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Background. This study aims to determine whether the suppression of myocardial FDG
uptake and detection of infectious endocarditis (IE) may be enhanced when FDG-PET is
repeated on the next day while maintaining patients on a ketogenic diet in the interim.

Methods. Seventeen patients with definite IE underwent FDG-PET investigations both
after a conventional metabolic preparation (> 12-hour fast after a low-carbohydrate evening
meal) and a subsequent 12-hour extension of the low-carbohydrate diet followed by an addi-
tional > 12-hour fast.

Results. Plasma biomarkers showed increased ketogenic metabolism between the two
FDG-PET scans. A myocardial FDG uptake persisted on the 1st PET in 9 patients (53%) for
whom myocardial FDG uptake decreased significantly on the 2nd PET (SUVmax: 6.05 ± 3.25 vs
4.32 ± 3.47, P = 0.021), resulting in an enhancement in the diagnostic confidence of IE in 6 cases.
These enhancements were not documented in the 8 patients exhibiting a total suppression of
myocardial FDG uptake on the 1st PET.

Conclusions. Better suppression of myocardial uptake and enhanced detection of IE may
be achieved when an FDG-PET, showing an incomplete suppression of the myocardial FDG
uptake, is repeated as soon as the next day, while maintaining patients on a ketogenic diet in the
interim. (J Nucl Cardiol 2022;29:3256–62.)
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Abbreviations
CT Computed tomography

FDG 18F-Fluorodesoxyglucose

IE Infective endocarditis

LV Left ventricle

MS Myocardial suppression

OSEM Ordered subset expectation

maximization

PET Positron emission tomography

SD Standard deviation

SUV Standardized uptake value

VOI Volume of interest

INTRODUCTION

18F-Fluorodeoxyglucose positron emission tomog-

raphy (FDG-PET) is increasingly used to detect

infective endocarditis (IE)1 and to identify additional

infectious sites.2 A low-carbohydrate dinner, followed

by a prolongation of the fast, is recommended to

improve IE detection by 18F-Fluorodeoxyglucose posi-

tron emission tomography (FDG-PET).3–5 This

metabolic preparation could be further enhanced by

longer fasting periods ([ 18 hours) or the consumption

of at least two low-carbohydrate meals the day before

the study, as recommended by the Society of Nuclear

Medicine and Molecular Imaging (SNMMI) and the

American Society of Nuclear Cardiology (ASNC) for

the FDG-PET imaging of cardiac sarcoidosis.6 But these

protocols do not always suppress all myocardial FDG

signals,7 and this may potentially affect the detection of

IE.

Following a low-carbohydrate diet over several

days prior to FDG-PET may also lower myocardial FDG

uptake.8–10

Recently, the combination of a 72-hour daytime

ketogenic diet with a with 3 overnight fasts was found to

provide a high suppression of the myocardial FDG

signal.11 However, this method is difficult to adapt to IE

patients in precarious medical condition, particularly

considering that an accurate FDG-PET analysis of

cardiac valve areas is achieved with a conventional

regimen in the majority of cases. Nevertheless, no study

has to date evaluated shorter periods of such low-

carbohydrate diets when followed or preceded by fasting

in the context of IE detection or IE management.

The current study aims (ii) to determine whether the

suppression of myocardial FDG uptake and detection of

IE may be enhanced when FDG-PET is repeated on the

next day while maintaining patients on a ketogenic diet

in the interim and (ii) to test that such a diet is tolerated

by IE patients.

MATERIALS AND METHODS

Study Population and Study Design

The study recruited consecutive patients hospital-

ized at the Nancy university hospital for a definite IE,

which satisfied the Duke-Li criteria.1 None of the

patients had taken antibiotics for more than 8 days prior

to the first FDG-PET scan. None of the female patients

were pregnant.

As detailed in Figure 1, enrolled patients underwent

a first FDG-PET after a conventional metabolic prepa-

ration (C 12-hour fast after a low-carbohydrate evening

meal) and a second FDG-PET the next day, after

switching to a 12-hour high-lipid high-protein diet

comprising B 3 g carbohydrates followed by another

C 12 hours of fasting.

Approval for this study was obtained from the

institutional Ethics Committee (Comité de Protection

des Personnes OUEST 3). All patients enrolled in the

study signed written informed consent. The study

protocol is released on the ClinicalTrials.gov site under

the identifier: NCT03465098

FDG-PET Recording and Analysis

PET images were obtained on a Vereos digital-PET/

CT system (Philips, Cleveland, Ohio) in full 3D with 1.5

min recordings per bed position, 1 hour after an

intravenous injection of 3 MBq�kg 18F-FDG.

Complete blood sampling for measuring plasma

biomarker concentrations listed in Table 1, was

attempted before each PET/CT investigation but was

not obtained for all IE patients examined (depending on

veinous conditions).

PET images were reconstructed using an OSEM

method12 with and without a CT-based attenuation and

analyzed by two independent observers on a MIM

workstation (MIM Software Inc., Cleveland, Ohio) to

visually detect IE and determine FDG activities from

endocarditis, myocardial and blood areas.

