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RESUME

Comparaison des critéres de Duke, ESC 2015, ISCVID 2023 et ESC 2023 pour le

diagnostic des endocardites sur TAVI.

Contexte : L’endocardite infectieuse sur TAVI est une pathologie rare mais grave associée a
un pronostic effroyable et dont le diagnostic constitue un véritable challenge. Les classifications
ESC 2015, ISCVID 2023 et la récente classification ESC 2023 n’ont a ce jour pas été¢ comparées

a I’historique classification de Duke pour le diagnostic des endocardites sur TAVI.

Objectifs :

L’objectif de cette étude était de comparer la valeur diagnostique des critéres de Duke, des
criteres ESC 2015, des critéres ISCVID 2023 et des critéres ESC 2023 pour le diagnostic des
endocardites sur TAVI.

Les objectifs secondaires étaient i: de déterminer quels critéres augmentaient la précision
diagnostique de chaque classification, et ii : de rapporter la mortalité hospitaliére et la mortalité

a un an des patients avec endocardite sur TAVI.

Matériel et méthodes : De janvier 2015 a mai 2022, 92 patients ont été inclus
rétrospectivement dans 2 centres francais, incluant 82 endocardites certaines et 10 exclues

d’apres le consensus d’experts (Gold standard).

Résultats : La sensibilité diagnostique de la classification de Duke pour le diagnostic des
endocardites sur TAVI était de 65% (IC 95% : 53 a 75%) et la spécificité était de 100% (IC
95% : 69 a 100%). Les criteres ESC 2015 ont permis d’augmenter significativement la
sensibilité de 65 a 73% (IC 95% : 62 a 82%) avec une faible diminution de spécificité de 100 a
90% (IC 95% : 55 a 100%). La classification ISCVID 2023 a permis une augmentation
significative de la sensibilité diagnostique comparativement a la classification de Duke de 65%
a 76% (IC 95% : 65 a 84%) avec une diminution de spécificité de 100 a 90% (IC 95% : 55 a
100%). Enfin, la classification ESC 2023 a permis une augmentation significative de la
sensibilité diagnostique comparativement a la classification de Duke de 65% a 77% (IC 95% :
66 a 85%) avec une diminution de spécificité de 100 a 90% (IC 95% : 55 a 100%). Il n’y avait
pas de différence statistiquement significative entre les classifications ESC et ISCVID ni entre
les classifications ESC 2015 et 2023. Le TEP-scanner au '8F-FDG a permis la reclassification
correcte de 10 patients (11%) et le scanner cardiaque a permis de rectifier le diagnostic d’un
patient (1%). L’ajout de la spondylodiscite comme critére mineur dans les récentes

recommandations européennes ESC 2023, a permis de reclasser correctement un patient (1%).
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La mortalité hospitaliere était de 21% chez les patients avec endocardite certaine et de 10% en
cas d’endocardite exclue (p=0,68). La mortalité a un an était de 38% chez les patients avec

endocardite sur TAVI certaine.

Conclusion : L’imagerie multimodale (particulierement grace au TEP-scanner et au scanner
cardiaque) est la pierre angulaire du diagnostic de I’endocardite sur TAVI. Cette approche
explique la meilleure sensibilité diagnostique des classifications ESC 2015 et ISCVID 2023

pour le diagnostic des endocardites infectieuses sur TAVI.

Mots-clés : valve aortique percutanée (TAVI), endocardite infectieuse, imagerie nucléaire.
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ABSTRACT

Comparison between Duke, ESC 2015, ISCVID 2023 and ESC 2023 criteria for the

diagnosis of TAVR-related infective endocarditis.

Background: TAVR infectious endocarditis (IE) is a rare but severe disease associated with a
poor prognosis. TAVR-IE diagnosis is challenging, and benefits of the ESC 2015 criteria, the
new ISCVID 2023 criteria and the recently published ESC 2023 criteria have not been

compared with the conventional Duke criteria.

Objectives: The primary objective was to compare the diagnostic value of Duke criteria, 2015
modified-ESC criteria, ISCVID 2023 and ESC 2023 criteria for the diagnosis of TAVR-IE.
The secondary objectives were i: to determine which criteria increase the diagnostic accuracy

of each classification, and ii: to assess in-hospital and 1-year mortality of TAVR-IE.

Methods: From January 2015 to May 2022, 92 patients with suspected TAVR-IE were
retrospectively included in 2 French centers, including 82 definite and 10 rejected TAVR-IE,

as defined by an expert Consensus.

Results: The Duke classification provided a sensitivity of 65% (95% IC: 53% to 75%) and a
specificity of 100% (95% IC: 69% to 100%) for the diagnosis of TAVR-IE. The ESC 2015
classification increased the sensitivity of Duke criteria from 65% to 73% (95% IC: 62% to 82%)
with a statistically significant difference (p=0,016) but decreased its specificity from 100% to
90% (95% IC: 55% to 100%). ISCVID 2023 increased the sensitivity of Duke criteria from
65% to 76% (95%IC: 65% to 84%; p=0,004) but decreased its specificity from 100% to 90%
(95% IC: 55% to 100%). ESC 2023 increased the sensitivity of Duke criteria from 65% to 77%
(95%IC: 66% to 85%) but decreased its specificity from 100% to 90% (95% IC: 55% to 100%).
There was no significant difference between ESC 2015 and ISCVID criteria in terms of
sensitivity nor specificity, neither between ESC 2015 and ESC 2023 criteria.
BE_FDG-PET/CT resulted in a correct reclassification of 10 patients (11%) and cardiac-gated
CT in 1 patient (1%). Adding spondylodiscitis as a minor criterion in ESC 2023 criteria resulted
in a correct reclassification in 1 patient (1%). In-hospital mortality was 21% in definite IE group
compared with 10% in rejected IE group (p=0,68). One-year mortality in definite TAVR-IE
group was 38%.
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Conclusion: A multimodality imaging approach (especially with the use of *F-FDG-PET/CT
and cardiac-gated CT) is the cornerstone of TAVR-IE diagnosis and explains the greater
sensitivity of ESC (2015 and 2023) and ISCVID criteria compared to Duke criteria.

