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Généralités



DECI pour les nuls
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Des alternatives a moindre risque ?
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Pacemaker sans sonde : MICRA
Pacemaker fixé dans le VD

Avantages Risque infectieux moindre

Inconvénients Stimulation plus basique,

\U

-~

Défibrillateur axillaire avec une sonde tunnelisée en

absence de retrait ou changement /

Défibrillateur souscutané (SICD) \

pré-sternal

Avantages Risque infectieux moindre
Inconvénients Pas de possibilité de stimulation ni
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Autres dispositifs

Stimulation épicardigue

Electrodes épicardiques temporaires
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En attente de repose de DECI apres
retrait chez des patients dépendants

-

Reliées a un boitiezxterne

Pacemaker épicardique
Sondegpicardique® T OS SEGSNY S
Reliées a un boitiealbdominal

.

{2yRS RQSY (i NI-dysiobades v |

SondeendocavitairegVD) placée sous scopie
Reliéea un boitierexterne

| =N

Objectif: Stimulation (idem pacemaker) y

~

~

Life-vest

Défibrillateur externe | ﬁ ‘

Objectif: Traiter les
TdR ventriculaires
(idem DAI)




Réféerentiels

[ Recommandations européennes (ES@:)

@ ESC Europace (2020) 22, 515-516 EHRA CONSENSUS PAPER

European Society doi:10.1093/europace/euz246
of Cardiology

European Heart Rhythm Association (EHRA)
international consensus document on how to
prevent, diagnose, and treat cardiac
implantable electronic device infections—
endorsed by the Heart Rhythm Society (HRS),
the Asia Pacific Heart Rhythm Society
(APHRS), the Latin American Heart Rhythm
Society (LAHRS), International Society for
Cardiovascular Infectious Diseases (ISCVID)
and the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID)
in collaboration with the European Association
for Cardio-Thoracic Surgery (EACTS)

@ ESC European Heart Journal (2023) 44, 3948-4042 ESC GUIDELINES

European Society  https:/doi.org/10.1093/eurheartj/ehad193
of Cardiology

2023 ESC Guidelines for the management
of endocarditis

Developed by the task force on the management of endocarditis
of the European Society of Cardiology (ESC)

[ Recommandations américaines (AHA})

Update on Cardiovascular Implantable Electronic
Device Infections and Their Prevention, Diagnosis,
and Management: A Scientific Statement From
the American Heart Association

Endorsed by the International Society for Cardiovascular Infectious Diseases J anuary 9, 2024

[ Recommandations internationales (HR%S)

2017 HRS expert consensus statement on cardiovascular
implantable electronic device lead management and
extraction @

o

Prise en charge infectiologique
des infections de dispositif
électronique cardiaque
implantable (DECI)

Synthése et prise de position commune
de la SPILF et de la SFC a propos du Consensus
2017 de la Heart Rythm Society (HRS)



Epidémiologie et pronostic




Epidémiologie

Infections and associated costs following Etude francaise rétrospective
cardiovascular implantable electronic device 78 267 patient§Données du PMSI)
implantations: a nationwide cohort study

Clémenty et al. Eurospace. 2018

CIED de novo CIED replacement
36Minfection rate  P-value (at 36M) 36Minfectionrate P-value (at 36M)
Defibrillators SCD +DCD 1.6% 2.9%
CRT-D 1.6% 0.93 (vs. SCD 4 DCD) 3.9% 0.36 (vs. SCD + DCD)
Pacemakers SCP + DCP 0.5% 1.4%
CRT-P 1.0% 0.01 (vs. SCP + DCP) 1.3% 0.93 (vs. SCP+DCP)

CENTRAL ILLUSTRATION Summary of Infection Risks Across Device Platforms in the
Prevention of Arrhythmia Device Infection Trial

prevention of Arrhythmia Device

Infection Trial

The PADIT Trial Krahn et al. JACC. 2018 Pacemaker
ICD
Etude canadienne multicentrique -

randomisée sur la prévention des
InfeCtlonS de DECI ® Incremental ® Conventional
19 603 p at | ents Krahn, A.D. et al. J Am Coll Cardiol. 2018;72(24):3098-109.

