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Endocarditis Infecciosa

European Heart Journal Advance Access published August 29, 2015
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Modified Duke criteria (Li)
v v v \

Possible/rejected IE but Rejected IE
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of infective endocarditis

Definite IE

Native Prosthetic
valve valve
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* Viridans streptococci, Streptococcus gallg ESC 2015 modified diagnostic criteria® __
bovis), HACEK group, Staphylococcus aure ) v

+ Community-acquired enterococci, in the Le u COCItOS IVI arcd d OS ; . .
Definite IE Possible IE Rejected IE

focus; or
b. Microorganisms consistent with |E from per S P E CT/TC
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
c. Single positive blood culture for Coxiella burnetii or phase | IgG
antibody titre >1:800

The Task Force for the Management of Infective Endocarditis of the
European Society of Cardiology (ESC)

Major criteria

Minor criteria

. Predisposition such as predisposing heart condition, or injection
drug use.

. Fever defined as temperature >38°C.

. Vascular phenomena (including those detected by imaging only):
major arterial emboli, septic pulmonary infarcts, infectious (mycotic)

2.Imaging positive for IE
a. Echocardiogram positive for IE:
* Vegetation;
*Abscess, pseudoaneurysm, intracardiac fistula;
*Valvular perforation or aneurysm;
* New partial dehiscence of prosthetic valve.

b. Abnormal activity around the site of prosthetic valve implantation
detected by '®F-FDG PET/CT (only if the prosthesis was implanted
for >3 months) or radiolabelled leukocytes SPECT/CT.

c. Definite paravalvular lesions by cardiac CT.

aneurysm, intracranial haemorrhage, conjunctival haemorrhages, and
Janeway’s lesions.

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

. 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 |E.
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Leucocitos SPECT/TC

L PET/TC con 'F-FDG
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PET/TC Leucocitos SPECT/TC

El Valvula Protésica
Sensibilidad 73% - 100%
Especificidad: 71% - 100%
VPP: 67% - 100%
VPN: 50% - 100%

El Valvula Protésica
Sensibilidad: 64% - 90%
Especificidad: 36% - 100%
VPP: 85-100%

VPN: 47-81%
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PET/TC Leucocitos SPECT/TC

=  Adquisicidon sincrénica con TC
= Mejor resolucion

= Técnicamente mas simple

= Rapida adquisicion

= Mayor deteccidn otros focos de
infeccidn y embolismos seépticos

. Deteccion de actividad tumoral

= Adquisicidon sincrénica con TC
= Peor resolucion
= Técnicamente mas
complejo/Manipulacion
sanguinea

= Largos tiempos de adquisicion

= Menor deteccidn otros focos de
infeccion y embolismos septicos
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PET/TC vs Leucocitos SPECT/TC

La eleccion vendra condicionada por diversos factores:
Existencia o no de sintomas o datos de localizacion.
Naturaleza del proceso (agudo o cronico).

Coste

Experiencia
Y
disponibilida
d
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Grupo Infecciones cardiovasculares
Hospital Clinic Barcelona
Sospecha de El sobre VP o infeccidon de
dispositivos
Clinica poco
PET/TC '8F-FDG sugestiva de El Leucocitos marcados
+ SPECT/TC

Sospecha
falso positivo PET/TC




PET/TC en EI

Posibles Falsos Positivos

Sospecha de infeccidon precoz (<3 meses)

European Heart Journal Advance Access published August 29, 2015

@ Europeal ESC GUIDELINES

doi:10.1

2015 ESC Guidelines for the management
of infective endocarditis

The Task Force for the Management of Infective Endocarditis of the
European Society of Cardiology (ESC)

Major criteria

|.Blood cultues positive for IE
a. Typical microorganisms consistent with |E from 2 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 |E 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 =| h apart); or
c. Single positive blood culture for Coxiella burnetii or phase | 1gG
antibody titre >1:800

2. Imaging positive for IE
a. Echocardiogram positive for |E:
*Vegetation;
*Abscess, pseudoaneurysm, intracardiac fistula;
*Valvular perforation or aneurysm;
* New partial dehiscence of prosthetic valve.
b. Abnormal activity around the site of prosthetic valve implantation
. detested by .°F FDG PET/CT (only if the prosthesis was implanted

: for >3 months] orradlolabelled leukocytes SPECT/CT.

c. Def'rﬁfe'p‘aravalvular lesions by cardiac CT.
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Posibles Falsos Positivos

