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data have not been sufficiently elucidated. In particular, 
with respect to investigations of the temporal distribution 
of CIED infection, many reports have focused on the early 
phase (<12 months) after CIED surgical manipulation,9,10 
with very few reports focusing on the temporal distribution 
of CIED infections.11 Investigations of the long-term 
temporal distribution and infection patterns may reveal 
new findings regarding CIED infections.

In this study we retrospectively reviewed the clinical 
records of patients with CIED infections and categorized 
them on the basis of infection type and pathogenic intrusion 
pathways. In addition, the long-term temporal distribution 
of CIED infections was assessed for a period of 10 years 
after the last CIED surgical manipulation. The purpose of 
this study was to investigate the relationship between 
infection patterns and microbiological temporal distribution 
in CIED infections.

T he number of patients with cardiac implantable 
electronic devices (CIEDs) has increased in recent 
decades. With the increased use of implanted 

devices, an upsurge in CIED complications has also been 
reported.1–3 Of the complications associated with CIEDs, 
CIED infections are the most serious and can lead to life-
threatening conditions.4,5 Removal of the infected device6 
and antimicrobial treatment are the mainstays of therapeutic 
strategies for CIED infection.7 However, to develop a 
comprehensive therapeutic strategy for CIED infections 
requires an understanding of the microbiology and 
pathogenesis patterns of these infections.8

Regarding the microbiology of CIED infections, previous 
studies reported that the main causative organisms were 
staphylococcal species, such as those present in skin 
flora.1,4,6,7 Although the causative organisms in CIED 
infections are well known, the temporal distributions and 
infection patterns associated with these microbiological 
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percentage of patients. Paired Student’s t-tests were used 
to compare all continuous variables. Categorical variables 
were analyzed using the Chi-squared test. Statistical 
significance was set at 2-tailed P<0.05. All statistical analyses 
were performed using SPSS version 22.0 (SPSS Inc., 
Chicago, IL, USA). Bonferroni correction was used for 
multiple-comparison correction for several dependent or 
independent statistical tests.

Results
Baseline Characteristics
Between April 2009 and December 2018, 114 patients 
underwent device removal at Nippon Medical School. 
Ninety-seven patients (85.1%) underwent device removal 
due to CIED-related infections; all these patients were 
included in the present study. The baseline characteristics 
of all patients with CIED infections are presented in 
Table 1. The mean age of patients was 71.3±13.8 years, and 
most patients were male (n=69; 71.1%). The comorbidities 
included hypertension (43.3%), atrial fibrillation (20.6%), 
coronary artery disease (13.4%), chronic renal failure 
(13.4%), and a prior history of stroke (10.3%). Histories of 
prior open-heart surgery included both coronary bypass 
surgery and valve surgery (9.3%). Only 2.1% of patients in 
this cohort had been administered steroids.

Overall Microbiology
The distribution of pathogens in patients with CIED 
infections is shown in Figure 1. Pathogens were identified 
in most patients (86.2%), but some patients showed negative 
results for organisms from any culture source (13.8%; 
Figure 1). The primary pathogen was Staphylococcus 
(67.5%). Coagulase-negative staphylococci (CoNS) were 
detected in 44.7% of; patients. Staphylococcus aureus was 

Methods
The records of all patients with CIED infections who 
underwent device and transvenous lead extraction or 
removal between April 2009 and December 2018 at Nippon 
Medical School were examined retrospectively. All proce-
dures were performed in accordance with the guidelines of 
the Declaration of Helsinki12 and were approved by the 
Ethics Committee of Nippon Medical School in Tokyo, 
Japan (Reference no. B-2019-067). The requirement for 
informed consent was waived by the Board because the 
researchers retrospectively accessed a deidentified database 
for analytical purposes.

All patients were managed by cardiologists, cardiovas-
cular surgeons, and infectious disease control specialists. 
The indications for device removal and the procedures for 
lead and device removal were in accordance with the 2010 
and 2017 Heart Rhythm Society consensus documents.4,6 
Only cases with a clinical consensus for an infected CIED 
and any treatment were included in this study.

