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Abstract

Cardiac implantable electronic device (CIED) infections represent one of the most threatening complications associated with device
implantation, due to an increase in morbidity and mortality rates, as well as healthcare costs. Besides, it is important to highlight
that when compared to the initial implantation of a device, the risks associated with procedures like generator changes, lead and pocket
revisions, or device upgrades double. Consequently, to address this issue, various scoring systems, like the PADIT (Prior Procedures, Age,
Depressed Renal Function, Immunocompromised Status, Type of Procedure), the RI-AIAC (Ricerca Sulle Infezioni Associate a ImpiAnto
o Sostituzione di CIED), and the Shariff score, along with predictive models, have been developed to identify patients at a greater risk of
infection. Moreover, several interventions have been assessed to evaluate their role in infection prevention ranging from improving skin
preparation and surgical techniques to considering alternative strategies such as the subcutaneous Implantable Cardioverter-Defibrillator
(ICD). Methods like antimicrobial prophylaxis, pocket irrigation, chlorhexidine gluconate pocket lavage, capsulectomy, and the use of
antibacterial envelopes have been also explored as preventive measures. In this review, we provide a comprehensive assessment of CIED
infections in patients undergoing repeat procedures and the strategies designed to reduce the risk of these infections.
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1. Introduction
Cardiac implantable electronic device (CIED) infec-

tion remains one of the most dreaded complications associ-
ated with device implantation, leading to increased morbid-
ity, mortality, and healthcare costs. Their severity ranges
from a localized pocket inflammation to localized infec-
tion, skin erosion with risk of sepsis, or systemic and blood-
stream infection [1] (Fig. 1, Ref. [1]). Compared to
de novo implantation, the risks associated with generator
changes, lead or pocket revisions, or upgrades are further
increased, with prior studies demonstrating up to a 2.2-fold
increased risk of pocket-related complications requiring re-
intervention [2]. The REPLACE registry, for instance,
previously demonstrated higher rates of complications in
patients undergoing generator replacement with additional
lead upgrade or replacement compared to those without [3].
Consequently, numerous scores and predictionmodels have
been developed to identify patients at higher risk of infec-
tion, and various interventions have been assessed to eval-
uate their role in infection prevention. In this review, we
systematically assess the incidence of CIED infections in

patients undergoing repeat procedures, concurrently exam-
ining a range of strategies devised to mitigate and manage
this associated risk.

2. Incidence and Epidemiology
The incidence of CIED infections increased from

1.61% in 1993 to 2.41% in 2008 [4], owing its augmenting
rate to the growing implantation of more complex devices
in older patients with more comorbidities [5]. The National
Inpatient Sample (NIS), a 12-year follow-up study (2000–
2012) that included 4,144,683 CIED procedures, showed a
CIED infection rate of 2.06% [6]. In the interim, a Dan-
ish registry which included 97,750 patients from 1982 to
2018, demonstrated a CIED infection rate of 1.19% for per-
manent pacemakers (PPM) and 3.35% for Cardiac Resyn-
chronization Therapy - Defibrillators (CRT-D) [5]. Further-
more, a more recent study published in Europace in 2023
by Modi V et al. [7], which analyzed 1,604,173 admissions
for CIED implantations among the NIS between 2011 and
2018, reported the highest incidence of CIED infections at
a rate of 4.4%. This study found no significant variation
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Fig. 1. Examples of CIED infections. (A) Localized pocket infection. (B) Device tethering consistent with pre-erosion. (C) Device
erosion without site inflammation. (D) Localized inflammation and erosion. Reprinted from the Europace article, Han et al. [1].
Epidemiology of cardiac implantable electronic device infections: incidence and risk factors, with permission from the Europace journal.
Abbreviations: CIED, cardiac implantable electronic device.

in the annual admission rates for CIED infections (ranging
from 3.96% to 4.59%, p-value = 0.98) and identified pre-
disposing factors such as male gender, non-white race, and
low-income status. The in-hospital mortality rate among
patients admitted with CIED infection was 4.3%, which is
comparatively low when compared to previous registries
from the Medicare fee-for-service database, where rates
ranged from 5% to 8% [7]. It is noteworthy that patients
admitted for CIED infection had an increased prevalence
of congestive heart failure (CHF), which rose from 50%
in 2011 to 64.4% in 2018. The most frequently observed
complications were pulmonary embolism (4.1%), deep vein
thrombosis (3.6%), and post-procedural hematoma (2.9%)
[7]. Moreover, a multivariate analysis revealed that CHF
(odds ratio [OR] 1.67; 95% confidence interval [CI] = 1.35–
2.07), end-stage renal disease (ESRD) (OR 1.90; 95% CI =
1.46–2.48), coagulopathy (OR 2.94; 95% CI = 2.40–3.61),
andmalnutrition (OR 2.50; 95%CI = 1.99–3.15) were iden-
tified as predictors of in-hospital mortality in patients ad-
mitted for CIED infection [7].