ORIGINAL ARTICLE 2020 ®

Normal imaging findings after aortic valve

Sospecha de infeCCién precoz (<3 meseS) implantation on 18F-Fluorodeoxyglucose

positron emission tomography with computed
tomography

Patients 1

AC
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13 meses
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Posibles Falsos Positivos

ascular Imaging (2019) 0, 1-10

Sospecha de infeccion precoz (<3 meses) e et

non-infected prosthetic heart valves by
['®*FJFDG PET/CTA: “normality” is a possible
diagnosis

Albert Roque 1234 Maria N. Pizzi>*°, Nuria Fernéndez-Hidalg03'4""

Eduard Permanyer7, Hug Cuellar-Calabria’?**, Guillermo Romero-Farina
Remedios Rios*®, Benito Almirante“’,]oan Castell-Conesa®*?, Manuel Escobar?,
Ignacio Ferreira-Gonzalez>*'°, Pilar Tornos™'", and Santiago Aguadé-Bruix®*®

4,5
’

Diffuse + Heterogeneous Focal / Multifocal Focal / Heterogeneous

Diffuse + Homogeneous [
(non-uniform uptake distribution) + intense

(uniform uptake distribution)
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INFLAMMATION INFECTION
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Posibles Falsos Positivos

recoz(<3-meses)— Actividad inflamatoria
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Posibles Falsos Positivos

e-infeccidnprecoz(<3-meses)— Actividad inflamatoria

Supresion miocardica suboptima
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LI 4
Supresion
[] Y 4 []
miocardica
Preparation Effect
* Low-carbohydrate diet » Reduce serum glucose /
e insulin

* Prolonged fast » Above + induce lipolysis
* High-fat meals » Increase available FFAs

* Heparin pre-administration » Induce (acute) lipolysis

Synergistic effect of combinations

SOMATO!
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Posibles Falsos Positivos

e-infeccidnprecoz(<3-meses)— Actividad inflamatoria

Supresion miocardica suboptima

Artefactos correccion de atenuacion
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Correccion
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Artefactos correccion de atenuacion
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Posibles Falsos Positivos

Sospecha-de-infeceibnprecoz{<3-meses)— Actividad inflamatoria
Supresion miocardica suboptima
Artefactos correccion de atenuacion

Lesiones no infecciosas y/o captaciones fisioldgicas

- Lipomatosis del Septo inter atrial (grasa parda)

- Trombo agudo

- Placas de ateromatosis

- Vasculitis

- Tumores cardiacos primarios/Metastasis cardiacas
- Reaccidn a cuerpo extrafno

- Adhesivos, agentes anticalcificantes
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Hipertrofia lipomatosa del septo interatrial
; » C -




PET/TC en EI

Posibles Falsos Negativos

VEWOIEREHIER
Vegetaciones pequeias (<4 mm)

Corticoides (reducir al minimo 24h antes del PET)

Tratamiento antibidtico
“El efecto de los ATB en la captacion es

desconocido: se debe conocer tiempo de
tratamiento pero no hay indicacion de
retirarlos para realizar el estudio”
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PET/TC Leucocitos SPECT/TC

El Valvula Protésica
Sensibilidad 73% - 100%
Especificidad: 71% - 100%
VPP: 67% - 100%
VPN: 50% - 100%

El Valvula Protésica
Sensibilidad: 64% - 90%
Especificidad: 36% - 100%
VPP: 85-100%

VPN: 47-81%

n=160

El VValvula Protésica

Sensibilidad 91%
Especificidad: 95%
VPP: 95%
VPN: 91%

Circulation

2018
Q

Improving the Diagnostic Performance of
BF-Fluorodeoxyglucose Positron-Emission
Tomography/Computed Tomography
in Prosthetic Heart Valve Endocarditis

Editorial, see p 1428
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PET/TC Leucocitos SPECT/TC
El Valvula Protésica El Valvula Protésica
Sensibilidad 73% - 100% Sensibilidad: 64% - 90%
Especificidad: 71% - 100% Especificidad: 36% - 100%
VPP: 67% - 100% VPP: 85-100%
VPN: 50% - 100% VPN: 47-81%
Review
PET/TC mejora Lancet Infect Dis 2017

Sensibilidad de Duke " f o e
. g Diagnostic value of imaging in infective endocarditis: '
modificado del 52%-70% al ||l o €A

nclude that a

evidence-based
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PET/TC en Valvulas + Dispositivos
m 80 casos consecutivas El (2013 — 2015)