Culture Methods
Whenever possible, blood cultures were obtained from the 
patients before initiation of antibiotic therapy. Cultures 
were obtained from the device generators, lead tips and 
ends, device pocket tissue, purulent drainage in the pocket, 
and vegetation in the cardiac cavity. Vancomycin or 
cefazolin was chosen as the first-line antibiotic until the 
pathogen or sensitivity to antibiotics became clear.

Classification of CIED Infection Types
The microbiological profiles were reviewed from the clinical 
records of all patients. Patients were classified into 2 
groups based on their clinical presentation. The first group 
consisted of patients showing systemic infection (SI), 
which was defined as the presence of systemic symptoms 
and/or positive blood culture findings and/or evidence of 
vegetation with or without CIED pocket infection. The 
second group consisted of patients showing local infection 
(LI), which was defined by the presence of device pocket-
related (PR) infectious signs without systemic symptoms, 
evidence of positive blood cultures, and vegetation in the 
cardiac cavity at the time of CIED removal.

In a subanalysis, patients with CIED infections were 
also categorized as those showing CIED PR infection and 
non-PR infection. PR infection was defined as the presence 
of local erythema, swelling, pain, warmth, discharge from 
the device pocket, pocket erosion, and positive cultures of 
the device pocket, leads, or blood. Pocket erosion was 
defined as the migration of the device into the overlying 
skin with visible device parts.

Analysis of Temporal Distribution
Temporal distribution was examined per year from the first 
to ninth year and >10 years since the last CIED-related 
manipulation. The onset of CIED infection and/or the 
date of removal were reviewed in the clinical records and 
operative reports. The proportion of CIED infections per 
year was compared between the systemic and local infection 
groups, as well as between the PR and non-PR infection 
groups.

Statistical Analysis
All continuous variables are expressed as the mean ± SD. 
All categorical variables are reported as the number and 

Table 1. Baseline Characteristics of the 97 Patients Who 
Underwent CIED Removal or Extraction for 
CIED-Related Infections Between 2009 and 2018

Age (years) 71.3±13.8

Sex

  Female 28 (28.9)

  Male 69 (71.1)

Coronary artery disease 13 (13.4)

Congestive heart failure 9 (9.3)

Hypertension 42 (43.3)

Diabetes 13 (12.4)

Hyperlipidemia 9 (9.3)

Prior stroke 10 (10.3)

Atrial fibrillation 20 (20.6)

CRF (Cr >1.3 mg/dL) 13 (13.4)

Hemodialysis 3 (3.1)

Prior CABG 9 (9.3)

Prior valve surgery 9 (9.3)

Prior endocarditis 7 (7.2)

COPD 3 (3.1)

Steroid use 2 (2.1)

Values are the mean ± SD or n (%). CABG, coronary artery 
bypass graft; CIED, cardiac implantable electronic device; COPD, 
chronic obstructive pulmonary disease; Cr, creatinine; CRF, 
chronic renal failure.
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of multiple pathogens (S. aureus, n=7; CoNS, n=19).

Microbiological and Temporal Distribution of CIED 
Infections
Infections peaked in the first year after the last CIED 
pocket manipulation and diminished gradually with the 
passage of time (Figure 2). Up to 5 years after the last 
CIED pocket manipulation, 63.4% of patients experienced 

detected in 22.8% of; patients. Of the S. aureus species 
detected, 3.3% were methicillin-resistant. The remaining 
pathogens identified were Propionibacterium sp. (5.7%), 
coryneform bacteria (4.9%), Pseudomonas aeruginosa 
(2.4%), and streptococci (1.6%).

Multiple pathogens were detected: 16 patients had a 
double-pathogen infection and 4 had a triple-pathogen 
infection. Staphylococcal species were present in all cases 

Figure 1.  Microbiology of 97 patients who underwent cardiac implantable electronic device removal/extraction for cardiac implantable 
electronic device (CIED)-related infections from 2009 to 2018. CoNS, coagulase-negative Staphylococcus; MRSA, methicillin-
resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus.

