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ABSTRACT. The association between the risk of mortality and cardiovascular implantable 
electronic device (CIED) infections has been well-established in the literature. As CIED implanta-
tions have increased in frequency in the past few decades, the incidence of CIED-related infec-
tions has also risen. Given the morbidity, mortality, and health-care costs associated with CIED 
infections, the prevention of device-related infection is a critical goal. Risk factors for developing 
CIED infections can be categorized as patient-, procedure-, or device-related. Numerous studies 
have highlighted different strategies for preventing CIED-related infections, which include patient 
optimization, device selection, and periprocedural preparation and treatment. Nonetheless, as the 
comorbidity burden of patients undergoing CIED implantation continues to increase, significant 
challenges in the successful elimination of CIED-related infections remain. This review provides a 
comprehensive overview of available evidence-based approaches and strategies to reduce the risk of 
CIED infections.

KEYWORDS. Cardiac implantable electronic devices, implantable cardioverter-defibrillators, 
infection, pacemakers.

ISSN 2156-3977 (print)
ISSN 2156-3993 (online)
CC BY 4.0 license

© 2020 Innovations in Cardiac 

Rhythm Management

Dr. Thomas reports receiving research support from Biotronik and 
Medtronic, consulting fees from Medtronic, and speaker fees from 
Biotronik. Dr. Cheung reports receiving research support from 
Biotronik; consulting and speaker fees from Abbott Laboratories and 
Biotronik; and fellowship grant support from Abbott Laboratories, 
Biotronik, Boston Scientific, and Medtronic. The other authors report 
no conflicts of interest for the published content.
Manuscript received July 28, 2019. Final version accepted October 
16, 2019.
Address correspondence to: Jim W. Cheung, MD, Department of 
Cardiology, Weill Cornell Medical College, 4th Floor, 520 East 70th 
Street, New York, NY 10065, USA. E-mail: jac9029@med.cornell.edu.

Introduction

During the past several decades, cardiovascular implant-
able electronic devices (CIEDs) such as implantable car-
dioverter-defibrillators (ICDs) and cardiac resynchro-
nization therapy (CRT) systems have led to significant 
reductions in cardiac morbidity and mortality.1–4 As the 
indications for device implantation have expanded, the 
use of CIEDs has significantly increased. Between 1997 
and 2004, the rates of ICD and pacemaker (PPM) implan-
tations in the United States increased by 60% and 19%, 
respectively.5 A further dramatic increase in implantation 

rates occurred between 2004 and 2008, resulting in over-
all increases in ICD and PPM implantation rates of 500% 
and 45%, respectively, over 16 years (1993–2008). Overall, 
CIED implantations in the United States increased by 
more than 95% during that time period.6

Alongside the rise in CIED implantation, the frequency 
of CIEDs infections has also increased; for example, from 
1993 to 2008, the incidence of CIED infections rose by more 
than 200%.6 The absolute rate of CIED infections grew 
from almost 1.5% in 2004 to at least 2.4% in 2008. At this 
time, the growth in the CIED infection rate appears to have 
outpaced the increase in the rate of device implantations.7 
This may be explained in part by the existence of more 
comorbidities among candidates for device placement 
and greater device complexity. Furthermore, the increased 
overall survival rate among CIED recipients can also facil-
itate a higher risk of developing a CIED-associated infec-
tion over time.8 CIED infections can vary in extent from 
localized pocket infections to systemic infections with lead 
and valvular involvement.9 According to the National 
Hospital Discharge Survey, the risk of in-hospital mor-
tality was increased more than twofold among patients 
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with CIED infections.10 In a study of 200,219 Medicare 
patients, those with CIED infections had a twofold higher 
mortality rate at one year, which remained elevated even 
at three years, after device implant.11 In addition to pro-
voking heightened morbidity and mortality rates, CIED 
infections can lead to significant health-care expendi-
tures. It has been reported that the average cost associated 
with the treatment of a single CIED infection is $146,000.6 
Given the significant public health burden of CIED infec-
tions, updated guidelines for their prevention have been 
developed.12 These strategies include the proper selection 
of patients eligible for CIED placement, the optimization 
of sterile device implantation techniques, and the use of 
perioperative antibiotics and antibiotic-impregnated mesh 
envelopes.13 In this report, we present an overview of the 
different approaches and strategies available for reducing 
the risk of CIED infections (Table 1).

