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FIGURE 2 Diagnostic Challenges in CIED Infection
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Table8 Recommendations for device and lead removal

Consensus statement

Complete CIED removal is recommended in patients with infective endocarditis

with or without definite involvement of the CIED system

Complete CIED removal is indicated in bacteraemia or fungaemia with S. aureus,
CoNS, Cutibacterium spp., and Candida spp

In bacteraemia with alpha- or beta-haemolytic Streptococcus spp. and Enterococcus
spp.,a complete CIED removal may be performed as first-line treatment or in
case of recurrent/continued bacteraemia despite appropriate antibiotic therapy

as a second step therapy

In case of bacteraemia with non-pseudomonal/Serratia Gram-negative bacteria or
Pneumococcus spp., CIED removal should be performed in the case of recur-
rent/continued bacteraemia despite appropriate antibiotic therapy when there

is no other identifiable source for recurrence or continued infection

E : expert opinion

Statement class

SR 1
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Suspected CIED lead/valvular infection without pocket infection

e

Blood cultures J

American
Heart
Association.

Positive Negative
1@
-
Staphylococcus Persistent BSI* due to No further
aureus or CoNSt non-staphylococcal organisms w/u needed for
Scientific (e.g. Enterococcus faecalis, CIED lead/valvular
evidence coding \ Streptococcus, Pseudomonas infection*
or Serratia spp.)
E L w/o alternative source
E % TTE+TEE |4J
E
Positive Negative
No alternative explanation,
E persistent BSI or equivocal PET/CT
TTE/TEE findings®
Positive Negative
Extract device. Defer device extraction.
Manage as CIED Manage as BSI w/o device
lead/valve infection. Follow up

infection after stopping antibiotics
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Prise en charge infectiologique
2019 de§ infecti_ons de di_spositif
électronique cardiaque

implantable (DECI)

Extraction Réimplantation

A réaliser le plus précocement possible : L’évaluation de l'indication de réimplantation
« idéalement dans les 3 jours suivant le est impérative (30 9% de non-indication)

diagnostic
* Indépendamment de la durée du Réimplantation possible :

traitement antibiotique préalable « au plus tét 72 heures apres la premiere

hémoculture négative

Extraction percutanée : * plus tardivement si présence d’une autre
« sjvégétations <2 cm source d’infection non traitée.

« adiscuter au cas par cas Sl
végétations > 2 cm
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2023 ESC Guidelines for the management
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Cardiac implantable electronic device lead
extraction in patients with underlying infection
using open thoracotomy or percutaneous techniques

Divyang Patel, Faris Khan, Hemal Shah,
Sanjoy Bhattacharya, Evan Adelstein, Samir Saba

Table 4. Cox proportional hazard predictor of death 1 year after index procedure.
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Figure 2. Kaplan-Meier curves showing the survival of
patients with cardiac implantable electronic devices in-
fection after lead extraction in both the open-thoracoto-
my (OR) (open chest) and percutaneously (EP) (closed
chest) study groups.

P Odds ratio 95% confidence interval

Lower Upper
Open chest (vs. closed chest) 0.010 2.60 1.26 5.37
Gender (women vs. men) 0.08 0.64 0.39 1.05
Age (1 year increment) < 0.001 1.04 1.02 1.06
Charlson comorbidity index 0.003 1.17 1.05 1.29
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Low Utilization of Lead Extraction Among g
Patients With Infective Endocarditis and
Implanted Cardiac Electronic Devices

Christopher T. Sciria, MD,*" Edward V. Kogan, MD,* Ari G. Mandler, MD,” Tlhwan Yeo, MD, PuD,*
Matthew S. Simon, MD," Luke K. Kim, MD,* James E. Ip, MD," Christopher F. Liu, MD,* Steven M. Markowitz, MD,*
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Nationwide Readmissions Database (NRD)

CENTRAL ILLUSTRATION National Utilization of Lead Extraction With Cardiac Implantable
Electronic Devices and Endocarditis

Analysis of 25,303
Admissions of Patients
With Cardiac Implantable Electronic Devices
(CIEDs) and Infective Endocarditis (IE) in the
Nationwide Readmissions Database

Low Utilization of Transvenous Lead Removal/Extraction (TLE) 12%

TLE Independently Associated With Reduced
Index and Early Mortality
14

TLE in Patients With CIEDs and IE

t Utilization

2 .
ﬁ.' c 6 ICD in place

*- Older age * Dementia
]