IE foci should be detected on both corrected and

non-corrected PET images, and with the criterion of a

heterogeneous uptake pattern for IE on prosthetic

valves.3 This visual analysis was conducted to reflect

the two-step protocol of the study, i.e., an initial analysis

of only the 1st PET followed by the analysis of both PET

scans to assess the added value of the 2nd PET. The

suppression of myocardial FDG uptake was graded as

either complete or incomplete on the 1st PET. Incom-

plete uptake was defined by the visualization of

myocardial areas exhibiting a higher activity than the

LV blood cavity.

See related editorial, pp. 3263–3266
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Spherical regions-of-interest (VOIs) were used to

determine: (1) the SUV max from IE foci detected

visually, (2) the SUV max from the myocardium with

careful exclusion of extracardiac and valve areas, and

(3) a mean blood SUV within the mid-portion of the

descending aorta and with a 20 mm diameter VOI.

A myocardial SUV mean value was additionally

determined within 3D regions-of-interest (VOIs) and

positioned on a midventricular short-axis CT slice. This

ring-shaped VOI of one cm width encompassed the

lateral half of the left ventricle. Quantitative variables

were averaged between the two observers. Results from

the visual analyses were obtained by an additional

consensual analysis between the observers for any of the

discordant cases.

Statistical Analyses

Continuous variables were expressed as mean ± SD

and categorical variables, as percentages. Quantitative

variables were compared with the Wilcoxon test for

paired comparisons and the Mann-Whitney test for

unpaired comparisons. P values\ .05 were considered

significant.

RESULTS

A total of 25 patients with definite IE were initially

included in the study, 8 patients were subsequently

excluded (1 died before the 1st PET, 2 withdrew their

consent before the 2nd PET, 4 could not comply with the

low-carbohydrate diet, as reported by the medical staff

or the patients themselves, and PET images could not be

analyzed for one of the patients), leaving 17 patients in

the final analysis. As detailed in Table 1, the mean age

was 73 ± 16 years, 3 patients were women, and 12

patients had one or two cardiac prothesis implants.

As detailed in Table 2, there was evidence of a

significant increase in ketogenic metabolism, reflected

by an increase in plasma beta-hydroxybutyrate between

the 1st and 2nd PET (P = 0.022), associated with

decreased insulinemia (P = 0.043).

IE foci were detected by FDG-PET in a total of 15

patients, and in 2 cases (patients # 1 and 2 in Figure 2) in

only the 2nd PET. None of the IE foci were only

detected in the 1st PET. The 15 detected EI were located

on the aortic valve in 8 cases, mitral valve in 4, tricuspid

valve in 2, and both mitral and aortic valves in 1 patient.

Myocardial suppression of FDG uptake was deemed

incomplete on the 1st PET in 9 patients (MS- group)

and complete in 8 (MS? group). MS? patients only

exhibited an increase in mean blood SUV between the

1st and 2nd PET (Table 3). In contrast, MS- patients

presented a decrease between the 1st and 2nd PET in

myocardial SUV max (6.05 ± 3.25 vs 4.32 ± 3.47, P =

.021) and in myocardial SUV mean (3.10 ± 1.95 vs 2.42

± 2.19, P = 0.038), associated with a trend of an

increased EI/myocardium SUV max ratio (Table 3).

Table 1. Main characteristics of the 17 study
patients

Men
14

(82%)

Age (years) 73 ± 16

Diabetes 3 (18 %)

Body mass index (kg�m-2) 26 ± 8

Obese ([30 kg�m-2) 3 (18 %)

Cardiac implants 12 (71%)

Valve 12 (71%)

Pacemaker 1 (6%)

Time from implantation to PET (years) 4.9 ± 3.9

Antibiotics taken on the day of PET 17 (100%)

Time from start of antibiotics to PET

(days)

6.4 ± 1.8

Figure 1. Study design and diet description.
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Finally, the observers considered that: (1) the

myocardial FDG uptake was complete or almost com-

plete in 4 MS- patients (patients # 1, 2, 3 and 6 in

Figure 2) and (2) IE detection was enhanced between the

1st and 2nd PET (i.e., confirming a potential or probably

visual IE focus as a definitive IE focus) in 6 MS- (67%)

and in none of the MS? patients. Representative PET/

CT images of these 6 MS- patients are displayed in

Figure 2, including the 2 cases where IE could only be

visualized on the 2nd PET (patients # 1 and 2).

