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The concept of assessing myocardial viability with
metabolic imaging is easy to comprehend. In contrast,
the actual performance of the study can be much more
challenging. Identifying viable myocardium with PET
imaging of F-18-fluorodeoxyglucose (FDG) is based on
the existential concept that viable cardiac myocytes
possess the metabolic machinery to produce energy in
the form of ATP. That ATP is used to phosphorylate
glucose (as well as FDQG) in the first, committed step of
glycolysis. Phosphorylation of FDG traps the radiotracer
in viable cells. To optimize the signal provided by FDG,
it is important to maximize the amount of FDG that is
transported into the myocyte. It is at this point that
imaging of myocardial viability with FDG can become
laborious and challenging.

Myocardial glucose uptake is regulated by the
facilitative glucose transporters, GLUT1 and GLUTA4.
While GLUT is responsible for basal uptake of glucose
by cardiac myocytes, GLUT4 is recruited to the surface
of cardiac myocytes by insulin stimulation of insulin
receptors and signaling through the PI-3K/Akt path-
way.' In addition, GLUT4 can be recruited to the cell
surface by ischemia through the AMP-activated protein
kinase pathway.' Because these two pathways operate
independently, it is possible to observe additive effects
of insulin and ischemia on myocardial glucose uptake.”
Therefore, to maximize FDG uptake for a PET viability
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study, clinicians utilize insulin stimulation to increase
the uptake of the radiotracer. The vast majority of
imaging protocols rely on stimulating insulin release
through the ingestion of glucose in nondiabetic patients,
and, depending on the degree of hyperglycemia in a
diabetic patient, either the ingestion of a lower amount
of glucose or through insulin injection. The American
Society of Nuclear Cardiology (ASNC) provides a use-
ful protocol for the metabolic preparation for viability
studies that is used in most nuclear cardiology labs®
(Table 1). There are other protocols that utilize intra-
venous infusion of glucose or a glucose/insulin clamp to
increase myocardial glucose uptake. These protocols can
be labor-intensive and time-consuming. In addition,
acipimox can be used outside the United States to
decrease serum triglyceride concentrations and thereby
increase myocardial reliance on glucose.* However,
because of its simplicity, the oral glucose load is most
widely used method to optimize FDG-PET images for
viability assessment.

When comparing different protocols for viability
assessment, or for that matter any study that we perform
in nuclear cardiology, it is important to consider several
factors. First, and most importantly, the safety of the
procedure. For viability assessment, the safety is related
to the avoidance of hypoglycemia. Second, the quality
of the images, namely the myocardial uptake of FDG
compared to surrounding tissues. Finally, the amount of
time required to perform the procedure. As can be
determined by the ASNC guidelines, the minimum time
that is required for glucose loading and achieving a goal
blood glucose level of 100-140 mg/dL (5.55-
7.77 mmol/L) is 45 minutes. Practically, however, it
often takes more than 45 minutes depending on the rate
of decline in the blood glucose level after the oral glu-
cose load. This, in turn, is dependent on the degree of
insulin sensitivity in the individual patients.

In this issue of the Journal, Chen et al.> evaluated
the efficiency and safety of a metabolic preparation
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Table 1. Summary of guidelines from the American Society of Nuclear Cardiology for the metabolic

preparation for a PET viability study

Procedure

Steps for standardization

Fasting period

Step 1: Fast patient 6-12 h (preferred), < 6 h (optional)

Step 2: Check blood glucose (BG) and then glucose load

Oral glucose load

If fasting BG < 250 mg/dL (13.9 mmol/L), then:

(1) Oral glucose load (25-100 g)
(2) Monitor BG 45-60 min after administration
If fasting BG > 250 mg/dL (13.9 mmol/L), then refer to Blood glucose maintenance

(below)
Blood glucose After 45-60 min:

maintenance

If BG is 130-140 mg/dL (7.22-7.78 mmol/L), then give 1 U regular insulin, i.v

If BG is 140-160 mg/dL (7.78-8.89 mmol/L), then give 2 U regular insulin, i.v
If BG is 160-180 mg/dL (8.89-10 mmol/L), then give 3 U regular insulin, i.v
If BG is 180-200 mg/dL (10-11.11 mmol/L), then give 5 U regular insulin, i.v
If BG is > 200 mg/dL (> 11.11 mmol/L), then notify physician

