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Infective endocarditis (IE) is a life-threatening disease with stable prevalence despite prophylactic, diagnostic, and
therapeutic advances. While echocardiography remains the first line imaging technique, especially in native valve
endocarditis, the incremental value of two nuclear imaging techniques, 18F-fluorodeoxyglucose positron emission
tomography with computed tomography (18F-FDG-PET/CT) and white blood cells single photon emission
tomography with computed tomography (WBC-SPECT), has emerged for the management of prosthetic valve and
CIED IE.

infective endocarditis native valve endocarditis prosthetic valve endocarditis
cardiac implanted electronic device left ventricular assistance device vascular graft infection
nuclear medicine scintigraphy 18F-FDG positron emission tomography white blood ¢

| 1. Introduction

Despite significant diagnostic and therapeutic progresses, infective endocarditis (IE) remains associated with high
morbidity and mortality L2, |E affects 3—10/100,000/year in developed countries 2, and its incidence is growing in
the United States [4. |IE-related mortality reaches 20% at 30 days 2, increasing to up to 40-50% at late follow-up (&
[, The number of implanted cardiac devices is increasing at a rapid pace, in particular in elderly patients with
multiple comorbidities. This population has a high prevalence of sepsis related to secondary infection of the
implanted material LB, The mortality of IE is related to local complications, such as valve degradation and
periannular abscesses, and to distant embolization, which may be fatal, in particular in case of septic embols in the
brain . |IE treatment may require urgent cardiac surgery, which is associated with a high risk of mortality in this
context, even if performed at an early stage of the disease B, The prognosis remains particularly poor in patients

with IE-related stroke, despite adequate reperfusion therapy [ZQIL1],

The diagnosis of IE is challenging. Establishing an IE diagnosis is currently based on the Duke-Li criteria (Table 1),
which combine clinical, biological/microbiological, and imaging parameters 12 Based on these criteria, the
diagnosis of IE is classified as definite, possible, or rejected (Table 2). Given the non-specific value of most clinical
and biological criteria, imaging plays a central role in IE management. While echocardiography remains the

mainstay exam, in particular for native valve endocarditis (NVE), its diagnostic performance is lower in prosthetic
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valves endocarditis (PVE) 131, because of acoustic shadowing due to the material and the difficulty to identify
perivalvular infection (141, This also holds true for transesophageal echocardiography (TEE), which despite having
higher performances than transthoracic echography (TTE), does not allow ruling out PVE with high confidence in
case of negative findings 22181, This can delay the diagnosis and the treatment initiation, resulting in poorer clinical
outcome 7. Thus, advanced noninvasive imaging techniques are increasingly used in the management of IE,
particularly in case of discordance between the clinical presentation and echocardiography, or in situations where
the diagnosis is deemed possible based on the Duke-Li criteria 8. Nuclear medicine imaging techniques, i.e.,
18F|uor radiolabeled fluorodeoxyglucose positron emission tomography combined with computed tomography (*8F-
FDG-PET/CT), and white blood cell (WBC) scintigraphy provide high sensitivity (Se) for the detection of infective
foci and have demonstrated their incremental value over TEE for the diagnostic of PVE (Table 3). The European
guidelines for the management of IE have indeed modified the Duke-Li criteria, incorporating intracardiac findings
from 18F-FDG-PET/CT and WBC scintigraphy as major criteria of IE [12l. Following on the modified Duke-Li criteria
and the European Society of Cardiology criteria for IE, the International CIED Infection Criteria have also been
developed in 2019 (12 (Table 4). Non-nuclear medicine imaging techniques, i.e., cardiac computed tomography
angiography and cardiac magnetic resonance imaging also play a critical role in the diagnosis of IE. The main

specificities of each technique are listed in Table 5.

Table 1. Modified Duke-Li criteria for the diagnosis of valve infective endocarditis.

Major 1. Microbiological Criteria

Criteria

a. Microorganisms typical of IE evidenced from two separate blood cultures

- Viridans streptococci, Streptococcus gallolyticus (Streptococcus bovis), HACEK group,
Staphylococcus aureus
OR

- Community-acquired enterococci, in the absence of a primary focus

OR

b. Microorganisms consistent with IE evidenced from persistently positive blood cultures:

- =2 positive blood cultures of blood samples collected >12 h apart

OR
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- 3 or a majority of >4 separate positive blood cultures (first and last collected > 1 h apart)

OR

- Single positive blood culture for Coxiella burnetii or phase 1 1gG antibody titre >1:800

2. Imaging Criteria

a. Echocardiogram positive for IE showing one/several of the following typical findings