Key words: transaortic valve replacement, infective endocarditis, nuclear imaging.
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ABBREVIATIONS

BEV: balloon-expandable valve

BMI: Body Mass Index

CTA: computed tomography angiography

ESC: European Society of Cardiology

EuroSCORE: European System for Cardiac Operative Risk Evaluation

18F-FDG: 18F-fluorodeoxyglucose

HACEK: Haemophilus species, Aggregatibacter aphrophilus, Cardiobacterium hominis, Eikenella

corrodens, Kingella kingae

IE : infective endocarditis

IFA: immunofluorescence assay

ISCVID: Society for Cardiovascular Infectious Diseases

MDCTA: multidetector computed tomography angiography

PCR: polymerase chain reaction

PET: Positron emission tomography

PVE: prosthetic heart valve endocarditis

SAVR: surgical aortic valve replacement

SUV: Standardized Uptake Value

TAVR: transaortic valve replacement

TEE Transesophageal echocardiography

TTE Transthoracic echocardiography
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INTRODUCTION

Infectious endocarditis (IE) is an infectious disease of the endocardium (especially cardiac
valves) associated with a very poor prognosis. Annual incidence reported is up to 10/100000 in
general population and mortality is up to 30% at 30 days (1). Epidemiology has gradually
changed with the increasing use of implantable cardiac devices and valvular prostheses; the
latter being increasingly implanted by percutaneous access in an ageing population.
In elderly people, aortic stenosis is the most common valvular lesion (2). Since it was developed
by Pr. Alain Cribier’s team in 2002 (Rouen, France), the transaortic valve replacement (TAVR)
therapy has revolutionized the management of these patients with severe aortic stenosis who
were not candidates for surgery or at high risk for per and post-operative complications(3).
Despite numerous technical advances, one of the TAVR complication may be IE. Although IE
is a rare complication of TAVR (4-10), it is associated with a very poor prognosis (4-8,10-14).
In a recent meta-analysis, Del Val et al related an incidence of TAVR-related IE varying from
0,3 to 2,0 per 100 person-years (8), these rates being similar to surgical aortic valve replacement

(SAVR)-related IE prevalence (14) (15).

TAVR-related IE (TAVR-IE) is therefore associated with very high mortality rates (16-64%
in-hospital mortality, 27-75% 1-year mortality)(8). Poor prognosis can be partly explained by
the fact that TAVR was initially only indicated in patients with high surgical risk. TAVR-IE is
thus a serious disease in a vulnerable population with comorbid medical conditions. However,
indications of TAVR have progressively been extended to a younger and lower-risk population
(3), potentially modifying the epidemiology, prognosis and management of TAVR-IE.
TAVR-IE is a challenging diagnosis as clinical presentation is frequently atypical, blood
cultures being frequently negative and transesophageal echocardiography (TEE) being most of
the time inconclusive (4). Indeed, Salaun et al. reported inconclusive echocardiographic
findings in more than 40% of patients whereas leaflet thickening and increased residual

transvalvular mean gradient were identified in 70% and 80% of definite TAVR-IE cases,
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respectively (16). It contributes to explain the low accuracy of Duke criteria for TAVR-IE.
Since 2015, 'F-FDG-PET/CT and cardiac-gated CTA have been added as major criteria in the
ESC 2015 infectious endocarditis guidelines and several studies showed a significant
improvement in the PVE diagnosis accuracy (8, 17-19). Cardiac-gated CTA is known for its
accuracy for detection of perivalvular infection and '®F-FDG-PET/CT for bringing metabolic
data and detecting extracardiac complications (18). Therefore, multimodality imaging approach

appears to be the cornerstone of TAVR-IE.

Recently, new IE criteria have been published by the Society for Cardiovascular Infectious
Diseases (ISCVID) including new microbiological diagnostic techniques, new imaging criteria

and a new surgical criterion (intra-operative inspection) (20).

Finally, the European Society of Cardiology has recently published in late August 2023 a
modified diagnostic classification (compared to ESC 2015) adding new minor criterion and

some changes in major criteria (notably about imaging techniques).

To our knowledge, all these classifications had never been compared, especially in TAVR-IE.

The aim of this multicentric retrospective study was to compare the diagnostic value of Duke
criteria, 2015-modified ESC criteria, ISCVID 2023 criteria and ESC 2023 for the diagnosis of
TAVR-IE. The secondary objectives were to determine which criteria increased the diagnostic

accuracy of each classification and to assess in-hospital and 1-year mortality of TAVR-IE.
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METHODS

Population

From January 2015 to May 2022, all consecutive adults admitted in two French hospital centers
(La Timone Academic Hospital of Marseille and Academic Hospital of Tours) for suspected
TAVR-IE were retrospectively included. Data were collected using local computer patient
record. We collected baseline data (sex, age, Body Mass Index, main comorbidities, and risk
scores: EuroSCORE and Charlson comorbidity index), TAVR related data (date, indication,
access, type of prosthesis, main complications, etc.), clinical, biological and microbiological
data. Were also detailed echocardiographic, '*F-FDG-PET/CT and cardiac-gated CT data.
VARC-2 definitions were used to relate outcomes (21). IE-related complications and morbi-
mortality under treatment and during follow-up (such as emboli, heart failure, in-hospital and

one-year mortality) were collected.

Patients’ classification

All patients were scored by using the 4 following classifications: Duke criteria, 2015 ESC
criteria, ISCVID 2023 criteria and ESC 2023 criteria. The Gold Standard diagnosis (either
rejected or definite TAVI-IE) was defined as an expert consensus of the Endocarditis Team
established three months after admission, and based on data obtained during follow-up,
including results of clinical, microbiological, and repeated imaging, visual and pathologic
evaluation of explanted prostheses, and molecular biology techniques. The Endocarditis Team,
as defined in the ESC Guidelines (22), includes in a Heart Valve Center specialists with direct
involvement in IE diagnostic and therapeutic processes (involving at least a cardiologist, a
cardiothoracic surgeon, an infectious disease specialist, and a cardiac radiologist and nuclear

medicine physician).
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Microbiology

Microbiological data were recorded including blood cultures, serological tests, explanted

tissues cultures (when surgery was done) and molecular analysis. According to Duke and ESC

2015 criteria (4) (22), a major microbiological criterion is defined by:

- detection of typical microorganisms consistent with IE from two separate blood cultures
(Viridans streptococci, Streptococcus gallolyticus, HACEK group, Staphylococcus aureus
or community-acquired Enterococci)

- or micro-organisms consistent with IE from persistently positive blood cultures (>2 positive
blood cultures of blood samples drawn >12 h apart or all of 3 or a majority of >4 separate
cultures of blood with first and last samples drawn >1 h apart)

- or single positive blood culture for Coxiella burnetii or phase 1 IgG antibody titer >1:800.

