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ABSTRACT: The American Heart Association sponsored the first iteration of a scientific statement that addressed all aspects of 
cardiovascular implantable electronic device infection in 2010. Major advances in the prevention, diagnosis, and management 
of these infections have occurred since then, necessitating a scientific statement update. An 11-member writing group was 
identified and included recognized experts in cardiology and infectious diseases, with a career focus on cardiovascular 
infections. The group initially met in October 2022 to develop a scientific statement that was drafted with front-line 
clinicians in mind and focused on providing updated clinical information to enhance outcomes of patients with cardiovascular 
implantable electronic device infection. The current scientific statement highlights recent advances in prevention, diagnosis, 
and management, and how they may be incorporated in the complex care of patients with cardiovascular implantable 
electronic device infection.
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Cardiovascular implantable electronic device 
infection (CIEDI) is life-threatening and often 
characterized by difficulties both in diagnosis 

and in complex patient management. Cardiovascular 
implantable electronic device (CIED)-related infective 
endocarditis (IE) frequently accounts for these difficul-
ties. Moreover, 40-year trends data have demonstrated 
that patients with CIED-related IE are older with more 
comorbid conditions and have more complex cardiac 
devices.1 Since publication of our initial version of a 
scientific statement in 2010,2 important advances have 
been published that addressed CIEDI prevention, diag-
nosis, and management. These include (1) 2 random-
ized controlled trials (PADIT3 [Prevention of Arrhythmia 
Device Infection Trial] and WRAP-IT4 [Worldwide Ran-

domized Antibiotic Envelope Infection Prevention Trial]) 
that evaluated CIEDI prevention measures, the latter of 
which included use of an antibiotic-impregnated enve-
lope at the time of device placement; (2) investigations 
that reevaluated the role of transesophageal echocar-
diography and its diagnostic limitations in distinguish-
ing infectious versus noninfectious CIED lead masses5; 
(3) advantages of fluorine-18-fludeoxyglucose positron 
emission tomography/computerized tomography scan-
ning ([18F]FDG PET/CT) in the diagnosis of CIEDI6; (4) 
the citation of CIED as a predisposition to the develop-
ment of IE as a specific minor criterion in the updated 
2023 Duke-International Society for Cardiovascular 
Infectious Diseases criteria for IE7; (5) evaluation of 
both prevention- and management-related studies and 
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the roles of novel devices, including leadless pacemak-
ers (LPMs) and subcutaneous implantable cardioverter 
defibrillators (S-ICDs). Six infection risk scores8 have 
been used to estimate the risk of developing CIEDI that 
may be useful in identifying potential candidates for 
incremental prevention measures, and alternate device 
platforms such as a LPM or S-ICD. In addition, these 
scores have been used to determine the use of the 
above-mentioned antibiotic-eluting envelope in CIEDI 
prevention; and (6) an evaluation of recently published 
experiences with percutaneous mechanical aspiration 

systems being used to remove right-sided vegetations 
complicating CIEDI in select cases.

This AHA scientific statement was developed by 
a robust and experienced writing group (WG) whose 
collective goal was to enhance outcomes in patients 
with CIEDI (Figure 1). It is not intended, however, to 
be comprehensive. Therefore, a review with detailed 
aspects of CIEDI, including clinical features, associ-
ated risk factors, incidence, epidemiology, and patho-
genesis, was not conducted. Also, the AHA scientific 
statement is not a guideline and, therefore, did not 

Figure 1. Central illustration. 
CIED indicates cardiovascular implantable electronic device; LPM, leadless pacemaker; PET/CT, positron emission tomography/computerized 
tomography scanning; S-ICD, subcutaneous implantable cardioverter defibrillator; and TEE, transesophageal echocardiography.
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include clinical practice recommendations. Neverthe-
less, suggested strategies have been outlined in the 
scientific statement with carefully drafted algorithms 
that will be useful to clinicians.

METHODS
A review process by the 11 WG members that included 
identification, acceptance, and approval by the AHA’s 
manuscript oversight committee was initially conducted. 
After this, an initial orientation meeting with the WG Chair 
and Vice Chair and AHA administrative staff was held on 
October 19, 2022. The start-up call that included the WG 
members and administrative staff was held on October 
26, 2022. An outline was reviewed that included key cal-
endar dates for development and review of the scientific 
statement with ultimate publication within 12 months of 
the start date. An outline of the proposed scientific state-
ment originally sent to the manuscript oversight commit-
tee included 3 major sections that were discussed by 
the WG and included (1) prevention; (2) diagnosis; and 
(3) management. Section leaders were selected with the 
expectation of hosting serial virtual meetings and a des-
ignation of writing commitments for each WG member 
with the goal of scientific statement completion within 
a 6-month period and subsequent transfer to the AHA 
for review.

An EndNote library of publications was provided by 
a Mayo Clinic librarian and was available for screening 
by WG members. Screened publications were limited to 
English language and were identified by a Medline and 
Embase search on October 28, 2022, with the search 
terms and format listed in the Supplemental Material 
(Supplemental Table 1). In the end, 743 publications were 
identified after duplicate publications were excluded. 
Each WG member had access to the list of publications 
that could be used as preparation for the development 
of this scientific statement. Citations advocated for by 
external reviewers of prepublication versions of the sci-
entific statement were also included.

A penultimate draft of the scientific statement was 
provided to members of the International Society for Car-
diovascular Infectious Diseases Council (http://iscvid.
org/council-members/) for review and comment on April 
30, 2023.

PREVENTION
Infection Prevention and Control Practice
Infection prevention measures taken pre-, peri-, and 
postoperatively have played a crucial role in decreasing 
rates of CIEDI. These measures have received limited 
attention in this scientific statement and are discussed in 
detail in the European Heart Rhythm Association inter-
national consensus document in 2019.9

Prevention of Hematoma
Do I Need to Stop or Change Anticoagulant Therapy 
for CIED Implantation/Revision?
Postprocedure pocket hematoma is associated with a 
significantly increased risk of infection requiring hospi-
talization within 1 year after the procedure.10 Efforts to 
prevent hematoma formation, such as cautery of bleed-
ing sites, irrigation of the pocket, and pressure dressings 
after skin closure, were described in the previous guide-
line.2 Postoperative use of therapeutic heparin (both 
 unfractionated and fractionated) can increase rates of 
hematoma formation after device placement.11