Pathogenesis of cardiac implantable electronic 
device infections

The most common mechanism for developing a CIED 
infection is local contamination of the device itself, its 

leads, or the pocket during implantation.14,15 Inoculation 
can occur with the presence of skin breaks that introduce 
contaminants into the pocket. Almost two-thirds of CIED 
infectious complications are pocket infections.16 Given 
that pocket sources are the dominant mechanism of CIED 
infections, many CIED infections are the result of Gram-
positive organisms, with the majority of these being due 
to coagulase-negative staphylococci.16,17 One of the most 
important virulence factors for some of these pathogens 
is biofilm formation.15 Several strategies to target bio-
film formation have been suggested, including the use 
of bioelectric and bioacoustic therapy. In in vitro models, 
the application of low electrical current in combination 
with antimicrobial agents have been shown to enhance 
the killing of biofilm-associated bacteria.18 In an animal 
model, ultrasound application combined with gentamicin 
greatly reduced bacterial viability.18 These strategies have 
yet to be fully investigated in human studies.

Another mechanism of CIED infection is device seeding 
via hematogenous spread from a focal infection located 
elsewhere in the body.15 This can often be associated with 
infective endocarditis. In a retrospective cohort study by 
Uslan et al., more than one-third of patients with CIEDs 
and Staphylococcus aureus bacteremia had CIED infec-
tions.19 Of the patients with CIED infections, half had evi-
dence of CIED-related endocarditis. The management of 
CIED-related infections includes the complete removal of 
the device with its accessory hardware, as the use of sys-
temic antibiotics alone will not suffice.15 Therefore, the 
prevention of CIED infections is essential given the risks 
associated with the treatment of systemic infections.

Risk factors for cardiac implantable electronic 
device infection

Identifying risk factors associated with CIED compli-
cations is an integral part of infection prevention. CIED 
infection risk factors can be categorized as either patient-, 
procedure-, or device-related.20 Several patient-level 
risk factors have been associated with CIED infections. 
Previous studies have shown an association between 
the male gender and an increased risk of CIED infec-
tions, although the underlying mechanism of this link 
is unclear.21–23 Notably, despite the higher rates of CIED 
infections among men, cases of such among women are 
more likely to be associated with mortality.24 The causes 
of this difference in mortality from CIED infections 
vary and include gender-related differences in the rec-
ognition of CIED infections and physiologic responses 
to sepsis. Data on age as a CIED infection risk factor 
have yielded conflicting results, with some studies sug-
gesting increased risks of CIED infections among older 
patients25,26 and others identifying higher rates of CIED 
infections among younger patients.23 Confounding 
age-associated factors such as comorbidities can limit 
the conclusions that can be made about age as an inde-
pendent predictor of CIED infection. Renal failure, diabe-
tes mellitus, and chronic obstructive pulmonary disease 
(COPD) have all been associated with CIED infections.20 

Table 1: Summary of Measures to Reduce CIED Infections

Category Intervention
Patient selection •  Optimization of comorbidities prior to 

implantation
•  Delaying implantation in the setting 

of fever or leukocytosis with other 
infectious markers (eg, bacteremia, 
physical examination consistent with 
an infectious process)

•  Removal of central venous catheters 
prior to implantation

Device selection •  Consideration of leadless pacemakers 
or subcutaneous ICDs if appropriate

Provider 
preparation

•  Use of appropriate gowns and masks

Surgical site 
preparation

•  Electronic hair-clipping instead of 
shaving

•  Chlorhexidine–alcohol antiseptic 
cleanse

Operating theater 
conditions

•  Proper ventilation system
•  Air-quality optimization
•  Restriction of number of personnel
•  Temperature control

Hematoma 
prevention

•  Use of pressure dressings
•  Use of electrocautery
•  Avoidance of heparin products

Other postoperative 
considerations

•  Avoid early reintervention unless 
necessary

•  Pocket evacuation in the case of higher 
dehiscence risk

Prophylactic 
antibiotics

•  Preoperative use of intravenous 
cefazolin

Antibiotic-
impregnated 
envelopes

•  Consideration of use of minocycline-/
rifampin-impregnated mesh envelope 
in high-risk patients

