck. nettiod. The excellent agreement between both aeasure-

oenta la shown In Figure 9A. Because Che dietary state of the dogs was not 

controlled, a wide range ol oyocardl.il glucose oetabollc rates was observed. 

The values ranged from 1.7 to 21.1 ag of glucose/oln/lOOga of tissue and 

reflects the capability of the avocardlu= to utilize alternate substrates such 

as free fatty acids and lactic acid to me«*s its energy requirements. 

The HMRClc was also calculated froa both the PCT and A-V kinetic FDC data 

using eqatlon 2. These values were correlated with the estimates from the 

Flck method individually (9A,B) and In a combination (9C). Although each of 

these correlations have somewhat different slopes and Intercepts, there was no 

statistically significant difference. Thus, the PCT estimates agreed very 

well with the measurements by the direct A-V sampling approach for FOG and by 

the Flck method. 

Metabolism-Blood Flow Uncoupling 

An example of the measurement of MMRGlc when glucose metabolism and MBF 

•re uncoupled la shown In Figure 10. The * NH, Image shows the papaverine 

Induced hyperemia (MBF - 490 ml/aln/lOOgm as measured with microspheres) in 

the LCX distribution (arrow) as compared to the normal MBF (86 ml/mln/100 gms) 

In the remainder of the cross section, the MMRGlc image with FDG under the 

same papaverine induced hyperemia shows the uniform and correct distribution 

http://oyocardl.il
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of glucose aetabollsa throughout the left ventricle even though the MBF In LCX 

distribution is about 5 tia«fs higher than the rest of the nyocardlica. 

Although papaverine has a positive Inotropic effect and, hence, can alter 

myocardial cetabollsa, this effect would appear to be saall In relation to the 

tremendous hyperealc response produced by the action of the snooth muscle 

relaxant papaverine. Further, as Indicated by studies In Isolated dog heart 

oyocardlun, a bolus administration of only 3 uoolcs would have only a minimal 

effect on myocardial metabolism (22). 

The far right hand Image shows the reduced glucose actabolisa tn the LCX 

segment resulting from occluding the LCX for 30 rain and then releasing the 

occluder to produce reactive hyperemia. The prolonged coronary occlusion 

produces severe lschoaia. At the tlae of rcperfusiun, reactive hyperemia In 

the tissue supplieu by the LCX occurs while return of glycolysis to control 

levels is delayed because of the residual tissue acidosis (23). The 

calculated MMRClc In LCX distribution was about 19Z of the value in the 

remainder of the normal tissue. Mochlzuki and Neely (23) found that 30 

minutes of myocardial ischeala in the rat reduced exogenous glucose 

' utilization to 302 of control with a very slow recovery over the 30 minutes of 

reperfuslon. Thus, in this latter case, the FOG method estimates the reduced 

MMRGlc even though there is a large MBF-MMRGlc mismatch (i.e. MBF Is Increased 

5.6 times and glucose metabolism Is reduced by about a factor of 5 compared to 

control values. The serial PCX images showed a high FDG activity in the LCX 

segaent Initially, reflecting the high MBF and transport into tissue. 

However, the tissue activity rapidly decreased as the high MBF removed FOG 

from the tissue and only.small amounts of FDG were phosphorylated because of 

the low glucose metabolic rate in the LCX distribution. 
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DISCUSSION 

As shown In Table 1, the LC estlaated In each experiment 3 Id not vary 

significantly over a wide range of metabolic rates. Thus, the evaluation of 

local myocardial HHRClc is feasible using a aean value of LC In the aodel. 

The calculated HMRGLc from the FDG aodel showed a good correlation with the 

value obtained by the Fick method (Figure 9). These f'ndlngs indicate the 

reliability at' the node! In the evaluation of HMKClc over a wide range of 

•etabollc states. 

The value of LC found In this work (0.67 1 0.10) is higher than the values 

reported for the brain with DC In the rat of 0.483 (3) and oonkey of 0.344 

(11) or FDG In nan of 0.420 (9,10). However, studies also performed In our 

laboratory (23) using the Isolated perfused rabbit ayocardlu^ have yielded a 

value of 0.60 ± 0.10 (S.D.) for FDG which Is in good agreement with the value 

reported here. 

