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BACKGROUND Cardiovascular implantable electronic device (CIED)
infection carries significant morbidity and mortality with bacter-
emia being a possible marker of device infection. A clinical profile
of non–Staphylococcus aureus gram-positive cocci (non-SA GPC)
bacteremia in patients with CIED has been limited.

OBJECTIVE To examine characteristics of patients with CIED who
developed non-SA GPC bacteremia and risk of CIED infection.

METHODS We reviewed all patients with CIED who developed non-
SA GPC bacteremia at the Mayo Clinic between 2012 and 2019. The
2019 European Heart Rhythm Association Consensus Document was
used to define CIED infection.

RESULTS A total of 160 patients with CIED developed non-SA GPC
bacteremia. CIED infection was present in 90 (56.3%) patients, in
whom 60 (37.5%) were classified as definite and 30 (18.8%) as
possible. This included 41 (45.6%) cases of coagulase-negative
Staphylococcus (CoNS), 30 (33.3%) cases of Enterococcus, 13
(14.4%) cases of viridans group streptococci (VGS), and 6 (6.7%)
cases of other organisms. The adjusted odds of CIED infection in
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cases due to CoNS, Enterococcus, and VGS bacteremia were 19-,
14-, and 15-fold higher, respectively, as compared with other
non-SA GPC. In patients with CIED infection, the reduction in risk
of 1-year mortality associated with device removal was not statisti-
cally significant (hazard ratio 0.59; 95% confidence interval
0.26–1.33; P 5 .198).

CONCLUSIONS The prevalence of CIED infection in non-SA GPC
bacteremia was higher than previously reported, particularly in
cases due to CoNS, Enterococcus species, and VGS. However, a larger
cohort is needed to demonstrate the benefit of CIED extraction in
patients with infected CIED due to non-SA GPC.

KEYWORDS Bacteremia; Cardiovascular implantable electronic de-
vice; Consensus document; Infection; Definition; Non–Staphylo-
coccus aureus gram-positive cocci; Outcomes
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Published by Elsevier Inc. This is an open access article under the CC
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Introduction
Over the past 2 decades, the number of people living with car-
diovascular implantable electronic devices (CIEDs) has
rapidly increased due to the aging population and novel indi-
cations for CIED usage.1 The growth rate of CIED implanta-
tion has also led to a surge in the incidence of CIED infection,
which has significantly impacted healthcare utility, financial
burden, quality of life, and mortality.2–4 Bacteremia from
certain organisms in patients with CIED is a serious
concern because it could be a manifestation of CIED
infection or predispose to hematogenous seeding of the
device.5,6 Staphylococcus aureus bacteremia (SAB) is asso-
ciated with a 20% to 80% risk of CIED infection,7–11 while
the rate of CIED infection following gram-negative bacter-
emia is only 6% to 17%.9,12,13 In contrast to SAB and
gram-negative bacteremia, the data on the risk of CIED infec-
tion following non–S. aureus gram-positive cocci (non-SA
GPC) bacteremia are both limited and dated. A previous
study from our institution14 demonstrated that coagulase-
negative Staphylococcus (CoNS) bacteremia posed the high-
est risk of CIED infection compared with other non-SA GPC
bacteremia. Given the complexity of devices and updated
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KEY FINDINGS

- The rate of cardiovascular implantable electronic de-
vice (CIED) infection following non–Staphylococcus
aureus gram-positive cocci was higher than previously
reported.

- Patients with coagulase-negative staphylococcal,
enterococcal, and viridans group streptococcal
bacteremia are increased risk of CIED infection as
compared with other non–S. aureus gram-positive
cocci.