A minor microbiological criterion is defined by positive blood culture that does not meet a

major criterion.

The ISCVID 2023 criteria (20) removed requirements for timing and separate venipunctures

for blood cultures and added typical pathogens:

- S lugdunensis, E. faecalis, all Streptococci except S. pneumoniae and S. pyogenes,
Granulicatella spp, Abiotrophia spp and Gemella spp.

- and organisms to be considered “typical” IE pathogens in the setting of intracardiac
prosthetic material: coagulase negative Staphylococci, Corynebacterium striatum, C.
jeikeium, Serratia marcescens, Pseudomonas aeruginosa, Cutibacterium acnes,

nontuberculous mycobacteria, and Candida spp.

Furthermore, this classification added new major criteria for fastidious pathogens:

- PCR or amplicon/metagenomic sequencing identifies C. burnetii, Bartonella spp or T.
whipplei from blood or

- IFA >1:800 for IgG antibodies identifies B. henselae or B. quintana.
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Compared to Duke and ESC 2015 criteria, the ESC 2023 criteria added Enterococcus faecalis

as a typical micro-organism.

Imaging

-Echocardiography:  Transthoracic  echocardiography (TTE) and transesophageal

echocardiography (TEE) whenever possible were performed in all included patient. In all
classifications, a positive echocardiogram was defined by the presence of at least one of the
following lesions characteristic of IE (according to ESC and AHA guidelines for IE (4) (23)
(24): vegetation, abscess, pseudoaneurysm, intracardiac fistula, valvular perforation or
aneurysm, new partial dehiscence of prosthetic valve. In addition to these characteristic lesions,
were appreciated TAVR leaflets thickening, left ventricular systolic and diastolic function,
valvular function (including mean transvalvular gradient) and paravalvular aortic
regurgitations.

-Cardiac-gated CT: Scans were performed either with retrospective ECG-gating or a dedicated

CT acquisition protocol with ECG-gating tailored to the imaging of prosthetic heart valves to
provide optimal image quality at minimal radiation exposure. Whenever possible, cardiac-gated
CT was combined with a full body CT to detect possible embolic complications. A positive
cardiac-gated CT was defined according to ESC 2015 guidelines by the presence of
paravalvular lesions whereas ISCVID 2023 and ESC 2023 classifications extended the
definition to the echocardiographic findings (such as valvular vegetation). Cardiac-gated CT
counted as a major criterion in both classifications.

-18F-FDG PET/CT: Patients fasted for 12 hours before 18F-FDG PET/CT to limit

physiological myocardial 18F-FDG uptake. PET Computed Tomography was performed on the
latest generation equipment (General Electric) taking cardiac movements into account (ECG
synchronization) and providing a 2 millimeters spatial resolution. Imaging began 60 minutes
after 18F-FDG injection, in patients lying and resting, by a low dose CT to correct attenuation

(120 kV, 80 mA), with no administration of iodinated contrast agents. Body PET acquisition
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was then performed, from cranial vertex to mid-thigh, in a 3D-mode, for a period of 2 minutes
by bed position. A valvular prosthesis uptake was defined as a major criterion according to ESC
2015 and ISCVID criteria when the TAVR was implanted for more than 3 months and
corresponded to a minor criterion if the TAVR was implanted for less than 3 months according
to ISCVID criteria. ESC 2023 criteria removed this distinction with a valvular uptake counting

as a major criterion regardless of the delay to surgery.

The valvular uptake assessment was visual for all patients (described as intense, moderate, or
weak) and quantitative with calculation of SUV max when this data was provided. A whole-
body acquisition was performed to detect silent embolic events and septic metastases defined

as extracardiac abnormal uptakes (minor criterion in both ESC and ISCVID criteria).

Surgery

In ISCVID 2023 criteria, a surgical criterion (intraoperative inspection) has been added as a
major criterion in the absence of a major criterion by cardiac imaging or histopathology.

Differences between each classification are summarized in Table 1.

Definition of primary and secondary objectives and endpoints

The primary objective was to assess the diagnostic value of Duke criteria, ESC 2015 criteria,
ISCVID 2023 criteria and ESC 2023 criteria in the diagnosis of TAVR-IE with sensitivity and

specificity of each classification defined as primary endpoints. The secondary objectives were:

- to determine the criteria increasing the diagnostic accuracy of each classification, in other
words which criteria enable reclassification of patients from “possible” to “definite” IE.

- to assess in-hospital and 1-year mortality of TAVR-IE.
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Statistical analysis

To describe the sample, we used mean + standard deviation or median [range] for continuous
variables and counts (%) for categorical ones. The association with final diagnosis of IE (or
other binary variables) was tested using Mann-Whitney test for continuous variables and > or
Fisher's exact test for categorical ones. The sensitivity, specificity and accuracy of the criteria
evaluated, and their 95% confidence intervals were estimated using epiR package for R 4.3.1
software (The R Foundation for Statistical Computing Platform, Vienna, Austria). Mc Nemar
test was used to compare different criteria. Survival curves were plotted using the Kaplan-Meier
method and compared using log-rank test. For all two-sided analyses, a p <0.05 was considered

statistically significant.
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RESULTS

Baseline characteristics

Among the 92 patients with suspected TAVR-IE, 82 had definite IE and 10 had rejected IE, as
defined by an expert consensus of Endocarditis Team after 3-months follow-up as Gold
Standard. Based on Duke criteria, 53/92 patients (58%) had the diagnosis of definite TAVR-
IE, 61/92 patients (66%) according to ESC 2015 criteria, 63/92 patients (68%) following
ISCVID classification and 64/92 patients (69%) according to ESC 2023 criteria. These data are

summarized in the flowchart of the study (Figure 1).

