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Abstract

Background: '8F-Fluorodeoxyglucose Positron Emission TomograptFDG PET/CT) is
commonly used for the diagnosis of infective endditia (IE), but its prognostic value remains
unknown.

Obijectives: This study sought to assess the prognostic vdltf#&d-DG PET/CT in prosthetic
(PVE) and native valve endocarditis (NVE).

Methods: We prospectivelyncluded 173 consecutive patients (109 PVE and BE)Nvith
definite left-sided IE who performed#F-FDG PET/CT and were follow-up for 1 year. Primary
endpoint was a composite of major cardiac evemrtsthd recurrence of IE, acute cardiac failure,
non-scheduled hospitalization for cardiovasculdraation and new embolic event.
Results:18F-FDG PET/CT was positive in 100 (58%) patient$688=90/109) in the PVE and
16% (n=10/64) in the NVE group. Atmean follow of 225 days (199 to 251 days), thegry
endpoint occurred in 94 (54%) patients, 63 (58%hePVE group and 31 (48%) in the NVE
group. In the PVE group, positivé--FDG PET/CT was significantly associated with leighate
of primary endpoint (HR=2.7, IC95%=1.1 to 6.7; 34). Moderate to intenséF-FDG valvular
uptake was also associated with worse outcome (FR#295%=1.3 to 4.5; p=0.03) and to new
embolic events in PVE (HR=7.5; IC95%-= 1.24 to 4p20.03) and in NVE (HR=8.8; IC95%=
1.1 to 69.5; p=0.02). In the NVE groufF-FDG PET/CT was not associated with occurrence of
the primary endpoint

Conclusion: In addition to its good diagnosis performanée;FDG PET/CT is predictive of
major cardiac events in PVE and new embolic eveittsn the first year following IE.

Key words: valve diseasegndocarditis

Condensed Abstract

This study evaluated the prognostic value of 18-HEEJ/CT in infective endocarditis. Primary
endpoint included major cardiac events: in-hosgital one-year death, IE recurrence, new
embolism, urgent rehospitalization and acute carfdigure. In 109 patients with prosthetic
valve endocarditis'®F-FDG-PET/CT was associated with occurrence optireary endpoint
(HR=2.7, 1C95%=1.1 to 6.7; p=0.04). Moderate teim#e'®FDG uptake was also associated to
worse outcome (HR=2.3; IC95%=1.3 to 4.5; p=0.03) annew embolic events in PVE (HR=
7.5; p=0.03) and in NVE (HR=8.8; p=0.02). In 64igats with native valve endocarditis, the
NVE group,*®FDG-PET/CT was not predictive of primary endpoint.

Abbreviations

18E-FDG PET/CT!8F-Fluorodeoxyglucose Positron Emission Tomograpbgiuted
Tomography

MSCT: multislice cardiac Tomography
CRP:C-reactive protein

IE: infective endocarditis

IQR: interquartile range

NVE: native valvular endocarditis

PVE: prosthetic valve endocarditis

TEE: transoesophageal echocardiographic
TTE: transthoracic echocardiography



Introduction
Prognosis of infective endocarditis {IEE poor with a still unacceptable reported in-
hospital (1-3) and long-term (4-6) mortality raRecent guidelines (7,8) emphasize the benefits
of a multidisciplinary approach led by the Endodagsd'eam, the key role of an early surgery in
the active phase of IE (9,10), and the importari@aarly prognostic assessment allowing an
earlier management. Several prognoftators have beedentified such as advancede,
multiple comorbidities, heart failure, uncontrolledection, embolic event, diabetes mellitus,
renal insufficiencystaphylococcus-related JEschemic stroke or brain hemorrhage and
echocardiographic findingd 1{-13). However, the individual prediction of evenstill difficult
and additional prognostic markers may be usefuhpidly choose the best therapeutic option.
¥E-Fluorodeoxyglucose Positron Emission Tomography/@aed Tomography'§F-
FDG PET/CT) demonstrated to be able to improvedtagnosis of prosthetic valve endocarditis
(PVE) (14-16) increasing the sensitivity of the nfiedl Duke criteria from 70% to 97 % (14).
Multi-imaging approach is nowadays essential indiagnostic work out of IE (17,18) and has
been integrated in the 2015 European Society adiGlagy criteria (7). However, to date and to
our best knowledge, no study focused on the prdgnealue of'®F-FDG PET/CT in IE.
Therefore, we aimed to assess the prognostic wdltf&-FDG PET/CT in patients with
PVE and NVE.
Methods
Population
FromJanuary 2011 to October 2017, all consecutive sdalinitted in the Department of
Cardiology in the teaching hospital La Timone (Mslis, France) with a definite diagnosis of