- While 72% of patients with definite CIED infection
underwent device removal, only 27% of patients with
possible CIED infection underwent device removal.
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practice guideline for diagnosis and management of CIED
infection, the prevalence and risk of CIED infection
following non-SA GPC bacteremia may have changed over
the past decade. Therefore, the goal of this study was to
provide a contemporary clinical characterization of patients
with CIED who developed non-SA GPC bacteremia and
the rate of CIED infection based on pathogen.
Methods
Participants and data collection
A retrospective cohort study included all adult patients (18
years of age or older) with CIED who developed first episode
of non-SA GPC bacteremia from January 1, 2012, to
December 31, 2019, at the Mayo Clinic in Rochester, Minne-
sota. Exclusion criteria included: (1) patients with a left ven-
tricular assist device, (2) patients who developed
polymicrobial bacteremia, and (3) patients who declined
Minnesota research authorization to use their medical record
for research purposes. Cardiovascular Devices Database and
Mayo Data Explorer software were used to identify the cases.
Mayo Data Explorer retrieves data from multiple Mayo
Clinic clinical databases that contain over 30 years of elec-
tronic medical record systems including microbiology data.
Clinical variables including demographics, hospitalization,
microbiology, treatment, and outcomes were manually
abstracted from electronic medical records. All data were
collected and managed using REDCap electronic data cap-
ture tools15,16 hosted at the Mayo Clinic. The research in
this study was conducted according to the Helsinki Declara-
tion guidelines. The study was reviewed by the Mayo Clinic
Institutional Review Board and granted an exemption due to
the use of de-identified and retrospective data (number
20-009376). The written informed consent was also waived
due to the same reasons.
Definitions and objectives
Non-SA GPC included aerobic GPC in the following genera:
Abiotrophia, Aerococcus, Enterococcus, Gemella, Granuli-
catella, Micrococcus, Staphylococcus except S. aureus, and
Streptococcus. A bacteremia episode was defined as a
positive blood culture with non-SA GPC. Contaminated
blood culture with non-SA GPC was previously defined.14,17

These included (1) discordant growth in only 1 bottle out of
multiple bottles without prior antimicrobial exposure; (2) cul-
ture from a central or arterial catheter in the absence of pos-
itive culture from peripheral blood; (3) incompatible clinical
syndromes (or asymptomatic) without clinical deterioration
in the absence of targeted antimicrobial therapy; and (4)
that the primary care team pursued a more plausible alterna-
tive diagnosis. Patients with contaminated blood cultures
were excluded from our study. Follow-up blood cultures
were obtained daily in all patients until clearance of bacter-
emia. The definitions for type of bacteremia (community
acquired, healthcare associated, and nosocomial), time to
positivity, and duration of bacteremia are detailed in previous
studies.7,18

CIEDs include automated implantable cardioverter-
defibrillator, cardiac resynchronization therapy (CRT), and
permanent pacemaker. The definition of CIED infection
was based on the 2019 European Heart Rhythm Association
(EHRA) International Consensus document.19 Patients were
categorized into definite, possible, and rejected CIED infec-
tion. Definite CIED infection criteria were met if (1) there
was evidence of clinical signs of pocket or generator infec-
tion or (2) 2 major criteria or 1 major criterion plus 3 minor
criteria were met. Possible CIED infection criteria needed
either 1 major criterion plus 1 minor criterion or 3 minor
criteria. Rejected CIED infection was defined as patients
who did not meet the definite and possible criteria. Major
and minor criteria were adopted from modified Duke criteria
and European Society of Cardiology 2015 guidelines
criteria.20 For purposes of this study, the definite and possible
CIED infections were combined into a single CIED infection
group. Complete CIED extraction was defined as removal of
the generator, all leads, and lead material from the pocket site
and the cardiovascular space.21 A new episode of bacteremia
with the same organism within 12 weeks of initial bacteremic
episode was defined as relapse of bacteremia.