Figure 2.  Temporal and microbiological distribution of cardiac implantable electronic device (CIED) infections. CoNS, coagulase-
negative Staphylococcus; non-SP, non-staphylococcal species; S. aureus, Staphylococcus aureus.
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Microbiology of SI and LI
The overall microbiological results were compared between 
the SI and LI groups (Table 2). In both groups, staphylo-
coccal species were the major pathogens (responsible for 
77.4% of SI and 60.9% of LI). The overall proportion of 
staphylococcal species did not differ between the SI and LI 
groups (P=0.379, Table 3). In assessments of the primary 
organism, S. aureus accounted for the highest proportion 
of pathogens in the SI group (48.4%). Furthermore, S. 
aureus was significantly more frequently detected in SI 
than in LI (15 [48.4%] vs. 16 [17.4%], respectively; P=0.002, 
Table 2). In contrast, CoNS was the most frequent pathogen 
in the LI group (43.5%). Although non-staphylococcal 
species were more likely in the LI than SI group, the differ-
ence was not statistically significant (25.0% vs. 6.5%, 
respectively; P=0.11). There was no significant difference 
between the LI and SI groups in the rate of negative cultures 
(14.1% vs. 16.1%, respectively; P=3.14; Table 2).

Of the 20 patients with multiple-pathogen CIED infec-
tions, 2 had SI and 18 had LI S. aureus was detected in 2 
SIs and 5 LIs. CoNS was detected in 1 SI and 18 LIs. 

a CIED infection. Moreover, approximately 8.4% of all 
CIED infections emerged even 10 years after the last CIED 
pocket procedure. S. aureus and CoNS infections occurred 
throughout the study period. Over 50% of causative 
organisms in every time period were Staphylococcus species; 
in particular, in the first year and >10 years after the last 
manipulation, 70% of causative pathogens were staphy-
lococcal species.

Classification of CIED Infections
Of patients with CIED infections, 71 (73.2%) had local 
infections, and the remaining 26 (26.8%) had SIs (Figure 3). 
Among patients with SIs, 12 had bacteremia, lead infection, 
and endocarditis without CIED PR infection, whereas 
the remaining 14 patients had both bacteremia and CIED 
PR infections. Thus, 85 patients (87.6%) were classified 
as having PR infections. The remaining 12 patients 
(12.4%) were classified as having non-PR infections 
(Figure 3). Of patients with local infections, 39 had CIED 
PR infections and 32 had CIED pocket erosions with 
device exposure.

Figure 3.  Classification of patients with cardiac implantable electronic device (CIED) infections. CIED patients were classified as 
showing systemic infection (n=26) or local infection (n=71). CIED patients were also classified as having either pocket-related 
infections (n=85) or non-pocket-related infections (n=12).

Table 2. Microbiology of Systemic vs. Local Cardiac Implantable Electronic Device-Related Infections From 
2009 to 2018

Systemic infection 
(n=26)

Local infection  
(n=71)

P value (Bonferroni 
correction)

Total no. pathogens 31 92

Staphylococcal species 24 (77.4) 56 (60.9) 0.379

  Staphylococcus aureus 15 (48.4) 16 (17.4) 0.002

  CoNS   9 (29.0) 40 (43.5) 0.621

Non-SPs 2 (6.5) 23 (25)　　　 0.106

Negative culture   5 (16.1) 13 (14.1) 3.14　　

Unless indicated otherwise, data are given as n (%). CoNS, coagulase-negative Staphylococcus; non-SPs, non-
staphylococcal species.
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throughout all periods (Figure 4). Non-staphylococcal 
species were detected only in LIs in almost all periods 
throughout the study.

Microbiology of PR vs. Non-PR Infections
Temporal microbiological distribution was compared 
between PR infections (n=85 in total, 110 pathogens) and 
non-PR infections (n=12 in total, 13 pathogens). PR 
infections peaked during the first year after the last CIED 
manipulation. Most cases of PR infections (>60%) occurred 
within 1–4 years after the last CIED manipulation. In 
contrast, non-PR infections showed a uniform distribution 
from the first year in a small population (Figure 5A). In the 
overall microbiological analysis, there was no difference 
between PR and non-PR infections (Supplementary Table 1).