= Female @ » Kidney disease o
' Index Mortality ~Early Mortality

PBine [ NoTLE

TLE : transvenous lead extraction
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Early Versus Delayed Lead Extraction in 1)\
Patients With Infected Cardiovascular
Implantable Electronic Devices

Andrew Y. Lin, MD,* Tatiana Saul, MD,* Omar M. Aldaas, MD,* Florentino Lupercio, MD,* Gordon Ho, MD,?
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A
100 Early Extraction
- (I
80 -+
2 60.- Delayed Extraction T e
g
-
5 40 -
v
- p = 0.022
0 T I Y I Y I r 0 r 7
0 2 4 6 8 10 12
Follow-Up (Months)
Number at risk
e E QLY 33 28 25 25 25 24 23
= [Jelayed 94 66 61 58 52 50 43

Lin, A.Y. et al. J Am Coll Cardiol EP. 2021;7(6):755-63.
Early <7 jours

Plus de complication d’extraction sur les sondes
anciennes (135 vs 78 mois)
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JAMA Cardiology | Original Investigation

Lead Extraction and Mortality Among Patients
With Cardiac Implanted Electronic Device Infection

202 3 Sean D. Pokorney, MD; Lindsay Zepel, MS; Melissa A. Greiner, MS; Vance G. Fowler Jr, MD, MHS;
Eric Black-Maier, MD; Robert K. Lewis, MD, PhD; Donald D. Hegland, MD; Christopher B. Granger, MD;
Laurence M. Epstein, MD; Roger G. Carrillo, MD; Bruce L. Wilkoff, MD;
Chantelle Hardy, MPH; Jonathan P. Piccini, MD, MHS

Taux extraction 18,6%

Figure. Observed 1-Year Cumulative Incidence of All-Cause Mortality in the Cohort With Infection
Using the Landmark Approach

80+

o
o
1

No extraction within 30 d

Cumulative mortality
incidence, %
B
<

Extraction at 7-30d
20

——

Extraction at <7 d

’ 30 60 Eaill[) 3&5 39|5
Time after infection date, d
No. at risk
No extraction within30d 8777 8307 6288 5377 5199
Extractionat <7 d 1475 1415 1199 1056 1036

Extraction at 7-30d 580 542 445 388 373
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Early Lead Extraction for Infected ‘1)\

Implanted Cardiac Electronic Devices © s
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FIGURE 2 Clinical Outcomes for Cardiac Implantable Electronic Device Extractions in Patients With Cardiac Implantable Electronic Device Infection
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[ Procedural Success A Major Procedural Complications [l Procedural Mortality

Extraction for cardiac implantable electronic device infection is associated with high procedural success (majority of studies showing rates of =95%), low major
procedural complication (between 0% to 4%), and very low procedural mortality (0% to 1%). *Results reported for the local infection cohort. tResults reported for
the early extraction cohort. Results reported for the normal renal function group. §Results reported for patients without abandoned leads.
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Impact of hospital lead extraction volume on
management of cardiac implantable electronic
device-associated infective endocarditis

Ari G. Mandler ®°, Christopher T. Sciria®?, Edward V. Kogan ® 1 llya Kim ® .
llhwan Yeo @ ', Matthew S. Simon?, Luke K. Kim ® ', JamesE. Ip ® ',
Christopher F. Liu ® 1, Steven M. Markowitz', Bruce B. Lerman’,

George Thomas ©® ', and Jim W. Cheung © '
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Nationwide Readmissions Database (NRD)

Outcomes

Analysis of 21 545 admissions of patients / Overall TLE rate 13%

with CIEDs and IE to lead extraction-performing centres b = 0.001
30 '
— oo oo
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cardiac implantable electronic devices:
a nationwide study

Games cohort

Roberto Mateos Gaitan', Lucia Boix-Palopz, Patricia Munoz Garcia®,

No CIED
(N=3258)

Infective >1 year since

e : ; 1/6 patient avec IE a un CIED
Endocarditis implantation n .
(N=3966) (N=289) Plus ages, plus comorbides

CIED CIED-related IE

(N=108) (N=424) < 1 year since Moins de complication
implantation s s . . ’ .
(N=135) Bénéfice de la chirurgie en cas d’atteinte CIED

Table 4 Multivariate analysis of independent predic-
tors of in-hospital mortality in cardiac implantable elec-