Diagnostic confidence was not enhanced by the 2nd

PET of 3 MS- patients: 2 with unchanged suppression

of the myocardial FDG uptake on the 2nd PET, and one

with no detectable IE foci on both PET despite an

Table 2. Blood biomarkers collected on the days of the 1st and 2nd PET scans, with p values for paired
comparisons

1st PET 2nd PET P value

Glycemia (g/L; n = 15) 1.15 ± 0.36 1.04 ± 0.31 0.421

Insulinemia (mUI/L; n = 13) 6.92 ± 4.92 5.71 ± 5.99 0.043

Free fatty acids (lmol/L; n = 10) 647 ± 231 636 ± 230 0.386

Beta-hydroxybutyrate (lmol/L; n = 10) 728 ± 541 1139 ± 765 0.022

Figure 2. Representative median short-axis (SA) and long-axis (LA) FDG-PET slices through the
IE area (red arrows) for patients in whom diagnostic confidence was enhanced by the 2nd PET. First
and 2nd PET exams are displayed in grey scales, together with fused FDG-PET/CT LA slices
(color/gray scales), in the 6 patients for whom IE detection was considered enhanced (i.e., leading
to increased diagnostic confidence between the 1st and 2nd PET). Image scaling is given on the
right side of the figure.
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enhanced suppression on the 2nd PET. PET/CT images

of representative patients for whom the diagnostic

confidence was not enhanced on the 2nd PET are shown

in Figure 3.

DISCUSSION

The current study shows that the suppression of

myocardial uptake and the detection of IE may be

enhanced when FDG-PET is repeated on the next day

while maintaining patients on a ketogenic diet.

This observation may be explained by an increase in

ketogenic metabolism (an increase in plasma beta-

hydroxybutyrate), at the expense of glycolytic metabo-

lism (decreased insulinemia). This potentially lowers the

membrane density of the insulin-sensitive GLUT4

membrane receptor, which transports glucose and FDG

molecules into the myocytes.9,13

In contrast, no change in myocardial FDG uptake

was observed on the 2nd PET of patients for whom

myocardial uptake suppression was already complete on

the conventional 1st PET. These latter patients only

exhibited an increase in blood activity on the 2nd PET

(Table 2), which may potentially be linked to further

decreases in cells’ glycolytic metabolism and thus, in

glucose extraction from blood.

This two-step protocol may thus only be clinically

useful in a small proportion of patients having under-

gone a conventional fast-based FDG-PET for IE

diagnosis, when myocardial uptake suppression is not

only incomplete but also, when it does not allow

adequate analysis of all cardiac or peri-prosthetic areas

of interest. The 2nd PET was required to achieve an IE

diagnosis and was therefore definitely useful in only 2

patients (patients # 1 and 2 Figure 2).

Our study patients, who had been referred for a

whole-body FDG-PET infectious endocarditis workup,

were rather old (73 years on average), severely ill and in

precarious medical condition. They frequently suffered

from anorexia and were all on intravenous antibiotic

treatments. This may explain why the two-step FDG-

PET protocol was not always well-tolerated, i.e., 4

patients decided to take sweet food or received sugar in

their intravenous perfusion and were thus excluded

before the 2nd PET. Two additional patients withdrew

their consent just after the 1st PET, and one patient died

before the 1st PET.

Future studies will be required to confirm the FDG-

PET differences observed using our two-step protocol as

opposed to the one-step protocol, with a single FDG-

PET preceded by several days of a very low-carbohy-

drate diet. Although long metabolic preparations have

been successfully tested in cardiac sarcoidosis

patients,11 these protocols are not appropriate for IET
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patients in precarious medical condition and often

anorexic. It is likely that this diet would be better

supported in less severely ill patients showing a low to

intermediate pre-test likelihood of IE, compared to our

patients with definite IE and who had been referred for a

whole-body FDG-PET infectious endocarditis workup

(i.e., to detect additional infectious sites2).

When compared with previously published studies

involving comparable diet preparations,14–16 the

myocardial SUVmax of our population was generally

rather high, even when only considering the MS? group

(see Table 2). This observation likely relates to the

particular characteristics of our study patients, who were

rather old (73 ± 16 years) and often had a history of

cardiac interventions (71% had a valve prothesis), given

the fact that SUVmax may be significantly increased in

vascular atherosclerosis and peri-prosthetic areas.3,15

Myocardial SUVmean, which is much less affected by

small abnormal areas than SUV max, was in contrast

very low in the MS? group (close to blood SUVmean,

see Table 2). Myocardial SUVmean also exhibited a

marked decrease on the 2nd PET of the MS- patients,

thereby explaining the improvement in diagnostic con-

fidence in this group.

This pilot study, therefore, shows that when a

myocardial FDG uptake persists after a conventional

fast-based metabolic preparation, IE detection may be

enhanced on an FDG-PET repeated the next day while

maintaining patients on a ketogenic diet between the two

scans. This two-step PET protocol needs to be confirmed

in a much larger scale and more specifically in patients

with an ambiguous IE diagnosis after a conventional

fast-based FDG-PET.

NEW KNOWLEDGE GAINED

In patients for whom the FDG-PET detection of IE

is difficult due to the persistence of myocardial FDG

uptake, IE detection may be enhanced on a repeat FDG-

PET the next day while maintaining patients on a

ketogenic diet between the two PET scans.
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Figure 3. Representative median short-axis (SA) and long-axis (LA) FDG-PET slices through the
IE area (red arrows) for patients in whom diagnostic confidence was not enhanced by the 2nd PET,
i.e., two patients (# 1 and # 2) where IE was detected on the 1st PET and two further patients (# 3
and # 4) where IE was not detected on either the 1st or 2nd PET, patient # 3 showed a decrease in
myocardial uptake on the 2nd PET but patient # 4 did not.
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