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Turning the heart off: give it a second try?
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ROLE OF FDG-PET IMAGING IN INFECTIVE
ENDOCARDITIS

The diagnosis of infective endocarditis (IE) is
challenging and relies on the association of the detection
of lesions typical of cardiac infection on imaging and the
presence of biological criteria in favor of systemic
bacterial infection.' Echocardiography is the first-line
imaging modality for the detection of lesions caused by
IE. The diagnostic accuracy of echocardiography is,
however, lower in patients with a suspicion of prosthetic
valve endocarditis (PVE)® because echocardiographic
images are often hampered by acoustic shadowing and
artifacts related to the implanted material. Nuclear
imaging is playing an increasing role in the diagnosis
of PVE.> 'F-Fluorodeoxyglucose positron emission
tomography (‘*F-FDG-PET) provides high sensitivity
for the identification of infectious foci in the heart as
well as for the detection of septic emboli, the portal of
entry and mycotic aneurysms.*® Several clinical studies
have demonstrated that the addition of '*F-FDG-PET
imaging to echocardiography improves the detection
rate of PVE.* Consequently, the presence of infectious
foci in the heart on '"®F-FDG-PET imaging has been
included as a major criterion of IE in patients classified
as ‘‘possible PVE”’ or ‘‘rejected PVE and high clinical
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suspicion”! in the guidelines on IE published by the
European Society of Cardiology in 2015.

PATIENT PREPARATIONS FOR SUPPRESSING
FDG MYOCARDIAL UPTAKE

Reducing '*F-FDG myocardial uptake greatly facil-
itates the detection of small infectious cardiac foci thanks
to a decrease in background noise in the valvular region.
Myocardial metabolism is based on an adaptive balance
between carbohydrates/glucose and free fatty acids (FFA)
consumption.” When carbohydrates are abundantly avail-
able in circulating blood, glucose-based metabolism is
preferred resulting in high 'F-FDG myocardial uptake.
Circulating glucose is taken up into normal cardiomy-
ocytes mostly through GLUT4 glucose transporters,
whereas inflammatory cells relies on GLUT1 and GLUT3
transporters.® Complex biochemical adaptive mechanisms
known as the Randle cycle explain why myocardial
metabolism switches to the preferential consumption of
FFA when the concentration of blood glucose is low.’
High plasmatic concentrations of FFA stimulate the
production of ketone bodies by the liver, which are used
as primary energy fuel by cardiomyocytes.” Predominant
consumption of ketone bodies for myocardial metabolism
produces high cellular concentrations of fatty acid coen-
zyme A by-products that strongly downregulate the
expression of insulin receptors and GLUT4 glucose
transporters by cardiomyocytes but do not modify the
levels of expression of GLUT1 and GLUT3 by inflam-
matory cells.” This glucose-FFA balance is influenced by
blood levels of glucose and insulin, medications, the
duration of fasting, and patient’s diet before the injection
of "*F-FDG.? Consequently, several dietary and pharma-
cological protocols have been proposed to suppress
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"E_FDG uptake in the heart knowing the mechanisms
involved in the regulation of myocardial sugar uptake.

Clinical studies performed in patients with a suspi-
cion of cardiac sarcoidosis have demonstrated that
prolonged fasting, up to 12-18 hours instead of 4-6
hours for oncological indications, decreases blood glu-
cose and insulin concentrations and, hence, stimulates the
utilization of FFA as the main source of energy for the
heart resulting in low myocardial '*F-FDG uptake.'® The
combination of a dinner with low amounts of carbohy-
drates (< 3 g) the day before imaging with overnight
fasting increases the proportion of patients reaching
complete suppression of myocardial '*F-FDG uptake on
PET compared with prolonged fasting alone.'' Low
carbohydrate combined with high-fat consumption (> 35
g) diets (LC/HFD) have proven even more effective to
suppress myocardial '®F-FDG uptake.'? The ingestion of
fatty intakes, such as vegetable oil, by patients immedi-
ately prior to 'F-FDG injection can further reduce
myocardial '"®F-FDG uptake.'> When comparing both
approaches, a larger proportion of patients showed
complete suppression of myocardial 'F-FDG uptake
with LC/HFD than with prolonged fasting alone.'*
Prolonged fasting with LC/HFD resulted in an even
higher proportion of patients with optimal suppression of
myocardial '®F-FDG uptake compared to single approa-
ches.” Lastly, pharmacological approaches based on the
injection of low-dose heparin or verapamil have been
proposed to reduce myocardial '®F-FDG uptake. The
injection of low-dose heparin induces an important
increase of FFA in the blood due to its intrinsic lipolytic
activity independent of its anticoagulant effects.'” Low-
dose heparin in conjunction with LC/HFD reduces
myocardial '®F-FDG uptake compared to LC/HFD
alone,'® but the benefits of heparin injection in addition
to prolonged fasting (18 hours) remain discussed.’
Calcium channel inhibitors (CCI) have also been sug-
gested to reduce myocardial '®F-FDG uptake since
increased intracellular calcium concentrations facilitate
cellular glucose uptake.'” Nevertheless, this approach was
found less efficient than LC/HFD'® and is therefore not
used anymore. Based on the results of these different
clinical studies, current recommendations for the prepa-
ration of patients referred for the detection of cardiac
inflammation or infection with '"*F-FDG-PET imaging are
to instruct patients to dine with a LC/HFD the day before
the exam and then fast 12—18 hours until the exam.’