Many patients who require a CIED have underlying 
indications for anticoagulant therapy and are receiv-
ing oral agents such as warfarin and direct oral anti-
coagulants (DOACs). Since the 2010 AHA guidelines, 
2 landmark clinical trials12,13 have been completed that 
evaluated the role of continuing versus interrupted use 
of oral anticoagulants in patients at moderate to high risk 
of arterial thromboembolic events. The BRUISE CON-
TROL-1 study (Bridge or Continue Coumadin for Device 
Surgery Randomized Control Trial)12 was a randomized 
control trial that included patients who were at high risk 
for thromboembolic events and were randomly assigned 
to either continued warfarin treatment or to bridging 
therapy with heparin, with the primary outcome focused 
on the development of clinically significant device-pocket 
hematoma. There was an 80% reduction in postoperative 
generator pocket hematoma in the continued warfarin 
group compared with that of the heparin-bridging group 
(3.5% versus 16.0%; P<0.001).12 The WG believes an 
international normalized ratio range of 2 to 3.5 is accept-
able for CIED implantation in patients taking warfarin.14

The BRUISE CONTROL-2 study13 included patients 
with atrial fibrillation and a CHA2DS2-VASc score ≥2 who 
were randomly assigned to continued versus interrupted 
DOAC with the primary outcome of clinically significant 
pocket hematoma. The study was stopped for futility 
reasons after interim analysis in the first 662 patients 
showed that hematoma developed in 2.1% of patients 
in the continued DOAC and 2.1% in the interrupted 
group. Investigators concluded that either management 
strategy would be reasonable with low risk of hematoma 
formation.13

It is important to note that BRUISE CONTROL-1 did 
not examine the possibility of interrupted anticoagulation 
without bridging or antiplatelet therapy, whereas BRUISE 
CONTROL-2 did compare interrupted DOAC therapy 
versus not-interrupted therapy, but did not consider anti-
platelet therapy. An analysis from WRAP-IT included 
6800 study patients, of whom 86% were receiving anti-
coagulation (warfarin or DOAC) or antiplatelet therapy 
or both at the time of their CIED procedure.15 Moreover, 
antiplatelet therapy increased the rate of hematoma for-
mation independent of, but enhanced by concomitant 
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anticoagulation. Another analysis from WRAP-IT showed 
a 2.2% incidence of hematoma within 30 days and that 
hematomas of all sizes increased CIEDI risk by >11-
fold.16 Overall, hematoma prevention and anticoagulation 
and antiplatelet management may be the most impor-
tant interventions in the prevention of CIEDI, exclusive 
of preoperative antibiotic administration and operative 
infection prevention and control measures.

Clinical Perspective
• Hematoma formation, regardless of size, is associ-

ated with a high risk of CIEDI; thus, prevention is 
critical.

• Continued or interrupted DOAC at the time of CIED 
implantation/revision are both acceptable because 
both are associated with a low risk of hematoma 
formation.

• In patients receiving warfarin, it is reasonable to 
perform CIED implantation with a therapeutic 
international normalized ratio between 2 and 3.5.

Procedural Antibiotic Prophylaxis
Is an Incremental Antibiotic Prophylaxis Approach 
Superior to Conventional Preoperative Antibiotic 
Prophylaxis With a First-Generation Cephalosporin?
The use of preprocedural antibiotics, most commonly a 
first-generation cephalosporin (eg, cefazolin) is standard 
practice and is supported by a large randomized clinical 
trial17 and a meta-analysis of 7 clinical trials that included 
>2000 patients.18 An additional dose of intraprocedural 
antibiotics may be considered if the duration from the 
time of antibiotic prophylaxis administration plus proce-
dure time is >240 minutes.

Most device infections are due to gram-positive bacte-
ria (Figure 2).1,2 In a single-center analysis of the microbi-
ology of CIEDI, for example, >70% of cases were due to 
staphylococci,19 which reflects the microbiology of more 
contemporary studies.9 Other gram-positive pathogens 
identified in this and other series include enterococci, 
streptococci, and Cutibacterium species. Many of these 
organisms are resistant to cefazolin, most notably meth-
icillin-resistant Staphylococcus aureus, methicillin-resis-
tant coagulase-negative staphylococci, and enterococci. 
Thus, the addition of vancomycin to β-lactam agents as 
routine preoperative prophylaxis has been considered. 
This regimen was examined in a large, cluster random-
ized crossover trial (the PADIT trial3) comparing conven-
tional preoperative cefazolin with an incremental strategy 
of preoperative cefazolin plus vancomycin, intraprocedural 
bacitracin pocket wash, and 2-day postprocedural cepha-
lexin. Among 19 603 patients (12 842 of whom were at 
high risk for infection), outcomes trended in favor of the 
incremental strategy; however, there was no statistically 
significant difference in hospitalization for device infection 
at 1 year in the high-risk group or any of the subgroups.

Is Preoperative Prophylaxis With Vancomycin as 
Effective as First-Generation Cephalosporins in 
Preventing CIEDI?
Preprocedural vancomycin has not been shown to im-
prove infectious outcomes compared with that with 
 cefazolin3,20,21; and decisions regarding the use of vanco-
mycin are based on its potential to promote antimicrobial 
resistance and actually increase the rate of methicillin-
susceptible S aureus infections.20,22

Are There Other Procedural Strategies to Prevent 
CIEDI?
Regarding an intraoperative pocket wash, observational 
studies have demonstrated similar infection-related out-
comes with antibiotic solutions compared with that of 
normal saline.23,24 The use of postoperative oral antibiot-
ics has not been associated with improved infection out-
comes in observational studies25,26 and the PADIT trial.3

From the WRAP-IT trial, 2803 control (no antibiotic 
envelope) patients who received standard preoperative 
antibiotics, both antibiotic pocket wash and chlorhexi-
dine skin preparation, were associated with decreased 
risk of infection. In contrast, complete capsulectomy was 
associated with increased infection risk due to increased 
hematoma formation and infection.27

Clinical Perspective
• The use of preprocedural cefazolin is a data-sup-

ported standard practice.
• Vancomycin is an alternative in specific situations 

such as when the patient has a penicillin or β-lactam 
allergy, a history of methicillin-resistant S aureus 
infection, or a center has an unusually high rate of 
methicillin-resistant S aureus or methicillin-resistant 
coagulase-negative staphylococci infections on the 
basis of historical data. It is important to administer 
vancomycin 120 minutes before incision and weight-
based dose of 20 mg/kg. Consider pharmacy guid-
ance in patients with renal failure or obesity.

Figure 2. Microbiology of cardiovascular implantable 
electronic device infections.
Reprinted with permission from Sohail et al.19 Copyright 2007, by the 
American College of Cardiology Foundation. Published by Elsevier.
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• The routine use of postoperative antibiotics is not 
supported by published data.