Diagnostic Accuracy of 'F-FDG PET/CT in Infective 20 16 = Valvula Nativa (n=21)
Endocarditis and Implantable Cardiac Electronic Device m Valvula Protésica (n=29)
Infection: A Cross-Sectional Study o DiSpOSitiVOS (n=30)
Ulises Granadgs'. David F , Juan M, Peri 3, Jai . is*, Salvador Ni 5 ar i 5, [ ] DAI (n e 1 1)
Manel Almela®, Carlos Par . r arlos Fa ra a s

m Marcapasos (n=19).

m 6 meses seguimiento

Francisco Lomefia'?, and
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PET/TC en Valvulas + Dispositivos
m 80 casos consecutivas El (2013 — 2015)

Diagnostic Accuracy of 'F-FDG PET/CT in Infective 20 16 = Valvula Nativa (n=21)
Endocarditis and Implantable Cardiac Electronic Device m Valvula Protésica (n=29)
Infection: A Cross-Sectional Study = Dispositivos (n=30)
b ety = DAI(n=11)
' m Marcapasos (n=19).

m 6 meses seguimiento

— Incluyendo VN

Sensibilidad: 82%

Especificidad: 96% - 26% (18/70) PET/TC cambio de
VPP: 94% “Posible” a “Definitivo” El
VPN: 87%

- 64% (45/70) PET/TC cambiod de

—_ Excluyendo VN - e =
Posible” a “Rechazado” El

Sensibilidad: 96%
Especificidad: 94%
VPP: 93%
VPN: 97%
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PET/TC en Valvulas + Dispositivos _
m 80 casos consecutivas El (2013 — 2015)

Diagnostic Accuracy of 'F-FDG PET/CT in Infective 20 16 = Valvula Nativa (n=21)
Endocarditis and Implantable Cardiac Electronic Device m Valvula Protésica (n=29)
Infection: A Cross-Sectional Study = Dispositivos (n=30)
b ety = DAI(n=11)
' m Marcapasos (n=19).

m 6 meses seguimiento

— Incluyendo VN

Sensibilidad: 82%

Especificidad: 96% - 26% (18/70) PET/TC cambio de
VPP: 94% “Posible” a “Definitivo” El
VPN: 87%

- 64% (45/70) PET/TC cambiod de

—_ Excluyendo VN - e =
Posible” a “Rechazado” El

Sensibilidad: 96%
Especificidad: 94%
VPP: 93%
VPN: 97%
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PET/TC en Dispositivos
@ ESC 2020

: EHRA CONSENSUS PAPER
Europace (2020) 22, 515-516
EU ropea n SDCIEtY do‘\:‘lg.’lO931’eur‘0paceleu2246
of Cardiology

Clinical suspicion of CIED infection - use 2019 International CIED Infection Criteria (Table 5)

Positive blood culture Negative blood culture*
|
+ 3 !
Pocket clinically negative,
but high suspicion

v v v v

+ +
TTE + TEE 1. TTE + TEE TTE + TEE

. - 2.['8F]FDG PET/CT or WBC SPECT/CT
Optional/Consider: ) )
1. [®F]FDG PET/CT or WBC SPECT/CT (extent disease, Portal of Entry, other source) Removal / Extraction +

(extent disease, portal of entry, other source) 3. ICE Antibiotic therapy

2.ICE _ 4. Imaging for embolic events (see figure 3)
3. Imaging for emholic events

v +

Assess 2019 International CIED Infection Criteria (see Table 5)

Superficial incisional infection Possible CIED infection Rejected CIED infection

! !

Refer patient to a center with CIED infection/extraction expertise

! !

X . . . Repeat blood culture/echo .
Conservative treatment Removal/Extraction + Antibiotic therapy Consider other imaging methods Look for alternative
(sec figure 3) (see figure 3) Within 2 weeks diagnosis

Pocket clinically positive Pocket clinically negative Pocket clinically positive
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PET/TC en Dispositivos
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PET/TC en EI
PET/TC en Dispositivos

Redppraisal of 18F-FDG PET/CT for diagnosis and management of cardiac implantable electronic device infections.
Herndndez-Meneses M and Perissinotti A et al, 2022 Submitted
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PET/TC en Dispositivos n=41

Twvpe of Systemic Infection (SI) Transesophageal Echocardiography

- Positive @ Negative  Total

" With bacteremia (N=18

" Endovascular FDG-PET/CT
- Positive

- Negative

Total )
Intracardiac FDG-PET/CT

- Positive

- Negative 5

Total

" Endovascular FDG-PET/CT
- Positive 0 2= 2(87%)
“Totad 704w 1.6 23
' Imtracardiac FDG-PET/CT
- Positive 0 2= 2(87%)

Negative

*Patients simultaneously have vegetations on the leads and/or tricuspid wvalve: **These are

different patients

- Y AN 7y

o

: ‘h.“.

|

-

L9

:
.