3. Pathogenesis
CIED and lead-related infections primarily result from

the introduction and subsequent colonization of pathogens
during the implantation process. These pathogens can col-
onize the device pocket, travel along the lead’s path via
the venous system, and ultimately result in bacteremia and
infectious endocarditis [8]. Predominantly, the organisms
isolated in CIED infections belong to the Staphylococcal
genus, with coagulase-negative microbes prevailing. Im-
portantly, methicillin-resistant Staphylococcus aureus con-
stitutes a substantial proportion of Staph-related CIED in-
fections [9]. In addition to Staphylococci, Gram-negative
organisms, anaerobes, fungi, and mycobacteria have also
been identified in cases of CIED infection. However, it
is noteworthy that in the early stages, endovascular infec-
tions are primarily attributed to Staphylococcus aureus [9].
An additional source of infection in the intravascular com-
ponents of CIED may stem from secondary contamination
through vascular catheters or from infections originating
distally at other sites such as the urinary, hepatobiliary, or
respiratory systems, also known as seeding [10].

The pathogenesis of CIED infections hinges on the in-
tricate interactions between the microbes, the host, and the
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device itself. These interactions exhibit variability across
different microbe species. Notably, organisms like Staphy-
lococcus epidermidis and Staphylococcus aureus are part of
the normal human microbiota, which raises concerns about
their potential introduction during the implantation process
[11]. It is worth highlighting that CIED manipulation be-
fore implantation and introduction through the incision site
are plausible routes of contamination [11]. Staphylococ-
cus epidermidis exhibits a two-step adherence process to
devices. This entails an initial hydrophobic, non-specific
attachment followed by the accumulation and proliferation
of the organism, culminating in the formation of a biofilm
[11]. This biofilm, essentially an extracellular polysaccha-
ride matrix, serves as a protective shield for the organism
against host defenses and stands as a pivotal virulence fac-
tor for these microbes. In contrast, Staphylococcus aureus
is thought to utilize host tissue ligands to adhere to the CIED
and subsequently form biofilms [12].

4. Predisposing Factors
4.1 Host Factors

Multiple patient-related factors, including ESRD,
CHF, diabetes mellitus (DM), chronic obstructive pul-
monary disease (COPD), immunosuppression, skin disor-
ders, and malignancy, have been identified to be associated
with an increased risk for CIED infection [13]. Notably,
ESRD and renal insufficiency consistently emerge as sig-
nificant major risk factors in several studies [14–16]. More-
over, uremia has been described as a predictor of CIED in-
fection (12.5% vs. 0.2%; p < 0.0001) and bleeding (21.9%
vs. 3.2%; p< 0.0001) when compared to patients with nor-
mal renal function, which is attributed to its impact on the
immune system and platelet physiology [14]. Optimization
of patient’s comorbidities may decrease the risk of CIED
infections. For instance, the proper control of DM with
a blood glucose target level of less than 150 mg/dL was
reported to be associated with a decreased risk of surgical
site infection [17]. Additionally, although immunocompro-
mised patients are frequently excluded from randomized
clinical trials as they represent a highly vulnerable popu-
lation, a retrospective cohort study conducted at the MD
Anderson Cancer Center in Houston, Texas demonstrated
the benefit of a “comprehensive prophylactic bundle ap-
proach”. This approach encompassed preprocedural intra-
venous vancomycin and intraoperative surgical pocket irri-
gation with polymyxin B and bacitracin, followed by im-
plantation of the TYRX™ antimicrobial mesh and postpro-
cedural oral minocycline 100 mg twice daily for 5 days.
The study demonstrated a non-increased risk of CIED in-
fections within an oncologic population, including patients
with solid and hematologic tumors. As such, it was con-
cluded that there is no compelling justification for with-
holding the placement of a CIED from oncological patients
solely on the grounds of infection risk [18].

4.2 Procedural Factors

The greatest predisposing factor for CIED infection
is reintervention. As demonstrated in an Implantable
Cardioverter-Defibrillator (ICD) registry from 2006 to
2009, device upgrade or generator change compared to ini-
tial implant was associated with a significantly higher risk
of CIED infection (1.9% vs. 1.6%; p < 0.0001) [19]. No-
ticeably, early reintervention (within 30 days) was related
to the highest risk of CIED infection [19]. Moreover, the
BRUISE-CONTROL randomized controlled trial (RCT)
reported that hematoma formation resulted in a 7-fold in-
creased risk of infection within 1-year follow-up [20]. Sim-
ilarly, an analysis among the patients from the WRAP-IT
trial demonstrated a hazard ratio (HR) of infection of 11.3
(95% CI = 5.5–23.2) in patients with hematoma formation
[21]. Regarding the type of device, the implantation of ICD
or cardiac resynchronization therapy (CRT) is associated
with a higher risk of infection compared to PPM, probably
related to the complexity of the procedure and the number
of leads [5]. Furthermore, the adherence of microorganisms
to the device is influenced by the intrinsic properties of the
CIED. Irregular hydrophobic surfaces and synthetic sources
are more favorable for microorganism adhesion [22]. Like-
wise, some materials have a greater propensity for bacterial
adherence such as stainless steel and polyethylene, when
contrasted to titanium and polyurethane, respectively [22].

