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Negli ultimi decenni, c'é stato un notevole incremento del
numero e delle complessita di impianti di CIED, come risultato di
una estensione delle indicazioni, associato ad un progressivo
aumento della eta media della popolazione.

Sebbene questi device migliorino gli esiti cardiovascolari,
espongono anche i pazienti a potenziali complicanze, e tra
qgueste una delle piu insidiose € rappresentata dalle infezioni.
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Background and epidemiology

Ower the last decades, there has been a substantial increase in the
number and complexity of CIED implantations as a result of ex-
panded indications and progressive aging of the population. Although
these devices improve cardiovascular outcomes, they also expose
patients to a rsk for potential complications.

Infection is one of the most serious complications of CIED therapy
and is associated with significant mortality, morbidity, and financial
healthcare burden. It is difficult to give a precise rate of CIED infec-
tions because of divergent definitions, varied populations, and the
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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 Aimerican Heart Rhythm
Society (LA HRS), International Society for
Cardiovascular Infectious Diseases (ISCWVID)
and the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID)
in collaboration with the European Association
for Cardio-T horacic Surgery (EACTS)
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Patogenesi delle infezioni dei CIED

La contaminazione della tasca dei CIED avviene

sostanzialmente attraverso due meccanismi:

1. Contaminazione diretta del device o degli
elettrocateteri durante il posizionamento;

2. Colonizzazione degli elettrocateteri o del device
attraverso il flusso ematico da parte dei batteri che in
guesto caso arrivano in seguito ad una batteriemia a
partire da altri foci (tromboflebiti, inf. vie urinarie,
osteomieliti, infezioni polmonari, etc);
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Microbiology of cardiac implantable electronic
device infections

Maria Grazia Bongiormi?, Carlo Tascini?, Enrico Tagliaferri?2*, Andrea Di Coril,
Exio Soldati?, Alessandro LeonildiZ, Giulio Zucchelli?, llaria Ciullo 2,
anmnd Francesco Menichetti®
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Germi responsabili delle infezioni dei CIED

1. Staphylococcus aureus, residente nelle coane, e
da qui si diffonde sulla cute; responsabile delle
infezioni precoci;

2. Staphilococcus epidermidis, residente nelle
ghiandole sebacee della cute e responsabile delle
infezioni tardive;
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Risk factors for cardiac

implantable electronic device
infection

A summary of the most important risk factors identified in these tri-

. als are listed in Table 3 (adapted from Polyzos et al’") Unfortunately,

* Patient-related ﬁehporlanneofriskﬁ(wmfsvmiadﬁmy:mdymsh)xdymdhsm:
cases findings were contradictory (age as an example).

 Procedure-related

e Device-related
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Fattori di rischio infettivo correlati al paziente

Table 3 Pooled effect estimates for potential risk factors predisposing to cardiac implantable electronic device

infection
Prospective + retrospective studies Prospective studies only
Factor Studies Total Pooled P-value Studies Total Pooled P-value
{m) (n) estimate {m) (n) estimate
Patient-related factors
ESRD*® B 3045 BT3I[3.42 2231) 0.00001 A
History of device infection 4 463  7.84[1.94,3160] 0.004 A
Fever prior to implantation 3 6652 4327[1.13,1612] 003 2 £580 5.34 [1.002, 2843] 005
Corticosteroid use 10 3432 344 [1.62,732) 0.001 3 1349 210[0.47,9.32) 033
Renal insufficiency® 5 2033 3.02[1.38, 6.64) 0.006 NA
COPD [ 2810 2.95[1.78, 4.90] 0.00003 2 2393 230 [0.97, 5.48] 0.06
MYHA class = 2 3 2447 247 [1.24.491] 0.0 2 2393 277 [1.26, 6.05] 0m
Skin disorders 4 6810 246([104.580]  0.04 2 6519  260[088,770] 008
Malignancy 6 1555 223[1.26,395] 0006 NA
Diabetes mellitus 18 11839 208[1.62,267] =0.000001 7 2815 1.88[1.19,2.98] 0.007
Heparin bridging 2 6373 187[1.03, 341] 0.04 A,
CHF [ 1277 1.65[1.14, 239)] 0.008 A,
Oral anticoagulants 9 B527  1.59[1.01, 248] 0.04 3 m 1.18 [0.44, 3.11] 0.75
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Fattori di rischio infettivo correlati alla procedura

Table 3 Pooled effect estimates for potential risk factors predisposing to cardiac implantable electronic device

infection

Procedure-refated factors

Procedure duration 9 4850 989[0521925) O b 1508 1304 [-064,2673] 008

Haematoma 12 1428 B46[401,1786] <0000001 & M5 9331843069 00002
Lead repositioning 5 1755 637[2931382] 0000003 4 1659 703[149,1985) 0.0002
Inexperienced operator 1 115 285[123,656) 001 l M5 285[123,658) Q01