left-sided IE were prospectively eligible to enttee study. Whether admitted for PVE or NVE,



patients underwent a clinical 18F-FDG PET/CT whics realized as soon as possible after
their admission. All patients had a follow up aB16 and 12 months after discharge including a
physical examination, echocardiographic and bi@algevaluation. If the patient did not
complete the follow up, the patient, his familynis cardiologist was reached by phone. Patient
exclusion criteria were: incapacity to lie flategnancy, need for urgent cardiac surgery,
hemodynamic instability and blood glucose levelB=g/L at time of-8F-FDG PET/CT, cardiac
surgery during the 3 preceding months, right sitledr intra cardiac device infection atfF-
FDG PET/CT performed more than 14 days after astitbinitiation. Written informed consent
was obtained from all patients using an approvetiogol, which was validated by the
institutional board.
Clinical and imaging data

Several data were collected during hospitalizagind during follow up: age, sex, age and
type of prosthetic valve, Charlson comorbidity indeistory of diabetes, cancer, chronic renal
insufficiency, high blood pressure, C-reactive piotevel (CRP), causative pathogens, heart
failure episode, embolic events (before treatmeninaler antibiotics), need for surgery and its
indication, recurrence of IE, re-hospitalizatiam hiospital death and death during the 1 year
follow up. Echocardiographiand multislice cardiac tomography (MSCT) data wadse
gathered. Transthoracic (TTE) and transesophagbatardiographic (TEE) analyses were
interpreted by experienced senior cardiologisthocardiographic data included the presence of
vegetation, its length and mobility and the presesicparavalvular complications including
abscesses, pseudo-aneurysm and fistula. Measureoferggetation length were performed in
various planes, and maximal length was used. Myghilas defined by vegetation with a fixed

base but with a mobile free edge or pedunculatgéte¢éion remaining within the same chamber



or a vegetation prolapsing and crossing the coaptatane of the leaflets during the cardiac
cycle. An abscess was defined as a thickened ameass with a heterogeneous echogenic or
echo lucent appearance.(Recurrence included relapse due to a repeat eptdditecaused by
the same microorganism and reinfection due to fattion by a different microorganism.
¥F-FDG PET/CT.

Patients fasted for 12 hours befdfE-FDG PET/CT to limit physiological myocardial
18-FDG uptake. Patients received a low carbohydhagg fat and protein meal befof#-FDG
PET/CT (Discovery PET/CT 710, General Electric, Milwauk¥éisconsin). Imaging started 60
min after 18-FDG injection (5mBg/kg) with a non-amiced, low dose computer tomography
scan (120kv, 80mA) with a whole-body PET acquisiticn 3-dimensional (3D) mode.
Transverse PET slices were reconstructed into 288 matrix using the OSEM (ordered-
subset-expectation-maximisation) algorithm. The Riata were linked with the CT data. The
data analysis (Xeleris, General Electric before @hd Advantage Workstation, General
Electric after 2013) was based on visual interpieta Assessment of 18- FDG uptake was
performed by 2 experienced and blinded nuclear onegliphysicians. Examination was
considered positive when uptake was focal i.e tbssi 50% of the circumference’s valve.
Otherwise examination was considered negafathological uptake had to be confirmed in the
uncorrected imags. Abnormal valvular uptake was graded in 3 Iseales: low intensity uptake
when intensity in the valvular area was lower tkfa® intensity in the liver, moderate intensity
when it was equal or slightly superior and intenden uptake was far greatdirexamination
showed intense and homogenous myocardial uptake paor images, patient was excluded
from the study. Mean radiation dose for a wholeybt58-FDG PET/CT was 15mSv.

Definition of primary endpoint.