Table 3 Continued

tronic devices (CIEDs) carriers with CIED-related IE or Variables (%) CIED-related Valve IE and no CIED P-value
with valve IE and no CIED lead involvement (analysed IE (N = 424) lead involvement (N = 284)
separately)
Surgery indication 354 (83.5) 185 (65.1) <0.001
LORGsECy A Surgery (total) 330 (77.9) 83 (293) <0001
CIED-related IE Walvular repair/replacement 0 49 (59) =0.001
Neurological involvement 5.4 (1.9-15.1) 0.002 Complete system removal 304 (92.1) 10 (12.1) <0.001
Renal dysfunction 3.1 (1.6-6.0) 0.001 Walvular repair/replacement + complete system removal 26 (7.9) 24 (289) =<0.001
Severe sepsis 23(1.1-47) 0.03 Ceomplete system removal (total) |330 (77.8) 34 (11.9) I =0.001
Heart failure 32 (1.6-6.1) 0.007 With open heart surgery 146 (44.3) 25 (73.5) 0.002
Surgery 0.4 (0.2-0.7) 0.004 With transvenous lead extraction 184 (55.7) 9 (26.5) 0.002
TETE ST e L ED eaT o EmeT Duration of antbiotic treatment, median (IQR) 38 (27-48) 38 (21-44) 0.05
Renal dysfunction 21(12-37) 0.0 Hospital admission days, median (IQR) 34 (22-53) 37 (18-53) 055
Heart failure £ (799 4) <000 In-hospital mortality 62 (14.6) 109 (384) <0.001
Surgery 0.9 (0.5-1.7) 077 1-year morlity 85 (20.0) 131 (46.1) <0.001
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Early extraction versus conservative management in patients with noninfected
cardiac implantable electronic devices undergoing cardiac surgery for left-sided
infective endocarditis: Insights from the multicentric Clinical Multicenter Project for
Analysis of Infective Endocarditis in Germany Registry

Mateo Marin-Cuartas, MD A © B - Zara Dietze, MD @ - Sebastian Freiburger, MD ® - Carolyn Weber, MD © - Maximilian Luehr, MD € -
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Michael A. Borger, MD A ° B Show less

Early extraction versus conservative management in patients with non-infected cardiac implantable electronic devices undergoing

cardiac surgery for left-sided infective endocarditis: Insights from the multicentric CAMPAIGN Registry

Methods:

* Retrospective analysis based on the CAMPAIGN
Registry, comprising patients with |E who
underwent cardiac surgery between 1994 and
2018 in 6 German centers.

* Cardiac surgery and CIED extraction vs. cardiac
surgery with no CIED extraction.

* PSM was performed to account for baseline
differences.
Results:

* A total of 245 patients included. The CIED was not extracted in 145
(59.1%) patients, and extracted in 100 (40.8%) patients. PSM led to
74 similar pairs.

* The 30-day mortality = 13.5% vs. 20.3% in the extraction and no-
extraction groups, respectively (P=.23 ).

« ICU stay was significantly longer in the extraction group
(median 4 vs. 8 days; P=.003).

* Hospital stay was significantly shorter in the non-extraction group
(median 17 vs. 24 days,; P < .001).

* CIED-reimplantation was required in 44 (59.5%) patients.
* 8-year survival = 31.5% ( extraction ) vs. 28.6% (no extraction)

* 8-year incidence of recurrent |IE = 5.4% (extraction) vs. 11.3% (no
extraction) (SHR 0.43 [95% CI 0.11-1.73]; P = .24).

Estimated recurrent IE rates (PSM cohort)
75% -
z
3 5006 -
5 SHROA43 (85% C10.11101.73), P= 24
2
2 25% 4
'é & months "
3 ~ V7% ’ H
0% ﬂ?ﬁz—-‘ yoA%
L) L L] ] L L] L] L L)
0 1 2 3 4 5 68 7 8
Time (years)
Number at Risk
— 74 % = 18 15 12 El a 7
— T4 38 3 30 25 24 20 15 1"
— Extraction group = Non-ex¥acton group

Clinical implication

In patients with left-sided IE and non-infected CIED undergoing cardiac
surgery, CIED extraction is not associated with a survival advantage or

lower recurrent |E rates, but with longer ICU and hospital stays and a
frequent need for CIED reimplantation.

Abbreviations: Cl confidence interval; CIED cardiac implantable
slactronic device; ICU intensive care unit; IE infective endccarditis;
PSM propensity score matching, SHR subdistribution hazard ratio
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Staphylococcus bacteremia without evidence of
cardiac implantable electronic device infection @

Tkutaro Nakajima, MD, PhD, Ryohsuke Narui, MD, PhD, Kenichi Tokutake, MD, PhD,
Caleb A. Norton, MD, William G. Stevenson, MD, FHRS, Travis D. Richardson, MD,
Christopher R. Ellis, MD, FHRS, George H. Crossley I1I, MD, FHRS,

Jay A. Montgomery, MD

From the Cardiovascular Division, Department of Medicine, Vanderbilt University Medical Center,
Nashville, Tennessee.