Vegetation

- Abscess, pseudoaneurysm, intracardiac fistula

- Valvular perforation or aneurysm

New partial dehiscence of prosthetic valve

b. Nuclear medicine imaging positive for IE, i.e., abnormal uptake around the site of prosthetic
valve implantation

- On 18F-FDG PET/CT if the prosthesis was implanted >3 months
OR

- On radiolabeled WBC-SPECT/CT

c. Cardiac CT

- Paravalvular lesions

Minor 1. Predisposing condition such as heart condition, or intravenous drug use
Criteria

2. Fever defined as temperature >38 °C
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3. Vascular phenomena including those detected only by imaging, major arterial emboli, septic
pulmonary infarcts, mycotic aneurysm, intracranial hemorrhage, conjunctival hemorrhages, and

Janeway’s lesions

4. Immunological phenomena: glomerulonephritis, Osler’s nodes, Roth’s spots, and rheumatoid

factor

18 : ) . . . . - .
5. Microbiological evidence: positive blood culture, but does not meet a major criterion as noted 1ography;
above, or serological evidence of active infection with organism consistent with IE ; SPECT:

Jdifications

to the Duke-Li criteria implemented in the 2015 European Society of Cardiology guidelines. Adapted from Habib et
al. 12,

Table 2. Definition of infective endocarditis according to the modified Duke criteria. Adapted from Habib et al. 12,

Histopathological Criteria

Demonstration of a microorganism from a culture, a cardiac vegetation, an embolized vegetation,

or an intracardiac abscess, OR

Demonstration of an active endocarditis from a vegetation or an intracardiac abscess

Definite IE
Clinical Criteria
2 major criteria, OR
1 major criterion AND 3 minor criteria, OR
5 minor criteria
. 1 major criterion AND 1 minor criterion, OR
Possible
IE . o
3 minor criteria
Rejected Firm alternate diagnosis, OR
IE
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Resolution of symptoms within <4 days of antibiotherapy, OR

No pathological evidence of IE (surgery or autopsy) after <4 days of antibiotherapy, OR

No criteria for possible IE as defined above

18

Advantages

Drawbacks

High sensitivity for PVE and device-related IE

(CIED pocket and extracardiac lead)

Moderate sensitivity for NVE and
intracardiac lead CIED-IE

Good spatial resolution (4-5 mm)

Moderate specificity for infection

Short protocol (preparation and acquisition <2
h)

Requires a specific diet to suppress the

physiological cardiac uptake of 18F-FDG

Whole-body imaging in 15-20 min. allowing

Post-surgery inflammation in case of PVE

18F-FDG- for the detection of device infection and septic (cautious interpretation 1-3 months after
PET/CT emboli surgery)
o ) Limited sensitivity in organs with high FDG
Identification of possible portal of entry ] )
uptake, especially the brain
Possible false-negative results in small
vegetations and/or after prolonged
Identification of alternate diagnosis for antibiotherapy
infectious or inflammatory syndrome than IE
Radiation exposure
WBC- High specificity Moderate sensitivity, especially for CIED-IE
SPECT/CT

No need for specific diet nor interaction with

sugar levels for imaging

Long and complex procedure requiring blood

handling
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) ) ) Possible false-negative results in small
Relatively low spatial resolution (8—10 mm) ] o
vegetations and/or prolonged antibiotherapy

Lower image quality (late imaging time point
and SPECT acquistions)

Radiation exposure

Potential detection of septic emboli, but lower
performance than 8F-FDG-PET/CT

= s - r — \plantable

electronic device; CT. computed tomography; IE: infective endocarditis; NVE: native valve endocarditis; PVE:

prosthetic valve endocarditis; SPECT: single photon emission computed tomography; WBC: white blood cell.

Table 4. Novel 2019 International Criteria for the diagnosis of CIED-IE.

Major 1. Microbiological Criteria

Criteria

a. Microorganisms typical of CIED-IE and/or |IE (Coagulase-negative staphylococci,

Staphylococcus aureus)

b. Microorganisms typical of IE evidenced from two separate blood cultures

- Viridans streptococci, Streptococcus gallolyticus (Streptococcus bovis), HACEK group,
Staphylococcus aureus
OR

- Community-acquired enterococci, in the absence of a primary focus

OR

c¢. Microorganisms consistent with |E evidenced from persistently positive blood cultures:

- 22 positive blood cultures of blood samples collected >12 h apart
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OR

- 3 or a majority of >4 separate positive blood cultures (first and last collected >1 h apart)

OR

- Single positive blood culture for Coxiella burnetii or phase | 1IgG antibody titre >1:800