[

m ETE + PET/TC aumento el rendimiento diagndéstico de un 30 % a un
60% en el subgrupo de pacientes con bacteriemia.
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PET/TC en dispositivos de asistencia ventricular

STATE-OF-THE-ART REVIEW 2022
m Utilidad en Ila localizacion /A Best Practices for Imaging Cardiac

extension de |a infeccién_ Device-Related Infections and
Endocarditis

u Se nSI bllld ad 92% y EspeCIfICId ad A JACC: Cardiovascular Imaging Expert Panel Statement

Vasken Dilsizian, MD," Ricardo P.J. Budde, MD, PuD,” Wengen Chen, MD, PuD,” Sunil V. Mankad, MD,
Jonathan R. Lindner, MD,“ Koen Nieman, MD, PuD
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PET en TAVI

30% cambio 2019
el diagndstico

final Added value of '"®F-FDG-PET/CT and cardiac
CTA in suspected transcatheter aortic valve
endocarditis

ORIGINAL ARTICLE

Ali R. Wahadat, MD,>®<* Wilco Tanis, MD, PhD,® Laurens E. Swart, MD,*"
Asbjorn Scholtens, MD,® Gabriel P. Krestin, MD, PhD,? Nicolas M. D. A. van

- k‘-‘“ Mieghem, MD, PhD,” Carolina A. M. Schurink, MD,® Tycho 1. G. van der Spoel,
: (7 S5 e MD, PhD,€ Floris S. van den Brink, MD,™ Tessel Vossenberg, MD,’
n s Riemer H. |. A. Slart, MD, PhD,) Andor W. |. M. Glaudemans, MD, PhD,

Jolien W. Roos-Hesselink, MD, PhD, and Ricardo P. |. Budde, MD, PhD*P

Reclassification of patients with suspected TAVI-IE
M Suspected Definite Possible  ® Rejected

—— ., S—

v
8
c
3
=
©
o
2
(o]
.
Q
o)
£
>
=

5
 —
6
Suspected TAVI Endocarditis Modified Duke Criteria Addition of ESC criteria Endocarditis Team Consensus

e 1. Distribution of patients with suspected Endo itis based on Modified Duke Criteria,
riteria, and Endocarditis Team consensus based on ESC criteria.
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PET en TAVI
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PET/TC Leucocitos SPECT/TC

El Valvula Protésica
Sensibilidad 73% - 100%
Especificidad: 71% - 100%
VPP: 67% - 100%
VPN: 50% - 100%

El Valvula Protésica
Sensibilidad: 64% - 90%
Especificidad: 36% - 100%
VPP: 85-100%

VPN: 47-81%

- Bajo rendimiento valvulas
nativas (alta E / baja S)
-~ Embolismos / Puerta de entrada /
Foco infeccioso alternativo

diagnostics
Meta-Analysis Review 2020

Article

Diagnostic Performance of '®F-FDG PET/CT in Native
Valve Endocarditis: Systematic Review and
Bivariate Meta-Analysis

Christel H. Kamani 1, Gilles Allenbach !, Mario Jreige !, Anna G. Pavon 2(,
Nathalie Testart ], Maria Firs Vieira ], Sarah Boughd »
Marie Nicod Lalonde 102, Ni s Schaef N0

John O. Prior ¥34(® and Giorgio Tregliz
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PET/TC Hallazgos Extra-Cardiacos
m 80 casos consecutivas El (2013 — 2015)

= Valvula Nativa (n=21)

Diagnostic Accuracy of 'F-FDG PET/CT in Infective 20 16
Endocarditis and Implantable Cardiac Electronic Device

Infection: A Cross-Sectional Study = Valvula Protésica (n=29)
| e . y o . m Dispositivos (n=30)
Ulises Granados', David Fuster'-, Juan M. Perlcas_---’. Jaime L. Lopis®, Salvador Ninot*, Eduard Quintana®-,
= DAl (n=11)

m Marcapasos (n=19).
m 6 meses seguimiento

Hallazgos extra-cardiacos

El Confirmada (n 31) El Rechazada (n 49)