Staphylococcus Bacteremia Without Evidence of a CIED Infection

360 Patients With a CIED and
Staphylococcus Bacteremia

178 Patients Without
Evidence of CIED Infection

132 Other Source of Infection
46 Unknown primary focus

20% Relapse of Bacteremia 9.99 0dds Ratio for Relapse

100%7

80%—

60%

Relapsing bacteremia

>1-day of Staphylococcal Bacteremia

——— Non-CIED source (n=115) Risk of Relapse of Staphylc B:

——  Unknown primary focus (n=27) 80
70

Risk (%)

35% 1-year Mortality

100%

80%—

60%

Survival

63.6%
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z4-day

Duration of Bacteremia

Empiric CIED Removal
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Risk Reduction in 1-year mortality
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(Risk of event, %)
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= 249 (0.0) 238 (3.6) 229 (5.7) 226 (6.1) 216 (7.8)

=== (|ED Retained

Bengtsen KH, et al. JACC Adv. 2026;5(2):102480.

s C|ED Removed

ORIGINAL RESEARCH

RHYTHM DISORDERS AND ELECTROPHYSIOLOGY

Device-Removal, Reinfection, and \E
Mortality After Staphylococcus aureus
Bacteremia in Patients With Cardiac
Implantable Electronic Devices

Kasper Hotoft Bengtsen, MD,* Melanie Vuong Le, MD,* Ketil Haugan, MD, PuD,* Berit Thornvig Philbert, MD, PaD,"
Jens Brock Johansen, MD, PuD," Christian Torp-Pedersen, MD, DMSc,*® Sam Riahi, MD, PuD,’

Jens Cosedis Nielsen, MD, PuD, DMSc,? Charlotte Larroudé, MD, PuD," Amna Alhakak, MD,"

Henning Bundgaard, MD, DMSc,® Andreas Petersen, MSc, PuD,' Anders Rhod Larsen, PaD,!

Lauge @stergaard, MD, PuD,” Emil Fosbel, MD, PuD,” Niels Eske Bruun, MD, DMSc,

Anne-Christine Ruwald, MD, PuD*"

10%
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2% J
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| | | 1 |
0 30 90 135 180
Days From Discharge
Number of patients
(Risk of event, %)
— 952 (0.0) 798 (1.3) 683 (4.0) 620 (5.0) 588 (5.5)
= 2409 (0.0) 238 (0.0) 228(1.2) 223 (2.0) 213(2.5)

e C|ED Retained == C|ED Removed



Infection (2022) 50:1517-1523
https://doi.org/10.1007/515010-022-01838-3 2022

Quelles données ?
(Bactériémieé \

hautrisque ?

ORIGINAL PAPER

Other non-SA GPC

Pseudomonas
Serratia

VGs
Enterococci

INFECTIOUS DISEASES,
2024; VOL. 56, 2024
NO. 7, 543-553

Enterococcus faecalis bacteremia, cardiacimplantable electronic
device, extraction, and the risk of recurrence

RESEARCH ARTICLE

Andreas Berge'?( . Ludvig Arkel*© . Bo Nilson**® . Magnus Rasmussen®®
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Staphylococcus aureus bacteraemia, cardiac implantable electronic device,
extraction, and the risk of recurrent infection; a retrospective population-based
cohort study

Infection (2024) 52:1911-1919
https://doi.org/10.1007/s15010-024-02221-0 2024

Andreas Berge®® @, Casper Carlsén® (®, Alexandros PetropoulosS® @, Fredrik Gadler®’ ® and

-

RESEARCH
Magnus Rasmussen?"
. . g r Bactériémie sans
Non-betahemolytic streptococcal bacteremia, cardiac implantable . ) Taux de rechute  Taux de rechute
. . s . Espece extraction . .
electronic device, endocarditis, extraction, and outcome; () (Sans extraction) (Avec extraction)
a population-based retrospective cohort study L
1.2, in3®. 4 340 350 34 Enterococcus
Andreas Berge Johannes Lundin Anna Blackberg Torgny Sunnerhagen Magnus Rasmussen ‘ u 68 patients 10 % (7/68) 0% (0/4)
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PRYIOCOLLUS = 536 patients 6 % (14/236) 5% (2/38)
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non-béta- 71 patients 6% (4/71) 0% (0/4)
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Management and Outcome of Permanent Pacemaker
and Implantable Cardioverter-Defibrillator Infections