Figure 1 92 patients with suspected TAVR -related IE
Flowchart of the study

Duke 53 definite 1E 34 possible 1E 5 rejected
ESC 2015 61 definite IE 26 possible IE S rejected IE
ISCVID 2023 63 definite 1E 26 possible IE 3 rejected IE
ESC 2023 64 definite [E 25 possible IE 3 rejected IE
Gold standard 82 definite IE 10 rejected IE

Baseline characteristics are reported in Table 2. Median age was 80 (range: 65 to 97) years, and
68% were male. Thirty-seven per cent had a pacemaker, 9% had an history of valvular surgery
and 10% had an history of IE. The median Charlson comorbidity index was 6 (range 3 to 13).
Eighty-five per cent of patients had fever at hospital admission (88% in definite TAVR-IE
group versus 60% in rejected TAVR-IE group, p=0,042). Twenty-eight per cent of patients had

at least an embolism before antibiotic therapy (32% in definite TAVR-IE group versus 0% in
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rejected TAVR-IE group, p=0.029), of which 11% were stroke. Blood cultures were negative
in 10% of cases (5% in TAVR-IE group). The most frequent identified pathogens in definite
IE group were Enterococcus species (35%), Gastro-intestinal Streptococci (18%), Oral
Streptococci (13%) and Coagulase negative Staphylococcus (13%) as shown in Figure 2. Most
of the time, the source of bacteriemia was unidentified (57% of cases), a gastro-intestinal cause

was identified in 22% of definite TAVR-IE patients as represented in Figure 3 (supplementary

data). Of note, 54% of TAVR-IE were healthcare associated infections.

Figure 2

Characteristics : TAVR-IE microbiology

= Enterococcus

= Gastrointestinal
Streptococci

= Oral Streptococci

= Staphylococcus aureus
Coagulase negative
Staphylococcus

= Other bacteria

= Negative blood culture
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Table 2 Baseline characteristics

All patients (N=92) Definite IE (N=82) Rejected IE (N=10)  p value
cal data
. years (min-max) 80 (65-97) 81 (65-97) 80 (76-83) 0.421
fale sex, n (%) 68 (74) 60 (73) 8 (80) 1
MI. kg/m* (min-max) 27 (15-47) 28 (19-47) 24 (15-34) 0.11
iabete mellitus, n (%) 38(41) 33 (40) 5(50) 0.736
igh blood pressure, n (%) 73 (79) 64 (78) 9(90) 0,681
moking, n (%) 41 (45) 34 (41) 7(70) 0.104
story of IE. n (%) 8(9) 8(10) 0(0) 0.592
onary artery disease, n (%) 43 (47) 37 (45) 6 (60) 0.506
istory of atrial fibrillation. n (%) 44 (48) 37 (45) 7(70) 0.185
acemaker (ICD) . n (%) 34(37) 3037) 4 (40) 1
Defibrillator (ICD) , n (%) 2(2) 2(2) 0(0) 1
History of valvular surgery. n (%) 7(8) 6(7) 1(10) 0.566
History of stroke, n (%) 10 (11) 8(10) 2(20) 0.297
Chronic respiratory disease. n (%) 20(22) 18 (22) 2(20) 1
Chronic renal failure, n (%) 25(27) 22(27) 3(30) 1
Hemodialysis. n (%) 2(2) 2(2) 0(0) 1
Cirrhosis. n (%) 505) 5(6) 0(0) 1
History of organ transplantation, n (%) 2(2) 1(1) 1(10) 0,207
History of cancer< 5 years, n (%) 7(8) 5(6) 2(20) 0.166
FUROSCORE (min-max) 18 (5-73) 19 (5-73) 13 (5-27) 0,075
Charlson comorbidity index (min-max) 6(3-13) 6(3-13) 7(4-13) 0.424
TAVR data
ITAVR indication: aortic stenosis, n (%) 84 (91) 75(91) 9(90) 0.617
ITAVR indication: aortic insufficiency, n (%) 2(2) 2(2) 0(0) 0,793
ITAVR indication: structural aortic bioprothesis degeneration, n
%) 7(8) 6(7) 1(10) 0.566
Valve-in-valve TAVR, n (%) 8(9) 7(9) 1(10) 0.617
Local anesthesia, n (%) 75 (90) 66 (90) 9 (90) 0.659
[Femoral percutaneous access, n (%) 75 (90) 66 (90) 9(90) 0.504
Balloon-expandable valve, n (%) 60 (74) 55(78) 5(50) 0.076
Major bleeding after TAVR. n (%) 1(1) 0(0) 1(10) 0.111
Major vascular complication after TAVR, n (%) 6(7) 5(6) 1(10) 0.517
Pacemaker following TAVR. n (%) 21(23) 17 (21) 4 (40) 0,228
Clinical data
Health care-associated infection, n (%) 50 (54) 4459 6 (60) 0.486
Fever, n (%) 78 (85) 72 (88) 6 (60) 0,042
Heart failure, n (%) 34(37) 3037) 4 (40) 0.544
Septic shock. n (%) 5(5) 5(6) 0(0) 0,555
Embolism before antibiotic therapy, n (%) 26 (28) 26 (32) 0(0) 0,029
Stroke, n (%) 10 (11) 10(12) 0(0) 0.594
Mycotic aneurysm, n (%) 505) 5(6) 0(0) 0,555
Spondylodiscitis, n (%) 18 (20) 17(21) 1(10) 0.68
Biological data
[Leukocytes count, G/L (min-max) 10 (3-27) 10 (3-27) 10 (3-25) 0,572
ICRP. mg/L (min-max) 107 (0-434) 115 (3-434) 40 (0-103) 0,001
Hemoglobin, g/dL (min-max) 11(7-13) 10 (7-13) 12 (9-13) 0,002
Rheumatoid factor (min-max) 34 (0-250) 38 (0-250) 14 (0-35) 0.514
Microbiological data
Enterococcus species, n (%) 30(33) 29 (35) 1(10) 0,158
Digestive Streptococd, n (%) 16 (17) 15(18) 1(10) 0.449
Oral Streptococd, n (%) 11(12) 11 (13) 0(0) 0.261
Staphylococcus aureus, n (%) 8(9) 7(9) 1(10) 0,617
Coagulase negative Staphylococcus, n (%) 13(14) 11(13) 2(20) 0.629
Other bacteria, n (%) 7(8) 7(9) 0(0) 0.434
Negative blood cultures, n (%) 9(10) 4(5) 5(50) 0,001
[Echocardiographic findings
lAortic vegetation, n (%) 38 (42) 38(47) 0(0) 0,004
IAortic periannular abscess, n (%) 15 (16) 15(18) 0(0) 0.205
[Fistula, n (%) 2(2) 2(2) 0(0) 0.791
Trans-valvular gradient, mmHg (min-max) 17 (4-44) 18 (4-44) 9(5-13) <0,001
Leaflet thickening. n (%) 24 (26) 23 (28) 1(10) 0.281
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Imaging findings