CHALLENGES OF PATIENTS WITH FAILURE
TO SUPPRESS MYOCARDIAL FDG UPTAKE

While current protocols for patient preparation are
successful in most cases to limit or suppress '*F-FDG
uptake in the myocardium, a small number of patients do
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show persistent high '®F-FDG signal in the myocardium
hampering the interpretation of PET images. In patients
with a suspicion of IE, the results of the 18F_FDG-PET
scan may play an important role in the diagnosis and for
guiding clinical decision. In this issue of the Journal of
Nuclear Cardiology®, Germaini et al'® have therefore
proposed a two-step strategy in this clinical situation. If
the first patient preparation with LF/HCD and prolonged
fasting failed to suppress myocardial '*F-FDG uptake,
the PET scan was repeated the next day after maintain-
ing the patient on a ketogenic diet. Among the 17
patients with definite PVE included in this study and
scanned twice with '8F-FDG-PET, 9 patients did not
show adequate suppression of myocardial '*F-FDG
uptake on the first PET scan after preparation of patients
with LF/HCD and 12-hour fasting. On the second PET
scan acquired the next day after prolonging the keto-
genic diet, SUVmax and SUVmean of the myocardium
were significantly lower in 6 patients compared to the
first scan facilitating the interpretation of PET images:
cardiac infective foci could be identified in three patients
and the confidence in image interpretation was improved
in another three patients. In two patients, myocardial
"8E_.FDG uptake remained high on the second scan
despite adequate patient preparation. Even though the
number of patients evaluated in this study was small, its
strength is that only patients with definite IE were
included providing the opportunity to assess the impact
of this two-step strategy in a group of patients with a
high prevalence of cardiac '®F-FDG signal caused by
infection on PET. This strategy appears as an elegant
additional option to overcome failure to suppress
myocardial 'F-FDG uptake, in particular in patients
with acute severe diseases such as IE who require a fast
answer to guide clinical management. Interestingly,
despite the prolonged ketogenic diet, two patients
showed persistent '"®F-FDG signal in the myocardium.
Detailed questioning of patients for whom the cardiac
preparation allegedly ‘‘failed’’ often reveals hidden
consumption of sweet beverages or food. The success
rate of cardiac preparation is frequently higher for
outpatients than hospitalized patients, likely because
outpatients are more actively informed and involved in
the diet. The compliance of outpatients with dietary
measures is further improved by a phone call 48 hours
before the examination reminding the rules to follow.*
Another factor that may explain lower success rates to
suppress '°F-FDG myocardium uptake specifically in
patients with a suspicion of IE is the presence of sugars
in the excipients of antibiotics.”'

The two-step strategy proposed in this work is
interesting because prolongation of the diet may be only
limited to patients with failure to suppress cardiac
'"8E_FDG uptake on the first scan. Scheduling a second
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scan likely increases the attention of the nursing team on
the importance of following adequately the diet and
requires only to add another 24 hours of preparation
instead of repeating the whole procedure from the
beginning. Nevertheless, this strategy requires last-
minute available time slots on the PET scanner, the
agreement of stakeholders to pay for two consecutive
PET scans in this clinical situation, and exposes patients
to increased radiation exposure. Furthermore, the added
value of this strategy on the diagnostic performance of
"®E_.FDG-PET imaging in IE needs to be confirmed in a
larger population of patients.

CONCLUSIONS

Important progresses have been made during the
past 10 years in defining the best patient preparations to
suppress physiological cardiac '®F-FDG uptake, resulting
in a significant improvement of the quality of PET
images for the detection of inflammatory and infective
processes in the heart. Education and adherence of
patients and of the nursing team for hospitalized patients
to the rules of LC/HFD are key to reach high success
rates of *F-FDG myocardial suppression on PET images.
Several radiopharmaceuticals targeting more specifically
inflammatory or infectious activities than '*F-FDG are
emerging”*’ and would greatly facilitate the acquisi-
tion and interpretation of PET images in patients with a
suspicion of IE.
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