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We report a case of delayed enhancement of myocardial FDG uptake in NIDDM patient after oral
glucose loading. A 65-year-old man who had a past history of NIDDM received FDG-PET
examination during fasting and glucose loading. In neither condition, was an accumulation of FDG
in the myocardium, and myocardial blood flow was normal. An oral glucose tolerance test (OGTT)
was performed to find the best time for FDG injection and 3 hours after loading, the serum insulin
concentration was increased significantly. When the interval between glucose loading and the
injection of FDG was set at 3 hours, enhancement of myocardial FDG uptake was demonstrated.
To know the best time for the FDG injection in advance is thought to be important in obtaining better
image quality and interpreting the myocardial viability when FDG-PET examination during

glucose loading is performed in NIDDM patients.
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INTRODUCTION

FDG has been widely used for the detection of viable
ischemic myocardium. Diabetes Mellitus (DM) compli-
cates the evaluation of myocardial viability by deteriorat-
ing image quality during fasting or oral glucose loading.'?
To enhance myocardial FDG uptake, oral glucose loading
is a simple method, but its image quality is poor with the
conventional interval between loading and the injection.?
We report a case of delayed enhancement of myocardial
FDG uptake detected by changing the interval between
glucose loading and injection in a patient with non-insulin
dependent diabetes mellitus (NIDDM).

CASE REPORT

A 65-year-old man complained of chest oppression and
was admitted to our hospital. In an electrocardiogram
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(ECG), II, 111, and aVE leads demonstrated ST increase.
Acute myocardial infarction was suspected and emer-
gency coronary angiography (CAG) was performed.
Though significant stenosis was demonstrated in segment
2 of the right coronary artery (90%) and segment 11 of left
circumflex artery (75%), it was eliminated by intra-coro-
nary infusion of nitroglycerine and thought to be caused
by vasospasm. Abnormal wall motions were not observed
in left ventriculography.

He had a history of diabetes mellitus (DM), and sulfo-
nylurea therapy had been performed. His fasting glucose
level at admission was 149 mg/d! (reference value 65-110
mg/dl) and hemoglobin A,. (HbA,.) was 6.9% (reference
value 4.3-5.9%).

To examine myocardial viability, an FDG-PET study
was performed during fasting and glucose loading follow-
ing the protocol shown in Figure 1. Approximately 55.5
MBq (1.5 mCi) of FDG was injected and a fasting FDG
image was obtained 1 hour later with a 3-dimensional
acquisition mode. Then 75 gram of oral glucose loading
(Toleran G) was performed and myocardial blood flow
was measured with N-13 ammonia. One hour after glu-
cose loading, approximately 370 MBq (10 mCi) of FDG
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was injected and a glucose loading FDG image was
obtained 1 hour after FDG injection with a 2-dimensional
acquisition mode.

The results are shown in Figure 2. There was no ap-
parent decrease in myocardial blood flow. In both FDG-
PET examination conditions, no FDG accumulation in
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Fig.1 Protocol for fasting-glucose loading FDG-PET exami-
nation.
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myocardium was apparent. The serum glucose and insu-
lin levels were 132 mg/d/ and 9.9 mU/I (reference value 5—
25 mU/I) in the fasting and 293 mg/d/ and 14.3 mU// in the
glucose loading condition, respectively. To find the best
tome for enhancement of myocardial FDG uptake after
glucose loading, an oral glucose tolerance test (OGTT)
was performed. Serum glucose and insulin were mea-
sured at the point of pre-loading and the 1 hour, 2 hours
and 3 hours after loading. After glucose loading, the
serum glucose concentration was noticeably increased.
In contrast, the serum insulin concentration was within
the normal range 1 hour and 2 hours after loading, then
increased up to 37 mU/I 3 hours after loading. We thought
that in this case the best time for injection was 3 hours after
oral glucose loading.