2. Imaging Criteria

a. Echocardiogram positive for CIED-IE:

clinical pocket/generator infectionlead-vegetation

b. Nuclear medicine imaging positive for CIED-IE, i.e., abnormal uptake around pocket/generator

site or along leads

- On 18F-FDG PET/CT (caution in case of recent implants)
OR

- On radiolabeled WBC-SPECT/CT

1. Predisposing condition such as heart condition or intravenous drug use

2. Fever defined as temperature >38 °C

LAl 3. Vascular phenomena including those detected only by imaging, major arterial emboli, septic

S pulmonary infarcts, mycotic aneurysm, intracranial hemorrhage, conjunctival hemorrhages, and

Janeway’s lesions

4. Microbiological evidence: positive blood culture but does not meet a major criterion as noted

above or serological evidence of active infection with organism consistent with CIED-IE

18 18 . , . rography;

HACEK: Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, Kingella; CIED: cardiac implantable electronic

device; IE: infective endocarditis; SPECT: single photon emission computed tomography; WBC: white blood cell.
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Text in italic font indicates the modifications to the Duke-Li criteria implemented in the 2015 European Society of

Cardiology guidelines. Adapted from Blomstrém-Lundqvist 19,

Table 5. Main advantages/limitations of nuclear/morphological techniques for the diagnosis of IE.

_ _ 18F-FDG- WBC-
Echocardiography CCTA Cardiac MRI
PET/CT SPECT/CT
] ) - Conflicting
) _ - High spatial and _
- High spatial data about ) - High
temporal - High o
and temporal ) performances o specificity
) . i resolution . sensitivity )
Diagnostic resolution in NVE _ in PVE and
in PVE
Performances NVE
. . - Good o
for IE - High diagnostic - Limited data
performances for - Low
Diagnosis performances ) about o - Low
) the detection of sensitivity o
in NVE, lower ) performances ) sensitivity
) perivalvular ) ) in NVE )
in PVE ) ) in mechanical in NVE
lesions in PVE
PVE
- Allows precise o o
) ) - Allows - Limited - Limited
Evaluation of evaluation of - Allows evaluation ) ) )
] evaluation of evaluation evaluation
valvular of perivalvular ]
. ) ) myocardial and of of
Cardiac dysfunction and lesions (abscess- ) )
L . valvular perivalvular perivalvular
Complications lesions due to pseudoaneurysm) ] ) )
e function extension extension
) - Assessment of - Allows to - Assessment of
Cardiac ) ) ) )
) cardiac function evaluate aortic cardiac
Presurgical ) ] - -
and evaluation root and coronary function and
Assessment ) ) )
of aortic root arteries aortic root
Extracardiac - No extracardiac - Detection of - No - Detection - Detection
Assessment workup peripheral embols extracardiac of septic of septic
if combined with workup embols, embols
wholebody CTA septic
aneurysms
and protal
of entry
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] . 18F-FDG- WBC-
Echocardiography CCTA Cardiac MRI
PET/CT SPECT/CT
with high
sensitivity
- Pregnancy,
close
- No monitoring in
contraindication - Pregnancy, presence of
for TTE allergy to ICD or PM, CI
Contra- -
o iodinated contrast for some old - Pregnancy - Pregnancy
Indications . .
- Esophageal media, severe metallic
pathology for renal insufficiency prosthesis,
TEE claustrophobia,
severe renal
insufficiency
- - Widely and ] ) - Moderate Moderate - Limited
Availability ] ] Widely available o o o
easily available availability availability availability
Metallic artifacts
in PVE, CIED
Lack of
 Operator Difficulty to - Metallic specificity
o artifacts in
o dependent discriminate - Complex
Limitations _ PVE Need for .
analysis vegetation from handling of
and prolonged
thrombus and ] ) blood
drawbacks ) - Cardiac and fasting and
- Metallic hematoma from ) ) products
_ ) respiratory dedicated
artifacts in PVE abscess based ] ]
artifacts cardiac

only on )
. preparation
morphological

imaging

1. Habib, G.; Erba, P.A.; lung, B.; Donal, E.; Cosyns, B.; Laroche, C.; Popescu, B.A.; Prendergast,
B.; Tornos, P.; Sadeghpour, A.; et al. Clinical presentation, aetiology and outcome of infective
endocarditis. Results of the ESC-EORP EURO-ENDO (European infective endocarditis) registry:
A prospective cohort study. Eur. Heart J. 2019, 40, 3222—-3232.

b 20 Rationaleforthe:Use-of Nuclear-Medicine:lmagings. short- and

long-term outcomes in infective endocarditis patients: A systematic review and meta-analysis.
2.1. F-FDG PET
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