CIED: cardiovascular implantable electronic device; ICD: 
implantable cardioverter defibrillator.
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Irrespective of a concurrent need for hemodialysis, renal 
failure is a strong risk factor for CIED infections, espe-
cially in patients with associated diabetes.27,28 Diabetes 
mellitus and COPD were each found to be independent 
risk factors of CIED infectious complications with odds 
ratios (ORs) of 3.5 and 3, respectively.29,30

The presence of fever or leukocytosis prior to CIED 
implantation can also be a risk factor for device infec-
tions. In the Prospective Evaluation of Pacemaker Lead 
Endocarditis (PEOPLE) study, a large prospective sur-
vey of more than 6,000 patients, the presence of fever 
within 24 hours prior to CIED implantation was pos-
itively correlated with a higher risk of developing 
device-related infections (adjusted OR: 4.8).31 However, 
the correlation between isolated leukocytosis and CIED 
infection is less clear. A recent study showed no signif-
icant  association existed between device infections and 
preoperative isolated leukocytosis in the absence of other 
infectious markers such as bacteremia, fever, or physical 
examination results suggesting an ongoing infectious 
process.32

The use of certain medications including anticoagu-
lants and corticosteroids is significantly associated with 
a higher rate of CIED-related infectious complications. 
Cengiz et al. showed that at least 15% more infectious 
events were noted among patients on anticoagulants.25 In 
the setting of corticosteroid use for more than one month, 
the absolute increase in the incidence of CIED infectious 
complications was 5%.25 The presence of a permanent 
central venous catheter has also been shown to be an 
independent predictor of CIED infections.25,33 Finally, 
patients with a prior history of device revisions, gener-
ator replacements, and prior infections have higher risks 
for contracting a CIED infection.30,33,34 In particular, the 
incidence of infection in conjunction with replacement 
procedures was at least twofold higher than that of infec-
tion presenting in relation to de novo implantations.35

Procedure-related factors have also been shown to lead 
to a significantly increased risk for infections. The lack 
of preoperative antibiotic prophylaxis has been identified 
as an independent risk factor for CIED infections. After 
over 30 years of general consensus on the importance of 
preoperative antibiotics for the prevention of CIED infec-
tions, it was not until 2009 that prospective randomized 
clinical trial data demonstrated significantly lower infec-
tious complications in patients who received preoperative 
cefazolin than those who did not.36 Postoperative pocket 
hematomas have been positively correlated with CIED 
infections as well. In one study, the presence of a postop-
erative hematoma was associated with an almost seven-
fold increase in the rate of CIED infection.37 This finding 
supports the observed correlation between anticoagulant 
use and increased CIED infection risk. Multiple studies 
have revealed that the need for temporary pacing, device 
revisions, and increased procedural duration significantly 
increase the rate of CIED infections.31,38,39 Reinterventions 
have been found to increase the rate of CIED infections. 
One prospective cohort study of 316 patients identified a 

nearly eightfold increased risk of infection as associated 
with device reintervention procedures.38 Furthermore, 
there is a correlation between the timing of reinterven-
tion and the risk of CIED infections. In one study, early 
reinterventions, defined as repeat procedures occurring 
during index admission prior to discharge, were asso-
ciated with a more than 15-fold increased risk of CIED 
infection.31 Low levels of implant physician experience 
have also been associated with increased risks of CIED 
infection. In an analysis of Medicare data, the risk of 
90-day infections after ICD implant was almost 2.5-fold 
higher among implanters who performed only one to 10 
implants per year than among those who performed 29 
or more implants per year.40 Whether this association is 
due to longer procedure durations or suboptimal patient 
preparation prior to implantation among lower- volume 
operators is unclear. In a prospective study, longer 
procedures (an average of 85 minutes versus almost 
60  minutes) were independently associated with infec-
tious complications.38

Further, the complexity and location of the device 
implanted may be associated with different risks of infec-
tious complications. Studies have shown that dual-cham-
ber device implantations carry a higher risk of infection 
than single-chamber device implantations.33,41 Further, 
CRT defibrillators have been associated with a higher 
risk of infection as compared with ICDs.42 Overall, the 
number of leads present can be an independent risk 
factor for device-related infections. In one case–control 
study, patients who had more than two pacing leads 
were at a higher risk of infection than those with two pac-
ing leads only (OR: 5.41).33 The presence of abandoned 
leads was not associated with an increased risk of infec-
tion. It is unclear as to whether infection risk associated 
with a greater number of device leads is related to the 
presence of additional hardware itself or is just a reflec-
tion of longer procedure times during lead implantation. 
Finally, retrospective data suggest that devices implanted 
abdominally have a higher CIED infection rate than pec-
torally implanted ones.43,44 Overall, it should be noted 
that higher rates of CIED infection among patients with 
more complex devices or abdominal implants may be 
attributable in part to a higher comorbidity burden rather 
than just device-related factors.