Microbiology of PR SI vs. Non-PR SI
Temporal microbiological distribution was compared 
between PR SIs (n=14 in total, 18 pathogens) and non-PR 
SIs (n=12 in total, 13 pathogens). CIED PR SIs peaked 
in the first year after the last CIED operation. In contrast, 

Triple-pathogen infections appeared only as LIs (n=4 
patients).

Microbiological and Temporal Distribution: SI vs. LI
The mean interval from the last device-related procedure 
to the occurrence of CIED did not differ significantly 
between the SI and LI groups (3.4±2.8 vs. 4.1±4.0 years, 
respectively; P=0.40; Table 3). There was also no significant 
difference in other CIED-related data between the 2 groups.

In the temporal analysis, the peak of CIED infections 
appeared in the first year after the last device-related 
procedure in both the SI and LI groups (Figure 4). From 
the second year, there was a uniformly low distribution of 
SIs in the population (mean case rate from the second year 
to >10 years: 2.1±4.7 cases/year). However, the rate of LIs 
gradually decreased until the tenth year. Over half the LIs 
occurred during the first to fourth years (62.0%). However, 
even after the fifth year, the rate of LIs was more than 
double that of SIs (mean case rate from the fifth year to 
>10 years: 6.3±3.1 cases/year). In both systemic and local 
infections, S. aureus and CoNS infections occurred 

Table 3.  Comparison of CIED-Related Factors Between Systemic and Local Infections

Systemic infection 
(n=26)

Local infection  
(n=71) P value

Type of CIED 0.511

  Pacer 18 (69.3) 46 (64.8)

  Non-pacer (ICD, CRT, S-ICD)   7 (26.9) 25 (35.2)

  Unknown 1 (3.8) 0

Last operation 0.205

  Initial operation 10 (38.5) 36 (50.7)

  Reopen operation 14 (53.8) 34 (47.9)

  Unknown 2 (7.7) 1 (1.4)

Time from the last device-related procedure to infection (years) 3.4±2.8 4.1±4.0 0.397

Unless indicated otherwise, data are given as the mean ± SD or n (%). CIED, cardiac implantable electronic device; CRT, cardiac resynchronization 
therapy; ICD, implantable cardioverter defibrillator; S-CID, subcutaneous implantable cardioverter defibrillator.

Figure 4.  Temporal and microbiological distribution: systemic infections vs. local infection. CoNS, coagulase-negative 
Staphylococcus; non-SP, non-staphylococcal species; S. aureus, Staphylococcus aureus.
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Figure 5C).

Outcomes
Four in-hospital deaths were recorded (mean age 72.5±4.9 
years; 2 females and 2 males). The causes of death were 
multiple organ failure (n=3) and pneumonia (n=1). Infec-
tion types included 3 SIs and 1 LI. Blood cultures were 
positive for all patients with SIs. Patients with LIs had 
multiple-pathogen infections. The causative pathogens 
were S. aureus (n=3, all SIs), CoNS (n=1 LI), P. aeruginosa 
(n=1 LI), and Micrococcus sp. (n=1 LI).

Discussion
In the present cohort of CIED infections, staphylococcal 
species were the predominant pathogens. In the temporal 
distribution analysis, CIED infection peaked in the first 
year after the last CIED manipulation, and half the infec-
tions were detected during the fourth year.

Classification Analysis
S. aureus is the predominant pathogen in systemic CIED 
infections. In contrast, local CIED infections were mainly 
caused by CoNS. Even within the same pathogenic pathway 
groups, which compared PR SIs and PR LIs, the incidence 
of S. aureus was higher in PR SIs than PR LIs. S. aureus 
caused serious CIED infections.