• Pocket irrigation with saline is reasonable for 
patients undergoing CIED implantation or genera-
tor replacement.

• Avoidance of capsulectomy to reduce hematoma 
formation and infection risk is advised.

Antibiotic-Eluting Envelope for CIEDI 
Prevention
Which Patients Are More Likely to Benefit From 
Antibiotic-Eluting Envelope Placement?
Pocket infection is responsible for about two-thirds of 
CIEDI, so strategies to prevent pocket infection are war-
ranted. Incremental to other preparation and surgical tech-
niques, antimicrobial envelopes deliver sustained-release 
antibiotics targeting the pocket inoculum that is inevita-
ble. The device generator is inserted into an antimicrobial 
impregnated envelope and implanted in the device pock-
et. TYRX (by Medtronic Inc) is an absorbable envelope 
coated with minocycline and rifampin, eluting antibiotics 
in pocket tissue >7 days before the envelope is resorbed 
over the next 8 to 12 weeks.28,29 In a multicenter random-
ized clinical trial that enrolled 6983 patients undergoing 
CIED revision, replacement, or upgrade, or de novo im-
plantation of cardiac resynchronization therapy devices, 
major CIED-related infections occurred in 32 patients in 
the envelope group and 51 patients in the control group, 
offering a 40% relative risk reduction during 12 months 
follow-up.4 In a subgroup analysis, envelope use resulted 
in a 76% reduction in staphylococcal pocket infections 
(P=0.010).30 Tarakji et al16 evaluated the association be-
tween antibiotic envelope use, hematoma, and CIEDI in 
patients enrolled in the WRAP-IT trial and found that the 
risk of CIEDI was reduced by 82% in patients who re-
ceived an antibiotic envelope who developed hematoma 
compared with the control group without an antibiotic 
envelope. Because patients with lower body mass index 
have increased risk of hematoma, the use of an antibiotic 
envelope is reasonable.15

In a narrative review of 5 different investigations, use 
of an antibacterial envelope was associated with cost-
effectiveness ratios below US and European benchmarks 
in selected patients at increased risk of infection.31,32 
These were nicely outlined in a review published in 
2022.33 On the basis of the willingness to pay thresh-
old for each country, cost-effectiveness was associated 
with PADIT risk score ≥6 for all devices and history of 
immunosuppressive therapy in the 3 European coun-
tries (England, Germany, and Italy). There was variability 
among these countries on the basis of type of device 
and variables including ≥2 CIED procedures, previous 
CIEDI, replacement device, or generator replacement 
with lead modification. The type of device covered in all 3 
countries varied, depending on the associated risk factor. 

For the US study, previous CIEDI was associated with 
cost saving, whereas cardiac resynchronization therapy 
with a defibrillator de novo implant was more costly than 
incremental cost-effectiveness ratio per quality-adjusted 
life-year.

Clinical Perspective
• Risk factors associated with CIEDI are well-

defined and evaluation by a risk score may be use-
ful in defining high risk (see Management section 
for details regarding risk score).

• Use of the antimicrobial envelope may be consid-
ered in patients at high risk of CIEDI, including 
patients at high risk of perioperative hematoma 
formation.

DIAGNOSIS
What Are the Challenges of Establishing a 
Diagnosis of CIEDI?
The diagnosis of CIEDI in patients with inflammatory 
findings at the pocket site is usually straightforward and 
is the most common presentation. However, establishing 
a diagnosis can be challenging in patients who present 
with positive blood cultures without generator pocket 
findings. At present, the European Heart Rhythm Associ-
ation 2019 guidelines9 have included echocardiography 
(transthoracic echocardiography and transesophageal 
echocardiography [TEE]) in defining CIEDI. This seems 
reasonable for detection of valve vegetations, which can 
occur in right-sided, left-sided, or bilateral IE. There are, 
however, key limitations in the ability of echocardiogra-
phy in differentiating infected lead-related vegetations 
from noninfected clots or other masses. This misclassi-
fication of lead echodensities can affect the specificity 
of CIEDI diagnosis and potentially result in a false posi-
tive diagnosis of CIEDI on the basis of diagnostic criteria 
with resultant removal of a noninfected device. In addi-
tion, lead infection can be present without visualization of 
lead masses.

Duke criteria for IE diagnosis were first described in 
199434 and originally developed for epidemiological and 
clinical trial purposes. They were subsequently modi-
fied in 200035 and have been adapted for use in defin-
ing CIEDI in individual patient management. The 2023 
Duke-International Society for Cardiovascular Infectious 
Diseases criteria for IE are the most recent modification 
and include a more detailed evaluation of CIED-IE diag-
nosis.7 However, these have not been specifically vali-
dated for the diagnosis of CIEDI. Therefore, the current 
WG developed clinical definitions of CIEDI with front-
line clinicians in mind. We advocate for a comprehensive 
assessment of clinical, microbiological, and imaging find-
ings in patients with suspected CIEDI with evaluation at 
medical centers with specialty expertise (Table).
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What Is the AHA Consensus Clinical Definition 
of a Definite CIEDI?

Physical examination findings involving the generator 
pocket, such as fluctuance, purulent drainage, device 
erosion through skin, or sinus tract formation, are con-
sidered definite criteria for pocket infection (Table). How-
ever, fluctuance alone could be due to a hematoma in the 
setting of recent CIED placement. Because hematoma 
is a well-recognized risk factor associated with CIEDI, 
a reevaluation by the multispecialty team is reasonable. 
Abnormal uptake at the pocket site can be seen on [18F]
FDG PET/CT but is not necessary to support a definite 
pocket infection when pocket site findings are present. 
Note that blood cultures would be collected in patients 
with local pocket site findings because a portion of them 
will have concomitant bloodstream infection and will re-
quire additional investigation (Figure 3).

In patients with fever or other systemic inflammatory 
response syndrome criteria who present without local 
findings at the pocket site, and in whom other alterna-
tive foci of infection have been ruled out, obtain at least 
2 sets of blood cultures as soon as possible, ideally 

before the initiation of antibiotic therapy. The organism 
isolated from blood cultures determines the likelihood 
of CIEDI and coagulase-negative staphylococci and S 
aureus are the most common organisms identified in 
endovascular CIEDI cases. The isolation of either of 
these organisms from blood is consequently consid-
ered a criterion for definite infection (Table). Because 
coagulase-negative staphylococci are common blood 
culture contaminants, at least 2 sets of blood cultures 
drawn from different peripheral venous sites with the 
same species of coagulase-negative staphylococcus 
would be considered positive. When suspecting CIEDI, 
TEE findings need to be interpreted in the clinical and 
microbiological context and never as a standalone test. 
Although TEE is central in the diagnosis of valvular IE, 
which can complicate CIEDI, diagnostic specificity is a 
key limitation in establishing lead-related infection. Nev-
ertheless, the presence of lead echodensities on TEE in 
the setting of staphylococcal bloodstream infection is 
highly suggestive of CIED lead infection. In the setting 
of nonstaphylococcal bacteremia, [18F]FDG PET/CT 
uptake along leads may provide support for the diag-
nosis of CIED lead infection if the diagnosis is unclear.