The primary objective was to determine the rate of CIED
infection following non-SA GPC bacteremia episode.
Secondary objectives were to assess the following: (1) risk
of CIED infection based on type of non-SA GPC, (2) all-
cause mortality at 1 year after bacteremia, and (3) effect of
CIED extraction and mortality.
Statistical analysis
Descriptive statistics on baseline data are reported as median
(interquartile range [IQR]) for continuous variables and num-
ber and percentage for categorical variables. Differences be-
tween the groups with and without CIED infection were
determined using Wilcoxon rank sum tests and Pearson
chi-square tests, as appropriate. A multivariable logistic
regression model for CIED infection was constructed to



Table 1 Clinical characteristics of patients with CIEDs who developed non-SA GPC bacteremia from 2012 to 2019

Characteristic
Rejected CIED infection
(n 5 70)

Definite/possible CIED infection
(n 5 90)

P
value

Male 48 (68.6) 68 (75.6) .326*
Age, y 75.5 (63.0–85.4) 72.8 (61.8–82.4) .196†

BMI, kg/m2 28.9 (24.4–35.0) 26.2 (24.0–32.5) .159†

Comorbidities
Charlson Comorbidity Index 7 (5–8) 6 (4–7) .037†

Diabetes mellitus 21 (30.0) 37 (41.1) .147*
ESRD with dialysis 7 (10.0) 6 (6.7) .444*
Moderate or severe liver disease 2 (2.9) 1 (1.1) .419*
Malignancy 15 (21.4) 11 (12.2) .117*
Prosthetic heart valve 3 (4.3) 44 (48.9) ,.001*
Annuloplasty or other valve repairs 1 (1.4) 7 (7.8) .068*
Other valvular abnormality 8 (11.4) 14 (15.6) .452*
Congenital heart diseases 0 (0.0) 6 (6.7) .028*

Type of current device .121*
PPM 42 (60.0) 56 (62.2)
AICD 25 (35.7) 23 (25.6)
CRT 3 (4.3) 11 (12.2)

Duration of bacteremia, d 1 (1–2) 3 (2–4) ,.001†

Type of bacteremia .002*
Community acquired 34 (48.6) 66 (73.3)
Healthcare associated 24 (34.3) 11 (12.2)
Nosocomial 12 (17.1) 13 (14.4)

Values are n (%) or median (interquartile range)
AICD 5 automatic implantable cardioverter-defibrillator; BMI 5 body mass index; CIED 5 cardiovascular implantable electronic device; CRT 5 cardiac

resynchronization therapy; ESRD 5 end-stage renal disease; GPC 5 gram-positive cocci; PPM 5 permanent pacemaker; SA 5 Staphylococcus aureus.
*Pearson chi-square test.
†Wilcoxon rank sum test.
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estimate the odds of CIED infection based on pathogen
designation, adjusting for type of device, duration of bacter-
emia, and type of bacteremia. Survival was estimated over 1-
year follow-up using the Kaplan-Meier method. The associ-
ation of device extraction with 1-year mortality was analyzed
using extended Cox proportional hazards regression, treating
device removal as a time-dependent covariate, and stratifying
on the 2-group classification for CIED infection. Within each
stratum, the treatment effect was assessed by a likelihood ra-
tio chi-square test. All analyses were performed using R sta-
tistical software (version 4.0.3; R Foundation for Statistical
Computing, Vienna, Austria).
Results
Clinical characteristics
A total of 160 patients with CIED developed non-SA
GPC bacteremia from 2012 to 2019. Median age was
73.8 (IQR 62.5–83.6) years; 116 (72.5%) were male,
and 151 (94.4%) were White. Valvular abnormalities
included 47 (29.4%) prosthetic heart valves, 8 (5.0%) an-
nuloplasties or other valve repairs, and 22 (13.8%) other
valvular abnormalities without repair. The median Charl-
son Comorbidity Index was 6 (IQR 4–7). Ninety-eight
(61.3%) patients had permanent pacemaker, 48 (30.0%)
had an automated implantable cardioverter-defibrillator,
and 14 (8.8%) had CRT. The median time from the de-
vice placement to first episode of non-SA GPC bacter-
emia was 3.7 (IQR 1.3–8.0) years. Types of bacteremia
were community acquired (n 5 100 [62.5%]), healthcare
associated (n 5 35 [21.9%]), and nosocomial (n 5 25
[15.6%]). Sixty-two (38.8%) patients had no clear origin
of bacteremia. Among those with known origin of bacter-
emia, the most common source was central venous
catheter–related bacteremia (n 5 32 [32.7%]) followed
by skin and soft tissue infection (n 5 12 [12.2%]). The
clinical characteristics stratified by diagnostic criteria can
be found in Table 1. The microorganisms causing bacter-
emia were CoNS (n 5 64 [40.0%]), Enterococcus (n 5
41 [25.6%]), viridans group streptococci (VGS) (n 5
19 [11.9%]), non–group A and B beta-hemolytic strepto-
cocci (n 5 10 [6.2%]), Streptococcus pneumoniae (n 5 9
[5.6%]), S. agalactiae (n 5 8 [5.0%]), S. pyogenes (n 5
6 [3.8%]), Granulicatella (n 5 2 [1.3%]), and Micro-
coccus (n 5 1 [0.6%]). The detailed species of CoNS,
Enterococcus, VGS, and non–group A and B beta-
hemolytic streptococci are highlighted in Table 2. Median
time to positivity of the first set of blood cultures was 14
(IQR 11–20) hours and median duration of bacteremia
was 2 (IQR 1–3) days.
Clinical courses
All 160 patients were hospitalized for a median length of stay
of 11 (IQR 7–17) days. Eighty-eight (55.0%) patients
required intensive care support during their hospitalization.