0 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8 2

The consistent modest reduction seen across device types was not significantly different. CIED = cardiac implantable electronic device;
CRT = cardiac resynchronization therapy; ICD = i cardioverter-




Epidémiologie

2023 ESC Guidelines for the management
of endocarditis ESC GUIDELINES Delgado et al. Eurheartj. 2023

Patients at|intermediate risk of IE fnclude those with: (i) rheumatic
heart disease (RHD); (i) non-rheumatic degenerative valve disease;
(iii) congenital valve abnormalities including bicuspid aortic valve dis-
ease; (iv)lcardiovascular implanted electronic devices (CIEDs)l and (v)
hypertrophic cardiomyopathy.™”"**""* Some epidemiological data sug-
gest that certain conditions stratified as intermediate risk are associated

Endocardite infectieuse. Epidémiologie, y——
physiopathologie et anatomopathologie par million

Lung B.. Presse Med. 2019 15000
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FIGURE 1

Incidence de I'endocardite selon le type de cardiopathie préexistante
Incidence annuelle par million de patients et par an. CMH : cardiomyopathie hypertrophique.



Pronostic : Mortalité

[ Mortalité a 30 jours :Entre 5 et 8% ]

1.09

0.8

0.6

Cumulative Survival

Delgado et al. Eurheartj. 2023

1 Infection de sonde/bactériémie

Infection de boitier

T T T T T T
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Days of follow-up

Viganego et al. Amjcard. 2012

Facteurs de mauvais pronostic

- Infection de sonde > Infection de boitier
- Comorbidités (Index de Charlson)
- Extraction incomplete du matériel

Table2. Overall Survival According to Pertinent Baseline Characteristics

Hazard Ratio (95%

Characteristic Confidence Interval) PValue

Age (<80 y vs >80 ) 0.66 (0.32-1.34) .2549

[Charlson comorbidity index (0-3 2.22 (1.01-5.56) .0460
vs >4)

Valvular heart disease 1.02 (0.51-2.12) .9514

Diabetes mellitus 0.89 (0.43-1.78) .7513

Tan et al. CID. 2017

Multivariate Cox proportional hazard models depicting the relationship between device removal and mortality

30-day mortality

HR (95% CI) P
| Antimicrobial therapy alone 6.97 (1.36-35.60) 0.019 |
Antimicrobial therapy with complete device removal Referent

Le et al. Heart Rhythm. 2011



Pronostic : Cout

Infections and associated costs following Etude francaise rétrospective

cardiovascular implantable electronic device 78 267 patient§Données du PMSI)

implantations: a nationwide cohort study
Clémenty et al. Eurospace. 2018

Table 2 Infection associated costs

24M infection de novo 24M infection replacement

Total 356 €50294 331 €18778



Physiopathologie, facteurs de risque
et microbiologie




Physiopathologie

Deux mécanismes distincts

Infection de site opératoire
Dans les suites de la pose du DECI, apres remplacement ou manipulation de la loge

A, @2tdziA2y OSNAR I O2f 2y A&l A2y
A A partir des bactéries de flore cutanée(staphylocoque a coagulase négative)
A 5S@St 2 LILIShoBly (impdtt@da/du retrait du matériel)

Infection hématogene (idem endocardite sur materiel)
510ya fSa adzaidsSa RQdzyS oF OG/SNRS

A Risque variable en fonction de la bactérie en caSe(ireus streptocoque > BG
A wAaljdzS RQIFdzOF yG LX dza AYLRNIF yd JjdzS



Physiopathologie

Distant Sources of Infection

‘ Bloodstream
infection

" without
Bloodstream Infection Seedliig

Pathogen-based risk of underlying CIED
CIED infection

Other non-SA GPC

Pseudomonas VGS
Sesratia - Enterococci
Gram :
tive

other than S aureus Bloodst
CoNS oodstream

infection

CIED as

primary
source

seeding
CIED

Lower risk Higher risk

Pocket/
generator
infection

CIED Infection

Chesdachai S, et al. J Am Coll Cardiol. 2024;83(14):1326-1337.
JACC FOCUS SEMINAR: INFECTIVE ENDOCARDITIS VOL. 83, NO. 14, 2024