Prevention of cardiac implantable electronic 
device infection

Patient selection and optimization

The prevention of CIED infections requires a multipronged 
approach that addresses all of the patient-, procedural-, and 
device-related risk factors. Prior to performing a CIED pro-
cedure, appropriate patient selection and optimization is a 
critical first step. Given that a considerable proportion of 
patients receiving CIEDs are older and have a significant 
comorbidity burden, optimizing the management of coex-
isting diseases will help reduce the risk of device-related 
infectious complications.20 The presence of fever should 
prompt the consideration of procedure postponement to 
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permit diagnosis and treatment to occur for potential pre-
existing infections. Any indwelling central venous cath-
eters that are not absolutely required for further patient 
treatment should be removed prior to CIED implantation.

Device selection

As discussed earlier, the risk of infection can vary based 
on the type of device implanted or the number of leads 
placed. Newer devices such as leadless PPMs and subcu-
taneous ICDs (S-ICDs) have emerged as potential alter-
natives to transvenous devices and may theoretically 
have features that can reduce CIED-related infections. 
However, whether or not these devices actually signifi-
cantly reduce infection rates remains to be established. 
In fact, some research has shown that the overall infec-
tion rate of S-ICDs is not significantly different from that 
of transvenous ICDs.45 However, theoretically, because 
S-ICDs do not contain any intravascular components, 
the risk of systemic infection should be low. Nonetheless, 
systemic involvement of S-ICD infections has been pre-
viously reported.46,47 The management of subcutaneous 
ICD infections may to be easier given that transvenous 
lead extraction is not required with subcutaneous 
ICD removal.17,46,48 Ultimately, the completion of the 
Prospective, Randomized Comparison of Subcutaneous 
and Transvenous ICD Therapy (PRAETORIAN) clinical 
trial will better clarify whether or not the implantation 
of S-ICDs can lead to reduced infection-related adverse 
events relative to the implantation of transvenous ICDs.49 
The impact of leadless pacing technology on reduc-
ing the long-term risks of CIED infection remains to be 
seen. Theoretically, the absence of a pacemaker pocket 
and transvenous lead may reduce the risk of primary 
device infection associated with leadless pacemakers.50 
However, hematogenous seeding of the device by a 
remote-site infection may still be possible.

Preoperative preparation and intraoperative 
considerations

Implementing optimal procedural-related strategies and 
proper aseptic techniques constitute some of the sim-
plest yet most effective ways to decrease the infection risk 
during device implantation. Patients should wear masks 
and operating staff should wear gowns and masks.51 
Since CIED implantation is a surgical procedure, adher-
ence to regulations for general surgical procedures to 
reduce wound infections should be adopted. For surgical 
site preparation, Seropian and Reynolds found that hair 
removal with shaving using a razor prior to the procedure 
may increase the risk of wound infections.52 Current rec-
ommendations stipulate that preoperative hair removal 
should not be performed unless it interferes with the sur-
gical site.51 If hair removal is necessary, then the use of elec-
tronic clippers rather than shaving is preferred. Following 
clipping, skin-site preparation should continue with a 
topical cleanser. The optimal choice of topical antiseptic is 
debatable. In a randomized clinical trial of 849 patients, a 
chlorhexidine–alcohol antiseptic cleanser was associated 

with a 41% relative reduction in the rate of surgical-site 
infections when compared with a povidone–iodine 
scrub.53 However, a single-center cohort study of patients 
receiving CIEDs failed to observe a difference in infection 
rates between patients using either topical antiseptic.54 
Iodine-impregnated drapes can also be considered for use, 
although there are no data in the CIED literature to suggest 
that their inclusion reduces the risk of infection.