Temporary pacing 10 10683 231[136,392) 0002 4 8683  329(187.580]  0.00004
Device replacementirevision/upgrade 26 N4 1981462700 000001 B i793  095[049,187) 089

Ceneratar change il 134 14122249 0002 b N9 09037222 083

Antibiatic prophylaxis 1o 14186 032 [[t.‘IE,IJIi’a]d 0.00005 1 10884 029013083 0002
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PLACE@ Clinically Significant Pocket Hematoma @
Increases Long-Term Risk of o

Device Infection
BRUISE CONTROL INFECTION Study

CENTRAL ILLUSTRATION chk Predi Long-Term Inf: & c ia. Curves by Presence or Absence
of C

12 4

101

CSH

Cumulative Incidence of
Hospitalization for Device Infection (%)
(1)}

No CSH
o) 2 a 6 8 10 12
Follow-up Time (Months)

CsH 66 54 54 53 51 49 39
No CSH 593 57 556 547 532 502 374
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Misure pre-procedurali: gestione della terapia anticoagulante ed antiaggregante

La presenza di ematoma di tasca aumenta il rischio infettivo: pertanto si deve fare
di tutto per evitarlo!

Questo si ottiene con misure sia pre-procedurali, come quella di evitare la
sospensione della TAO ed il bridging con EBPM, cosi come la sospensione del NAO,
(specie nei pazienti in ritmo sinusale o con basso Chadsvasc2), che con misure
intraprocedurali, come quella di praticare una buona emostasi e di evitare un
eccessivo danneggiamento dei tessuti ed una attenta tecnica chirurgica.

Gli antiaggreganti specie gli inibitori del P2Y12 (clopidogrel, prasugrel, ticagrelor),
comportano un notevole incremento del rischio emorragico e andrebbero, ove
possibile, sospesi, specie se associati ad anticoagulanti;
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Fattori di rischio infettivo correlati alla procedura

Table 3 Pooled effect estimates for potential risk factors predisposing to cardiac implantable electronic device

infection

Procedure-refated factors

Procedure duration 9 4850 989[0521925) O b 1508 1304 [-064,2673] 008

Haematoma 12 1428 B46[401,1786] <0000001 & M5 9331843069 00002
Lead repositioning 5 1755 637[2931382] 0000003 4 1659 703[149,1985) 0.0002
Inexperienced operator 1 115 285[123,656) 001 l M5 285[123,658) Q01

Temporary pacing 10 10683 231[136,392) 0002 4 8683  329(187.580]  0.00004
Device replacementirevision/upgrade 26 N4 1981462700 000001 B i793  095[049,187) 089

Ceneratar change il 134 14122249 0002 b N9 09037222 083

Antibiatic prophylaxis 1o 14186 032 [[t.‘IE,IJIi’a]d 0.00005 1 10884 029013083 0002
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Fattori di rischio infettivo correlati al device

Table 3 Pooled effect estimates for potential risk factors predisposing to cardiac implantable electronic device
infection

Uevice-related factors

Epicardil leads } 613 BO9[348.1892) 0000001  NA

Abdominal packet ! 017 401[248.649) <00000O1 2 D268 503[19,1291) 00008
21 leads b 116 2020111369 002 NA

Dugl-chamber device W 604 1450100205 04 1m0 18[0nL8 0
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Evaluation of risk factors for CIED infection
Modifiable MNon-modifiable

Po— Abdominal pociet End-stage renal diseacse Laad repacitionig Dhavice type: CRT or KO
Corticostoncid use a B More than 2 leads
Ranal failure Abandoned [/ compilex route beads
Heparin bridging Prior procedurels)
: History of device infection Dusal cha msber device
menperienced implanter
‘Oval anticoaguiants COPD Procence of epicardial leads
Tamporary pacing witne Heart Failura NYHA = 11
M aligmanoy
Diabetes mellitus

v

Reassess indicotions for primarny implontation, recperation or re-implontotion of o new dewvice following lead extraction

. - . — " MAdminister preprocedural
Reduce risk by taking action on modifiable risk factors antibiotic prophylaxis as
recommended
Muplace
oWE e |
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et Tumat sy TR iy mumbes of astined Lirrie mcing by *:""'“"_
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Ninws o dirugs bn F o
infecton Pl S S . Mmchnigues = o pes o o
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Figure 1 A flowchart indicating how device-related infections can be minimized by targeting modifiable risk factors on various levels. Risk factors
ranked in order of strength from top to bottom. CIED, cardiac implantable electronic device; COPD, chronic obstructive pulmonary disease; CRT,
cardiac resynchronization therapy; |CD, implantable cardiac defibrillator; NYHA, Mew York Heart Association; OAC, oral anticoagulation; w, week.
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Peri-procedural measure