Table 2 Species of organisms

Coagulase-negative
staphylococci
(n 5 64) Enterococci (n 5 41)

Viridans group
streptococci (n 5 19)

Other non-SA GPC (n 5 36)

Group A and B beta-
hemolytic
streptococci (n 5 23)

Non–group A and B
beta-hemolytic
streptococci (n 5 10) Other (n 5 3)

Staphylococcus
epidermidis
(n 5 44, 68.8%)

Enterococcus faecalis
(n 5 36, 87.8%)

Streptococcus mitis
(n 5 9, 47.4%)

Streptococcus
pneumoniae (n5 9,
39.1%)

Streptococcus
dysgalactiae (n5 6,
60.0%)

Granulicatella
adiacens (n 5 2,
66.7%)

Staphylococcus
lugdunensis (n 5 4,
6.3%)

Enterococcus faecium
(n 5 4, 9.8%)

Streptococcus
anginosus (n 5 3,
15.8%)

Streptococcus
agalactiae (n 5 8,
34.8%)

Group C Streptococcus
(n 5 2, 20.0%)

Micrococcus (n 5 1,
33.3%)

S. capitis (n 5 2,
3.1%)

Enterococcus
gallinarum (n 5 1,
2.4%)

Streptococcus bovis
(n 5 3, 15.8%)

Streptococcus
pyogenes (n 5 6,
26.1%)

Streptococcus canis
(n 5 1, 10.0%)

Staphylococcus caprae
(n 5 1, 1.6%)

Streptococcus mutans
(n 5 2, 10.5%)

Group G Streptococcus
(n 5 1, 10.0%)

Staphylococcus
hominis (n 5 1,
1.6%)

No identification to
the species level
(n 5 2, 10.5%)

No identification to
the species level
(n 5 12, 18.8%)

GPC 5 gram-positive cocci; SA 5 Staphylococcus aureus
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Seventy-one (44.4%) patients had fever on admission. Only 4
(2.5%) patients had signs of pocket infection. Transthoracic
echocardiography and transesophageal echocardiography
(TEE) were obtained in 78 (48.8%) and 102 (63.8%) patients,
respectively. Positive transthoracic echocardiography for
vegetations was demonstrated in 4 (5.1%) patients: 3 with
vegetations seen on the aortic valve and 1 with vegetations
seen on the mitral valve. TEE abnormalities were demon-
strated in 55 (53.9%) patients. These finding included vege-
tations on the device lead (n5 31), vegetations on the aortic
valve (n5 23), vegetations on the mitral valve (n5 7), peri-
valvular abscess (n 5 5), unclear findings (n 5 3), and veg-
etations on the tricuspid valve (n 5 2). Positron emission
tomography–computed tomography (PET-CT) was obtained
in 20 (12.5%) patients, of whom 12 (60.0%) had findings
suggestive of infection of either the valves (n 5 6), CIED
pockets (n 5 3), or leads (n 5 3).