Estlaatlon of the plasaa Input function by in vivo measurements of blood 

activity in the cardiac chambers with FCT requires good tomographic resolution 

and cardiac gating. At late tines after injection of FDG, the spillover from 

activity In the ayoccrdlua produces a significant overeatlaatIon of the blood 

activity concentration. 

The studies in Which HBF and aetabollsa were uncoupled by large local 

increases in MBF with normal or severely reduced MMRGlc (Figure 10) Illustrate 

the viability of the aodel under these demanding conditions. These results 

provide experimental confirmation of the postulated low sensitivity of the 

•odel to changes in blood flow (3,9,10). 

In this work, the values for the transport, phosphorylation and dephos-

phorylatlon rate constants were estlaated froo the tine course of the plasaa 

FDG concentration and the myocardial F-18 tissue activity concentration with 
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PCT or with A-V saapllng technique for steasuring the temporal sequence of FDG 

tissue uptake. The values of the rate constants (I.e. kj , lj , kj and k^ ) 

estlaated froa both sets of data using least squares curve fitting td our 

aodel produced coaparable results. Reasonable convergence vas usually 

achieved within 20 Iterations. In sane studies we experienced a slower 

convergence and greater difficulty In obtaining reasonable values for the 

Individual rate constants. However, the value of the factor icj kj /(k2 + 

lr.*) was found to be very Insensitive to the exact fitting results. In other 

words, the value of the factor k^ k^ /(kj • kj ) converges rapidly and Is 

quite Insensitive to the initial values chosen for the curve fitting. This 

allowed accurate estlnatcs of local MXXGlc to be determined even though 

unsatisfactory estloates of the Individual constants was found. 

The large variation In the values of the Individual rate constants is to 

be expected In this study with such large variations In MHRGlc (I.e., 1.7 to 

21.1 ag/oin/lOOgas) but the nuaerous correction factors enployed produced 

uncertainties In the data that added Inaccuracies to ti.«s estimates of the 

Individual constants. This vas most apparent In fitting the early part of the 

tissue curves (i.e., the first 25 •In) when F-18 uptake In tissue increases 

aost rapidly. Also, the early part of the tissue curve is aost sensitive to 

errors in the corrections applied to the data for the contamination of the 

tissue data froa blood pool activity. The correction for the underestimation 

of tissue activity due to a partial voluae effect was perforned by aultiplylng 

the data by recovery coefficients that ranged froa 1.6 to 2.S. Thus, these 

corrections were of sufficient aagnitude that inaccuracies in their values 

would produce significant errors. 

The validity of these corrections however can be assessed in two ways: -

First, enly the MHRGlc obtained fcoa the corrected curves showed a good corre­

lation with the MMRGlc obtained using the Ficlt aethod (Figure 9). Second, in 
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all our experiments the corrected tissue curve determined with PCT aatched the 

tissue curve obtained by Integrating the A-V difference of FOG !<? r!as=a as 

shown In a. typical ease In Figure 6. The uncorrected tissue curve syste­

matically showed an underestimation of the total activity In tissue due to the 

partial volune effect and a slow rate of Increase at the early times due to 

contamination frua blood activity. 

Thoie corrections arc directly related to the resolution of the tooo-

graph, and an lmprovenent of the resolution will significantly Toducn their 

aagnltude, and a oore reliable evaluation <rl the Individual rate constants can 

be expected. 
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LEGENDS 

Figure 1: Schematic illustration of the coapartnental tracer kinetic aodel 

for FDC. The terms C , Cg and Cu are the concentrations of FOG in plasaa 

and tissue and FDG-6-PO4 In tissue, respectively. The 1- 's are the rate 

constants for forward and reverse ncabranc transport (endothelium and cell), 

hexoklnase mediated phosphorylation and phosphatase mediated dephosphorv:J-

tlon, respectively. 

Figure 2: Left: Example of a series of tomographic Images as a function of 

time for a single cross section through the heart after the Intravenous 

injection of FOG. Examples are shown for 16 of the tine Intervals out of a 

total of 30. Right: Nuncrleal data froa this kinetic study showing the 

individual kinetic curves for 6 different regions (points) and also the Dean 

value of the regions of interest (solid lines). 

Figure 3: Exaaple of the FOG blood curves coopering samples counted 

externally and measured in vivo with PCT. 