Surgical preparation with alcohelic chlorhexidine should be used rather than R S

povidone-iodine

Allow sufficient time for the antiseptic preparation to dry
Adhesive iodophor-impregnated incise drapes may be used
Perform the procedure with adeguate surgical technigue—minimize tissue

damage, haemostasis, adequate wound closure

Antibiotic envelope in high-risk situations is recommended® R W

If the operator performs the prepping and draping, glove changef/re-scrub or

€€C€C¢¢

remove outer glove of a double-glove before incision
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Table 4 Continuwed

Consensus Staterrent Staterment class Scientific evidence References
coding

RLE e

Llsang local instillation of antiseptie amnd antibiotics mn the posket
Ulse aof braided sutures for finel skin closure

Post-procedural measures
Ulse of postaperative antibiots: therapy

Adequate dressing for 2—10 days @ recormem ended ' E
Patient instructions an wound care should be providedd .
Drelay or reconsider mdication for re-interventon il possible .

Hasmatama drainage or evacuatican [unbess tense whound dehiscencs i prasent
O [Pl S Sy

*Candidaces are those as defined in the WRAPAT study populapoon ' (patiencs underpoing pocket or kkad revision, peneramr rephcement, syscem upgrade, o an inmal CRT-D
implancaticn) and patents wath other high risk factors as cotlined in Table 2, considering aloo the lom@l incdence of CIED infectons.

CIED, cardac implancable electronic device; E, expert aopinicrc M, meta-analysis O, cbservaticmnal studees: B randomioed crials.




Post-procedural measures

Post-procedure antibiotic therapy

Some physicians administer post-implant antibiotics from a single
dose to a week iv. and oral administration.’ The recent PADIT trial,’
with its cluster cross-over design, tested the clinical effectiveness of
incremental perioperative antibiotics to reduce device infection. The
conventional treatment was a single-dose preoperative cefazolin infu-
sion vs. a combination of pre-procedural cefazolin plus vancomycin,
intra-procedural bacitracin pocket wash, and 2-day postoperative
oral cephalexin in almost 20 000 patients undergoing CIED implanta-
tion. The primary outcome of 1-year hospitalization for device
infection in the high-risk group was not statistically significant (non-
significant 20% reduction of infection). The device infection rates
were low. As there are no data supporting this practice, it is not rec-
ommended to administer postoperative antibiotic therapy.
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PADIT Trial

* Randomized crossover trial with 4 randomly assigned 6-month period
* Conventional: preprocedural cefazolin infusion

. IncrementaI:Jarepmcedural cefazolin + vancomycin, intraprocedural bacitracin pocket
wash, and 2 day post procedural oral cephalexin

* Primary outcome: 1-year hospitalization for device infection
* Enrolled 19.603 patients; 12.842 high-risk patients
* Primary endpoint:

* Low risk: OR 0.77 [0.56 to 1.05]; p =0.10 (conventional 1.03%, incremental 0.78%)
* High-risk: OR 0.82 [0.59 to 1.15]; p=0.26 (conventional 1.23%, incremental 1.01%)

* The ability to demonstrate a statistical difference was limitied by low rate
of hospitalizaion for device infection

* 40% lower than previously reported

Krahn AD et al. ] Am Coll Cardiol 2018; 72: 3098




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

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

Pacemaker

Ico

CRT

|"

o

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

H Incremental B Conventional
Krahn, A.D. et al. J Am Coll Cardiol. 2018:72({24)-3098-109.

The consistent modest reduction seen acnoss device types was not signifecantly different. CIED — candiac implantable electromic devices
CRAT — candiac resyncdhronization therapy; ICD — implantable cardioverter—-defibrillatar.
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Utilita degli score di rischio infettivo

Risk stratification

Considering that CIED infections occur in the presence of multiple
host and procedure-related factors, risk scores have been developed
to identify patients at low and high risk. Scoring systems could play a
role in better identifying patients at risk than individual factors, espe-
cially considering the inconsistency of the reported factors in various
studies.

for a risk score system that defined score <1 as low risk (1%) and >3
as high risk (infection rate 2.4%).”” Despite the potential practical use
of such risk scores, they can currently not be recommended because

PADIT

WRAP-IT
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Table | PADIT risk score