Primary endpoint was a composite of major adveasdiac events, i.e. in-hospital and
one-year death, recurrence of IE, acute cardideréainon-scheduled hospitalization for
cardiovascular reason, and new embolic event umadériotics.

Statistical analysis

Continuousvariables were expressed as the median (intertpieatige [IQR]) and
compared using the t-test or Mann-Whitney U testmvtine former could not be performed.
Categorical data were expressed as numbers (pages)tand@dompared using the Chi-square or
Fisher exact test when the former could not beoperdéd. Predictors dfF- FDG PET/CT were
analyzed by a logistic regression (logit modeled?ectors of primary composite endpoint were
analyzes using univariate and multivariate propodl hazard model (cumulative outcomes).
Hazards proportional assumption was evaluated imguke Schoenfed residual. Number of
predictors to include in the multivariate analysiere determined using Akaike’s information
criterion. Smaller AIC values indicated a betterdeldit. Survival rates from admission to
primary endpoint were summarized using Kaplan-Msigvival curve and log rank test were
used to perform comparison between positive andtheg®- FDG PET/CT groups. Statistical
analyses were separately conducted in the NVEl@&YE groups. Results with p values <0,05
were considered significant. Statistical analysés wonducted by Statview version 5.0 for
Windows.

Results
Baseline characteristics.

Three hundred sixty-seven patients were hospithfiaelE and underwent'§8F-FDG

PET/CT study. We excluded ohandred twenty-twgatients because IE involved cardiac

devices, pulmonary or tricuspid valves. Flowchdthe study is shown iRigure 1. Median age



was 67 years (interquartile range (IQR): 59-77 yetdsand mosof patients were men (70%).
The baseline characteristics are summarized ineThlidr the overall population, the PVE and
NVE groupsEchocardiographic paravalvular complications ineldidbscesses (n=46/67, 69%),
pseudo-aneurysm (n=20/67, 30%) and fistula (n=116@), MSCT showed 4 abscesses, 5
pseudoaneurysms, 3 vegetations and one aorticticickening. Theoretical indication for
surgery was present in 127 (73%) patients and %4=%3) finally underwent surgery.
Indications for surgery were heart failure (48%6h¥ prevention of embolism (30%, n= 38)
and uncontrolled infection (22%, n=28).

¥F-FDG PET/CT findings.

Median time from first antibiotic to examination své@ days (IQR: 4 to 8 days).
Characteristics of patients according totfie FDG PET/CT are shown in Table'®F-FDG
PET/CT was positive in 58 % (n=100/173), more oftethe PVE than in the NVE group (83%
and 16% respectively). By univariate analysis, ggesthetic valve, atrial fibrillation, CRP level
and paravalvular complications were associated avjpbsitive'®F-FDG PET/CT, while male
sex was associated with a negafiffe FDG PET/CT. By multivariable analysis, prosthetidve
(OR= 31 (10.8-93.1); p=0.0001), CRP (OR =1.1 (11(2%; p=0.02) and presence of
paravalvular complications (OR = 3.1 (1.2-8.2); &) were independent predictors of positive
¥F-FDG PET/CT.

In the PVE group (n=109), 19 false negative PE@isgiwere observed. Median CRP
level was lower in these patients (51.5 mg/L (24} & compared with the 90 PVE with positive
PET/CT (89 mg/L (26-126)), p=0.04.

At time of admission, secondary septic locationsewetected b¥?F-FDG PET/CT in 36% of

patients (n=62/173), including splenic (n=24), sphdadiscitis or arthritis (n=24), pulmonary



(n=20), vascular (n=5) or renal (n=2) uptakes. &art entry was identified in 16 patients by
¥F-FDG PET/CT, colic in 10 patients, dental in 3tarieous in 2 and on an orthopedic material
in 1.
Incidence of primary endpoint and major cardiacrege