According to the 2019 EHRA International Consensus
classification, 90 (56.3%) patients had CIED infection. Sixty
(37.5%) patients were classified as definite CIED infection
and 30 (18.8%) patients with possible CIED infection
(Supplemental Figure 1). A significantly higher proportion
of patients in the CIED infection group had prosthetic heart
valve (48.9% vs 4.3%; P , .001) and congenital heart dis-
ease (6.7% vs 0%; P 5 .028). When compared with the re-
jected CIED infection group, those in the CIED infection
group were more likely to present with community-
acquired bacteremia (73.3% vs 48.6%; P 5 .002) and had
a longer duration of bacteremia (median 3 [IQR 2–4] days
vs 1 [IQR 1–2] days; P , .001).

When stratified by organism, the proportion of patients
with CIED infection was 41 (64.1%) of 64 for CoNS, 30
(73.2%) of 41 for Enterococcus species, 13 (68.4%) of 19
VGS, and 6 (16.6%) of 36 for other non-SA GPC
(these 6 cases were Granulicatella species, n 5 2; S.
agalactiae, n 5 2; S. pneumoniae, n 5 1; non–group
A and B beta-hemolytic streptococci, n 5 1).
(Figure 1). After adjustment for type of device, duration
of bacteremia, and type of bacteremia, the odds of
CIED infection for those with CoNS, Enterococcus, and
VGS bacteremia were 19-fold (95% confidence interval
[CI] 4–81), 14-fold (95% CI 4–52), and 15-fold (95%
CI 3–64) higher, respectively, as compared with that
with other non-SA GPC (P , .001) (Table 3).
Management and outcomes
Among those with either definite or possible CIED infection,
51 (56.7%) patients underwent complete CIED extraction af-
ter a median of 6.0 (IQR 3.5–10.0) days from the time of
bacteremia. The clinical characteristic of patient who under-
went extraction vs who did not was demonstrated in
Supplemental Table 1. Forty-seven (92.2%) extracted de-
vices were sent for bacterial culture, of which 31 (66.0%)
grew similar organisms as in the blood culture and 16
(34.0%) showed no growth. Nineteen patients of those who
did not undergo device removal received long-term antibiotic
suppression. The clinical course of the patients who did not
undergo device extraction can be found in Supplemental
Figure 2. A total of 6 patients had relapsing bacteremia within
3 months after initial episode of bacteremia; of these, the
index CIED infection was definite in 2, possible in 3, and
rejected in 1. All 6 were diagnosed as a definite CIED
infection at the time of relapse (Supplemental Table 2).

Overall, 1-year survival was 66.6%, with no difference
observed in the patients with CIED infection vs those without
(P 5 .354). A landmark analysis of 10-day survivors (n 5
148) was used to graphically depict 1-year survival curves



Table 3 Odds of CIED infection from prespecified risk factors

Predictor Adjusted odds ratio (95% CI) P value

Type of current device .041
PPM 1.0 (reference) —
AICD 0.4 (0.1–1.0) —
CRT 2.3 (0.5–11.0) —
Organism of bacteremia ,.001
CoNS 19.0 (4.5–80.7) —
Enterococci 13.8 (3.7–52.0) —
VGS 14.7 (3.4–63.9) —
Other non-SA GPC 1.0 (reference) —
Duration of bacteremia
(per 1 d of bacteremia)

2.1 (1.3–3.2) .001

Type of bacteremia ,.001
Community acquired 1.0 (reference) —
Healthcare associated 0.1 (0.04–0.4) —
Nosocomial 0.2 (0.1–0.7) —

Results obtained from a multivariable logistic regression model for CIED
infection based on all the variables listed in the table.

AICD 5 automatic implantable cardioverter-defibrillator; CI 5 confi-
dence interval; CIED 5 cardiovascular implantable electronic device; CoNS
5 coagulase-negative Staphylococcus; CRT 5 cardiac resynchronization
therapy; ESRD 5 end-stage renal disease; GPC 5 gram-positive cocci; SA
5 Staphylococcus aureus; VGS 5 viridans group streptococci.