Facteurs de risque liés au patient

Prospective + retrospective studies

Factor Studies Total Pooled P-value
(n) (n) estimate

Patient-related factors

ESRD*  (DFG < 15 mL/min ou dialyse) 8 3045 873[3.42,22.31] 0.00001
History of device infection 4 463 7.84[1.94,31.60] 0.004
Fever prior to implantation 3 6652 4.27[1.13,16.12] 0.03
Corticosteroid use 10 3432 3.44[1.62,7.32] 0.001
Renal insufficiency® 5 2033  3.02[1.38, 6.64] 0.006
COPD 6 2810  2.95[1.78,4.90] 0.00003
NYHA class > 2 3 2447 247 [1.24,4.91] 0.01
Skin disorders 4 6810  2.46 [1.04, 5.80] 0.04
Malignancy 6 1555  2.23[1.26, 3.95] 0.006
Diabetes mellitus 18 11839 2.08[1.62,2.67] <0.000001
Heparin bridging 2 6373 1.87[1.03, 3.41] 0.04
CHF 6 1277  1.65[1.14, 2.39] 0.008
Oral anticoagulants 9 8527 1.59[1.01, 2.48] 0.04

@ E S C Europace (2020) 22, 515-516

Europegn Society doi:1 0.1093/europace/euz246
of Cardiology EHRA CONSENSUS PAPER



Facteurs de risque liés a la procédure

Prospective + retrospective studies

Factor Studies Total Pooled P-value
(n) (n) estimate

Procedure-related factors

Procedure duration 9 4850 9.89[0.52,19.25] 0.04
Haematoma 12 14228 8.46[4.01,17.86] <0.000001
Lead repositioning 5 1755 6.37[2.93,13.82] 0.000003
Inexperienced operator® 2 1715  2.85[1.23, 6.58] 0.01
Temporary pacing 10 10683  2.31[1.36, 3.92] 0.002
Device replacement/revision/upgrade 26 21214 1.98 [1.46, 2.70] 0.00001
Generator change 20 12134 1.74[1.22, 2.49] 0.002
Antibiotic prophylaxis 16 14166  0.32[0.18,0.55]°  0.00005

@ E S C Europace (2020) 22, 515-516

European Society doi:10.1093/europace/euz246
of Cardiology EHRA CONSENSUS PAPER



Facteurs de risque liés au materiel

Factor

Prospective + retrospective studies

Pooled P-value
estimate

Device-related factors
Epicardial leads
Abdominal pocket
>? leads

Dual-chamber device

(n) (n)
3 623
4017
6 1146
14 45224

@ESC

8.09 [3.46,18.92]  0.000001
4.01[248,6.49] <0.000001
2.02[1.11, 3.69] 0.02
1.45[1.02, 2.05] 0.04

Europace (2020) 22, 515-516

European Society doi:10.1093/europace/euz246

of Cardiology

EHRA CONSENSUS PAPER



Facteurs de risque

Table S11 The PADIT score for predicting risk of hos-
pitalization for device infection at 1 year after CIED
implantation

Predictor PADIT risk score
points

Prior procedure(s) on the same pocket
None 0

A

One

Two or more [\Nf\élj dZé ﬁQKQéLJ?\ l:ll\f
Age (years) infection :

<60 A Risque faible (@) : 0.51%

6069 A Risque intermédiaire (B) :

>70 1.42%
Depressed renal function (GFR <30 mL/ \A RISCI ue élevé (7) : 3.41% j

min)

- O A N

Immunocompromised® 3
Type of procedure®
Pacemaker

ICD

CRT

Revision/upgrade

v A N O
© ESC 2023

@ E S C European Heart Journal (2023) 00, 1-15

European Society https://doi.org/10.1093/eurheartjlehad193
of Cardiology



Microbiologie

Culture negative
7%

Fungal

2%
Polymicrobial
7%

Gram negative bacilli
9%

Coagulase negative
staphylococci
42%

Other Gram positive cocci
4%
Oxacillin resistant S.

aureus
4%

Oxacillin sensitive S.
aureus
25%

Figure 2. Microbiology of cardiovascular implantable
electronic device infections.