At a mean follow-up of 225 days (IQR: 199 to 251 dags)nary composite endpoint
occurred in 94 (55%) patients, 63 (58%) in the RW&up and 31 (48%) in the native valve El
group (Table3). Median time from first day admissio composite endpoint was 45 days
(IQR:18 to 115 days). Cumulative incidence of endporiteria at one-year follow-up was 53 %
(95 % IC: 46% to 62 %)Higure 2). Fourteen (8%) patients died during hospital@afrom
post-operative complication (n=4), infective coroption (n=4) cardiogenic shock (n=4), and
neurological complication (n=2). One-year mortalitgs 20% (n=35 patients), 25(23%) in the
PVE groupand 10 (16%) in the NVE group. Median time to dea#is 51 days (IQR: 30 to 142
days). Unplanned re-hospitalization during the yellowing admission occurred in 40 (23%)
patients and was related to acute cardiac failr2Q@), septicemia (n=8), stroke (n=>5), atrial
fibrillation (n=3), atrioventricular block (n=2)ascular aneurysm (n=1) and acute coronary
syndrome (n=1). Recurrenoecurred in 15 patients (9%) including 5 relapses X0
reinfections with another pathogen. Median timestmurrence was 104 days (IQR: 33 to 224
days). Symptomatic embolic events after treatmeotiwed in 22 (13%) patients at a median
time of 14 days (IQR: 7 to 27 days). Location ofo@tism was cerebrovascular in 17 patients
(77%), vascular in 3 (14%), involving superior maseic artery (2) and right coronary artery
(1), hepatic (1) and renal (1).

Prognostic value offF-FDG PET/CT in the PVE group



Predictors of the primary endpoint are shown inl@db By univariate analysis, ager0
years, history of coronary artery disease, leftremar ejection fraction 45 %, renal
insufficiency at admissiorstaphylococcus aurewss causative pathogen, severe valve
regurgitation, CRP level 100 mg/L, leukocytes count>10000/mm3, vegetatsmyth > 10 mm,
positive’®F-FDG PET/CT and moderate to intense valviiiefFDG PET/CT uptake were
associated with increased rate of primary endpdime. best model selected by AIC was a model
with four predictors (CRP>100mg/L, severe valvukgurgitation, positive 18-FDG PET/CT
and moderate to intense 18-FDG valvular uptakeC&53.3). By multivariate analysis, CRP
level 100mg/L, a positivé®F-FDG PET/CT and a moderate to intetffeFDG PET/CT
valvular uptake remained associated with a higater of primary endpoinProportional hazards
assumption was confirmed by the Schoenfed resmhiiie test was not statistically significant
for each of the covariate (p>0.05) and the globst (p= 0.296)Central illustration (A,B)
shows the Kaplan-Meiaurvival curves and their comparisons for primargmint in case of
positive'®F-FDG PET/CT or ircase of moderate to intense valvular uptake anditative
incidence of primary-endpoint.

Positive'®F-FDG PET/CT was not associated with each separigggion of the primary
composite endpoint (Table ®Bxcept for new embolievents, which were more frequent in case
of moderate to intenséF-FDG PET/CT valvulauptake in the PVE group (HR: 7.5; IC95%=
1.2 to 45.2p=0.03) (Figure 3). New embolic events occurretlGrpatients with moderate to
intense'®F-FDG PET/CT uptake (1 in the NVE group and 15ia PVE group) and 6 patients
with negative or low8F-FDGPET/CT uptake (Figure 3A).

Prognostic value offF-FDG PET/CT in the NVE group.



Predictors of primary endpoint are shown in TablByunivariate analysis, only
diabetes mellitus, history of high blood pressusgetation length > 10 mm, and severe valve
regurgitation were associated with increased rbpgimary endpoint!®F-FDG PET/CT was not
predictive of the primary composite endpoint whettensidered positive or moderate to intense
18-FDG uptake. However, when displaying a moddmtetense uptaké®-FDG PET/CT was
associated with more frequent new embolic eventsarNVE group (HR: 8.8; 1C95%= 1.1-
69.5; p=0.02) Table 5, Figure 3B.