Table. American Heart Association Clinical Definitions of Cardiovascular Implantable Electronic Device Infection

 Pocket infection Lead or valvular infection 

Definite Preextraction
  Device erosion through skin; purulent drainage from pocket;  

fluctuance; sinus tract; with or without positive blood cultures
 OR
 [18F]FDG PET/CT* with abnormal activity at pocket/generator site
Postextraction
  Intraoperative findings consistent with infection, including purulence 

within the generator pocket site or inflammation
 OR
  Positive device, tissue, sonicate fluid cultures, positive broad range 

PCR/sequencing, or metagenomic next-generation sequencing with 
intraoperative findings consistent with infection

Preextraction
  Two or more positive blood cultures for Staphylococcus aureus or the 

same species of coagulase-negative staphylococci with no alternative 
source

 AND
  TEE findings consistent with echodensity on the device lead† or 

vegetation(s) on the heart valve
 OR
  [18F]FDG PET/CT with abnormal heterogeneous activity along leads, 

or native or prosthetic heart valves
Postextraction
  Positive device, tissue, sonicate fluid culture, broad range PCR/ 

sequencing or metagenomic next-generation sequencing with the 
same organism isolated from blood cultures

Possible Pocket erythema, induration, or tenderness within 3 mo of implantation, 
with no alternative explanation‡

Persistent (>72 h) bacteremia due to nonstaphylococcal organisms§ 
despite adequate pathogen-directed therapy, with no alternative source, 
±TEE findings consistent with echodensity on the device lead OR  
embolic phenomena (frequently septic pulmonary emboli)
Presence of SIRS criteria,‖ negative blood cultures, no alternative source 
of infection and [18F]FDG PET/CT with abnormal activity along leads, or 
heart valves

Rejected Firm alternative explanation for local findings that may include superficial 
cellulitis at the surgical site without device involvement, retained suture, 
contact dermatitis, or allergy to device components

Firm alternative source of bloodstream infection with resolution of  
syndrome after pathogen-directed treatment course
TEE alone demonstrating a lead echodensity in the absence of SIRS 
criteria‖ or positive blood cultures with alternative source of infection that 
responds to targeted antimicrobial therapy and source control.

These definitions are provided to support clinicians in their practice but are not intended as a substitute for clinical judgment. [18F]FDG PET/CT indicates fluorine-
18-fludeoxyglucose positron emission tomography/computerized tomography scanning; PCR, polymerase chain reaction; SIRS, systemic inflammatory response syn-
drome; and TEE, transesophageal echocardiography. 

*Not required to establish a diagnosis.
†A negative TEE for lead echodensities does not rule out cardiovascular implantable electronic device lead infection.
‡Alternative explanations may include superficial cellulitis at the surgical site without device involvement, retained suture, contact dermatitis, or allergy to device 

components.
§Includes mainly nonstaphylococcal gram-positive organisms, Pseudomonas aeruginosa, Serratia marcescens, and Candida species.
‖SIRS criteria defined ≥ of the following: temperature ≥38.3 °C or ≤36 °C, pulse rate >90/min, respirations >20/min, and peripheral white blood cell count >12 000/

μL or <4000/μL or >10% immature forms.
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What Is the AHA Consensus Clinical Definition 
of a Possible CIEDI?
In patients who present with superficial inflammatory 
signs at the pocket site, including erythema, tender-
ness, or induration, particularly if developed shortly 
 after device implantation, it can be challenging to 
distinguish between device infection and superficial 
surgical site infection. As a result, these physical ex-
amination findings are categorized as possible pocket 
infections (Table). Local pocket superficial changes 
that fail to respond to or progress despite an antibi-
otic challenge (3–5 days) are likely representative of 
device infection.

Patients with CIED and persistent bloodstream 
infection, defined as positive blood cultures for >72 
hours despite appropriate pathogen-directed antimi-
crobial therapy, with no alternative explanation, will 
need further evaluation for CIEDI regardless of the 
type of microorganism isolated from blood cultures. 
The diagnosis may be further supported by lead ech-
odensities on TEE and septic emboli (frequently pul-
monary emboli). In patients who have fever and other 
systemic inflammatory response syndrome criteria but 
have negative blood cultures and no defined source of 

infection, abnormal activity along leads or heart valves 
on [18F]FDG PET/CT suggests CIED as the source of 
infection.

Clinical Perspective
• Physical examination changes at the genera-

tor pocket, such as fluctuance, purulent drainage, 
device erosion through skin, or sinus tract forma-
tion, are considered definite pocket infection.

• Patients with persistent S aureus or coagulase-
negative staphylococcal bloodstream infection are 
at high risk of CIEDI and therefore should undergo 
timely device removal and antimicrobial therapy.

• Persistent bloodstream infection despite appropri-
ate antimicrobial therapy due to nonstaphylococcal 
organisms raises concern for CIEDI, and treatment 
for such with complete device removal and contin-
ued antimicrobial therapy is reasonable if no alter-
native source of infection is established.

Imaging Modalities in the Diagnosis of CIEDI
Several investigators have questioned the role of TEE in 
the diagnosis of CIED lead infection because it cannot 
reliably distinguish between infectious and  noninfectious 

Figure 3. Diagnosis and management algorithms for suspected CIED pocket infection (A) and suspected CIED lead/valvular 
infection without pocket infection (B). 
BSI indicates bloodstream infection; CIED, cardiovascular implantable electronic device; CoNS, coagulase-negative staphylococci; PET/
CT, positron emission tomography/computerized tomography scanning; TEE, transesophageal echocardiography; TTE, transthoracic 
echocardiography; w/o, without; and w/up, work up.