-Echocardiography: All patients underwent TTE and 89% (82/92) underwent TEE. In definite

TAVR-IE group, 24% of TTE and 52% of TEE respectively were positive. A vegetation was
found in 47% of definite TAVR-IE group, a peri-annular abscess was found in 18% of cases
and a fistula in 2%. Neither pseudoaneurysm nor severe aortic regurgitation were described.
The median transvalvular gradient in this group was 18 mmHg (range 4 to 44) versus 9 mmHg
(range 5 to 13) in the rejected IE group, p value <0,001. A leaflet thickening was noticed in
28% of definite TAVR-IE group.

-Cardiac-gated CT: Among patients with definite TAVR-IE, 32 patients (39%) underwent

cardiac-CT. Three CT (3/32=9%) showed a peri-annular complication, 10 CT showed a
vegetation (10/32=31%) and one of them showed a fistula. Among the 2 patients (20%) who
underwent a cardiac CT in rejected TAVR-IE group, one was positive for a differential

diagnosis by showing a TAVR thrombosis.

-8F-FDG-PET/CT: '8F-FDG-PET/CT was performed in 69 patients of the cohort (75%): 68%
among those with definite TAVR-IE (56 patients) and 70% in rejected TAVR-IE group (7
patients). Six PET/CT were uninterpretable, 5 because insufficient myocardial suppression
(ketogenic diet not respected) and one related to artefacts induced by patient movement. Thirty
per cent of PET were positive more than 3 months after TAVR in definite IE group (28 patients)
and one was positive in rejected IE group (10%). Before 3 months, 'SF-FDG-PET/CT was
reported positive in 4 patients in TAVR-IE group (5%) and 1 patient in rejected TAVR-IE
group (10%). Extracardiac PET/CT uptake was noticed in 9 patients (11%). Median delay

between initiation of antibiotic therapy and '*F-FDG-PET/CT was 12 (range 1 to 56) days.
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IE management (Table 3)

Following the decision of the Endocarditis team, among the 82 patients of definite TAVR-IE

group, 14 were treated by prolonged antibiotic therapy (17%). This decision was justified by

the occurrence of associated extracardiac localization such as spondylodiscitis, arthritis, etc. or

the presence of an untreated infectious source of bacteriemia. Three patients benefited from

percutaneous pacemaker explantation. Thirty-seven patients (45%) had a surgical indication

whereas only 3 patients (4%) underwent surgery.

Table 3: Outcomes under treatment and follow-up

All patients (N=92) Definite IE (N=82) Rejected IE (N= 10) p value
Complications during hospitalisation
Heart failure, n (%) 28 (30) 27 (33) 1(10) 0,273
Septic shock, n (%) 10 (11) 10 (12) 0(0) 0.594
[Embolism under treatment, n (%) 8(9) 8 (10) 0 (0) 0.592
Stroke under treatment, n (%) 6 (6) 6 (7) 0 (0) 0.491
|Acute kidney injury. n (%) 38 (41) 36 (44) 2 (20) 0.187
New aortic periannular abscess. n (%) 5(5) 5(6) 0 (0) 0.551
IComplete atrioventricular block. n (%) 5(5) 5(6) 0(0) 0.555
[E management
Indication for surgery. n (%) 37 (40) 37 (45) 0(0) 0.289
Surgical valve reparation or replacement. n (%) 3(3) 3(4) 0(0) 0.623
[Percutaneous pacemaker explantation. n (%) 3(3) 3(4) 0(0) 0.807
[Prolonged antibiotic therapy. n (%) 14 (15) 14(17) 0 (0) 0.350
[Follow up
Stroke during follow up . n (%) 2(2) 2(2) 0(0) 0.771
In hospital mortality. n (%) 18 (20) 17 (21) 1(10) 0.68
Rehospitalization for heart failure, n (%) 12 (13) 9 (11) 3 (30) 0.191
[Rehospitalization for IE recurrence. n (%) 5(5) 5(6) 0(0) 0.469
1-year mortality. n (%) 36 (39) 31 (38) 5 (50) 0.505
|Average survival time, months (min- max) 15 (0-72) 15 (0-72) 17 (0-43) 0.568
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Incidence of primary endpoint (Figure 4a, Central illustration)

The Duke classification provided a sensitivity of 65% (95% IC: 53% to 75%) and a specificity
of 100% (95% IC: 69% to 100%) for the diagnosis of TAVR-IE. The positive predictive value
was 100% (95% IC: 93% to 100%) and the negative predictive value was 26% (95% IC: 13%
to 42%). Finally, 68% of patients were correctly classified (IC 95%: 58% to 78%) using Duke
criteria.

The ESC 2015 classification increased the sensitivity of Duke criteria from 65% to 73% (95%
IC: 62% to 82%) with a statistically significant difference (p=0,016) but decreased its
specificity from 100% to 90% (95% IC: 55% to 100%). The positive predictive value with ESC
2015 criteria was 98% (95% IC: 91 to 100%) and the negative predictive value was 29% (95%
IC: 14 To 48%). Overall, 75% (95% IC: 65% to 83%) of patients were correctly classified using

ESC 2015 criteria.

The ISCVID 2023 classification increased the sensitivity of Duke criteria from 65% to 76%
(95%IC: 65% to 84%), p=0,004 and decreased its specificity from 100% to 90% (95% IC: 55%
to 100%) with a positive predictive value of 98% (95% IC: 91% to 100%) and a negative
predictive value of 31% (95%IC: 15% to 51%). Seventy-seven per cent of patients (95% IC:

67% to 85%) were correctly classified using ISCVID 2023 criteria.

At last, the ESC 2023 classification increased the sensitivity of Duke criteria from 65% to 77%
(95%IC: 66% to 85%), p=0,002 and decreased its specificity from 100% to 90% (95% IC: 55%
to 100%) with a positive predictive value of 98% (95% IC: 92% to 100%) and a negative
predictive value of 32% (95%IC: 16% to 52%). Seventy-eight per cent of patients (95% IC:

68% to 86%) were correctly classified using ESC 2023 criteria.