Discussion

To our best knowledge, this is the first study asie the prognostic value $F-FDG
PET/CT in IE. In case of PVE, positivé--FDG PET/CT was a predictor of bad outcome. In
addition, positivé®F-FDG PET/CT was also associated with a higherafskew embolism both
in the PVE and the NVE groups. Primary endpoinliding all major cardiac events occurred in
more than half of the patients (55%), confirming tleed for systematic and regular patient’s
follow-up after discharge (4,5).
1.18F-FDG PET/CT in infective endocarditis:

¥E-FDG PET/CT is now a recognized diagnostic meihalispected endocarditis,
particularly in suspected PVE (14-19), both for degnosis of cardiac (major criterion) and
peripheral (minor criterion) localization (7). Howes, a meta-analysis showed that pooled
sensitivity (when including NVE and PVE) 8F-FDG PET/CT for diagnosis of IE is only
76.8% and this relatively low accuracy was prinyadilie to the poor sensitivity for NVE (17).
Therefore, as recommended by current guideling, (fhe use of®F-FDG PET/CT for IE
diagnosis is only restricted to PVE. This was dieeonfirmed by our study where sensitivity for

PVE was much higher than for NVE. Several fact@gshbeen associated with a positive



PET/CT in previous studies (20), including PVE,itimof the'®F-FDG PET/CT study, and high
inflammatory activity (21). In a recent study (2%vart et al. showed that low CRP level
(<40mg/L) was predictive of false negati?&-FDG PET/CT. Similar results were observed in
our series, in which median CRP levels were lowetd patients with PVE and false negative
8E-FDG PET/CT, as compared with 90 patients with RWE positivé®F-FDG PET/CT. By
multivariable analysis, only prosthetic valve, higRP value and presence of paravalvular
complications were independent factors of positftfeFDG PET/CT. CRP level was an
independent predictor of positiVé-FDG PET/CT both in the PVE group and in the olera
population. Physician should be aware of the ridlalse negativé®F-FDG PET/CT in case of
low systemic inflammation.

2 —18F-FDG PET/CT predicts bad outcome in PVE:

Early and accurate prognostic assessment is askag in IE. In addition to conventional
clinical, biological, and echocardiographic markgrs, 12, 22), our study showed th&-FDG
PET/CT was able to provide independent informagibaut the risk of occurrence of
complications (heart failure, in-hospital and omeaiydeath, recurrence, new embolism and re-
hospitalization) in patients with IE. We also ohsesl a “dose-effect” relationship as a moderate
to intense uptake was even more strongly assoomtadnajor cardiac event, as compared with
negative or low intensity uptake. Interestinglystgynic inflammation measured by C-reactive
protein was also an independent predictor of adveasdiac events. Therefore, inflammation
either systemic or focal has a key role in the posis of IE. High level of inflammation
suggests poor outcomes and occurrence of majoiacaadverse event.

3 —18F-FDG PET/CT predicts embolic events:



Embolic events are a frequent and life-threatecmmplication of IE related to the
migration of cardiac vegetations. Although sevéaators have been associated with an
increased risk of embolism (23), its predictiostd difficult in the individual stratification. Qr
study showed that both in case of PVE or NVE;FDG PET/CT was an independent predictor
of new embolism. To date, the size of the vegatasacknowledged to be the best predictor of
new embolic event and our study shows that, indéguetly of the vegetation size, the presence
of a high level of local inflammatien assessediFDG PET/CT is also predictive of new
embolic event. Vegetation length al¥#&-FDG uptake seem to be two complementary predictor
of new embolism. Therefore, in addition to echoaagchphic findings, a positiveF-FDG
PET/CT at time of admission might be consideredraadditional indication for prophylactic
surgery in patients with large vegetations. Howesgrce our study is the first to have
highlighted this finding, additional studies arerrated to demonstrate that the addition of a
positive'®F-FDG PET/CT to echocardiographic data at timedohigsion may help deciding the
indication and timing of surgery in these patients.

Study limitations

Our study is limited by the relative low numberpattients and eventgarticularly in
NVE since the number of positivéF-FDG PET/CT was low in this group. Thus, the pisjit
value of'®F-FDG PET/CT has only been demonstrated in PVE avitbmposite endpoint but
not with the in-hospital nor long-term mortalitipespite this limitation, we were able to
demonstrate the value 8F-FDG PET/CT in predicting embolic events evemifien the low
event count of new embolic event, statistical testee performed without adjustment. Finally,
our results cannot be applied in critically ill jgatts since they were unable to perfdffa-FDG

PET/CT, representing a selection bias.