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 4, 2023



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

TBD TBD, 2023 Circulation. 2023;148:e00–e00. DOI: 10.1161/CIR.0000000000001187

Baddour et al CV Implantable Electronic Device Infections

e8

lead-related echodensities. As a result, episodes of 
bloodstream infection in patients with noninfectious 
lead echodensities could be mistakenly attributed to de-
vice infection, prompting unnecessary device removal. 
This has prompted interest in other emerging imaging 
modalities that incorporate metrics of inflammation, in 
particular, [18F]FDG PET/CT6,36 and white blood cell sin-
gle-photon emission computed tomography/computed 
tomography.37 These nuclear imaging studies have been 
proposed as adjunctive tests to increase the diagnostic 
accuracy of suspected CIEDI, in particular, in settings 
where other imaging modalities have failed to provide 
a definitive diagnosis. However, the associated financial 
cost, and local access to these screening tools, as well, 
and staff with expertise to interpret findings have been 
major limitations to adopting their widespread use. Dis-
cussion with your local nuclear medicine experts will be 
needed to ensure optimal test results using [18F]FDG 
PET/CT, which may include carbohydrate restriction or 
sarcoid diet and other interventions. It is also important 
to consider that [18F]FDG PET/CT and white blood cell 
single-photon emission computed tomography/com-
puted tomography may both have reduced sensitivity in 
patients with low-grade pocket infection, lead infection, 
and in those who have received antibiotic therapy before 
imaging. Moreover, published data on the use of white 
blood cell single-photon emission computed tomogra-
phy/computed tomography in the diagnosis of CIEDI 
have been markedly limited in comparison with that of 
[18F]FDG PET/CT. Also, we are not aware of prospec-
tive comparator trials evaluating the usefulness of both 
imaging modalities. Availability may dictate the use of the 
modality chosen. Throughout this scientific statement, 
therefore, we have cited [18F]FDG PET/CT as the pre-
ferred imaging modality.

The current WG secured consensus as it pertains to 
the use of imaging modalities in the diagnosis of CIEDI 
(Figure 3), with a discussion of strategies to address 
common conundrums that arise in CIEDI diagnosis in the 
discussion below. In addition, we have included examples 
of difficult clinical cases of suspected or proven CIEDI 
(Supplemental Table 2).

Suspected CIED Generator Pocket Infection

Is TEE Indicated in all Patients With CIED Pocket 
Infection?
TEE is important in patients with concomitant positive 
blood cultures or those who received antibiotic therapy 
before blood culture collection. In contrast, in patients 
with negative blood cultures and no recent antibiotic ex-
posure, TEE is unlikely to provide additional information 
or to affect management decisions and is not indicated. 
However, TEE may be needed to define the procedural 
removal strategy of the device. Furthermore, TEE can 
also help determine the presence or absence of right-to-

left shunts through the intra-atrial septum, assess the tri-
cuspid valve status, and detect the presence or absence 
of pericardial effusion.

How Would PET/CT Be Used in Cases of Possible 
Pocket Infection?
In patients with device implantation within 3 months be-
fore presentation with subtle inflammatory signs at the 
pocket site, a suggested approach includes an empiric 
oral antibiotic challenge, usually with an antistaphylo-
coccal antibiotic for 5 to 10 days. Device removal can 
be deferred in patients with the complete resolution of 
symptoms at the completion of therapy. However, close 
follow-up is advised to monitor for infection relapse. One 
approach is to perform [18F]FDG PET/CT as early as 
possible in patients in whom antibiotic challenge fails 
and in those with CIED implantation >3 months from the 
development of local pocket site findings.

Suspected CIED Lead or Valvular Infection 
Without Generator Pocket Infection
What Imaging Tests Can Help With a Diagnosis in 
Patients With Possible CIED Lead Infection?
In cases where blood cultures are negative without 
 recent antibiotic exposure, a multidisciplinary team evalu-
ation to determine the diagnostic approach and manage-
ment is advised. In cases of bloodstream infection due 
to nonstaphylococcal organisms where TEE is equivo-
cal or does not support a diagnosis of infection, and a 
high index of suspicion remains either due to persistently 
positive blood cultures or no alternative source, [18F]FDG 
PET/CT can be used to further investigate device infec-
tion in patients who are hemodynamically stable on ap-
propriate pathogen-directed therapy. The combination of 
TEE plus [18F]FDG PET/CT is complementary, increas-
ing the diagnostic yield of systemic (endovascular and 
intracardiac lead) infections.36

What Is the Suggested Approach for Centers With 
No Access to [18F]FDG PET/CT?
In patients with possible CIEDI who are medically stable 
at community hospitals without access to [18F]FDG PET/
CT, we suggest early referral to centers with access. If this 
is not feasible, an evaluation by a multidisciplinary team of 
experts in the fields of infectious diseases, clinical micro-
biology, cardiology, cardiovascular surgery, electrophysi-
ology, and radiology is desirable. Likewise, for patients 
with possible CIEDI who are hemodynamically unstable, 
decisions regarding removal of a device are to be made 
without further delay on the basis of available evidence.

Clinical Perspective
• TEE remains an important diagnostic tool for eval-

uating patients with valvular infection or suspected 
CIEDI.
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• A limitation of TEE is that this imaging modality 
cannot reliably distinguish between infectious and 
noninfectious lead echodensities or exclude lead 
infection without an echodensity.

• Although TEE may be deferred in patients with 
CIED pocket infection and negative blood cultures 
without previous antibiotics, it remains a useful 
tool for surgical planning for patients with a high 
suspicion of CIEDI where conventional imaging 
techniques have failed to provide a definitive diag-
nosis. [18F]FDG PET/CT is a reasonable option to 
consider.

• [18F]FDG PET/CT has reduced sensitivity in 
patients with low-grade pocket infection, lead 
infection, and in those who have received antibiotic 
therapy before imaging. As such, these tests might 
be considered in conjunction with other diagnostic 
tests and clinical judgment to ensure an accurate 
diagnosis and appropriate treatment.

• In patients with possible CIEDI who are medically 
stable at community hospitals without access to 
[18F]FDG PET/CT, we suggest early referral to 
centers with access to these imaging modalities. 
If this is not feasible, an evaluation by a multidisci-
plinary team of experts in the diagnosis and man-
agement of CIEDI is advised.