Finally, maintaining an appropriate environment in the 
operating room is important in further reducing the risk of 
procedure-related CIED infections. This includes the pres-
ence of a proper ventilation system with positive pressure 
in the operating room, the optimization of air quality with 
filtered air and frequent air exchanges, and restricting the 
number of personnel present in the room during the pro-
cedure as well as confirmation that all involved individu-
als are wearing the required protective equipment.55

Postoperative hematoma prevention

Given the association between postprocedural hemat-
oma formation and the increased risk of CIED infec-
tion,37 strategies to prevent postoperative hematomas 
have been recommended, which include the placement 
of pressure dressings, the scrupulous use of electrocau-
terization, and the administration of hemostatic agents.56 
Some of the hemostatic agents studied include micropo-
rous polysaccharide hemostatic (MPH) powder (Arista; 
Bard, Warwick, RI, USA), oxidized regenerated cellulose 
(Surgicel Fibrillar Hemostat; Johnson & Johnson, New 
Brunswick, NJ, USA), local tranexemic acid (TXA), and 
topical thrombin. The use of MPH was shown to decrease 
the rate of pocket hematoma formation by 70% in one 
study.57 Elsewhere, the application of oxidized regen-
erated cellulose was studied in 42 patients receiving 
CIEDs while remaining on either warfarin or dual anti-
platelet therapy (DAPT).58 This investigation reported 
no case of pocket hematoma formation with six months 
of follow-up. A retrospective analysis was conducted to 
assess the effects of TXA on preventing hematoma forma-
tion post-CIED implantation.59 The study included 135 
patients who were either on warfarin or DAPT or warfa-
rin plus DAPT. The study revealed a significant decrease 
in pocket hematoma formation in patients receiving TXA 
(7.7% versus 26.5%). In contrast, a collagen and thrombin 
blend (D-Stat; Teleflex, Morrisville, NC, USA) failed to 
promote a significant reduction in hematoma formation.60

Avoiding heparin products perioperatively has also been 
suggested to reduce the risk of hematoma formation.61 
In the Bridge or Continue Coumadin for Device Sur-
gery Randomized Controlled Trial (BRUISE CONTROL) 
study, the risk of hematoma formation was assessed in 
patients continued on uninterrupted warfarin versus 
heparin bridging periprocedurally. There was a signif-
icantly higher risk of pocket hematoma formation in 
patients who received heparin bridging (16% versus 
3.5%), suggesting uninterrupted warfarin therapy to 
be a safer option. BRUISE CONTROL-2 examined the 
risk of hematoma formation in patients on direct oral 
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anticoagulants (DOACs).62 Patients were randomized 
to either uninterrupted or interrupted DOAC therapy 
periprocedurally, and no significant difference in hemat-
oma formation was found between the two groups.

For patients with large pocket hematomas in whom there 
was a high risk of wound dehiscence, pocket hematoma 
evacuation should be considered. However, early reinter-
vention procedures can also increase the risk of device- 
related infectious complications.31,38 Therefore, the decision 
to proceed with hematoma evacuation requires a careful 
weighing of the risks and benefits of early reintervention.

Prophylactic antibiotics

The role of systemic prophylactic antibiotic administra-
tion in reducing CIED infections has been studied exten-
sively (Table 2). The Centers for Medicare and Medicaid 
Services, in collaboration with the Centers for Disease 
Control and Prevention, introduced guidelines recom-
mending the prophylactic perioperative administration of 
antimicrobial agents.63 The American Heart Association 
and Heart Rhythm Society have recommended the pre-
operative administration of prophylactic antibiotics as 
such has been associated with a lower rate of CIED infec-
tions.56,64 The use of intravenous cefazolin has been found 
to significantly decrease the incidence of CIED infections 
when compared with placebo (0.63% versus 3.28%).36 The 
Prevention of Arrhythmia Device Infection Trial (PADIT) 
examined 19,603 high-risk patients undergoing device 
procedures who were randomized to an incremental peri-
operative antibiotic approach or a standard preoperative 
antibiotic approach.65 The incremental approach con-
sisted of standard preoperative cefazolin dosing followed 
by an intraoperative bacitracin wash and postoperative 
oral cephalexin for two days. The study showed no sta-
tistically significant difference in rates of CIED infections 

between patients assigned to the incremental approach 
and the standard approach, respectively. Notably, the 
overall rate of infection was low at around 1%, which 
establishes a reasonable hospital benchmark for tracking 
CIED procedure outcomes for quality improvement.