Conclusion

This is the first study assessing the prognostigevaf'®F-FDG PET/CT. Our study
showed that the nuclear imaging technique was giiediof major adverse cardiac event (in
hospital death, one-year death, recurrence ordigacardiac insufficiency, symptomatic
embolism under antibiotics and non-scheduled ratadgation for cardiovascular indication) in
case of PVE. These results reinforce the utility6fFDG PET/CT in PVE, and justify its use in
this population, not only for diagnostic purposé &iso for prognostic assessméfie-FDG
PET/CT enables a prognostic stratification and khba used in clinical practice for optimal

patient's management and therapeutic decisionicpéatly in PVE.



Perspectives

Competency in Patient Care and Procedural SkilBf-Fluorodeoxyglucose Positron Emission
Tomography /Computed Tomography (18F-FDG PET/CTH)lmauseful for diagnosis and
estimation of prognosis in patients with infectesedocarditis (IE).

Translational Outlookfuture studies should focus on defining the appatpuse of 18F-FDG

PET/CT imaging in the evaluation of patients wih |
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Figure Legends

Central Illustration: Prosthetic Valve Endocarditis: Kaplan-Meier Curves. (A1) Kaplan-
Meier curve at 1-year follow-up for therimary endpoint incidence in the PVE group compari
positive versus negati¥#-FDG PET/CT. A2 shows cumulative incidence cuiwetfie primary
endpoint in case of positivéF-FDG PET/CT (62% (95% IC:53% to 73%)) or in case o
negative!®F-FDG PET/CT (38% (95% IC:27% to 47%)). (B1) shd¢aplan-Meier curve
comparing negative or loWF-FDG uptake versus moderate to intel¥6eFDG uptake. B2
shows cumulative incidence curve for the primargpaint in case of moderate to inteA%e-
FDG uptake (64% (95% IC: 54% to 76%)) or of negatfF-FDG PET/CT or low®F-FDG
uptake (36% (95% IC:26% to 46%Hbbreviations. PVE: prosthetic valvular endocasdiiF-
FDG PET/CT *®¥Fluorodeoxyglucose Positron Emission/ Computerizeshography.

Figure 1: Flowchart of the study.Blue boxes indicate patients included in the fexahlysis.
Red boxes indicate the reason for exclusion andtinger of patients. IE: infective
endocarditis!®F-FDG PET/CT *¥Fluorodeoxyglucose Positron Emission/ Computerized
Tomography. PVE: prosthetic valve endocarditis. N¥&ive valve endocarditis.

Figure 2: Primary Endpoint Incidence. Figure 2A shows B Kaplan- Meier curve at 1 year
follow up in the overall population. The blue cumepresents cumulative incidence of primary
endpoint in the overall population and red curie®95% confidence interval. Cumulative
incidence was 54 % (95 % IC: 46% to 62 %) in therall population. Figure 2B represents
cumulative incidence of primary endpoint and it&®&onfidence interval in the NVE group.
Cumulative incidence was 48 % (95 % IC: 38% to §4ri¥the NVE population. Figure 2C

represents cumulative incidence in the PVE growpn@ative incidence was 58 % (95 % IC: 48



% to 67 %) in the PVE population Abbreviations: N\f&ative valvular endocarditis. PVE:
Prosthetic valvular endocarditis.

Figure 3: 18-FDG PET/CT as a Predictor of New Emba$m. Figure 3A shows survival curve
without new embolism in the PVE group and log r&est p value when comparing in blue,
negative versus positivéF-FDG PET/CT and in red, negative or lo##F-FDG uptake versus
intense uptake. Figure 3B shows survival curve auitmew embolism in the NVE group when
comparing in blue negative versus posifitfe FDG PET/CT and in red negative or I&%-

FDG uptake versus intense uptalkébreviations: NVE: native valvular endocardif®/E:
Prosthetic valvular endocarditi$F-FDG PET/CT ‘®Fluorodeoxyglucose Positron Emission/

Computerized Tomography.
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Patients with definite IE with 18-FDG PET/CT (n=367)

Definite left-sided [E {n=245)

Study populaticr [(n=173)
FY%E {n=109,

NVE (r=6d!

Definite right-sided |E and CDRIE
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18-FDG PET/CT performed = 14 days
after antibiotic regimen {n=65)
Uninterpretable 18-FDG PET/CT
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