Clinical Laboratory Advances in Pathogen 
Detection
In accordance with the 2010 AHA scientific statement,2 
blood and device specimens are to be collected and rou-
tine microbiological studies performed. In addition, there 
have been several laboratory advances in the detection 
of pathogens in the diagnosis of CIEDI. To enhance de-
vice culture sensitivity, vortexing sonification of explanted 
devices has been used for more than a decade in cases 
of prosthetic joint infection, and the technique is widely 
available among clinical laboratories. The technique has 
also been applied to other types of devices, including 
CIED with semiquantitative culture of sonicate fluid, 
which has increased the sensitivity of culture results 
compared with that of swab or tissue cultures.38

Culture methods may not be adequate in some cases 
of CIEDI, most often due to recent antimicrobial expo-
sure. At present, many clinical and reference laboratories 
have adopted molecular techniques to increase patho-
gen detection in culture-negative cases of CIEDI. One 
approach includes 16S rRNA gene polymerase chain 
reaction/sequencing of sonicate fluid. In one recent 
series,39 the sensitivity of polymerase chain reaction/
sequencing was higher (64%) in sonicate fluid than that 
(57.5%) in sonicate fluid culture alone. In addition, poly-
merase chain reaction/sequencing detected a potential 
pathogen in 28 (23.8%) of 118 sonicate culture-nega-
tive cases.

A more recent investigation evaluated a different 
molecular technique, metagenomic next-generation 
sequencing (mNGS) in 110 patients with CIEDI.40 Over-
all, the estimated sensitivity of mNGS in pathogen detec-
tion in sonicate fluid from extracted generators was 
89%, whereas, for systemic infections, the sensitivity of 
mNGS for sonicate fluid from lead tips was only 48%.40 
mNGS is clearly of interest in defining pathogens in cul-
ture-negative CIEDI cases, and additional investigations 
are needed to better define its role.

Clinical Perspective
• A vortexing sonication technique of extracted CIED 

can improve the recovery of pathogens but is not 
available in all clinical settings.

• Due to limited availability in clinical laboratories, 
cost, and delayed culture results, selective use of 
molecular techniques may be considered in chal-
lenging cases; however, the results require careful 
interpretation within the clinical context.

Role of Inflammatory Markers in the Diagnosis 
of CIEDI
Inflammatory biomarkers have received limited attention 
in the diagnosis of CIEDI. As with many other syndromes 
of infection, routinely available markers, including periph-
eral leukocyte count and erythrocyte sedimentation rate, 
are not clinically reliable in the diagnosis of CIEDI and 
can be negative despite the presence of local pocket in-
fection.41 Other markers have undergone limited evalua-
tion. There are data regarding use of procalcitonin levels 
in the diagnosis of CIEDI that are preliminary but sug-
gest that this biomarker may be useful in diagnosis and 
could be used to differentiate local (pocket site) versus 
systemic infection.42,43

Clinical Perspective
• The diagnostic accuracy of procalcitonin in CIEDI 

deserves further investigation. Use of procalcitonin 
may be considered in conjunction with other clini-
cal, laboratory, and imaging data.

MANAGEMENT
In accordance with the 2010 AHA guidelines,2 definite 
CIEDI requires complete device removal, given the high 
rate of relapse with device retention (Figure 3). In addi-
tion, complete device removal has been advocated in all 
patients with valvular IE without definite device and lead 
involvement.2

Although there are no randomized controlled tri-
als to determine the optimal timing of complete device 
removal, there are supportive survival data for early 
CIED extraction.44,45 In the study by Le et al,46 immedi-
ate CIEDI removal within 7 days of diagnosis compared 
with a delay in removal was associated with a 3-fold 
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decrease in 1-year mortality (hazard ratio, 0.35 [95% 
CI, 0.16–0.75]).

Empiric antibiotic therapy is only for use in a super-
ficial incisional site infection, including a stitch abscess 
where device infection is not present. The device can 
be retained, and the superficial infection treated with a 
course of oral antimicrobial therapy.

The prevailing dogma is to avoid percutaneous pocket 
site aspiration to determine whether a pocket site infec-
tion is present in a patient with indeterminate pocket site 
changes. The concern is whether introduction of infec-
tion could occur with needle insertion for aspiration. Per-
haps PET/CT could be helpful in differentiating pocket 
site infection in cases when device implantation was 
remote (>3 months earlier).

There are no clinical trials to direct the selection of an 
optimal antimicrobial treatment course in patients with 
CIEDI. For pocket site erosion without purulence, a 7-day 
duration after extraction is reasonable. For pocket site 
infection with purulence, a 10-day duration after extraction 
is reasonable. A longer duration of antimicrobial therapy 
is suggested in patients with bloodstream infection (Fig-
ure 3); patients with valvular IE may need up to 4 to 6 
weeks of parenteral treatment, depending on the causative 
pathogen and whether there is native or prosthetic valve IE.

A recent randomized multicenter trial (POET [Partial 
Oral Treatment of Endocarditis]) examining the efficacy 
and safety of partial oral versus intravenous antibiotic 
therapy in patients with left-sided IE, found that step-
down oral therapy was noninferior to continued intra-
venous antibiotic treatment.47 Of note, in this study, 35 
patients had a CIED at the time of IE diagnosis, of whom 
14 were deemed to have CIED-related IE and under-
went device removal. Eight of these patients were ran-
domly assigned to the partial oral treatment group and 
the remaining 6 received prolonged intravenous therapy. 
Larger studies in this specific population are needed, 
however, to draw definitive conclusions.

Clinical Perspective
• Clinical trial data are lacking regarding optimal 

choice and duration of antimicrobial therapy.
• Early device removal has been associated with 

improved outcomes.

Timing of Reimplantation
What Is the Optimal Timing of Reimplantation?
Timing of reimplantation requires consideration of multiple 
factors; data to guide practice, however, are sparse. Overall, 
the incidence of reinfection after device reimplantation is 
low.48–50 In a recent systematic review and meta-analysis, 
the incidence rate of device reinfection for the pooled co-
hort was 0.45% per person per year.48 In contrast, mortality 
rate associated with various device reimplantation strate-

gies ranged from 3% to 11% in the included studies (with 
varying durations of follow-up).48 Underlying comorbidities 
and selection bias, however, are likely to play a greater role 
in mortality outcomes than is the timing of reimplantation.

As is consistent with society consensus documents 
(European Heart Rhythm Association,9 Heart Rhythm 
Society [HRS]51), the generally accepted practice is to 
delay reimplantation until signs and symptoms of local 
and systemic infection have resolved. It is desirable to 
delay new device implantation until other intravascular 
lines and undrained sites of infection have undergone 
adequate source control.9,51 Although the optimal timing 
of new device placement remains undefined, a period 
after CIED removal of at least 3 days of negative blood 
cultures (to 14 days in patients with valvular IE) seems 
reasonable. Discussion of this aspect of care with other 
aspects of management in device-dependent patients by 
a team with endocarditis expertise is needed.