5. Risk Stratification
Numerous studies have proposed risk scores that in-

corporate patient-related factors, device characteristics, and
specific procedure types for risk stratification. While none
of these risk scores have been formally integrated into the
current guidelines as part of the standard practice, they do
serve as valuable tools in clinical practice by identifying pa-
tients at high risk and guiding the implementation of addi-
tional preventive measures beyond the conventional sterile
precautions.

5.1 PADIT (Prior Procedures, Age, Depressed Renal
Function, Immunocompromised Status, Type of Procedure)
Risk Score

In 2019, Birnie et al. [23] developed the PADIT score
based on data from the PADIT trial, a prospective multi-
center double-blinded study involving 19,603 patients. The
PADIT risk score comprises five independent predictors of
device infection: prior procedures [P], age [A], depressed
renal function [D], immunocompromised status [I], and
procedure type [T]. Each of these risk factors is assigned a
specific score, and the cumulative scores indicate the over-
all risk of infection. Patients were categorized into low-risk
(0 to 4 points), intermediate-risk (5 to 6 points), and high-
risk (≥7 points) groups, with corresponding rates of hos-
pitalization for infection at 1-year follow-up, being 0.51%,
1.42%, and 3.41%, respectively [23] (Fig. 2). The perfor-
mance of this score was internally and independently vali-
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Fig. 2. The PADIT risk score includes five independent predictors of device infection: P: prior procedures, A: age, D: depressed
renal function, I: immunocompromised status, and T: procedure type, classifying the patient in low, intermediate, and high risk
for CIED infection. Immunocompromised status was defined as individuals who were either undergoing therapeutic interventions that
suppress their innate resistance to infections, such as immunosuppressive treatments, chemotherapy, radiotherapy, and prolonged or
recent high-dose steroids; or individuals afflicted by pathologies like leukemia, lymphoma, or HIV infection. Abbreviations: CIED,
cardiac implantable electronic devices; GFR, glomerular filtration rate; ICD, implantable cardioverter defibrillator; CRT, cardiac resyn-
chronization therapy; HIV, human immunodeficiency virus.

dated using a dataset fromU.S. health claims [24]. Notably,
among all the risk factors incorporated into the score, under-
going pocket revision and device upgrade posed the highest
risk of device-related infection (OR 4.16; 95% CI = 2.74–
6.32), and as expected, having a history of more than one
previous procedure is also a strong predictor of infection
(OR 3.37; 95% CI = 2.11–5.39) [23].

5.2 PACE DRAP Score

One limitation of the PADIT prediction model is its
lack of consideration of the patient’s bleeding risk, as data
on perioperative management of anticoagulation and an-
tiplatelet therapy were not collected in the PADIT trial [23].
Anticoagulation and antiplatelet therapies increase the risk
of pocket hematoma, and prior research has established a
connection between pocket hematoma and increased risk of
device infection [13,25].

The PACE DRAP score is an acronym that includes
eight risk factors, presence of valvular prosthesis (P); un-
controlled arterial hypertension (A); cancer (C); elderly (E);
device type (D); renal failure (R); antiplatelets (A); and pro-
cedure type (P); with amaximum score of 16 points (Fig. 3).
It was derived from a prospective study involving 1100 pa-
tients, it was initially assessed for its predictive value of sig-
nificant bleeding following CIED implantation [26]. Sub-
sequently, the same group utilized the PACE DRAP score
to evaluate the risk of CIED-related infection and discov-

ered that it outperformed the PADIT score in discriminating
between patients at high and low risk of infection [27]. A
PACE DRAP score≥6 demonstrated a sensitivity of 72.2%
and specificity of 71.1% in predicting CIED infection at 1-
year follow-up. Additionally, the study identified a corre-
lation between a greater volume of pocket bleeding and a
higher rate of infection [26]. However, it is worth noting
that the study had limitations, including its single-center ob-
servational design, small sample size, and inclusion of only
patients with ICD or CRT implants.

5.3 RI-AIAC (Ricerca Sulle Infezioni Associate a ImpiAnto
o Sostituzione di CIED) Infection Score

In 2022, a prospective study conducted using data
from the Italian RI-AIAC registry revealed significant as-
sociations between both the PADIT score and the RI-AIAC
score with CIED infections, although the RI-AIAC score
showed a stronger association [28]. Unlike the PADIT
study, where the majority of patients received ICDs, and
the PACE DRAP study, which did not include PPM pa-
tients; PPM implantation in the RI-AIAC registry repre-
sented the vast majority of the cohort and thus, it is more
reflective of real-world practice [28]. Moreover, this study
introduced the RI-AIAC infection score for predicting in-
fections at 1-year follow-up and the RI-AIAC event score
for predicting the clinical endpoint of infection or all-cause
mortality at 1-year. The study also performed an exter-
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Fig. 3. The PACE DRAP score, used to predict the likelihood of significant bleeding complications following CIED procedures.
Abbreviations: CIED, cardiac implantable electronic device; HTN, arterial hypertension; yo, years old; CRT, cardiac resynchronization
therapy; ICD, implantable cardioverter defibrillator; GFR, glomerular filtration rate.

nal validation of both the infection score and event score
within a cohort of 1017 patients. In this validation cohort,
the RI-AIAC infection score, the same as the PADIT score,
Kolek score, and Shariff score, did not demonstrate the abil-
ity to predict infections. In contrast, the RI-AIAC event
score had moderate to good predictive capability for com-
posite clinical events [28]. Different from other risk pre-
diction scores, the RI-AIAC infection score only consists
of four risks including revision/upgrading/reimplantation,
CIED replacement, DM, and hospital-acquired infection,
providing a more pragmatic approach for risk stratification.