Reprinted with permission from Sohail et al.’® Copyright 2007, by the
American College of Cardiology Foundation. Published by Elsevier.

AHA SCIENTIFIC STATEMENT 2023 American Heart Association,



Microbiologie

Table 2 Pathogens isolated in patients undergoing interventions for device infection from three large patient cohorts
in North America, Europe, and Asia

Percentage of isolates

Pathogen North America'® Europe'’ Asia'®
Coagulase-negative staphylococci 69 45.2
Methicillin-resistant 18.8
Methicillin-sensitive 18.8
S. aureus 13.8 4.1
Methicillin-sensitive 15.8
Methicillin-resistant 15.0
Streptococcus spp. 25
Enterococcus spp.
Vancomycin-sensitive 28
Vancomycin-resistant 14
Cutibacterium spp. (previously Propionibacterium spp.) 25
Corynebacterium | 5 |
[ Gram-negative bacteria | 8.9 [61] 9.1
Enterobacteriaceae 3 32
Non-fermentative bacilli, incl. Pseudomonas spp. 1.5 59
Anaerobes 1.6
Fungi 0.9 1 0.9
Mycobacteria 0.2

@ E S C Europace (2020) 22, 515-516

European Society doi:10.1093/europace/euz246
of Cardiology EHRA CONSENSUS PAPER



Prévention



Prévention

Adherence to
standard infection
prevention
measures

Consider

LPM in
high-risk patients

New CIED implant once
pocket is adequately
debrided and blood
cultures are
negative'

Chronic
antimicrobial

suppression for
non-extraction
candidates

PREVENTION

Single dose of
preoperative

cefazolin

Complete
CIED
removal

CIED
Infection

Antimicrobial
envelope for

high-risk
patients

Hematoma
prevention

findings are key
for pocket infection

TEE for diagnosis of
valve infection in
patients with
bloodstream
infection

PET/CT for

cases with

inconclusive
Device findings or lead
sonication masses on

and molecular \TEE
techniques* to
enhance microbial

detection

AHA SCIENTIFIC STATEMENT 2023 American Heart Association,



Prévention : Recommandations

To o To o o

p %

Mesures préprocédurales

+SNATFAOFGAZ2Y RS f QA Y R Aditafioh bfg¢ctichbde RS f QF 64 S
Réduction au maximum du risque hémorragigue

Environnement stérile, opérateur entrainé

Rasoir électrique

Antibioprophylaxie

Mesures perprocédurales

Préparation chirurgicale a &nlorhexidine alcoolique 2%
Limitation au maximum du risque hé[norrggiqgeA A I
PGAfAAr OA2Y RQdzyS Sy@St2LIJJ |yaAoA20Al dzs

Mesures postprocedurales

Pansement pendant-20 jours, éducation du patient sur les soins locaux
Difféerer au maximum les réinterventions

@ E S C Europace (2020) 22, 515-516

Europegn Society doi:10.1093/europace/euz246
of Cardiology EHRA CONSENSUS PAPER



Prevention : Antibioprophylaxie

LYLX I yiFGA2YyY 62dz NBAYUISNBSY (A
Antibioprophylaxie systématique

Soins dentaires phez un patvient porteur de DECI }
1 6ASYyOS RQIYUAOAZ2LINRLIKEE | E.

wSO2YYl yYRIFGA2Ya RQFYGAOAZLINEL

/A Céfazoline 1¢¢intention \
A Vancomycinadans certaines situations spécifiques

A Allergie aux bétaactamines

AlYyiSOSRSYy(ia RQAYTFSOUAZ2Y Lt {! wa

A Ecologie locale & haut risque de SARM / SERM
A1 0aSYyOS RQAYRAOIUOAZ2Y t dzyS LR dzNBEdzA G S
@ Nettoyage de la loge au sérum salé /

AHA SCIENTIFIC STATEMENT 2023 American Heart Association,



Prevention : Antibioprophylaxie élargie ?

