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There are three ways of doing things around here: the right way, the
wrong way, and the way that I do it.
—Robert DeNiro

Imaging myocardial viability in the modern era is
accomplished with either cardiac magnetic resonance
imaging (MRI) or 18F-fluorodeoxyglucose positron
emission tomography (FDG PET). The benefit of cardiac
MRI is accuracy in the detection of myocardial scar,
tissue characterization, and better spatial resolution than
PET. Regional wall motion, ischemia, and coronary flow
reserve can also be assessed.' The presence of MRI
unsafe hardware is a contraindication to imaging, and
even conditional or safe devices may lead to artifact,
limiting interpretability. Chronic kidney disease is also a
concern with gadolinium agents, and low dose or no
contrast may be considered. FDG PET does not have
these limitations, and provides quantification of
myocardial metabolism, and therefore viability. Addi-
tional data from PET includes quantification of resting
perfusion defects, ischemia, peak stress wall motion, and
myocardial blood flow reserve.

The difficulty with FDG PET lies in the pre-pro-
cedure glucose manipulation protocol. The myocardium
metabolizes 60%-70% of its energy through free fatty
acid oxidation when in the fasting state, while glucose
accounts for most of the energy utilization in the fed
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state.” Recommended glucose manipulation protocols
typically involve ingestion of oral glucose followed by
insulin administration to simulate the fed state and drive
glucose into the myocardium. Once there is a decrease in
blood glucose levels from the effects of insulin, F18-
FDG is administered and taken up by GLUT1 and
GLUT4 transporters in the myocardium. Glucose
manipulation can be particularly challenging in diabetic
patients, where studies have demonstrated impaired
myocardial glucose transport and elevated free fatty acid
levels, resulting in diminished glucose metabolism in
myocardial cells.® This can lead to difficulties in inter-
preting FDG PET studies in diabetics.

Over time, interventions like strict glucose manip-
ulation protocols, the hyperinsulinemic-euglycemic
clamp, and acipimox (not available in the USA) have
improved glucose uptake and image quality in diabetic
patients.* Acipimox is a potent nicotinic acid derivative
that rapidly reduces serum free fatty acid levels by
inhibiting lipolysis in peripheral tissue. It has been
shown to perform similarly to the insulin clamp with
respect to uptake of myocardial glucose and distinction
between normal, mismatch, and scar territories.” Acet-
aminophen is sometimes given in order to minimize
systemic vasodilatory side effect. Niacin is also a nico-
tinic acid derivative and is available in the USA, but its
use prior to FDG PET did not result in improved image
quality in diabetics when compared with oral glucose
load and insulin.®

The current study by Shao et al examined trimeta-
zidine hydrochloride (a cardiac energy metabolism
regulator, not available in the USA) as pre-treatment
prior to FDG PET for viability as a potential addition to
the armamentarium of options to improve myocardial
glucose utilization in diabetics. This medication helps to
transform myocardial energy utilization from free fatty
acids to glucose and was initially developed as an anti-
anginal medication, though there are data that it may
also benefit patients with heart failure and reduced
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ejection fraction.” The hypothesis of this study was that
oral administration of trimetazidine before FDG PET
would improve image quality in diabetics. The authors
prospectively enrolled 23 diabetic patients (12 on insu-
lin) in 2017 who underwent rest 99m technetium
sestamibi perfusion imaging on day 1, a FDG PET
viability study with standard oral glucose load and
intravenous insulin on day 2, and the same FDG PET
viability study with oral glucose load, intravenous
insulin, and premedication with 2 doses of trimetazidine
on day 3. FDG PET images were graded as good,
moderate, or uninterpretable based upon myocardial
uptake and background activity.

The results showed that trimetazidine did not alter
serum glucose levels, but did improve image quality in
almost half of the patients (11 of 23). Specifically, 3 of 4
uninterpretable image sets without trimetazidine became
interpretable after administration, and the overall num-
ber of myocardial segments graded as viable increased.
While trimetazidine increased F18-FDG uptake across
the spectrum of perfusion defect severities, the largest
increases were noted in segments with mild resting
perfusion defects. As these segments are most likely to
be hibernating/viable, it follows that a medication
improving myocardial glucose utilization will have the
most dramatic effect in these areas. Quantitatively,
myocardial SUVs increased with trimetazidine (mean
SUV 3.11 +/- 1.07 versus 2.32 +/- 1.00). Left ventric-
ular end diastolic volume assessed on FDG PET also
increased by an average of 34 mL with trimetazidine and
was more correlated with echocardiography-derived
volume. This is likely secondary to increased myocar-
dial F18-FDG uptake leading to improved detection of
myocardial borders. The authors conclude that this
medication is safe and effective to improve success rate
and image quality in diabetic patients with severe CAD.

The first point to consider is that, even in diabetics,
FDG PET quality is fairly good with standard protocols
(only 17% uninterpretable in this study). Sometimes
adjusting the color scheme of F18-FDG metabolism
images by normalizing counts to the myocardial region
with normal perfusion or blood flow" can make up for
these issues. Second, IV dextrose (instead of oral glu-
cose) is another option included in the guidelines,* and
anecdotally, our lab has noted improved quality of F18-
FDG images after routinely switching to this protocol.
Intravenous dextrose has been shown to lead to shorter
protocols than oral glucose with improved image qual-
ity.® Nuclear labs will have to decide a strategy to use in
diabetics a priori, and IV dextrose may be easier than the
other strategies (Figure 1), particularly in the USA
where acipimox and trimetazidine are not available.
Additionally, a rescue protocol of reinjected low-dose
18F-FDG with simultaneous insulin and glucose can
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Figure 1. Options to improve image quality in FDG PET
imaging. Four options have been described to improve image
quality in diabetic patients undergoing FDG PET imaging for
viability instead of the standard oral glucose protocol:
intravenous dextrose, the insulin clamp, and pretreatment with
either acipimox, or trimetazidine.

improve the image quality of FDG PET images that are
of poor quality.’

There have only been 2 prior studies analyzing FDG
PET images in patients taking trimetazidine, both with
long term use. These studies had conflicting results, and
whether or not trimetazidine affects myocardial meta-
bolism in the long term is unclear. Future studies with
trimetazidine in both the short and long term are
warranted.

There are multiple techniques to improve image
quality for FDG PET viability studies in patients with
diabetes; there is not a ‘‘right way’’ or ‘‘wrong way’’,
and it appears that trimetazidine is a viable fourth
option. But for now, ‘‘the way I do it’> will still be with
intravenous dextrose which provides good image quality
and shorter imaging protocols. Future studies should
compare these four options for image optimization and
correlate subsequent FDG PET findings with outcomes
after revascularization.
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