The use of a wearable defibrillator (LifeVest) is a rea-
sonable strategy when delayed reimplantation of an ICD 
is desired. This strategy is useful in patients without an 
absolute pacing indication. A pacing lead attached to an 
externalized pacemaker (temporary permanent) could be 
used in pacemaker-dependent patients after extraction 
of an infected CIED while awaiting infection control.52,53

Clinical Perspective
• Delay reimplantation until signs and symptoms of 

local and systemic infection have resolved.
• Weigh the potential risks of early reimplantation 

with device dependency, and LPM or subcutane-
ous alternative devices.

• A wearable defibrillator and temporary-permanent 
pacemaker are reasonable strategies for patients in 
whom permanent device reimplantation is delayed.

• Consider delaying reimplantation up to 14 days 
when there is evidence of valvular IE.

Implantation of a New Device
What Are the Indications for Implantation of Newer 
Devices (Leadless Pacemaker and Subcutaneous 
Implantable Cardioverter Defibrillators)?
After device extraction, the indication for a new device is 
reassessed by the cardiac electrophysiologist. Conven-
tional pacemakers and ICDs are associated with a high 
risk of complications related to the subcutaneous pocket 
and transvenous leads.54,55 If a new device is needed in 
a patient with a previous CIEDI, then, according to rec-
ommendations in the 2010 AHA scientific statement, the 
new device would be implanted on the contralateral side, 
iliac vein, or epicardial position (Class I, Level of Evidence: 
C).2 For epicardial lead placement, it could be an option 
among patients who have tricuspid valve abnormalities 
and need dual-chamber pacing. In recent years, LPM56–58 
and S-ICDs59,60 have emerged as potential solutions to 
these problems.
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The LPM consists of a self-contained generator and 
electrode system implanted preferably in the interven-
tricular septum of the right ventricle by an endovascu-
lar femoral venous approach without the need for leads 
or subcutaneous pocket. Complication rates of LPM are 
comparable or lower than that of transvenous pacemakers 
for single-chamber devices.61,62 However, it is associated 
with a higher rate of cardiac perforation and pericardial 
effusion.61 The LPM may be considered among patients 
with a single-chamber ventricular pacing indication with 
high risk of infection. In the Micra investigational device 
exemption study, the Micra postapproval registry, and the 
AVEIR Leadless II-Phase II study, no device-related infec-
tion was reported among >3000 patients implanted with 
a LPM.57,58,62 A subanalysis from the Micra investigational 
device exemption study described 16 patients implanted 
with a Micra LPM who developed bacteremia or IE during 
follow-up with predominantly a gram-positive organism. 
No evidence of device infection was seen; thus, device 
removal was not performed. Moreover, there were no cases 
of infection relapse. One patient had the device removed 
during aortic valve replacement for IE.63 In another analy-
sis from the Micra PAR investigation, 105 patients with 
previous CIEDI had their transvenous CIED extracted and 
were implanted with a Micra LPM (37% implanted the 
same day as the extraction).64 No recurrent infection was 
seen in these patients. Other groups have reported on 
their experience with lead extractions of infected CIEDs 
and simultaneous implantation of Micra (at times, as a 
bridge for implantation of a permanent device).65 There 
is emerging evidence that LPM can reduce the risk of 
CIEDI due to multiple mechanisms, mostly related to the 
absence of a subcutaneous pocket and potential for com-
plete device endothelialization and encapsulation.66 Given 
these data, LPM could be preferred in patients at high 
risk of infection requiring VVI pacing. Also, LPM could be 
implanted sooner to serve as a bridge to permanent CIED 
placement without the need for a long wait time between 
CIED extraction and reimplantation, especially in patients 
who otherwise might require temporary pacing and a long 
hospitalization before reimplantation. Whether an LPM is 
at reduced risk of infection compared with that of a trans-
venous pacemaker is currently undefined.

The S-ICD is entirely subcutaneous, eliminating the 
need for transvenous lead placement. It, however, has 
no pacing capacity. It has been proven that the S-ICD is 
noninferior to transvenous implantable cardioverter defi-
brillators (ICDs), and that it can be an efficacious alter-
native to the traditional ICD.59 In a subanalysis from the  
PRAETORIAN randomized controlled study (A Prospec-
tive, Randomized Comparison of Subcutaneous and Trans-
venous Implantable Cardioverter Defibrillator Therapy), 
the S-ICD had a lower rate of lead-related complications 
and systemic infections compared with the transvenous 
ICD.60 Likewise, the ATLAS trial (Assessment of Treat-
ment with Lisinopril and Survival) showed a lower rate of 

lead-related complications, including infections with the 
S-ICD compared with transvenous ICD.67 Implantation 
of a S-ICD may be considered among patients with ICD 
indications with high risk of infection (ie, previous CIED 
infection or IE, hemodialysis-dependent kidney disease, 
immunocompromisation, and congenital heart disease68).

In the recent position statement by the HRS, Euro-
pean HRS, Latin America HRS, and Asia Pacific HRS, 
the use of LPM and S-ICD was recommended in patients 
with a previous infection or at high risk of infection (ie, 
hemodialysis).69

Clinical Perspective
• It is reasonable to use LPM and S-ICD in patients 

at high risk of infection.
• The use of LPM after extraction of infected CIEDs 

might shorten the delay to reimplantation in the 
setting of systemic infection.

Role of Percutaneous Mechanical Aspiration for 
Vegetation Removal
Patients with right-sided IE may develop large (>2 cm) 
lead or right-sided valve vegetations that predispose to 
pulmonary embolization before and at the time of device 
removal. In addition, despite appropriate antimicrobial 
therapy, CIEDI may be complicated by persistent blood-
stream infection and cardiogenic or septic shock. In re-
sponse, reports during the past decade suggest that a 
minimally invasive approach using a percutaneous me-
chanical aspiration device may be useful in enhancing 
response to antimicrobial therapy, patient stabilization, 
reduction of pulmonary embolization risk before and at 
the time of lead removal, and an opportunity to obtain 
tissue for microbiological evaluation if previous blood cul-
tures have failed to reveal a pathogen.

To date, there has been one multinational investiga-
tion70 of percutaneous mechanical aspiration done in 
patients with CIEDI who have the following: (1) large 
(≥20 mm) lead vegetations; (2) small vegetations and 
persistent foramen ovale; (3) persistent bacteremia and 
sepsis in patients who are not candidates for device 
removal; and (4) patients with recurrent septic pulmo-
nary emboli who are not candidates for device removal. 
Procedure success was reported in 95 (94.0%) of 101 
patients with a low (3%) complication rate. A recent 
meta-analysis71 that included both patients with right-
sided IE who inject drugs and patients with CIEDI 
reported similar findings. Clinical trial data are sorely 
needed to better establish the role of this procedure in 
improving patient outcomes.