@and réimplanteg

Muhammad R. Sohail, MD,* Daniel Z. Uslan, MD,* Akbar H. Khan, MD,+ Paul A. Friedman, MD,}
David L. Hayes, MD, Walter R. Wilson, MD,* James M. Steckelberg, MD,* Sarah Stoner, MS,§
Larry M. Baddour, MD*

B Reimplantation of new
PPM/ICD
| | }
Blood cultures (+) Blood culture (+) Generator Pocket Infection/
TEE (+) TEE (-} Generator or lead erosion
v y
Repeat blood cultures after Repeat blood cultures after Negative blood cultures for 72
. . device removal device explantation hours after device removal
N=189 CIED infection -
l l A 4 F
Valve Lead Reimplant if repeat blood Reimplant once adequate
vegetation vegetation cultures are negative for at debridement is achieved
least 72 hours

Y Y

Reimplant Reimplant if
device after repeat blood
14 days of cultures are
first negative negative for
blood 72 hours
culture

Mayo Clinic Algorithm of Cardiac Device Infection Management



Cardiac implantable electronic device (CIED) infection in a nutshell
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FIGURE 1 Timeline of Key Studies/Guidelines for CIED Infection

1998 Key studies/guidelines for CIED infection
+ Device availability

1998 2000 . e
1993 Cardiac resynchronization therapy * Society guidelines
was introduced for treatment of

f M Pep Ly e Rs e heart failure 5009 2016 2019
Qi b stiseinseridnsboinil % 2000 Leadless pacemaker
A &\ (approved inthe U.S.) 2019

1958 1980 2012

First First ICD Subcutaneous ICD 2018

implantable implantation (approved in the U.S.)

— pacemaker | | |

1960 1971 2003 2010 2015 2017 2020
First 1994 First published ~AHA ESC guideline for  HRS guideline for EHRA guideline for
implantable AHA statement  guideline infective CIED infection CIED infection
pacemaker in on nonvalvular  for CIED endocarditis including PET-CT as
the US. cardiac device  infection 2015 2017 a major criteria
infection 2023
1994 including CIED
infection
201
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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
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Patient and family
1. Informed and educated about
Risks of infected device extraction gg;;ﬁ:a?:n?gza next
* Periprocedural complications: management steps
bleeding due to major vessels 2. Informed and educated about
tear, cardiac tamponade, tricuspid risks of device retention and
regurgitation chronic o_ral antimicrobial
. — suppression
Postprpce_d liral complications 2 3. Patient-centered shared
+ Complications fromlack of device decision making weighing
therapy risks and benefits
+ Complications from new device
placement

Outpatient follow up for device retention

Infective Endocarditis Involving
Implanted Cardiac Electronic Devices
JACC Focus Seminar 1/4

Supavit Chesdachai, MD.* Zerelda Esquer Garrigos, MD.*" Christopher V. DeSimone, MD, PuD,"
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»

Risks of infected device retention

High short-term mortality risk

Uncontrolled source of infection

Longer course of antimicrobial
therapy

Adverse effects from chronic
oral antimicrobial suppression
Risk of relapsed infection
Scant published data on long-
term outcome

2Y

Shared decision
making in CIEDI
management

Center of excellence
TEE and ®F-FDG PET/CT
access
Expertise in device
extraction
Access to a comprehensive
intensive care unit for
postprocedure care
Vascular, cardiothoracic and
plastic surgery team back-up
OPAT program
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Indications for devices

Management options

Ventricular arrythmia

Cardiac pacing

» Wearable cardioverter-defibrillator
+ Subcutaneous or extravascular implantable cardioverter-defibrillator (S-ICD or EV-
ICD) system (A and B)

« Temporary pacing system with active fixation lead and externalized pulse generator
+ Leadless pacemaker (C)

A

Implanted
S-ICD device
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B Cc

Irplanted keadiess pacemaker
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Cardiac implantable electronic device (CIED) infection in a nutshell
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Targeted vegetation

Infectious mass debulking in lead-associated
endocarditis with a percutaneous aspiration
system

Roland Heck ® "2. Leonard Pitts © "1, Julius Kaemmel ©® 1'1, Leonhard Wert @ 1,1’

Volkmar Falk ® "**, Gerhard Hindricks ® >*, and Christoph Starck ® ">

Clinic follow-up for
patients with infected
CIEDI retention

Serial laboratory
monitoring during
chronic antimicrobial

suppression

Aspiration procedure

[\

The vegetation debulking in patients
with active blood stream infection had a
significant beneficial impact on survival

(log-rank: P=0.008)
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