Prevention of Arrhythmia Device
Infection Trial
The PADIT Trial

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

VOL. 72, NO. 24, 2018

Etude randomisée multicentrique : 19603 patients )
A Antibioprophylaxie conventionnelle : Céfazoline
A Antibioprophylaxie expérimentale : Vancomycine + Lavage fle

9 la loge a la bacitracine + Céfalexine 48h post implantation)

High-Risk Patients

N Incremental vs. Conventional
All Conventional Incremental

(N = 12,826) (n = 6,285) (n = 6,541) ORf? 95% ClI p Value

Hospitalization due to device infection 143 (1.11) 77 (1.23) 66 (1.01) 0.82 0.59-1.15 0.26
All Patients
All Conventional Incremental Incremental vs. Conventional

(N = 19,559) (n = 9,605) (n =9,954) ORT 95% CI p Value

Hospitalization due to device infection 177 (0.90) 99 (1.03) 78 (0.78) 0.77 0.56-1.05 0.10




Prévention : Antibioprophylaxie élargie ?

Risk of Hospital Admission for CIED Infection at 1 Year (%)

Pacemaker

ICD

CRT

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

M Incremental ™ Conventional

[ Pas de différence significative }




Prevention : Enveloppe antibiotique ?

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MAY 16, 2019 VOL. 380 NO. 20

Antibacterial Envelope to Prevent Cardiac Implantable Device Tarakji et al. NEJM. 2019
Infection

Etude randomisée multicentrique : 6983 patients
A Enveloppe antibiotique (libération rifampicine + minocycline pendant 7 joufs)
A Groupe controle

Envelope Control Total Hazard Ratio
End Point (N =3495) (N =3488) (N =6983) (95% CI)

number of patients (percent)

Primary end point: major CIED 25 (0.7) 42 (1.2) 67 (1.0) 0.60 (0.36-0.98)*
infection within 12 mo

Type of major CIED infection

Pocket infection 14 (0.4) 36 (1.0) 50 (0.7) 0.39 (0.21-0.72)

Bacteremia or endocarditis 11 (0.3) 6 (0.2) 17 (0.2) 1.57 (0.61-4.05)




Prevention : Enveloppe antibiotique ?

Update on Cardiovascular Implantable Electronic
Device Infections and Their Prevention, Diagnosis,
and Management: A Scientific Statement From
the American Heart Association

Endorsed by the International Society for Cardiovascular Infectious Diseases

Clinical Perspective
* Risk factors associated with CIEDI are well-
defined and evaluation by a risk score may be use-
ful in defining high risk (see Management section
for details regarding risk score).

* | Use of the antimicrobial envelope may be consid-
ered in patients at high risk of CIEDI, including
patients at high risk of perioperative hematoma
formation.

AHA SCIENTIFIC STATEMENT 2023 American Heart Association,
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Diagnostic

Definite CIED infection

ge“e\'atOr site ,.0

Lead
vegetation

Pocket/
generator
infection

Valve
vegetation

_~Valve
. vegetation

infections

“ Bloodstream

Other

non-SA GPC
Pseudomonas VGS

Serran Enterococci
Gram- S. aureus
negative CoNS

JACC FOCUS SEMINAR: INFECTIVE ENDOCARDITIS VOL. B3, NQ. 14, 2024 Lower I'iSk nghef riSk

Cardiac Implantable Electronic Device Infection « CID 2025:80 (15 January) « 1



Diagnostic

)1 AFAAOEIT 1

AO OEOA AGEI DI AT OAOET 1

~

J

Superficielle

|

Profonde : Infection de boitier
Toute collection au contact du matérie/

/A < 30 jours suivant la pose

A Absence de signes généraux

A Inflammation limitée & la peau et au
tissusous cutanée de la zone

\

(A3ECTAO 11 AAOD AGH

A Déformation, adhérence ou
exteriorisation du matériel possible

A Signes généraux et bactériémie

ABE] AEGET ] possllblgs, OOO?EAEI | AO
\ / \ systémique associee) /
Infections systémiques (avec ou sans infection de boitier) }
Infection de sonde : «€l sur sonde» Infection de valve : El valvulaire }
e - A . A Z - A~ ..,,N,\\,>
Ae6i Ci OAOEI 1T OEOOAI E

sonde (ETO ou TEPDM)

J

A Cf. cours €ndocardite infectieuse }

&
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Objectifs : distinguer les 4 entités suivantes

Extériorisation
de matériel

Infection du site
d’implantation =
signes locaux
d’inflammation

Infection de sonde(s) =
pas d’atteinte
valvulaire =
pas d’endocardite

Endocardite associée a
un matériel implanté =
atteinte valvulaire =
endocardite

JRA 202071 Pr. Lebeaux - Dr Bonnet




Diagnostic

Pocket/generator site infection in CIED patients

Isolated pocket/generator

site infection .