There was nor significant difference between ESC 2015 and ISCVID criteria neither between

ESC 2015 and ESC 2023 criteria.
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Figure 4a
Central illustration : Comparison between Duke, ESC 2015, ISCVID and ESC 2023 criteria
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Criteria influencing the classification

Overall, 13 patients (14%) were reclassified, as detailed in Figure 4b. "*F-FDG-PET/CT helped
to reclassify 8 patients from the Duke possible TAVR-IE group to ESC 2015 definite TAVI-IE
group by adding a major criterion. Among these 8 reclassified patients, one was a false positive
and 7 were correctly reclassified. '*F-FDG-PET/CT helped in the reclassification of 2 additional
patients from ESC 2015-excluded IE group to ISCVID possible IE by adding a minor criterion.
One of them was a false negative. Two patients were reclassified from ESC 2015 possible
TAVR-IE to ISCVID definite TAVR-IE by adding a minor criterion with positive PET/CT <3
months for one and a major criterion with positive CT in the other (presence of a vegetation).
Finally, the addition of spondylodiscitis as a minor criterion in ESC 2023 criteria resulted in a
correct reclassification from ISCVID possible TAVR-IE to ESC 2023 definite TAVR-IE in one
patient. To sum up, PET/CT resulted in a correct reclassification of 10 patients (11%) and

cardiac-CT in 1 patient (1%). Further details are summarized in Table 4a, 4b, 4c, 4d in

Supplementary data.
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Cumulated survival

Mortality under treatment and follow up (Table 3)

In-hospital mortality was 21% in definite IE group compared with 10% in rejected IE group
(p=0,68). One-year mortality in definite TAVR-IE group was 38% (Figure 5) and average
survival time was 15 months. Interestingly, one-year mortality in patients who received
prolonged antibiotic therapy was 21% compared with 41% in patients classically treated

(p=0,109) (Figure 6). Lost of follow-up patients are represented by censored data on curves.

Figure 5
Survival curve (definite TAVR-IE group)
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Figure 6

One year survival of patients who received prolonged antibiotic therapy > 6 weeks
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DISCUSSION

Main results of our study are:

- ESC (both 2015 and 2023) and ISCVID criteria significantly increased Duke criteria

sensitivity, without major decrease in specificity. No significant difference was found

Survival after hospitalisation (months)

between ESC and ISCVID criteria.

- BF-FDG-PET/CT resulted in a correct reclassification of 10 patients (11%) and cardiac-CT

in 1 patient (1%).

- A very poor prognosis of TAVR-IE with a 21% in-hospital mortality and 38% 1-year

mortality.

Prolonged
antibiotic therapy

_r No

t

Yes
No- censored
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p=0,109
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1) Primary endpoint

Higher diagnostic accuracy of ESC 2015 criteria compared with Duke criteria for PVE in term
of sensibility had already been proved in several studies (17) (25) (26). In one of the biggest
PVE meta-analysis published, Mahmood et al. reported an improvement in IE diagnostic
accuracy with a sensitivity of 80,5% and a specificity of 73,1% (26). However, TAVR patients

are under-represented in PVE studies and scarce data available concern only small cohorts (27).

As reported in many studies, TAVR-IE represents a real diagnostic challenge. Indeed,
echocardiographic findings usually reported in IE are less common in TAVR-IE (18) (19) (16).
Similarly, in our study, only 24% of TTE and 52% of TEE respectively were positive. Those
results can be explained by a particularly high incidence of perivalvular complications in PVE
and especially TAVR-IE. As described by Panagides et al. in a large cohort of TAVR-IE (12),
the rate of peri-annular abscess in our cohort was 18%. Moreover, the TAVR metallic structure
and the frequent calcifications around the native valve may impair the visualization of small
vegetations. Interestingly, leaflets thickening was described in 28% of patients with definite
TAVR-IE. Del Val et al. reported even higher ratios with 70% of definite TAVR-IE cases
having leaflet thickening (8). Moreover, a higher transvalvular gradient in definite TAVR-IE
group compared with excluded TAVR-IE group was reported as described in several studies

(8) (16).We may discuss adding these parameters to the diagnosis criteria for TAVR-IE.

Our study confirms the superiority of the ESC 2015 classification compared to Duke
classification and also shows the superiority of ISCVID criteria and ESC 2023 criteria versus
Duke criteria for the diagnosis of TAVR-IE. It is to our knowledge the first study assessing the
diagnostic value of these new classifications (ISCVID 2023 and ESC 2023) in TAVR-IE.
However, there was no statistically significant difference between ESC 2015, ESC 2023 and

ISCVID criteria. This is probably related to the fact that the improvement in diagnostic acuity
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is mainly due to PET/CT and cardiac-gated CT which were both already present in the ESC

2015 classification.

2) Secondary objective 1

In our study, improvement in diagnostic accuracy of both ESC and ISCVID criteria was mainly
driven by the positivity of '*F-FDG-PET/CT.

Although, '®F-FDG-PET/CT appropriately impact diagnostic classification, there were both
false negative and false positive cases. Moreover, 6 PET/CT were uninterpretable. In previous
studies, false negative cases were linked to prior administration of antibiotic therapy and
elevated blood glucose concentration. On the contrary, false positive were often the result of
inadequate patient preparation or recent cardiac procedures (18). This last hypothesis is
controversial. Indeed, if some studies showed a frequent uptake surrounding the noninfective
surgical prosthethic annular rings, especially in the first three months after surgery (28) (29), a
more recent study did not find same results on noninfected TAVR (30). There was only one
early false positive case in our study. Thus, is PET/CT a key of TAVR-IE diagnostic including
early TAVR-IE.

As our study was retrospective and followed “real-life” conditions, several patients had neither
PET/CT nor cardiac-gated CT. In fact, the hemodynamic or cognitive conditions of these fragile
patients did not always allow them to be transported.