Figure 1 Proportion of organism causing cardiovascular implantable elec-
tronic device (CIED) infection following bacteremia. The proportion of
CIED infection was high in the patients with coagulase-negative Staphylo-
coccus (CoNS), enterococci, and viridans group streptococci (VGS) bacter-
emia compared with other non–Staphylococcus aureus gram-positive cocci
(non-SA GPC).
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according to “early” device removal (within the first 10 days),
both overall and in those with CIED infection (Figure 2). The
treatment effect was formally assessed within each diagnostic
group in unadjusted Cox regression analysis with device
removal incorporated as a time-dependent covariate. The
reduction in risk of 1-year mortality associated with device
removal was not statistically significant among the patients
with possible or definite CIED infection (P 5 .198; hazard
ratio 0.59; 95% CI 0.26–1.33) or among patients for whom
infection was rejected (P5 .101; because few of the patients
in the rejected group had their device removed, estimates of
the hazard ratio of device extraction could not be computed).
Discussion
The finding of over half of the patients with non-SA GPC
bacteremia in our cohort had CIED infection was somewhat
unanticipated. Only 4 patients had clinical sign of pocket
infection. Risk factors associated with CIED infection
included presence of a prosthetic valve, CRT devices,
community-acquired bacteremia, and prolonged bacteremia
without a defined origin. Regarding the pathogens causing
bacteremia, the highest rate of CIED infection was due to
CoNS, followed by enterococci and VGS. Only half of pa-
tients with CIED infection underwent complete device
removal, while about 49% of patients who did not undergo
device removal received chronic oral antibiotic suppressive
therapy. The impact of CIED removal on 1-year mortality
was not demonstrated in our study.
Madhavan and colleagues14 investigated 74 patients
with CIED who developed non-SA GPC bacteremia at
the Mayo Clinic from 2001 to 2007. There are distinct ob-
servations in the current study as compared with that of the
prior investigation. First, the prevalence of CIED infection
following non-SA GPC bacteremia was higher (56%) than
previously reported (30%). This is likely due to differences
of CIED diagnostic criteria of the 2019 EHRA Interna-
tional Consensus document. It included the category of
possible CIED infection, which had not been used in the
previous study. Interestingly, most of the patients in our
cohort automatically fulfilled 1 major criterion (“blood cul-
ture positive for typical organisms for CIED infection or
infective endocarditis”) to begin with, and they needed
only an additional minor criterion such as fever to be cate-
gorized as a possible CIED infection. Hence, it appears that
criteria for possible CIED infection increase diagnostic
sensitivity of CIED infection yet are not specific. The over-
diagnosis of the possible CIED infection group was evident
in our previous study in the setting of gram-negative bacilli
bacteremia.13 Nevertheless, when we compare only the
number of definite CIED infections in our cohort with
the previous study, the prevalence of CIED infection is
similar.

Second, in addition to the type and duration of bacteremia,
the species of non-SA GPC bacteremia that pose a sizable
risk for CIED infection have not changed during the past
decade. Our study reiterated that CIED infection is highly
likely in the setting of CoNS, enterococcal, and VGS bacter-
emia. The pattern is comparable to a proclivity for develop-
ment of infective endocarditis following an episode of
bacteremia due to these organisms. In a prospective



Figure 2 Survival curves by device removal status via 10-day landmark analysis. Based on a landmark analysis of 10-day survivors, the figure shows Kaplan-
Meier curves of survival to 12 months according to device extraction status at day 10, both overall and in the subgroup with cardiovascular implantable electronic
device infection. The plot for the subgroup without cardiovascular implantable electronic device infection was suppressed because only 2 of the patients in the
rejected group had their device removed by day 10.
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multicenter study of 344 with E. faecalis bacteremia,22 the
prevalence of definite infective endocarditis was approxi-
mately 26%. Seventy percent of enterococcal bacteremia pa-
tients in our cohort met the criteria for CIED infection.
Interestingly, this included 4 of 5 non-faecalis enterococcal
species (3 E. faecium and 1 E. gallinarum), which were not
previously described as high-risk organisms associated with
infective endocarditis. VGS causing bacteremia in our cohort
included S. mitis, S. mutans, S. bovis, and S. anginosus. These
organisms have been categorized in the high to very high-risk
groups (as high as 50% in prevalence) for infective endocar-
ditis in the setting of bacteremia.23 Therefore, the provider
should be vigilant for CIED infection when encountered
bacteremia from these organisms.