Based on the result of this test, the FDG-PET examina-
tion was performed according to the following the proto-
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Fig.2 The results of the first examination. In myocardial perfusion study using N-13 ammonia, no
apparent decreased flow area was detected. During fasting and glucose loading state, no significant

myocardial uptake of FDG was observed.
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Fig.3 Protocol of the second examination and its result. After setting the interval between glucose
loading and FDG injection to 3 hours, enhanced FDG uptake in myocardium was demonstrated.
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col. Three hours after oral glucose loading, approximately
370 MBq (10 mCi) of FDG was injected, then 1 hour later
data acquisition was performed. The protocol and results
are shown in Figure 3. Enhanced myocardial FDG uptake
was demonstrated in diffuse left ventricular myocardium.

DISCUSSION

FDG is widely used to detect ischemic myocardium in the
fasting state and myocardial viability in the glucose load-
ing state. In myocardial ischemia, lesions are demon-
strated as high FDG uptake areas. Stanley et al. reported
that diabetes does not affect the rate of glycolysis during
myocardial ischemia.* Sun et al. reported that ischemia
induces the translocation of glucose transporter 4 (GLUT4)
from an intracellular component to the plasma membrane
of cardiac myocytes,’ so that the detection of ischemia in
a diabetic patient seems to be possible in the fasting state.
In contrast, enhancement of myocardial FDG uptake is
necessary to know the myocardial viability. To enhance
myocardial FDG uptake, several methods directly associ-
ated with glucose metabolism, including oral glucose
loading and the euglycemic-hyperinsulinemic method
(insulin clamp method) has been appliedS’ in non-diabetic
patients. In diabetic patients, euglycemic-hyperinsulinemic
method was applied and its feasibility was reported.>*®

Three major metabolic abnormalities which contribute
to hyperglycemia in NIDDM are defective glucose-in-
duced insulin secretion (impaired insulin secretory re-
sponses to glucose), increased hepatic glucose output and
the impaired ability of insulin to stimulate glucose uptake
in peripheral target tissues (insulin resistance).'® Impaired
insulin secretion is caused by the depletion of glucose
transporter 2 (GLUT2) which exists in the S-cells in the
pancreas. Insulin resistance is a major pathophysiological
characteristic of NIDDM, "2 and the most immediate
manifestation of insulin resistance is fasting hyper-
insulinemia in conjunction with normo- or hyperglycemia.
This is caused by the abnormality of GLUT4 which exists
in the skeletal muscles and myocardium. Both abnormali-
ties are improved after a period of euglycemic therapy
with insulin,'>'® weight loss,'”'® and sulfonylurea.!** In
this case, impaired insulin secretion was observed but the
insulin level in the fasting state was not high even though
mild hyperglycemia was detected. The sulfonylurea
therapy he received several years might have improved
his insulin resistance and only impaired insulin secretion
might be revealed.

Recently, a new method for enhancement of myocar-
dial FDG uptake which is not directly associated with
glucose metabolism was proposed. The concept of new
method is that by lowering the free fatty acid level,
myocardial glucose uptake is increased. For this method,
nicotinic acid derivatives®'?? and niacin?® are used. The
greatest advantage of this method is that these drugs do
not change the glucose and insulin concentration and the
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insulin-mediated glucose transporter system is not af-
fected, so that enhancement of myocardial FDG uptake
may be easily performed in NIDDM patients.

In this case, we changed the time interval between oral
glucose loading and FDG injection to obtain the best FDG
images during glucose loading. With this method, no
quantitative image, such as the myocardial glucose utili-
zation rate, can be obtained because of the instability of
the glucose concentration. But our method may make it
easy to judge viability by visual assessment or semi-quan-
titative analysis with a standardized uptake value (SUV).

In conclusion, to find the best time for FDG injection in
advance is thought to be important in obtaining better
image quality and interpreting myocardial viability when
an FDG-PET examination is performed in NIDDM pa-
tients during glucose loading.
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