Improvement in the sensitivity of ESC and ISCVID classifications would perhaps have been
better with more cardiac-gated CT performed. Indeed, in several studies, cardiac CT proved its
high diagnostic accuracy especially for the perivalvular lesions detection. In a systematic
review, Gomes showed that if added to standard diagnostic work-up of suspected IE, an overall

sensitivity of 100% and specificity of 83% for prosthetic valve endocarditis (18).
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3) Secondary objective 2
As in all previous studies, in-hospital and one-year mortality were very high in our study.
Moreover, despite formal surgical indication in almost half of the patients with definite TAVR-
IE, only a few of them underwent surgery. These results are consistent with those found in
different studies where surgery was performed in about 20% of cases (ranging from 3,8% to
31,3%) (10) (19) (22).
Two possible explanations for those finding are:
- on the one hand: the high surgical risk of TAVR patients, especially the first patients of the
cohort before TAVR indication’s extension to younger and healthier patients.
- on the other hand: potential surgical difficulties related to stent frame’s removal, which is
frequently adherent to the aorta.
Moreover, the role and place of cardiac surgery in TAVR-IE remains uncertain. Whereas AHA
guidelines recommend surgery for all cases of PVE (23), the ESC 2015 and 2023 guidelines
recommend surgery in same indications as native valve endocarditis (ie. heart failure,
uncontrolled infection or in prevention of systemic embolism) (4) (22). However, recent ESC
guidelines specify that the surgical decision in TAVR-IE should be individualized and
discussed in Heart Team and that surgery may be recommended in case of local extension (in
the absence of a prohibitive surgical risk).
In most previous studies, cardiac surgery was not associated with improved outcomes (8) (19).
In a large retrospective cohort including 205 patients with TAVR-IE, Zakhour ef al. failed to
show a benefit of surgery in in-hospital death. Conversely, in a retrospective study about more
than 2 000 patients with left-sided IE, Ragnarsson proved that surgery was associated with
lower mortality irrespective of age (31). Similarly, surgery in TAVR-IE (with local extension)
was associated to better outcomes in Panagides study (12).
However, we can expect a major change in the TAVR-IE epidemiology as the indications for

TAVR expand (3), with patients potentially younger and at lower surgical risk more likely to
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underwent surgery. Thus, more precise guidelines will be required to define the place of cardiac
surgery in those patients.

Interestingly, in our study, outcomes seemed to be improved in TAVR-IE patients treated by
prolonged antibiotic therapy. Indeed, we found a 21% versus 38% one-year mortality
respectively in patients treated by prolonged antibiotic therapy compared to those treated
conventionally, without reaching statistical significance. Considering benefit-risk balance, and
especially risk of bacterial resistance emergence, furthers larger studies are needed to

investigate this crucial point.

4) Study limitations
The major criticism of the present study is the choice of the gold standard which was the expert
consensus at three months after IE hospitalization. Indeed, gold standard includes all clinical
and paraclinical data which form the basis of Duke, ESC (2015 and 2023) and ISCVID criteria.
Moreover, given the retrospective nature of the study, the expert reviewers were not blinded to
the PET/CT.
Finally, the most formal criteria which is the histopathological assessing was obtained in a very
small proportion of patients. However, such a gold standard has already been used in previous
studies (17) (32) and no better alternative was available.
Another limitation is the inclusion of “old” cases when PET/CT and cardiac-gated CT were not
systematically performed, and radiologists were less experienced. Indeed, assessment of
PET/CT uptake was mainly visual in our study whereas several studies reported that the uptake
distribution rather than the intensity only should be used as a diagnostic criterion of IE (18).
Furthermore, for our primary outcome, we combined possible and excluded endocarditis, which

may have increased specificity. However, this is consistent with real-life practices.
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CONCLUSION

ESC 2015, ESC 2023 and ISCVID criteria improved Duke criteria’s sensibility for the
diagnosis of TAVR-IE without significant decrease in specificity. Multimodality imaging is the
cornerstone of TAVR-IE diagnosis, especially with the use of '*F-FDG-PET/CT and cardiac-
gated CT.

The exponential increase in the number of TAVR, with gradual expansion of indications,
suggests that the incidence of TAVR-IE will rise, raising the diagnostic and therapeutic stakes
even higher. Thus, PET/CT and cardiac-gated CT should probably be performed systematically

in each TAVR-IE suspicion and patients be referred to expert centers with endocarditis teams.
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Table 4a: Duke classification

All patients Definite IE Rejected IE p value
Major microbiological criteria 77 (84) 73 (89) 4(40) 0,001
Major imaging criteria (TTE or TOE) 46 (50) 46 (57) 0(0) <0,001
Number of major criteria
0 8(9) 2(2) 6 (60)
1 45 (49) 41 (50) 4 (40)
2 39 (42) 39 (48) 0(0)
Predisposition 92 (100) 82 (100) 10 (100)
Fever 81 (88) 74 (90) 7(70) 0,096
Vascular phenomena 33 (36) 33 (40) 0 (0) 0,012
Immunological phenomena 20 (22) 18 (22) 2 (20) 0,626
Minor microbiological criteria 5(5) 4(5) 1(10) 0,445
Number of minor criteria
1 4(4) 2(2) 2 (20)
2 46 (50) 40 (49) 6 (60)
3 34(37) 32(39) 2 (20)
4 8 (9) 8 (10) 0 (0)
Duke classification
Definite endocarditis 53 (58) 53 (65) 0(0)
Possible endocarditis 34 (37) 28 (34) 6 (60)
Rejected endocarditis S(5) 1) 4(40)
Table 4b: ESC 2015 criteria
All patients Definite [E Rejected [E p value
Major microbiological criteria 77 (84) 73 (89) 4 (40) 0,001
Major imaging criteria 56 (61) 55(67) 1(10) 0,001
* TTE/TOE 46 (50) 46 (57) 0 (0) <0,001
* PET/CT 28 (44) 27 (47) 1(17) 0219
* Cardiac CT 6(17) 6(18) 0(0) 0,682
Number of major criteria
0 6 (6) 1(1) 5(50)
1 38 (41) 33 (40) 5(50)
2 48 (52) 48 (58) 0 (0)
Predisposition 92 (100) 82 (100) 10 (100)
Fever 81 (88) 74 (90) 7 (70) 0,096
Vascular phenomena 33 (36) 33 (40) 0(0) 0,012
Immunological phenomena 21(23) 19 (23) 2 (20) 0,591
Minor microbiological criteria 5(5) 4(5) 1(10) 0,445
Number of minor criteria
1 33) 1(1) 2(20)
2 47 (51) 41 (50) 6 (60)
3 33 (36) 31 (38) 2(20)
4 9 (10) 9(11) 0 (0)
ESC 2015 classification
Definite endocarditis 61 (66) 60 (73) 1(10)
Possible endocarditis 26 (28) 21 (25) 5(50)
Rejected endocarditis 5(5) 1(1) 4 (40)
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Table 4c: ISCVID 2023 criteria