Predictor PADIT risk score points

Age (years)
=60 s
606 1
=70
Procedure type®
Pacemaker
Ico
CRT
Rewvision/upgrade
Renal insufficiency®
Immunocompromised®
Prior procedure{s)®
Mone
One
Two or more 3

et = B B D =3

-0

The table shows the points for sach of the 5 independent predictors (P prior
procedures; A: age; D: depressed estimated glomenstar filtration rate; | fmmuno-
compromised; and T: type of procedure)l™® The risk score assigns weighted
points based on characteristics of the procedure and the patient's medical history
{predictors) and determines the level of risk based on the total number of acou-
rmulated points. which categorizes patients into low (0—4), imtermediate (5—8).
and high (=7} risk groups.




PADIT Risk score

19,603 Patients with CIED Procedure
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Birnie DH et al. J Am Coll Cardiol 2019; 74(3): 2845-54
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TOTAL SCORE
For the risk af CIED infection
within 1 year from device implant
or replacement

Depressad renal funciion
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A

Figure 2 PADIT risk score. From Ref. 49 A correction was published to the onginal risk score (https:/doiorg’10.1016/ jacc 2020.06.001), the in-
formation abowe is based on the cormrected version and the online calculator (httpssfpadit-calculator.cal). PADIT, Prevention of Armmhythmia Device
Infection Trial.
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Risk Factors for Infections Involving )
Cardiac Implanted Electronic Devices

David H. Birnie, MD,” Jia Wang, MSc,” Marco Alings, MD, PuD,” Francois Philippon, MD,” Ratika Parkash, MD,*
Jaimie Manlucu, MD," Paul Angaran, MD.* Claus Rinne, MD,"” Benoit Coutu, MD,' R. Aaron Low, MD,/
vidal Essebag, MD, PuD,” Carlos Morillo, MD,' Damian Redfearn, MD,™ Satish Toal, MD,” Giuliano Becker, MD,”
Michel Degrace, MD.” Bernard Thibault, MD.” Eugene Crystal, MD,” Stanley Tung, MD.” John LeMaitre, MD,"
Omar Sultan, MD," Matthew Bennett, MD,"" Jamil Bashir, MD."™ Felix Ayala-Paredes, MD, PuD.”
Philippe Gervais, MD,” Leon Rioux, MD,” Martin E'W. Hemels, MD, PuD.*"* Leon H.R. Bouwels, MD,"
Derek V. Exner, MD.” Paul Dorian, MD,* Stuart J. Connolly, MD,” Yves Longtin, MD,” Andrew D. Krahn, MD™

STUDY LIMITATIONS. The primary limitation of the

PADIT infection risk score is potentially missing

predictors. Perhaps most importantly, we did not

collect data on perioperative management of oral

anticoagulation and antiplatelet therapy. Both of

these have been shown to increase the risk of pocket

hematoma, which, in turn, has been shown to in-

crease the risk of subsequent device infection (4,7).

The assodation with subsequent device infection

seems to be related to large hematomas (7), and

these are much less common than they were when

heparin bridging was used (22,23). Additional

potentially important missing predictors include

history of previous device infection, presence of a

temporary pacemaker at the time of surgery, other

comorbidities (e.g., cancer), and so on. {4). Some
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PLACE Fattori di rischio predisponenti
R all‘infezione CIED

Sostituzione Dispositivo 3.67
Pacing Temporaneo 2.46

O000|o

Anticoagulanti Orali
a
a
a
a
a
Q |Insufficienza Cardiaca Congestizia 2.57
Q | Genere Maschile 2.23

con ODDS RATIO cumulativo >7 = indicazione TYRX
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Conclusioni

Le attuali conoscenze sui fattori di rischio per le infezioni dei
CIED ci consentono di individuare i pazienti ad elevato rischio
infettivo.

Gli score di rischio possono aiutarci a semplificare questa
valutazione;

Il nostro sforzo deve portarci ad effettuare una attenta
prevenzione nelle varie fasi: Pre-procedurale,
intraprocedurale e post procedurale:
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Conclusioni (2)

1. Selezione del paziente: Valutare se in ogni singolo paziente i
rischi correlati con la procedura superano i benefici, evitando
interventi non strettamente necessari e re-interventi

2. Attenta gestione in tutte le fasi dalla preparazione del paziente,
alla sterilita della sala, profilassi antibiotica, alla corretta gestione
della terapia anticoagulante, ad una ottimale emostasi

3. Nei pazienti ad elevato rischio, nei quali la procedura é
strettamente  indicata, considerare l|'utilizzo di envelope o di
procedure alternative (S-AICD, LPMK)
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Grazie per |'attenzione!