5.4 Shariff Score

The Shariff score was developed from a retrospective
single-center study as an assessment tool for peri-operative
risk for patients undergoing CIED implantation [29]. The
score also incorporated patient-related, device-related, as
well as procedure-related factors based on previous stud-
ies. A score of more than 3 had a high predictive value
for peri-procedural risk of infection at 6-month [29]. Nev-
ertheless, when tested alongside the RI-AIAC score, PA-
DIT score, and Kolek score in the RI-AIAC registry pop-
ulation, the Shariff score failed to demonstrate predictive
capability for infections [28]. In the PRACTICE study,
the Shariff score was used to stratify patients into low-risk
and high-risk groups using a cutoff value of 3, with antibi-
otic prophylaxis strategies determined based on risk levels
[30]. Notably, this study found no difference in the inci-
dence of CIED-related infections between the low-risk and
high-risk groups. In Diemberger’s investigation, the Shariff
score also exhibited predictive value for post-transvenous
lead extraction mortality, together with the presence of veg-
etations detected on transesophageal echocardiogram [31].
Another study focused exclusively on de novo CIED im-

plantation and analyzed a modified Shariff score. A mod-
ified Shariff score ≥4 was proposed as an indicator of a
high risk of infection following initial CIED implantation.
The follow-up period in this study was 48 months, which
was much longer compared to most of the previous studies
proposing risk scores [32].

It is worth noting that all the discussed risk scores in-
cluded device replacement or upgrade, with certain risk pre-
diction models assigning higher weight points to this factor.
For instance, the PADIT score assigned 5 points, and the
RI-AIAC score assigned 2 points for revision/upgrade or
reimplantation. In summary, the selection of an appropriate
risk score should be guided by the specific clinical context,
as there is no definitive superiority between these scores.
It is advisable to choose the score that aligns most closely
with the individual patient’s situation. Outstandingly, the
RI-AIAC score demonstrates enhanced predictive capacity
for CIED infection risk in patients with PPM, the PADIT
score proves more efficacious for patients with ICDs, and
the PACE DRAP score is well-suited for patients undergo-
ing CRT or ICD implantations.

6. Methods to Prevent CIED Infections
6.1 Skin Preparation and Surgical Technique

Several preprocedural measures should be considered
for preventing CIED-related infections. One of the most
relevant ones is pre-operative antiseptic bathing. The Cen-
ters for Disease Control and Prevention (CDC) and the As-
sociation of Perioperative Registered Nurses (AORN) both
recommend pre-operative antiseptic showering or bathing
as part of infection prevention protocols for surgical pro-
cedures [33]. However, the advantages of pre-operative
bathing with antiseptics in comparison to plain soap remain
unclear. A meta-analysis, led by Webster, including seven
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trials and a total of 10,157 participants, failed to provide ev-
idence supporting the superiority of preoperative showering
or bathing with chlorhexidine over alternative wash prod-
ucts for reducing surgical site infections [34]. It is important
to note that there has been no specific study investigating
the impact of pre-operative bathing on patients planned for
CIED procedures.

In contrast, antiseptic skin cleaning immediately be-
fore the procedure is proven to be crucial for reducing the
presence of microorganisms on the patient’s skin. Com-
monly used skin antiseptics before surgery include alco-
holic chlorhexidine and povidone-iodine. Existing evi-
dence from surgical literature shows greater effectiveness
of alcoholic chlorhexidine [35,36]. Consequently, the 2020
European Heart Rhythm Association (EHRA) international
consensus document on preventing, diagnosing, and treat-
ing CIED infections recommends alcoholic chlorhexidine
over povidone-iodine [8]. Furthermore, effective lead man-
agement is a key pre-procedural strategy to prevent the de-
velopment of CIED-related infections. The EHRA 2020
guidelines identify the presence of abandoned leads and
having ≥2 leads as factors that increase the risk of infec-
tion [8]. Similarly, using non-powdered gloves is associ-
ated with a lower risk of infection by reducing local inflam-
mation [8].