In temporal distribution analysis, temporal differences 
between PR and non-PR infections were recognized in 
relation to the different pathogenic pathways. Even in 

non-PR SIs occurred throughout the study period 
(Figure 5B). PR SI was associated with a high prevalence 
of S. aureus; however, there were no significant differ-
ences between the 2 groups in overall analyses 
(Supplementary Table 2).

Microbiology of PR SI vs. PR LI
Temporal microbiological distributions was compared 
between PR SIs (n=14 in total, 18 pathogens) and PR LIs 
(n=71 in total, 92 pathogens). In the overall analysis, S. 
aureus was present in a significantly higher proportion of 
cases PR SIs than PR LIs (11 [61.1%] vs. 16 [17.4%], 
respectively; P=0.0003; Supplementary Table 3). In the 
microbiological analysis, 27 patients were infected with S. 
aureus through CIED pocket sites. Of these 27 patients, 14 
(52%) had an SI.

In the temporal distribution analysis, both groups 
showed the same temporal trend in the distribution of 
CIED infections (Figure 5C). The proportion of S. aureus 
cases among patients with PR SI was higher than that 
among those with PR LI, but there was no significant 
difference between the 2 groups (50.0±47.1% vs. 
18.7±16.9%, respectively; P=0.07; Figure 5C). In the 
temporal analysis, 31.7% of S. aureus infections were PR 
SIs occurring every year for 10 years. In contrast, 30–60% 
of S. aureus infections were systemic and occurred within 
the second year after the last CIED pocket manipulation 
(Figure 5C). The proportion of CoNS infections was 
significantly higher in the case of PR LIs than PR SIs 
(37.9±14.5% vs. 5.0±15.8%, respectively; P=0.00013; 

Figure 5.  Temporal and microbiological analysis according to pathogenic pathways. (A) pocket-related (PR) infections (n=12) 
vs. non-PR infections (n=85); (B) PR systemic infections (n=12) vs. non-pocket-related systemic infections (n=14); (C) PR systemic 
infections (n=14) vs. PR local infections (n=71). CoNS, coagulase-negative Staphylococcus; non-SP, non-staphylococcal species; 
S. aureus, Staphylococcus aureus.
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patients.16,19–21 In the present study, 22 patients in the SI 
group (22.7%) had bacteremia, and 24 pathogens were 
detected in blood cultures. The main pathogen was S. 
aureus (50%). Among patients with bacteremia in the present 
cohort, the percentage of S. aureus infections was similar 
to that reported in other studies. In contrast, the most 
common pathogen in LIs was CoNS (47.7%). Previous 
studies have reported similar trends for LIs.22

Temporal Distributions of SIs vs. LIs  The mean duration 
since the last CIED pocket surgical procedure did not differ 
between the SI and LI groups (Table 3). In addition, both 
types of infections showed a similar temporal distribution, 
with peaks appearing during the first year (Figure 4). One 
of the reasons for these early peaks in both groups was that 
both SIs and LIs may be caused by the same pathway of 
pathogenic entry during the first year after the last CIED 
pocket manipulation. More specifically, these CIED 
infections may be caused by pathogens intruding from the 
CIED pocket sites. In fact, 6 of the 8 SIs (75%) were caused 
by CIED PR infection, and all 25 cases in the first year 
were related to CIED PR infections. In the present cohort, 
both SIs and LIs included PR infections because these 
infections were distinguished by clinical presentations 
and/or positive blood cultures. Other studies have reported 
that pocket manipulation is a risk factor for early CIED 
infections.5

After the first year, there was a difference between SIs 
and LIs in their temporal course. A uniform distribution 
was observed for SIs, but the rate of LIs decreased steadily 
until the tenth year (Figure 4). Temporal differences may 
be caused by causative pathogens. S. aureus was present in 
a higher proportion of patients with SIs than LIs (Table 2). 
In addition, CoNS accounted for a higher proportion of 
LIs than SIs overall (Figure 4). As mentioned above, S. 
aureus has extensive toxicity. Because of this pathogenic 
feature, SIs were concentrated in the first year (29.6%). The 
rate of LIs decreased gradually after the first year because 
CoNS was the main causative pathogen of LIs.