Antibiotic-impregnated envelopes

Aside from systemic antibiotic approaches to reduced 
CIED infections, a localized antibiotic approach using 
an antibiotic-impregnated envelope has been evaluated 
in a large randomized clinical trial of more than 6,900 
patients considered at high risk for infection (Table 2). The 
Worldwide Randomized Antibiotic Envelope Infection 
Prevention Trial (WRAP-IT) examined the TYRX enve-
lope (Medtronic, Minneapolis, MN, USA), which consists 
of a mesh coated with an absorbable polymer mixed with 
minocycline and rifampin, which are eluted into the local 
tissue for at least seven days.66 Investigators reported that, 
at 12 months, a significantly lower rate of CIED infections 
was observed among patients who received the envelope 
in comparison with those who did not (0.7% versus 1.2%, 
respectively). Further, there was no increased complication 
rate associated with the use of the envelope. Given the low 
overall rate of CIED infections, the number of envelopes 
needed to prevent a single CIED infection at one year 
would be 200 based on the absolute risk reduction of infec-
tion with the use of said envelopes. Given the high costs 
of readmissions and procedures associated with CIED 
infections, a cost–benefit analysis may show the use of an 
antibiotic- impregnated envelope to be cost-effective, espe-
cially when used among patients at a high risk of infection.

Remaining challenges and future directions

Despite all of the efforts made to prevent the onset of 
infectious complications of CIED implantations, we still 

Table 2: Summary of Randomized Clinical Trials on Antibiotic Strategies to Reduce CIED infections

Trial/Study 
Name

Number of 
Participants (n)

Study Population Study Design Follow-up 
Duration

Results

Heart 
Institute 
University 
of São 
Paulo36

649 PPM and ICD implantation 
or generator replacement 
(high-risk patients 
excluded)

Cefazolin vs. placebo 
preoperative prophylaxis

6 months  
(study 
interrupted 
early)

Decreased CIED infection 
rate with cefazolin 
(0.64%) vs. placebo 
(3.28%) (p = 0.016)

PADIT65 19,603 PPM, ICD, and CRT-ICD 
implantation (high-risk 
patients included)

Preoperative prophylactic 
cefazolin or vancomycin (in PCN-
allergic patients) vs. incremental 
preoperative, intraoperative, 
and postoperative antibiotics 
(eg, cefazolin/vancomycin, 
bacitracin wash, cephalexin/
cephadroxil)

6 months No significant difference 
in CIED infection rate 
(1.03% in conventional 
arm and 0.78% in 
incremental arm) 
(p = 0.10)

WRAP-IT66 6,983 High-risk CIED 
implantation (eg, 
replacement, upgrade, 
revision, or CRT 
procedures)

Antibiotic-impregnated mesh 
envelope vs. control

12 months Decreased CIED infection 
rate with envelope 
(0.7%) vs. control (1.2%) 
(p = 0.04)

CIED: cardiac implantable electronic device; CRT: cardiac resynchronization therapy; ICD: implantable cardioverter-defibrilla-
tor; PPM: permanent pacemaker.
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face challenges that limit our ability to fully eliminate 
the risk of such. As patients live longer with CIEDs and 
the comorbidity burden of individuals undergoing CIED 
procedures continues to increase, the continued evolution 
of technology and best practices to reduce CIED infec-
tion will be paramount. Improvements in leadless pac-
ing technology that incorporate dual-chamber and CRT 
pacing functionalities could contribute to a decrease in 
CIED pocket infections, although this will require exten-
sive future study.

Conclusion

CIED infections are strongly associated with increased 
morbidity and mortality rates and add substantial finan-
cial burden to our health-care system. A multipronged 
strategy to prevent CIED infection is required. The proper 
selection and optimization of patients before performing 
a CIED implant is mandatory. Basic preparation of the 
operating theater and the patient, which includes proper 
skin preparation and the use of perioperative antibiotics, 
is essential. Efforts to reduce hematoma formation and 
lead complications requiring early reintervention can 
reduce the risk of CIED infection. The use of an antibi-
otic-impregnated mesh envelope during implantation in 
high-risk individuals may also help to reduce infections. 
Despite the evolution of these CIED infection prevention 
strategies, significant challenges remain.
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