There have been no RCTs specifically designed to
compare different skin antiseptics in patients undergoing
CIED procedures. The consensus is that good surgical tech-
niques can reduce the chance of surgical site infection. For
CIED-related procedures, the surgical techniques can vary
from the size of the incision, the choice of vascular access
approach, and the selection between submuscular and sub-
cutaneous device placement, to the method of pocket clo-
sure. A meta-analysis conducted by Atti et al. [37] ana-
lyzed 23 studies comparing the safety profiles of cephalic
vein cut-down versus axillary or subclavian vein puncture.
This analysis concluded that there was no significant dif-
ference in device infection rates between the two vascular
approaches. While opting for submuscular device place-
ment has advantages including reduced risks of device mi-
gration, skin erosion, and improved cosmetic outcomes;
it requires more blunt dissection of the pectoralis muscle,
which could potentially result in increased pocket trauma
and hematoma. Pocket hematoma is a well-known risk
factor for CIED-related infections. However, an interna-
tional multicenter study involving approximately 1000 pa-
tients compared subcutaneous and submuscular approaches
to ICD implantation and found no statistically significant
difference in infection rates [38].

6.2 Antimicrobial Prophylaxis

In addition to the performance of standard-of-care
aseptic techniques, the value of pre-operative antibiotic pro-
phylaxis before CIED procedures is well acknowledged.
The 2017 Heart Rhythm Society (HRS) consensus state-

ment on the management on CIED, the 2010 Ameri-
can Heart Association (AHA) statement on CIED infec-
tions, the 2013 Infectious Disease Society of America
(IDSA) Practice Guidelines for Antimicrobial Prophylaxis
in Surgery and the 2020 EHRA international consensus
document on how to prevent, diagnose, and treat CIED in-
fections, all recommend a single dose of a cephalosporin
to be administered within one hour of the surgical inci-
sion, with clindamycin and vancomycin within two hours
as alternatives for patients with a ß-lactam allergy [8,39–
41]. The PADIT trial was designed to evaluate the clin-
ical effectiveness of an incremental perioperative antibi-
otic approach in reducing device-related infections. This
study, involving a large cohort of 19,603 patients across
28 centers, employed a cluster-randomized crossover trial
design, with four randomly assigned 6-month periods dur-
ing which centers implemented either conventional or in-
cremental periprocedural antibiotic regimens for all CIED
procedures [42]. Conventional antibiotic protocols were the
guideline-recommended single-dose pre-procedural cefa-
zolin or vancomycin, and the incremental strategy involved
a bacitracin pocket washout in addition to post-operative
cephalexin or cefadroxil. The trial observed a low infection
rate (1.11%), with no statistically significant difference in
infection rates between the conventional and the incremen-
tal antibiotic groups. Prominently, 12,842 patients (65.5%)
were high-risk patients and most high-risk patients under-
went generator change (61.6%) [42].

The PRACTICE trial adopted a risk-stratified antibi-
otic regimen based on the Shariff score to investigate in-
fection prevention [30]. Patients in the low-risk group, de-
fined by a Shariff score of <3, received two intravenous
antibiotic administrations, the first administered one hour
before skin incision and the second eight hours thereafter.
In contrast, the high-risk group, with a Shariff score≥3, un-
derwent a prolonged 9-day protocol involving intravenous
antibiotics one hour before skin incision, followed by ad-
ditional intravenous administrations every eight hours for
two days, followed by seven days of oral prophylaxis. The
choice of antibiotic was guided by themicrobiological anal-
ysis derived from biopsy specimens and blood cultures of
CIED infections reported within the study institute. This
study found no statistical difference in the CIED-related
infection rates between the low-risk and high-risk groups
[30]. Nevertheless, this study is subject to limitations due to
its single-center, non-randomized design, and the absence
of a control group implementing the two-antibiotic admin-
istration strategy for high-risk patients.

While there is clear evidence supporting the use of pre-
operative antibiotics, the evidence for using postoperative
antibiotics is insufficient. Current guidelines do not rec-
ommend routine administration of intravenous or oral an-
tibiotics after CIED implantation, and the HRS and AHA
guidelines advise against post-operative prophylactic an-
tibiotic use [39,40]. Chesdachai et al. [43] conducted a
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comprehensive systematic review and meta-analysis, sum-
marizing recent studies that aimed to re-evaluate the role
of antibiotics for more than 24 hours post-procedure in pre-
venting CIED infections. This analysis included eight stud-
ies, comprising two RCTs and six cohort studies involving
a total of 26,187 patients. The findings once again demon-
strated no clear benefit of postoperative antibiotics in pre-
venting infections or reducing mortality in patients under-
going CIED implantation, replacement, or upgrade [43].
Despite these guideline recommendations and the limited
evidence supporting its efficacy, post-operative antibiotic
use remains a common practice in many healthcare insti-
tutions. In addition to intravenous and oral antibiotics, re-
search into the use of topical antibiotics after wound closure
has yielded inconclusive results. The current evidence sug-
gests that there is no clear advantage of using topical antibi-
otics following surgical wound closure [44–46]. The use of
an antibiotic pouch or envelope is discussed separately.