Figure 4: Example of tissue kinetic curves showing the effect of correcting 

'for blood pool spillover of activity into the myocardium and the partial 

volume effect. The points are individual regions of Interest and the solid 

line Is the oean value for the multiple regions of Interest. Note that the 

correction for spillover has the most draaatic effect at the early portions of 

the tissue uptake curve. The partial volume correction elevates the entire 

curve and also has the most dramatic effect on the calculated metabolic rate 

(MR). 

Figure 5: Left: selected tomographic images taken as a function of time 

after the Intravenous injection of FDG in an animal with a low glucose meta­

bolic rate. Note that the myocardium is not well delineated away from 
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surrounding activity and that in the blood pool of the cardiac chancers until 

about 30 aln (coaparo to Figure 6). Right: Kinetic data frora this study 

shoving the inpact of the spillover and partial voluae correction vhen the 

glucose metabolic rate la low. SfiMbera at the bottoo of the figure are the 

tines of the scans in sinutcs. The two discnslonal iaagc at the hottest of the 

figure illustrates the transmission images <0 Is anterior - posterior and 60* 

oblique views) used for setup of the dog for the PCT study. 

Figure 6: Left: Toaographfc iaag«s as a function of tine after the Intra­

venous injection of FDG when the glucose metabolic rat« Is high. Note rapid 

delineation of the s>yoc3rdiua away froa the surrounding and blood pool 

activity due to the rapid sequestering of FDG-6-VO^ In the myocardium. Times 

of the scans are shown at the bottoo of the lnajes. The 10 scans show-.i ha-'e 

been selected froa a total of 60 Images taken over a time period of 3 hours. 

Right: Kinetic data showing the lapact of the blood pool spillover and 

partial volume correction when the metabolic rate is high. Kate that the 

spillover correction at the early portions of the curve have less of an lapact 

when the metabolic rate Is high (compare to Figure 5). 

Figure 7: Example of the arterial and venous (i.e. superior venacava) tine 

activity curves across the heart after an I.V. injection of FOG. Note that 

FOG i« rapidly cleared from the plasma. The arterial and venous curves to the 

left illustrate the tine displacement and difference in magnitude due to 

transit across the heart and the forward and reverse diffusion of FDG froa 

plasma and tissue and also the extraction of FDG which is subsequently 

phosphorylated and remains In the heart. Clearance curve at Che right is for 

arterial plasma. 

Figure 8: Example showing the comparison of the myocardial tissue uptake 

curves generated from the integral values of the arterial-venous FDG 
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d i f f e r e n c e Across the heart ( s e a aethod s e c t i o n ) and recorded tn v ivo with 

PCT. FDG was Injected Intravenously . 

Figure 9: A: Plot showing the c o r r e l a t i o n of the c a l c u l a t e d g lucose 

s e t a b o l l c rate from the Flck aethod to that froa the FDC sode l and r a t e 

constants generated froa the t i s s u e uptake curve using a r t e r i a l - v e n o u s 

sampling of FOG. B: Sane as A except the rate constant ) and the ca l cu la ted 

g lucose metabolic rate with FDC was determined ulr.h FCT. C: The coablned 

data of Figure? * and B. There vaa no s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e 

between the f i t . *n A, B and C i n d i c a t i n g the good c o r r e l a t i o n between the in 

vivo PCT e s t imates of the metabolic raLe versus the d i r e c t sampling techniques 

employing the a r t e r i a l - v e n o u s FDC saapl lng and the Flck method. 

Figure 10: Study I l l u s t r a t i n g the flow independence of the FDC aethod. At 

l e f t are the transmiss ion scans showing the anatomical d i s t r i b u t i o n In the 

c r o s s s e c t i o n of the thorax (open area at the top of the Images I s due to the 

open-chest preparat ion) . Numbers In the lower right-hand corner of the Images 

are the flows l a nl /nln/lOOga In the reg ion of the myocarditis suppl ied by efti* 

l e f t c ircumflex ar tery as determined by the microsphere technique . The f lo : 

tn the remainder of the l e f t v e n t r i c l e ranged froa 85 t o 90 s l / o l n / 1 0 0 gm In 

each experiment. Anterior I s a t the l e f t of the Image and the l e f t s i d e o f 

the c r o s s s e c t i o n i s a t the bottom of the image. 
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