Clinical Perspective
• Percutaneous mechanical aspiration has been 

done in select cases, but clinical trial data are 
needed to better define the role of this procedure.
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Approach to Patients With Retention of an 
Infected CIED
What Is the Role of Chronic Oral Antibiotic 
Suppressive Therapy?
Although necessary to attain cure, removal of an in-
fected CIED is not always feasible. Patients with major 
comorbidities, high extraction risk, or limited life expec-
tancy may not be candidates for device removal. Only 
one contemporary retrospective study has examined the 
outcomes of patients managed with device retention and 
chronic oral antimicrobial suppression (CAS).72 This study 
reported a high relapse rate and mortality at 1 year. How-
ever, in cases where the risk of harm from system remov-
al outweighs the benefit, we support recommendations 
by the 2010 AHA guidelines2 to consider CAS therapy.

Initial Course of Therapy 
For cases of presumed CIED lead or valvular infection 
managed with device retention, an intravenous route of 
antimicrobials is preferred as the initial course of treat-
ment. Durations of therapy for lead and valvular CIEDI 
are depicted in Figure 3 of the 2010 AHA document.2 
Given the growing evidence of the safety and efficacy 
of oral antimicrobial therapy for treatment of endovas-
cular infections, transition to an oral agent with high 
bioavailability may be reasonable once clinical stability 
and blood culture clearance has been achieved. Of note, 
in the recent randomized clinical trial examining partial 
oral versus intravenous treatment of IE (POET trial),47 all 
cases attributed to a CIED underwent complete device 
removal. It is, therefore, unclear whether stepdown oral 
therapy could be applicable in cases managed with de-
vice retention, even when clinically stable; and more data 
are needed to endorse this practice.

CAS Therapy 
Once initial treatment is completed, patients are transi-
tioned to life-long oral antibiotic therapy guided by either 
experts in infectious diseases or clinical microbiology. In 
cases of pocket infection without bloodstream infection 
or systemic symptoms, pathogen-directed CAS therapy 
with an oral agent is preferred. If worsening erythema 
or drainage develops while receiving oral treatment, re-
evaluation of the patient and management strategy is 
warranted.

What Is the Role of Regional Antibiotic Delivery in 
Patients Without Complete Device Removal?
Although there have been case reports and small case 
series where direct instillation of antimicrobial therapy 
into an infected pocket site for attempted cure, data pub-
lished in 202373 suggest that this approach may be fea-
sible as a treatment option in patients who are either not 
candidates for complete device removal or unwilling to 
undergo removal. Of note, patients with S aureus infec-
tions were excluded from this initial analysis.73 The instal-
lation procedure through a 6F indwelling catheter for a 

median of 12 days, so-called continuous, in situ-targeted, 
ultra-high concentration of antibiotics was used in 80 
patients who had pocket site infection with no evidence 
of systemic infection. After a multistaged procedure, van-
comycin with an aminoglycoside solution was used for 
initial loading followed by continuous infusion with moni-
toring of serum levels of antibiotics. Overall, 68 (85%) of 
80 remained infection-free over a median follow-up of 3 
years (interquartile range, 1.0–6.8 years).

Clinical Perspective
• Continuous, in situ-targeted, ultrahigh concentra-

tion of antibiotics may be an alternative in patients 
with CIEDI due to non–S aureus in circumstances 
where the risk of complete device removal is unac-
ceptably high or among patients who decline device 
removal. More investigation is clearly needed before 
continuous, in situ-targeted, ultrahigh concentration 
of antibiotics is considered a management option.

Approach to Patients With Incomplete CIED 
Removal
In patients with CIED lead or valvular infection with aban-
doned leads, [18F]FDG PET/CT36 may be useful to evaluate 
for residual infection and whether CAS therapy is  warranted. 
Lead tip retention is a relatively common outcome of extrac-
tion of leads with long dwell times. There are no data on 
the residual risk of these small distal fragments as a nidus 
for recurrent infection. The optimal timing between device 
removal and postoperative imaging is unknown; however, a 
delay of 4 to 6 weeks seems reasonable to decrease the 
likelihood of uptake due to postremoval inflammation. If ac-
cess to [18F]FDG PET/CT is not available, then it is rea-
sonable to consider CAS therapy in patients who meet the 
clinical definition of a definite case (Table).

Clinical Perspective
• After completion of initial antibiotic therapy, CAS 

therapy may be considered in patients with CIEDI 
who are not candidates for complete device removal.

• Patients receiving CAS need early follow-up to 
evaluate for infection relapse and adverse drug 
events.

• In patients with incomplete device removal, [18F]
FDG PET/CT may be useful to evaluate for resid-
ual infection to determine whether CAS therapy is 
warranted.

Evidence Gaps and Future Considerations
Major advances in our understanding of CIEDI and its 
prevention, diagnosis, and management have occurred 
since publication of the 2010 scientific statement. De-
spite these achievements, there is much to be done 
to reduce the occurrence and clinical severity of this 
 life-threatening syndrome. This includes defining an 
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 optimal risk score to identify which patients would ben-
efit from antimicrobial envelope use. There are currently 
no prospective trials to determine which score is most 
useful in defining the highest risk patients.

Additional investigation is needed to determine the 
role of 18-FDG PET/CT in the diagnosis of CIEDI and 
management of CAS in patients with no device removal. 
We also need more data on the use of molecular tools 
(polymerase chain reaction and mNGS) in cases of cul-
ture-negative CIEDI.

The optimal timing of complete device removal is another 
topic that requires more investigation. Moreover, the timing 
of new device implantation, for those who need it, warrants 
further study. Defining the subset of patients who would 
benefit from LPM or S-ICD implantation (if deemed an 
appropriate candidate), rather than a transvenous device 
deserves additional study. Considering the commonality 
of prosthetic valves and other cardiovascular devices in 
patients with CIEDI, more investigation is needed in defin-
ing diagnostic and management strategies.

Novel techniques including percutaneous mechanical 
aspiration and regional antibiotic delivery (continuous, in 
situ-targeted, ultrahigh concentration of antibiotics) for 
non–S aureus infections limited to the pocket site and 
are not candidates for complete device removal deserve 
further analysis as we consider interventions that may 
enhance patient outcomes. Additional pocket site antimi-
crobial delivery systems, such as impregnated sponges, 
are currently under investigation.
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