6.3 Wound Closure

The primary closure of CIED pockets employs sutures
as the established standard of care. The choice of an appro-
priate suture for each anatomical layer plays an important
role in both wound healing and cosmetic results. Typically,
the smallest feasible suture that can deliver sufficient sup-
port should be used. Vicryl, characterized as a synthetic
braided co-polymer suture with minimal tissue reactivity,
is the most widely employed absorbable suture material for
pocket closure. Additional suture materials in use include
Dexon, Maxon, and Monocryl. An innovative option in-
volves the utilization of unidirectional barbed sutures like
V-Loc, which facilitates knotless stitching through the se-
curement of sutures with built-in barbs. The efficacy and
safety of this approach have been evaluated in several sur-
gical studies [47,48].

Typically, a three-layer wound closure method is
adopted following CIED implantation. The initial layer ad-
dresses the fascia and muscle, followed by the second layer
involving subcutaneous tissue, with the final layer closing
the skin. The two-layer technique entails suturing the deep
fascia and muscle in the first layer, providing isolation for
the pocket, while the second layer is more superficial, pro-
viding a firm foundation for the overlying skin. Yao et al.
[49] investigated the low-intensity single-layer method for
CIED wound closure. In comparison with the traditional
two-layer approach, revealed that the single-layer method
did not result in an elevated rate of device-related infections
and demonstrated a comparable rate of pocket hematoma
[49].

The CIED pocket closure can be achieved with either
interrupted or continuous sutures. Interrupted sutures were
superior in terms of pocket hematoma formation and pocket
infection. However, previous studies have demonstrated
that suture techniques are not related to CIED infections
[50,51].

Besides sutures, alternative methods like staples, skin
closure devices, and adhesives have been evaluated in pa-
tients who are undergoing CIED implantation [52–55].
While these studies consistently report similar outcomes,
their limitations lie in their single-center and observational
nature, as well as their small sample sizes. Furthermore, the
study populations were often limited to new implants, and
the safety profile of these closure methods in patients with
CIED replacement or upgrade remains unclear.

6.4 Pocket Irrigation
Pocket irrigation is considered an effective strat-

egy for preventing infections in CIED procedures. Im-
portantly, vigorous pocket irrigation has been acknowl-
edged as crucial for eliminating damaged tissue and re-
ducing the concentration of contaminants on the skin [8].
A range of antimicrobial irrigation solutions, spanning
from antibiotic solutions to antiseptics such as povidone-
iodine, chlorhexidine gluconate (CHG), hydrogen perox-
ide, sodium hypochlorite, acetic acid, hypochlorous acid
and combined solutions can be used. Nonetheless, current
evidence presents mixed results, with some studies reveal-
ing a reduction in infection rates among patients who un-
derwent pocket irrigation, while others reported conflicting
outcomes [56]. The 2010 AHA statement on CIED infec-
tions lacks clear recommendations about routine pocket ir-
rigation during CIED procedures, while the 2020 EHRA
international consensus document on how to prevent, diag-
nose, and treat CIED infections, recommends pocket irriga-
tion after device and lead removal with sterile normal saline
[8,40]. Furthermore, the National Institute for Health and
Care Excellence (NICE) guidelines on surgical site infec-
tion: prevention and treatment, advise against wound irriga-
tion to reduce the risk of surgical site infection [57]. Despite
the controversial clinical data and guideline recommenda-
tions, the use of antimicrobial irrigation is widely adopted in
current practice as reported in an international survey [58].

Povidone-iodine is a commonly used non-antibiotic
irrigation agent due to its broad antimicrobial spectrum,
effectiveness against biofilms, and benign allergenic pro-
file. It was extensively studied in patients going through
breast surgery, demonstrating superiority in reducing cap-
sular contracture and surgical site infection [59]. Likewise,
the use of antiseptic irrigation during total joint arthroplasty
with povidone-iodine and CHG appears to be associated
with a potential reduction in the risk of periprosthetic joint
infections in patients undergoing both primary and revi-
sion total hip and knee arthroplasties [60]. Nevertheless,
the study comparing the use of povidone-iodine solution to
saline for CIED pocket irrigation failed to demonstrate any
benefit in infection prevention [61]. More recently, data
from a prospective multicenter registry indicated that CHG
pocket lavage significantly decreased CIED-related infec-
tions at a 1-year follow-up in patients undergoing high-risk
procedures [62].
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Fig. 4. Kaplan–Meier Curves for first major CIED infection. Results are for the overall randomized cohort through 12 months (A)
and all follow-up (B), they were not adjusted for multiple comparisons. HR is derived from Cox regressions, with stratification according
to device class, and indicates the relative (envelope vs. control) risk of CIED infection. Reprinted from the NEJM article, by Tarakji et
al. [65]. Antibacterial Envelope to Prevent Cardiac Implantable Device Infection, The WRAP-IT trial, with permission from the NEJM.
Abbreviations: CIED, cardiac implantable electronic devices; CI, confidence interval; No. at Risk, number at risk; HR, hazard ratio.