Classification According to CIED Pocket-Related Infection
Fourteen patients with SIs (53.8%) and all 71 patients with 
an LI were categorized as showing PR infections. In this 
study, 87.6% of all CIED infections were PR infections. 
The remaining 12 patients with SIs had non-PR infections. 
All non-PR patients had bacteremia and/or lead vegetation 
and/or endocarditis without CIED pocket infection. We 
speculated that a comparison of PR and non-PR infections 
may reveal the effects of the CIED pocket site on CIED 
infection. CIED pocket sites are susceptible to surgical 
manipulations, such as initial CIED implantation and 
generator exchange.5,11 In addition, comparisons among 
these groups may reveal how different pathogenic pathways 
affect CIED infections.

PR vs. Non-PR Infection  This subanalysis provided a 
comparison between different pathogenic pathways in 
patients with CIED infections. PR infection peaked during 
the first year after the last CIED manipulation. After the 
second year, PR infections decreased steadily. Conversely, 
non-PR infections showed a uniform distribution without 
any peaks throughout the study period (Figure 5A). The 
differences in temporal distribution between PR and non-PR 
infections may be caused by differences in the intrusion 
routes of pathogens. The CIED pocket site was found to 
be an intrusion pathway for pathogens in PR infections. 
However, in non-PR infections, other pathogen-intrusion 

comparisons between the same infection patterns (i.e., 
between PR SIs and non-PR SIs), temporal differences 
were observed according to different pathogenic intrusion 
routes. PR CIED infections peaked immediately after CIED 
pocket surgeries.

Temporal Distribution of CIED Infections
Previous reports on CIED infections have reported the 
duration since the last pocket surgical procedures.13,14 
However, very few reports have focused on the temporal 
distribution of CIED infections.11 We investigated both 
the microbiology and temporal distribution of CIED 
infections.

Features of the Temporal Distribution of CIED Infections
Previous studies have focused on the early phase after the 
last surgical manipulation,11 such as CIED infections after 6 
months and/or 1 year. In our cohort, the yearly distribution 
of CIED infections was examined up to 10 years after the 
last CIED surgical manipulation. Figure 2 shows the 
features of the temporal distribution of CIED infections. 
CIED infections peaked during the first year after the last 
CIED pocket manipulation. The rate of these infections 
decreased gradually until the fifth year. Most cases 
occurred during the first to fourth years (>60%). After the 
sixth year, there was a uniform trend in CIED infections. 
In their study, Harper et al11 found a similar long-term 
distribution of CIED infections as in the present study.

Two phases of CIED infections can been seen on the 
temporal distribution graph: (1) from the first to the fourth 
year, the number of CIED infections gradually decreased, 
thus, this time period constituted the early phase of CIED 
infections; and (2) from the fifth to the tenth year, CIED 
infections were still observed in a certain number of CIED 
patients and this time period constituted the late phase of 
CIED infections. During the acute period (<12 months), 
the causative pathogens responsible for lead-related 
endocarditis were reported to differ for infections occurring 
within and after 6 months.15 However, in the present 
long-term cohort, there was no microbiological difference 
between the early (first–fourth years) and late (fifth–tenth 
years) phases (data not shown). We speculate that the 
microbiological characteristics of early phase infections 
may be directly affected by surgical manipulation. In 
addition, the findings for the late phase may be secondarily 
affected by CIED manipulations, such as pocket erosion 
and/or device exposure.9 To confirm our speculations, we 
first classified CIED infections into SIs and LIs according 
to clinical presentation. Second, we classified CIED infec-
tions into PR and non-PR infections.