All patients Definite IE Rejected IE p value
Major microbiological criteria 80 (87) 76 (93) 4 (40) <0,001
Major imaging criteria 56 (61) 55 (67) 1(10) 0,001
* TTE/TOE 46 (50) 46 (57) 0(0) <0,001
* PET/CT 28 (44) 27 (47) 1(17) 0,267
* Cardiac CT 14 (39) 14 (41) 0(0) 0,511
* Surgical criteria 4(4) 4(5) 0(0)
Number of major criteria
0 6(7) 1(1) 3(50)
1 37(41) 32 (40) 3(50)
2 48 (33) 48 (59) 0(0)
Predisposition 92 (100) 82 (100) 10 (100)
Fever 81(88) 74 (90) 7(70) 0,096
Vascular phenomena 34 (37 34 (42) 0(0) 0,012
Immunological phenomena 20(22) 18 (22) 2(20) 0.626
Minor microbiological criteria 2(2) 1(1) 1(10) 0,207
PET/CT positive < 3 months 509 405 1(10) 0.833
Number of minor criteria
1 3(3) 1(1) 2(20)
2 44 (48) 39 (48) 3(50)
3 35(38) 32(39) 3(30)
4 9(10) 9(11) 0(0)
ISCVID 2023 criteria
Definite endocarditis 63 (68) 62 (76) 1(10)
Possible endocarditis 26 (28) 20 (24) 6 (60)
Rejected endocarditis 3(3) 0(0) 3(30)
Table 4d: ESC 2023 criteria
All patients Definite IE Rejected IE p value
Major microbiological criteria 77 (84) 73 (89) 4 (40) 0,001
Major imaging criteria 59 (64) 57 (69) 2 (20) 0,004
* TTE/TOE 46 (50) 46 (57) 0(0) <0,001
* PET/CT 33 (52) 31(53) 4 (40) 0,667
* Cardiac CT 14 (39) 14 (41) 0(0) 0,511
Number of major criteria
0 5(5) 1(1) 4(40)
1 38 (41) 32(39) 6 (60)
2 49 (53) 49 (60) 0(0)
Predisposition 92 (100) 82 (100) 10 (100)
Fever 81 (88) 74 (90) 7 (70) 0,096
Vascular phenomena 39 (42) 38 (46) 1(10) 0,04
Immunological phenomena 21(23) 19 (23) 2 (20) 0,591
Minor microbiological criteria 5(5) 4(5) 1(10) 0,445
Number of minor criteria
1 2(2) 1(1) 1(10)
2 45 (49) 38 (46) 7(70)
3 35(38) 33 (40) 2(20)
4 10 (11) 10 (12) 0(0)
ESC 2015 classification
Definite endocarditis 64 (70) 63 (77) 1(10)
Possible endocarditis 25(27) 19 (23) 6 (60)
Rejected endocarditis 33 0(0) 3(30)
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Résumeé :

Contexte : L’endocardite infectieuse sur TAVI est une pathologie rare mais grave associée a un pronostic
effroyable et dont le diagnostic constitue un véritable challenge. La classification ESC 2015 et les récentes
classifications ISCVID 2023 et ESC 2023 n’ont a ce jour pas été comparées a 1’historique classification de Duke
pour le diagnostic des endocardites sur TAVI.

Objectifs : L’objectif de cette étude était de comparer la valeur diagnostique des critéres de Duke, des critéres
ESC 2015, des criteres ISCVID 2023 et des critéres ESC 2023 pour le diagnostic des endocardites sur TAVI. Les
objectifs secondaires étaient i : de déterminer quels critéres augmentaient la précision diagnostique de chaque
classification, et ii : de rapporter la mortalité hospitaliere et la mortalité a un an des patients avec endocardite sur
TAVI.

Matériel et méthodes : De janvier 2015 a mai 2022, 92 patients ont été inclus rétrospectivement dans 2 centres
francais, incluant 82 endocardites certaines et 10 exclues d’aprés le consensus d’experts.

Résultats : La sensibilité diagnostique de la classification de Duke pour le diagnostic des endocardites sur TAVI
était de 65% (IC 95% : 53 a 75%) et la spécificité était de 100% (IC 95% : 69 a 100%). Les critéres ESC 2015 ont
permis d’augmenter significativement la sensibilité de 65 a 73% (IC 95% : 62 a 82%) avec une faible diminution
de spécificité de 100 a 90% (IC 95% : 55 a 100%). La classification ISCVID 2023 a permis une augmentation
significative de la sensibilité¢ diagnostique comparativement a la classification de Duke de 65% a 76% (IC 95% :
65 a 84%) avec une diminution de spécificité de 100 a 90% (IC 95% : 55 a 100%). Enfin, la classification ESC
2023 a permis une augmentation significative de la sensibilit¢ diagnostique comparativement a la classification de
Duke de 65% a 77% (IC 95% : 66 a 85%) avec une diminution de spécificité de 100 a 90% (IC 95% : 55 a 100%).
Il n’y avait pas de différence statistiquement significative entre les classifications ESC et ISCVID ni entre les
classifications ESC 2015 et 2023. Le TEP-scanner au '®F-FDG a permis la reclassification correcte de 10 patients
(11%) et le scanner cardiaque a permis de rectifier le diagnostic d’un patient (1%). L’ajout de la spondylodiscite
comme critére mineur dans les récentes recommandations européennes ESC 2023, a permis de reclasser
correctement un patient (1%).

La mortalité hospitali¢re était de 21% chez les patients avec endocardite certaine et de 10% chez ceux avec
endocardite exclue (p=0,68). La mortalité a un an était de 38% chez les patients avec endocardite sur TAVI
certaine.

Conclusion : L’imagerie multimodale est la pierre angulaire du diagnostic de I’endocardite sur TAVI.

Mots-clés : valve aortique percutanée (TAVI), endocardite infectieuse, imagerie nucléaire.
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