6.5 Capsulectomy

Capsulectomy has been suggested to decrease the risk
of re-infection in patients with CIED infection undergoing
device and lead extractions, with some operators advocat-
ing for capsulectomy during routine CIED replacement pro-
cedures. In theory, the decortication and removal of avas-
cular and fibrous tissue may allow for better healing and
antibiotic penetration in the pocket. Additionally, a study
by Kleemann et al. [63] demonstrated that a third of pa-

tients experiencing revision or replacement procedures had
asymptomatic bacterial colonization of the pocket, 7.5% of
which went on to have a device infection with the same
species [63]. However, capsulectomy carries certain risks
especially hematoma formation, which itself is a risk factor
for infection. A prospective randomized study conducted
by Lakkireddy et al. [64] included 258 patients undergoing
revision, extraction, or upgrade procedures and assigned
patients to capsulectomy versus standard care only. In their
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Fig. 5. Bar graphs showing the effect of an antibiotic envelope onmajorCIED-related infections according to patient risk, showing
statistically significant differences in the total of patients, and in higher risk patients, without differences in any risk patients in
the subgroup analysis. Adapted from the forest plot of the Medicine article by Asbeutah et al. [67]. The role of an antibiotic envelope
in the prevention of major cardiac implantable electronic device infections: A systematic review and meta-analysis, with permission
from the Medicine journal. Abbreviations: ARR, absolute risk reduction; CIED, cardiac implantable electronic devices; CI, confidence
interval; RR, risk ratio.

findings, they reported no difference in the risk of superfi-
cial infections (1.5% vs. 4.7%, respectively; p = 0.13), no
deep infections in either group, and a statistically significant
increase in pocket hematomaswith capsulectomy compared
to those without it (6.1% vs. 0.8%; p = 0.03) [64]. Con-
sequently, given the lack of evidence for its benefit, cap-
sulectomy is not recommended during routine pocket revi-
sions by the current EHRA international consensus guide-
lines [8].

6.6 Antibacterial Envelope
Antibacterial envelopes (AE) have been increasingly

used as a potential intervention to reduce the rates of CIED
infections through the local release of antibiotics to pre-
vent biofilm formation in the device pocket. The initial
generations were not absorbable, but more recent AE gen-
erations, that release minocycline and rifampin, have be-
come fully absorbable within nine weeks. These newer

generations have been the focus of numerous trials and
studies (TYRX™, Medtronic, Minneapolis, MN, US). The
WRAP-IT trial randomized patients undergoing CIED re-
placements or upgrades or initial CRT implantations to AE
versus standard-of-care infection prevention strategies [65].
In this analysis of 6983 patients, the use of AE was asso-
ciated with a significantly lower incidence of major CIED
infections (12-month Kaplan–Meier estimated event rate,
0.7% vs. 1.2%; HR 0.60; 95% CI = 0.36 to 0.98; p = 0.04)
(Fig. 4, Ref. [65]). Similarly, a large dataset analysis of
the national readmissions database revealed lower rates of
CIED infections in patients who received AE compared to
those who did not (1.2% vs. 2.2%, respectively; p< 0.001)
[66], and several meta-analyses yielded comparable results
[67,68].

Particularly, patients at higher risk of infection may
benefit more from the utilization of AE. In a retrospective
study by Chaudhry et al. [69], comparing outcomes of AE
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Fig. 6. Kaplan-Meier Curves demonstrating Cox Hazard Ratios for CHG lavage compared to NS. (A) Primary efficacy outcome of
cardiac implantable electronic device (CIED)-related infection at 1 year. (B) Secondary analysis of CIED-related infection during long-
term follow-up. Reprinted from the Heart Rhythm article, by Diaz et al. [62]. Chlorhexidine gluconate pocket lavage to prevent cardiac
implantable electronic device infection in high-risk procedures, with permission from the Heart Rhythm journal. Abbreviations: CIED,
cardiac implantable electronic device; NS, normal saline; CHG, chlorhexidine gluconate; HR, hazard ratio; CI, confidence interval.

to standard infection control, AE use was associated with a
significantly lower risk of local infections (0 vs. 2.6%, re-
spectively; p = 0.04), with a more pronounced difference in
patients with a PADIT score >7 (0 vs. 9.9%, respectively;
p = 0.01) [69]. This benefit was reproduced in subsequent
studies, such as the REINFORCE project which analyzed
the outcomes of 1819 patients undergoing CIED procedures
(872 with AE, 947 without), and demonstrated significantly
lower infection event rates in the AE group (0.8% vs. 2.4%,
respectively; p = 0.007) [70]. Furthermore, a meta-analysis
conducted by Asbeutah et al. [67] in 2020, concluded that
employing an antibiotic envelope during CIED implanta-
tion significantly reduced major device-related infections,
especially in patients with a higher risk of device-related
infections (Fig. 5, Ref. [67]). Therefore, the 2020 EHRA
international consensus document on how to prevent, diag-
nose, and treat CIED infections, recommends using AE in
high-risk situations, such as those defined in the WRAP-IT
study or those with specific patient, procedure, and device-
related risk factors [8].