Third, the use of PET-CT has increased. Twenty patients
in our cohort underwent PET-CT and 12 of them had positive
results, while no patients underwent PET-CT in the earlier
investigation. A systematic review and meta-analysis of 18
observational studies demonstrated that PET-CT had high
diagnostic sensitivity and specificity for CIED infection,
especially in the setting of infected device lead.24 PET-CT
was recently included in endocarditis or CIED guidelines
as an additive imaging modality.19–21

Most patients with TEE abnormality in our study had
vegetation on the device lead, which would meet the def-
inite CIED infection criteria without an additional PET-
CT scan. Interestingly, a recent study from our institution
investigated 25 consecutive cases of CIED lead infection
and found that TEE is not a reliable tool to distinguish
between infectious and noninfectious thrombi.25 Accord-
ing to this finding, the diagnosis of definite CIED
infection for those who has only lead vegetation (without
vegetation seen on the valve) may have been overesti-
mated. Hence, it is tempting to speculate that CIED
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infection could be broken down into 2 separate entities:
(1) device infection and (2) cardiac valve infection. On
the one hand, PET-CT may be more useful in the diag-
nosis of device infection and in some cases where a pros-
thetic valve is also present with the concern for prosthetic
valve endocarditis; in contrast, TEE may be more useful
in the diagnosis of native valve endocarditis. Thus, the
need for both procedures to enhance the likelihood of
securing a correct diagnosis should be further investi-
gated.

Fourth, the device extraction rate was not different from
the previous study. Approximately 54% of CIED-infected
patients in the Madhavan and colleagues study14 underwent
device extraction, compared with 56% in our study. Based
on multiple guidelines,19,21,26 all patients with CIED infec-
tion should undergo complete device removal. However,
there are factors, such as poor surgical candidacy, that influ-
ence the likelihood of complete device removal. Our recent
study demonstrated that CIED extraction provided a survival
benefit among patients with SAB with possible or definite
CIED infection after SAB episode.7 However, the survival
benefit was not observed with gram-negative bacteremia13

and the current study. There are at least 2 possibilities to
explain the observed lack of survival benefit. First, successful
chronic oral antibiotic suppressive therapy may provide some
survival benefit. Second, there is marked heterogeneity of
virulence among non-SA GPC. Finally, there may have
been an overdiagnosis of CIED infection in patients who
met the possible CIED infection criteria.

Our study has several limitations. First, the 1-year mor-
tality rate did not permit a detailed multivariable survival
analysis to rigorously assess the treatment benefit of device
extraction, especially when stratifying on CIED infection
status. It was also challenging to differentiate the risks of
CIED infection between different species within CoNS,
enterococci, and VGS due to limit in number and lack of
species identification be done in the laboratory in the early
years of the investigation. Second, the number of patients
who underwent PET-CT was low, which likely influenced
the ability to diagnosis true CIED infection. Third, there
was a variability in the amount of evaluation such as
TEE on the patients with CoNS, enterococci, or VGS as
opposed to other pathogens, which could result in a detec-
tion bias. Fourth, both selection bias and lack of generaliz-
ability were unavoidable.

Conclusion
Our study provides an insight into an important clinical ques-
tion: what do we do in the setting of non-SA GPC bacteremia
in the patients with CIED? We found that patients with
CoNS, Enterococcus, and VGS bacteremia, compared with
those with other organisms, are at higher risk for CIED infec-
tion regardless of pocket finding from clinical exam. Addi-
tional diagnostic modalities such as TEE or PET-CT
should be obtained to look for device infection in these
patients.
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