Radiotracer
administration

Inject FDG when BG is 100-140 mg/dL (5.55-7.77 mmol/L)

Adapted from Ref. >

based on an insulin loading protocol compared to a
standardized glucose loading protocol for FDG-PET
imaging. In this study, patients undergoing an FDG-PET
viability study were randomized to receive either 2-10 U
of intravenous insulin based on the patient’s fasting
blood glucose or a graded amount of glucose (between
10-20 and 40-50 g) based on their fasting blood glucose.
In addition, diabetic patients in the insulin loading arm
of the study were given an additional 10% more insulin.
In the insulin loading group, blood glucose was mea-
sured every 5-10 minutes compared to after 45-
60 minutes in the glucose load group, increasing the
amount of effort required by staff and discomfort to the
patient. Additional insulin was given as needed in both
groups to bring the blood glucose down to the target
value of 100-140 mg/dL (5.55-7.77 mmol/L). The
quality of the cardiac images was assessed by comparing
myocardial FDG uptake to liver FDG uptake. In addi-
tion, the time required to perform the protocol and the
development of hypoglycemia were also compared
between the two groups.

The quality of the images was considered accept-
able in all of the insulin loading studies but in only 25 of
30 glucose loading studies. This was based on a myo-
cardium/liver ratio of FDG uptake > 1. All of the
patients in the glucose loading studies with unaccept-
able studies were either overweight or obese, although
the mean weights and BMI values for the two groups
were not statistically different. It is difficult to determine
if the issue with the quality of the images in the glucose
loading group was attributable specifically to the

preparation or if the body habitus of the patients con-
tributed significantly to the findings. With respect to
other characteristics of the images, the standardized
uptake values (SUV) for the myocardium were similar in
the two groups, as were the SUV values for the liver.
Interestingly, the SUV values for skeletal muscle (an-
other insulin-sensitive tissue) were actually lower in the
insulin loading group. It is not clear why there would be
less glucose uptake in skeletal muscle in the insulin
loading group when the myocardial uptake was similar
in both groups.

With respect to the safety of the insulin loading
protocol, there were fewer episodes of hypoglycemia in
the insulin loading group (2/30) compared to the glucose
loading group (6/30). However, it is important to note
that hypoglycemia was defined by the onset of symp-
toms typical for hypoglycemia and that only 4 of the 8
patients experiencing hypoglycemic symptoms had a
final blood glucose value below 100 mg/dL (5.55 mmol/
L). It is possible that the lower incidence of hypo-
glycemia in the insulin loading group was due to the
more frequent monitoring of blood glucose levels during
the protocol, as both groups ultimately received the
same mean dose of insulin to achieve target blood glu-
cose levels.

With respect to the amount of time required
between the start of the loading procedure and the
achievement of the target blood glucose levels, use of
the insulin loading protocol reduced the time by
71 minutes to a mean value of 24 minutes. Diabetic
patients receiving the insulin load required on average 7
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more minutes before they achieved a target blood glu-
cose level compared to the nondiabetic individuals. This
time is certainly less than the estimated minimum of
45 minutes based on the ASNC guidelines and also
shorter than a reported 39-minute time obtained with a
glucose/insulin/potassium infusion.® It is difficult to
know what impact more frequent blood glucose moni-
toring had on the observed differences in time to FDG
injection since blood glucose levels were assessed every
5-10 minutes in the insulin loading group, after 45-
60 minutes in the glucose loading group, and every
15 minutes in the glucose/insulin/potassium infusion
study.®

While the study by Chen et al. suggests that
obtaining the necessary metabolic conditions to acquire
interpretable FDG-PET viability images safely in a
shorter period of time is indeed feasible, it does come at
the cost of more frequent monitoring of blood glucose
levels. In addition, the study did not determine the
contribution of body habitus on image quality, nor did it
evaluate the impact of the different protocols on medical
decision making and ultimate patient outcome. Further
studies of this protocol in larger groups of individuals
will be required to determine just how sweet it is.
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