6.7 Chlorhexidine Gluconate Pocket Lavage
CHG has demonstrated rapid and potent antimicrobial

and antifungal activity, effectively targeting various bacte-
ria, and exhibiting the ability to inactivate DNA and RNA
viruses [71]. Its remarkable efficacy, achieving nearly
100% effectiveness in just 30 seconds, persists for an ex-
tended period of up to 48 hours, and remains unaffected
even upon contact with blood or other bodily fluids [72],
making it the agent of choice for CIED-related infection
prevention.

Utilizing CHG pocket lavage in high-risk procedures
(such as generator changes, device upgrades, and lead or
pocket revisions) has emerged as a secure and cost-effective
strategy to prevent CIED infections without associated ad-

verse events. Diaz et al. [62] explored the impact of
CHG pocket lavage for high-risk procedures. CHG pocket
lavage, involving irrigation with 20ml of 2%CHG and nor-
mal saline, was compared to normal saline alone. At 12
months, CHG lavage resulted in significantly fewer CIED-
related infections compared to the normal saline group
(0.4% vs. 2.3%) (Fig. 6, Ref. [62]). Propensity score
matching of the sample confirmed the reduction in infec-
tions with CHG (0.2% vs. 2.5%). In addition, there were
no adverse events reported with CHG use [62]. This study
opens the possibility of implementing CHG pocket lavage
in high-risk procedures as a safe strategy to reduce infec-
tions. Nonetheless, it is worth noting that the CHG concen-
tration used in this study is not widely available in a ster-
ile format. The extrapolation of these results to the use of
CHG in lower concentrations, as available in most devel-
oped countries, is yet to be determined.

7. Alternative Approach in High-Risk
Patients

Subcutaneous ICD (S-ICD) implantation has been
proposed as an alternative approach to transvenous-ICD
(TV-ICD) aiming to mitigate lead-related complications
and systemic infections [73]. This device is being increas-
ingly accepted, and its use after TV-ICD extraction has
grown progressively, with one study reporting an increase
from 9% in 2011 to 85% in 2017. This trend may be wit-
nessed since it does not require the insertion of any lead into
the cardiovascular system, and it is particularly suitable for
patients with limited venous access or at high risk of infec-
tion [74].

The advantages of S-ICD include eliminating the need
for vascular access, the possibility of fluoroless implanta-
tion, the reduced mid-term risk of lead malfunction, the
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elimination of various procedural risks like pneumothorax
and cardiac tamponade, improved arrhythmia discrimina-
tion, the relative ease of extraction, and the absence of risk
for endocarditis in case of a hardware infection [75]. The
PRAETORIAN trial by Knops et al. [76], was the first
prospective RCT to compare S-ICD versus TV-ICD ther-
apy. This study included 849 patients (426 in the S-ICD
group vs. 423 in the TV-ICD group) and demonstrated that
for patients with an indication for an ICD without pacing
requirement, the S-ICD was non-inferior to the TV-ICD
regarding device-related complications and inappropriate
shocks (HR 0.99; 95% CI = 0.71–1.39; p = 0.01 for nonin-
feriority, p = 0.95 for superiority). It also resulted in fewer
lead-related complications with no difference in mortality
[76]. Consistently, a meta-analysis by Rordorf et al. [73],
with 13 studies comprising 9073 patients, showed no sta-
tistically significant difference in the composite outcome of
device-related complications and inappropriate shocks be-
tween patients undergoing S-ICD vs. TV-ICD (OR 0.80;
95% CI = 0.53–1.19) [73]. Likewise, Fong et al. [77],
demonstrated the superiority of S-ICD over TV-ICD re-
lating to lead-related complications (risk ratio [RR] 0.14;
95% CI = 0.07–0.29; p < 0.0001), with comparable effi-
cacy and safety outcomes (device-related complications RR
0.59; 95% CI = 0.33–1.04; p = 0.070).

Remarkably, the S-ICD can be considered a safe
choice for patients who have previously had their TV-ICD
removed. It is particularly favored for younger patients and
in cases where extraction is necessary due to lead infection.
A previous study by Viani et al. [74], indicated that both
S-ICD and TV-ICD strategies have demonstrated compa-
rable complication rates, with the complication rate being
lower when the S-ICD generator was positioned in a sub-or
intermuscular pocket.

8. Conclusions
Numerous strategies have been described for the pre-

vention of CIED-related infections, having yielded positive
outcomes. The medical industry has recognized this con-
cern and has made substantial efforts to reform the land-
scape of CIED implantation, striving to enhance the proce-
dure’s safety and accessibility, even for vulnerable popu-
lations, such as immunocompromised individuals, particu-
larly within the Oncology field. Multiple risk assessment
scores have been introduced to mitigate the risk of CIED
infections. Nevertheless, the determination of the appropri-
ate risk score and preventive measures remains a task that
requires individualized evaluation, grounded in evidence-
based medicine. It is also crucial to acknowledge that host
and procedural factors, and infection pathogenesis elements
must be considered in the prevention, diagnosis, and man-
agement of CIED-related infections, which constitute one
of the most concerning complications linked to CIED im-
plantation, given their potential to augment morbidity, mor-
tality, and healthcare expenditures.
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