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Background-1
Definition of CIED infection:
CIED related systemic infection/endocarditis or local pocket infection/skin erosion.
Patient selection and inclusion criteria:
1) Principal or Secondary Diagnosis indicating CIED infection (ICD-9-CM code 966.6 or

966.61) or infective endocarditis (421.0-.1-.9).
2) Procedural code for pacemaker or ICD/CRT removal (3789, 3794-98,051-2) or lead

removal (3777), as well as codes for sepsis (038, 785.82) or bacteriemia (790.7).
3) Data from National or local Pacemaker and ICD Registries



Background-2
1) Device-related infections are usually counted only for patients who

had their PM/ICDs removed and eventually replaced due to
infection.

2) Large scale device registries include the possibility of undercoding
the principal or secondary diagnosis indicating CIED infection.

3) Missing data

Risk of underreporting PM/ICD infection rate :



Greenspon et al. JACC 2011

16-Year Trends (1993 to 2008) in the Infection Burdenfor Pacemakers and ICDs in the US
Incidence of Comorbidities in Pts WithCIED InfectionRate of CIED Infection



Greenspon et al. JACC 2011

16-Year Trends (1993 to 2008) in the Infection Burdenfor Pacemakers and ICDs in the US
In-Hospital Charges Associated With CIED Infection



Gupta et al. J Am Heart Assoc. 2016

Reasons for early device revision, explantation, or replacement (2007-2013):. Kaiser US system survey (2007-13) : 11 924 ICDs, 33 519 PMs, 4472 CRTs



Prutkin et al. Circulation 2014

- The 6 month infection ratewas 1.4%, 1.5%, and 2.0% forsingle, dual, and biventricularICDs, respectively (P<0.001).
- ICD replacement had a higherinfection rate compared withinitial implant (1.9% versus1.6%, P<0.001).



Prutkin et al. Circulation 2014



Khaloo et al. J Am Heart Assoc. 2022

16-Year Outcomes of pts Hospitalized With CIED–RelatedInfective Endocarditis,Prosthetic Valve Endocarditis (PVE), andNativeValve Endocarditis (NVE): A Nationwide Study, 2003 to 2017Outcomes of patients hospitalizedStudy population
P < 0.001



Johansen et al. Eur Heart J 2011

Time to infection after first PM implantation
Time to infection more than 365 days:-1.02/1000 PM-years after the firstimplantation- 3.26/1000 PM-years after replacement
Increased risk of PM infection:- a greater number of PM operations(including replacements),- male sex, younger age,- implantation during the earliest part ofthe study and absence of antibiotics

Infection after pacemaker implantation:infection rates and risk factors in a cohort study of 46299 consecutive patients



Olsen et al. Eur Heart J 2019

Time to infection after de novo implant PM: 1.19%ICD: 1.91%CRT-PM: 2.04%CRT-ICD: 4.38%
DEVICE RELATED INFECTION RISK:. Implantation of complex devices (CRT-D). Reoperations, prior DRI. Male sex, and younger age
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PMs :FI+Repl 26241 30718 32834 24980 24285 23496 19402 19318 16835 13609
AIAC - Italian PM/ICD Registry
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PM replacement rate for infection (2011-2020)
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Poli et al. J Am Heart Assoc. 2019
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Boriani et al. J. Pers. Med. 2022

Incidence and Predictors of Infections and All-Cause Death inPatients with CIED: The Italian Nationwide RI-AIAC Registry
• 18 centres enrolled 2675 consecutive patients undergoing a CIED procedure and entered a 12-months FU• 1785 (66.7%) patients received a PM, 450 (16.8%) an ICD, 106 (4.0%) a CRT-P and 329 (12.3) a CRT-D.

1.1% 5.7%

Multivariate analysis: 1) the type of procedure (revision/upgrading/reimplantation) (OR: 4.08, 95% CI: 1.38–12.08) and2) diabetes (OR: 2.22, 95% CI: 1.02–4.84) were the main factors associated to CIED infection



Nof, Bongiorni et al. Europace 2019

Comparison of outcomes in infected CIED between complete, partial, and failed lead removal:an ESC-EHRA-EORP ELECTRa (European Lead Extraction ConTrolled) registry



Final comments
1) The CIED infection rates reported in the recent prospective studies appear

low and related to more complex procedures and devices.
2) The clinical risk and the costs of CIED infection are still high especially in

some subgroups of patients.
3) Large scale and national prospective CIED registries are mandatory in

order to have benchmark data and to monitor the local and regional
activity.

4) Standardized prophylaxis and procedures are essential to limit the risk of
CIED infection.



Prevention of Arrhythmia Device Infection Trial:The PADIT Trial

Krahn et al. JACC 2018

P: 0.92



Boriani et al. J. Pers. Med. 2022

Incidence and Predictors of Infections and All-Cause Death inPatients with CIED: The Italian Nationwide RI-AIAC Registry
Logistic regression analysis for clinical events occurrence

Score 2: clinical events in 37.3 %



Birnie et al. JACC 2019

PADIT Score:- Age- Procedure type- Renal insufficiency- Immunocompromission- No. previous procedures



10 y ICD replacement indication - 3
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Gupta et al. J Am Heart Assoc 2016

Complications Following ICD or PM Implant, 2007–2013 :
Kaiser US system survey (2007-13) : 11 924 ICDs, 33 519 PMs, 4472 CRTs



Ozcan et al. Europace 2017

Infective endocarditis and risk of death after CIED implantation:a nationwide cohort study (Danish Reg.)



Olsen et al. Eur Heart J 2019

Lifetime risk of device-related infection (DY: device years)
PM: 2.04/1000 DYICD: 3.84/1000 DYCRT-PM: 4.38/1000 DYCRT-ICD: 6.76/1000 DY
DEVICE RELATED INFECTION RISK:. Implantation of complex devices (ICD- CRT). Reoperations, prior DRI. Male sex, and younger age



Biffi et al. Europace 2019

Real-life outcome of ICD and CRT-D replacement/upgrade in a contemporarypopulation: observations from the multicentre DECODE registry
- Prospective multicentre cohort study aimed at estimatingmedium- to long-term Adverse Effects in alarge population of patients undergoing ICD/CRT-D replacement/upgrade from 2013 to 2015


