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Abstract. The aim of this study was to determine the ef-
fect of postprandial hyperglycaemia (HG) on the non-in-
vasive measurement of cerebral metabolic rate of glu-
cose (CMRGIc). Five patients who had a meal within an
hour before a fluorine-18 fluprodeoxyglucose positron
emission tomography (FDG-PET) examination were re-
cruited in this study. They unde¢rwent intermittent arterial
blood sampling (measured inpuyt function), and, based on
this sampling, CMRGlIc was calculated using an autora-
diographic method (CMRGlc,/,). Simulated input func-
tions were generated based on standardised input func-
tion, body surface area and net injected dose of FDG,
and simulated CMRGlc (CMRGIcg,,,) was also calculat-
ed. Percent error of the area under the curve (AUC) be-
tween measured (AUC,,,) and simulated input function
(AUCgg,) and percent error between CMRGlc,.,; and
CMRGlcg,,, were calculated. These values were com-
pared with those obtained frgm a previous study con-
ducted under fasting conditions (F). The serum glucose
level in the HG group was significantly higher than that
in the F group (16569 vs 100+9 mg/dl, P=0.0007). Per-
cent errors of AUC and CMRGIc in grey matter and
white matter in HG were significantly higher than those
in F (12.9%%1.3% vs 3.5%+2.2% in AUC, P=0.0015;
18.2%+2.2% vs 2.9%+1.9% in CMRGIc in grey matter,
P=0.0028; 24.0%=+4.6% vs 3.4%=+2.2% in CMRGIc in
white matter, P=0.0028). It is ¢oncluded that a non-inva-
sive method of measuring CMRGIc should be applied
only in non-diabetic subjects under fasting conditions.
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Introduction

We previously reported a method of measuring the cere-
bral metabolic rate of glucose (CMRGlIc) non-invasively
via a standardised input function [1] and an autoradio-
graphic method. In that study, all subjects underwent a
fluorine-18 fluorodeoxyglucose positron emission to-
mography (FDG-PET) examination under fasting condi-
tions. Non-invasive measurement of CMRGIc, which re-
quires two-point arterialised venous sampling, has also
been performed by Eberl et al. [2] in both fasting normal
subjects and hyperglycaemic patients with diabetes
mellitus (DM). In their study, errors of input function in
the patients with diabetes mellitus were not significant
compared with those in normal subjects. They speculated
[2] that a greater amount of error may be introduced if
patients are not fasting or if they are studied immediately
after a meal. In these situations, possible changes in
blood glucose levels during the uptake and study period
might cause additional errors due to violation of the
steady state assumption of the model. However, no one
has reported on the errors in CMRGlIc in non-diabetic
subjects under fasting and hyperglycaemic conditions.
Hence, we aimed to determine whether a non-invasive
method is applicable for patients in a hyperglycaemic
state.

Materials and methods

The theory underlying the method used in this study has been de-
scribed in detail in our previous paper [1]. Five patients (one man
and four women) who had eaten a meal within an hour before the
FDG-PET examination were recruited for this study as the post-
prandial hyperglycaemic group (HG). Another group of ten pa-
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Discussion

This study revealed that, as speculated by Eberl et al. [2],
non-invasive measurements of CMRGlIc are less reliable
under a postprandial hyperglycaemic condition than un-
der a fasting condition. As shown in Fig. 1b, the simulat-
ed input function was overestimated compared with the
measured input function in the HG group. In brain FDG
studies, an insulin clamp procedure showed accelerated
plasma clearance of FDG [4], which was attributed
mainly to increased tissue uptake of FDG due to induc-
tion of the glucose transporter. Although we did not
measure the insulin level in each patient in the present
study, an increase in insulin levels must have occurred,
inducing the translocation of glucose transporters from
an intracellular component to the plasma membrane, be-
cause all subjects were non-diabetic. The clearance rate
of FDG from plasma may have been slower than that in
HG because SIF, which was used to calculate IFsim, was
generated from arterial sampling data during F. This
would have caused the overestimation in the HG group,
and led to a large % error of AUC and CMRGlIc (since
CMRGilc is dependent on the AUC of the input function
to the time of scanning) [5]. In the calculation of
CMRGIc a fasting state is recommended in order to
maintain a steady state of glucose concentration, and the
precision of CMRGlc in the hyperglycaemic state is con-
sequently not assured. Eberl et al. only speculated that a
larger error in input function occurs during the fluctua-
tion of the blood glucose level. Hence, in this study we

attempted to reveal the effect of postprandial hyperglyca-
emia on the measurement of CMRGlc.

In conclusion, in the application of a non-invasive
method, the change in input function due to hyperglycae-
mia causes a larger error in the measurement of AUC
and subsequently in that of CMRGlIc. Therefore, subjects
need to be kept in a fasting state when a non-invasive
method is applied.
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