
= 0.025, k2 = 0.225, k3 = 0.176 (min@)]. It is also conceivable

that changes in the rate constants could double or triple the pre
dicted value of G I MR while the real GI MR remains unaltered
(k1 = 0.125, k2 = 0.025, k3 = 0.009). The possibilitiesexpand if
the value of k4varies.

This is not to say that any of these variations actually occurs.
In the secondexample, the value of k1= 0.125 is normal, but the
values of k2 and k3 combine to give a blood/tissue partition coef
ficientthat wouldbeveryunusual.Nonetheless,it is important that
therateconstantsbere-evaluatedforeachnewsituationtowhich
the method is being applied. As was mentioned at the Miami
meeting, the UCLA group (7) is rigorously monitoring the rate
constants and the effect of any changes on the accuracy of the
glucosemethod. However,values recently reported for G 1MR in
cerebral gliomas (8) or in case of acute ischemia (9) were pre
rented without any re-evaluationof the rate constants. In general,
clinicalapplicationof this methodshould be postponeduntil those
groups most familiar with the method have had the opportunity
to map out the variations in the rate constants and evaluate their
effect on the accuracy ofthe method. It wouldalsobe constructive
to have a comparison between G I MR determined with and
without measuring the rate constants in a manner similar to
Huang's analysis of his computer simulations.

MARK H. SELIKSON

The George Washington University Medical Center
Washington, D.C.

REFERENCES

1. SOKOLOFF L, REIVICH M, KENNEDY C, et al: The (â€˜4C)-
dexoyglucose method for the measurement of local cerebral
glucoseutilization:Theory, procedureand normalvaluesin the
conscious and anesthetized albine rat. J Neuro Chem 28:
897â€”916,1977

2. PHELPSME, HUANGSC, HOFFMANEJ, et al:Tomographic
measurement of local cerebral glucose metabolic rate in hu
mans with (F-l8)2-fluoro-2-deoxy-D-glucose: validation of
method.Ann Neuro6:321-388,1979

3. HUANG SC, PHELPSMF, HOFFMAN EJ, et al: Non-invasive
determination of local cerebral metabolic rate of glucose in
man. Am J Physiol 238-E69-E82, 1980

4. BROOKS RA: Alternative formula for glucose utilization using
labeled deoxyglucose.J Nucl Med 23:538-539, 1982

5. PATLAK CS: Derivation of equations for the steady-statere
action velocity of a substance based on the use of a second
substance. J Cereb Blood Flow Metab I :I29- 131, 1981

6. HUANG SC, PHELPS ME, HOFFMAN EJ, et al: Error sensi
tivity of fluorodeoxyglucose method for measurement of cc
rebral metabolic rate of glucose. J Cereb Blood Flow Metab
1:391â€”401,1981

7. HAWKINSRA, PHELPSME, HUANGSC, et al: Effect of
ischemia on quantification of local cerebral glucose metabolic
rateinman.J CerebBloodFlowMetab 1:37-51,1981

8. PATRONASNJ, Di CHIRO G, BROOKSR, et al: Grading of
cerebral gliomasby positronemissiontomography(PET) using

(I)

366 THE JOURNAL OF NUCLEAR MEDICINE

LE1ThRS TO ThE EDITOR

Re: In VivoMethodsfor MeasuringRegional
GlucoseMetabolicRate (G1MR)

I am writing to comment on in vivo methods for measuring re
gional glucose metabolic rate (GI MR) using deoxy-D-glucose.
The three compartment model developed by Sokoloff (I ) for au
toradiographic studies has been extended by Phelps (2) and Huang
(3) and recently been recast by Brooks (4) for in vivo clinical
studies with tomographic imaging. In addition to the tissue activity
at time T and the time activity blood curve to that time, the method
utilizes values of the model's rate constants. The method presumes
that the real values of the rate constants do not vary from the
normal values sufficiently to affect the accuracy of the method.
My concern is that readers may conclude that the values for rate
constants are only indirectly related to glucose metabolic rate, and
that when evaluating abnormal metabolic rates the problems as
sociated with abnormal rate constants may be overlooked.

Given that the three-compartment model is valid, the GI MR
is related to rate constants and stable glucose in the blood, Cp, in
the following manner:

GIMR=â€”'-- k1k3 Cp
LC k2+ k3

Therefore, regional G I MR can not change without regional
changes in k1, k2,or k3. Conversely, the expected values for the rate
constants can in theory vary significantly while G I MR remains
absolutely constant. Intuitively, ifthe rate constants are the model's
parameters describing transport of tracer, then every aspect of
transport (including metabolic rate) must be a direct function of
the rate constants. Equation I is given in the literature, but its
implication is not stressed.

The Sokoloff method is dependent upon the tissue activity
containing sufficient information about GI MR to make exact
knowledge of the rate constants unnecessary. Patlak (5) has shown
this to be true if dephosphorylation is minimal (k.@= 0) and the
entire area under the time-activity curve can be evaluated. Un
fortunately, the dephosphorylation is significant. In addition,
measurement of the total area under a blood curve can be difficult.
Small components with long residency periods may be indistin
guishable from background and still represent a significant portion
ofthetotalarea.