= 26% embolismos sépticos (n 8)
- Pulmonar (n 4)
- Esplénico (n 2)
- Vertebral (n 2)
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PET/TC Hallazgos Extra-Cardiacos

516 I 80 casos consecutivas El (2013 — 2015)
Diagnostic Accuracy of 'F-FDG PET/CT in Infective

” X ) ) = Valvula Nativa (n=21)
Endocarditis and Implantable Cardiac Electronic Device , .
Infection: A Cross-Sectional Study = Valvula Protesica (n—29)

m Dispositivos (n=30)
m DAl (n=11)
m Marcapasos (n=19).

m 6 meses seguimiento

Ulises Granados', David Fuster!2, Juan M. Pericas®?, Jaime L. Lopis%, Salvador Ninot>3, Eduard Quintana2=,
5

Hallazgos extra-cardiacos

El Confirmada (n 31) El Rechazada (n 49)

= Neumonia (n 4)
= 26% embolismos septicos (n 8) = Artritis séptica de cadera (n 2)

- Pulmonar (n 4) = Espondilodiscitis (n 2)
- Esplénico (n 2) = Osteomielitis esternal (n 1)
- Vertebral (n 2) » |nfeccidn de proétesis adrtica (n 1)

= Linfoma(n 1)
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PET/TC Hallazgos Extra-Cardiacos

516 I 80 casos consecutivas El (2013 — 2015)
Diagnostic Accuracy of 'F-FDG PET/CT in Infective

” X ) ) = Valvula Nativa (n=21)
Endocarditis and Implantable Cardiac Electronic Device , .
Infection: A Cross-Sectional Study = Valvula Protesica (n—29)

m Dispositivos (n=30)
m DAl (n=11)
m Marcapasos (n=19).

m 6 meses seguimiento

Hallazgos extra-cardiacos

El Confirmada (n 31) El Rechazada (n 49)

= Neumonia (n 4)
= 26% embolismos septicos (n 8) = Artritis séptica de cadera (n 2)

- Pulmonar (n 4) = Espondilodiscitis (n 2)
- Esplénico (n 2) = Osteomielitis esternal (n 1)
- Vertebral (n 2) » |nfeccidn de proétesis adrtica (n 1)

= Linfoma(n 1)

- PET/CT detecto el foco infeccioso en 47% (7/15) de los casos con
VN y El “Rechazada”
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= 10% cancer colorectal (n
3)

- Streptococcus bovis (n 2)

- Entercoccus faecallis (n=

1)




PET/TC en EI

VOL. 74, NO. 8,

2019

Prognostic Value of '®F-Fluorodeoxyglucose #
Positron Emission Tomography/Computed - 173
Tomography in Infective Endocarditis n=

Sovannarith San, MD,* Eleonore Ravis, MD,* Laetitia Tessonier, MD,” Mary Philip, MD,* Serge Cammilleri, MD b
Flora Lavagna, MD,* Giulia Norscini, MD,” Florent Arregle, MD,* Héléne Martel, MD,” Leopold Oliver, MD,*
Olivier Torras, MD,* Sébastien Renard, MD,* Pierre Ambrosi, MD,* Laurence Camoin, MD, PuD,“

Anne Claire Casalta, MD,* Sandrine Hubert, MD," Jean Paul Casalta, MD," Frédérique Gouriet, MD,"

Alberto Riberi, MD,? Jean-Francois Avierinos, MD,* Hubert Lepidi, MD, PuD,“ Frederic Collart, MD,?

Didier Raoult, MD, PuD,“ Michel Drancourt, MD, PuD, Gilbert Habib, MD, PuD*“

= PET/TC positivo en VP fue predictor de mal prondstico

Muerte

Recurrencia de El

Fallo cardiaco agudo

Hospitalizacidon por causa cardiovascular

" PET/TC positivo tanto en VN como VP se asocié a alto
riego de un nuevo evento embadlico séptico




Conclusiones

PET/TC con 18F-FDG en Endocarditis Infecciosa

Infeccion / inflamacidon — Respuesta inmune global

Alto rendimiento valvulas protésicas y dispositivos
Probable rol en infeccion TAVI

Bajo rendimiento valvulas nativas (alta E / baja S)
Hallazgos extra-cardiacos

Embolismos / Foco infeccioso alternativo / Puerta de entrada
Hallazgos clinicamente relevantes (Ca colon)

Valor pronostico

Monitorizacidon tratamiento antibidtico
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