—

A: BSI with pocket/generator site infection

B: BSI with pocket/generator site infection and
valve vegetation

C: BSI with pocket/generator site infection and
lead vegetation

Isolated BSI with low suspicious
for CIED infection Areas of uncertainty

Bloodstream infection (BSI) in CIED patients

JACC FOCUS SEMINAR: INFECTIVE ENDOCARDITIS VOL. 83, NO. 14, 2024



Table5 Recommendations for diagnosis of[CIED infections and/or infective endocarditis] the Novel 2019
International CIED Infection Criteria

‘Definite’ CIED/IE = presence of either 2 major criteria or 1 major 4+ 3 minor criteria
‘Possible’ CIED/IE = presence of either 1 major + 1 minor criteria or 3 minor criteria

‘Rejected’ CIED/IE diagnosis = patients who did not meet the aforementioned criteria for |E

Critere majeur microbiologique

A. Blood cultures positive for typical microorganisms found in CIED infection and/or IE

(Coagulase-negative staphylococci, S. aureus)

B. Microorganisms consistent with |E from 2 separate blood cultures:
a. Viridans streptococci, Streptococcus gallolyticus (S. bovis), HACEK group, S. aureus; or
b. Community-acquired enterococci, in the absence of a primary focus
C. Microorganisms consistent with |E from persistently positive blood cultures:
a. >2 positive blood cultures of blood samples drawn >12 h apart; or
b. All of 3 or a majority of >4 separate cultures of blood (first and last samples drawn >1 h apart); or

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

@ E S C Europace (2020) 22, 515-516

European Society doi:10.1093/europace/euz246
of Cardiology EHRA CONSENSUS PAPER



Table5 Recommendations for diagnosis of CIED infections and/or infective endocarditis: the Novel 2019
International CIED Infection Criteria

~ ~

# OEOT OA | AEAOO |A

Ve Ve

Ei ACAOEA

Qu

D} Echocardiogram (including ICE)|positive for:
a. CIED infection:

i. Clinical pocket/generator infection
ii. Lead-vegetation
b. Valve IE

i. Vegetations
ii. Abscess, pseudoaneurysm, intracardiac fistula
iii. Valvular perforation or aneurysm
iv. New partial dehiscence of prosthetic valve

E.|['®F]FDG PET/CT|(caution should be taken in case of recent implants) or|radiolabelled WBC

SPECT/CT detection of abnormal activity at pocket/generator site, along leads or at valve site

F. Definite paravalvular leakage by|cardiac CT

@ E S C Europace (2020) 22, 515-516

European Society doi:10.1093/europace/euz246
of Cardiology EHRA CONSENSUS PAPER



Table5 Recommendations for diagnosis of CIED infections and/or infective endocarditis: the Novel 2019

International CIED Infection Criteria

Criteres mineurs

a. Predisposition such as predisposing heart condition (e.g. new onset tricuspid valve regurgitation) or injection drug use

b. Fever (temperature >38°C)

c. Vascular phenomena (including those detected only by imaging): major arterial emboli, septic pulmonary embolisms, infectious (mycotic) aneurysm, in-

tracranial haemorrhage, conjunctival haemorrhages, and Janeway’s lesions

d. Microbiological evidence: positive blood culture which does not meet a major criterion as noted above or serological evidence of active infection with

organism consistent with |E or|pocket culture or leads culture |(extracted by non-infected pocket)

CrittreseSC: A OGS APDPI ENOAT Ystdnigued

(infection de sonde ou El valvulaire)

Ve ~ Ve

@ E S C Europace (2020) 22, 515-516

European Society doi:10.1093/europace/euz246
of Cardiology

EHRA CONSENSUS PAPER



Table. American Heart Association Clinical Definitions of Cardiovascular Implantable Electronic Device Infection

2023 American Heart Association,