Phelps evaluates the tissue activity at a finite time and incor
porates all the rate constants including k@into the working formula.
If the variations in the rate constants stay within a certain range,
a reasonable estimate ofG I MR is achievable. It is inappropriate
to refer to these variations as errors in the rate constants, since it
is precisely these changes that lead to the regional variation in
G1MR.Asa result,anexactmeasurementofGIMR,whichmust
be conducted in a finite time period and in the presence of de
phosphorylation, is impossible without exact values for the rate
constants.

Huang (6) discusses the expected error as rate constants deviate
from their normal values. Using his example, it can be shown that
an abnormal G I MR (33% of normal) can lead to error in the
predicted values as much as 50% depending on how the values of
rate constants that lead to the reduction in G I MR are altered [k1
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F-I8 Fluorodeoxyglucose (FDG), J Nucl Med 23:P6, 1982
9. BARON JC, LEBRUN-GRANDIE FH, COLLARD PH, Ct al:

Noninvasive measurement of blood flow, oxygen consumption,
and glucose utilization in the same brain regions in man by
positronemissiontomography:Concisecommunication.J Nucl
Med 23:391â€”399,1982

Reply
Dr.Selikson'scommentsareappropriateinstressingthewell

known fact that the FDG rate constants may change unpredict
ably, not only from patient to patient, but also from one brain re
gion to another within the same patient, particularly in pathologic
conditions. The effects ofsuch changes on the calculated Gi MR
have been the subject of theoretical (1â€”2)as well as patient (3)
studies. The results of these studies demonstrated that large
changes in rate constants could result in relatively marked errors
on calculated GI MR. In our paper (4), we pointed out that the
Gl MRvaluesfoundinstrokepatientsusingtheinvivoautoradi
ographic approach of Phelps Ct al. (5) (which includes k@,the
FDG-6Pdephosphorylationrateconstant)shouldbeinterpreted
with caution, a fact stressed earlier by Kuhl Ct al. (6). We also
indicated that more accurate G 1MR measurement could be oh
tamed if kinetic analysisof the F-18 cerebral accumulationcurve
is performed, a procedure by which the FDG rate constants can
be estimatedregionally.Weare currentlyanalyzingthedata in
this way and comparing in the same patients the GI MR values
measured by both methodsin order to establishfurther the validity
of the autoradiographic approach using adapted (e.g., â€œischemicâ€•)
rate constants. We therefore agree with Dr. Selikson'ssuggestion
that more work is needed if reliable measurement of regional
Gl MR in pathologicconditionsisdesired.
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Reply

method. However, the situation is not as black as Dr. Sclikson
indicates. For one thing, he failed to point out that the simplified
formula presented in his Ref. 4 reduces the error caused by these
deviations, and this reduction ranges from 10%to 50% for the two
examplescited.Anotherfactnotmentionedisthat, bydoingpa
tient scanning during the dynamic uptake period, one can com
pletelyeliminatetheeffectof thedeviations(I).

It isnotcorrectthat thecerebralgliomaprojectat ourinstitute
did not include a rigorous monitoring of the rate constants. As
mentioned in the article (2), and as reported in more detail at the
American Neurological Association meeting (1 ), we have mea
sured these constants in gliomas by dynamic scanning and found
them to be relatively unchanged.

Finally, one should be very cautious about recommending the
abandonment of noninvasive clinical measurements because their
accuracy is in question. It is often difficult in medicine to measure
basic quantities with absolute accuracy. The point is that the
quantity measured, even if it includes â€œcontaminatingâ€•effects,
may be ofgreat clinicalvalue.This has provento be the case in our
glioma study, where any shifts in rate constants and lumped con
stant (which may be of even more concern) have not prevented this
method from becoming the most successful technique for diag
nostic grading of these lesions.

RODNEYA. BROOKS
GLOVANNIDi CHIRO
NICHOLASJ. PATRONAS
National Institutes of Health
Bethesda, Maryland
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Re: Indium-II I TropoloneVersusOxlne
We shouldvery much like to supportthe commentsof Dr.

Goedeman (1) on the followingsubjects.
I . The solubility of oxine in aqueous acidic solutions is good,

and crystallineoxinemay bedissolveddirectlyin concentratedacid
at concentrations of 100 mg/mI, thus avoiding the need for ethyl
alcohol as a solvent. This is apparently the case for both com
mercially available European oxinates (2,3).

2. The comments regarding the labeling efficiency with tro
polonate (4), subsequently supported by the work of Danpure Ct
al. (5), show that in plasma, cells can be labeled only if concen
trated five- to tenfold, and the labeling efficiency is then only
50-70%. In contrast, the indium-binding ligands, oxine, acetyl
acetone,and tropolone,willall, in the absenceofplasmaand in
physiologicalcell concentrations,givealmostquantitative labeling
efficiency in very short labeling times of less than 2 mm (6). This
is the case for both platelets and leucocytes ofcommon laboratory
animals and man.

3. It isdangerous to extrapolate platelet labelingdata obtained
from canine experiments, since canine plasma is less effective than
human plasma at inhibiting indium-oxine uptake. This is probably
due to a decreasedconcentrationof lipoproteinsin thedog(7).

Westressfurtherthat in thesearchforthe idealcell-labeling
method,cell functionin vivomust be retained at all costs.This can

J. C. BARON
Service Hospital D'Orsay
91400Orsay,France

No one can argue with the fact that deviations in the dynamic
rate constants for the transport of deoxyglucose will affect values
ofglucose metabolic rate (GMR) as determined by the Sokoloff
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