SI vs. LI
Microbiology of SI vs. LI  Microbiological differences 

between SIs and LIs were investigated. Staphylococcal 
species are the primary pathogens in both SIs and LIs. S. 
aureus caused a significantly higher proportion of SIs than 
LIs (48.4% vs. 17.9%, respectively; P=0.023; Table 2). S. 
aureus has unique characteristics owing to its virulence 
potential and ubiquitous occurrence. Therefore, S. aureus 
has the potential to cause both local and disseminated 
infections.16 Furthermore, strong virulence can lead to tissue 
invasiveness and bacteremia.17,18 These pathogenic features 
may explain why S. aureus was the common causative 
pathogen for SIs in the present cohort. In other studies, S. 
aureus was reported to account for 14.4% of all bacteremia 
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Surprisingly, even after the fifth year and up to 10 years, 
27.8% of S. aureus pocket infections deteriorated to SI as 
a serious condition (mean 27.8%; range 0–66.7%). This 
study revealed the risks associated with CIED PR S. aureus 
infection not only in the early phase, but also in the late 
phase after CIED surgery. In addition, our data indicated 
that there is a high possibility of PR infections progressing 
to a serious condition, even during the late phase of 
infection.

Clinical Perspective
The present study showed differences in pathogenic patterns 
and temporal distributions according to the type of infec-
tious agent and pathogenic pathway in CIED infections. 
This study will contribute to our understanding of the 
microbiology and pathogenic intrusions for CIED infec-
tions, and these data will help determine the early phase 
antibiotic treatment and facilitate prompt diagnosis of 
CIED infections before isolating the causative pathogens.

Study Limitations
This retrospective study has several limitations. Due to the 
limited population in the present study, future studies are 
needed to confirm the present findings. In addition, this 
study included patients who were referred from outside 
institutions for the removal of infected devices. As a form 
of referral bias, many patients received antibiotic therapy 
before being transferred to Nippon Medical School. 
Therefore, some of the microbiological results had the 
potential to include results from patients who had received 
prior antibiotic therapy. The present cohort included only 
patients who underwent lead extraction of their devices. 
This series excluded patients who did not undergo device 
removal due to comorbidities.

Conclusions
The severity of CIED infection depends on the causative 
pathogen. The temporal distribution of CIED infection 
was affected by the microbiological intrusion pathway. 
Close clinical observation is needed for the early diagnosis 
of CIED infections and causative pathogens up to 4 years 
after CIED pocket manipulation.
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routes were found (i.e., any kind of sepsis, sick teeth, or 
spondyloarthritis). In this cohort, all non-PR patients had 
bacteremia and/or lead vegetation and/or endocarditis 
without CIED pocket infection. The temporal distribution 
of PR infections was similar to that of the overall cohort 
and LIs. Patients with PR infections accounted for over 
80% of patients in our series. Therefore, the PR group may 
have had a significant effect on the trends in temporal 
distribution for all patients. Regarding the temporal distri-
bution of non-PR infections, there were very few occur-
rences of SI without CIED pocket infection per year. 
Surprisingly, although there were very few cases of pure 
CIED SI, a certain number of patients presented every 
year until 10 years after the last CIED manipulation.

In the microbiological analysis, there was no difference 
between PR and non-PR infections (Supplementary Table 1). 
Both PR and non-PR infections were mainly caused by 
staphylococcal species. The proportion of infections 
caused by S. aureus and CoNS was similar between the PR 
and non-PR groups. These results suggest that different 
pathogen intrusion pathways may not affect the microbiology 
of CIED infections. Previous studies also reported that 
the main causative pathogens of CIED infections are 
staphylococcal species.23 However, previous studies did not 
discuss the pathogenic pathways, unlike the present study.

PR SI vs. Non-PR SI  We compared the temporal and 
microbiological distributions among SIs caused by different 
pathogenic intrusion. This subanalysis provided a com-
parison between different pathogenic pathways (PR vs. 
non-PR infection) with the same clinical presentation (SI). 
Differences in the temporal distribution were observed 
between PR and non-PR SIs (Figure 5B). Non-PR SIs 
showed a uniform distribution over all time periods. In 
contrast, systemic PR infections peaked in the first year 
after the last CIED manipulation. This peak may be asso-
ciated with surgery of the CIED pocket sites. However, 
both infection types showed a similar trend in temporal 
distribution after the second year. Pathogenic pathways 
affected the temporal differences between the 2 groups. The 
causative pathogens were mainly staphylococcal species in 
both groups (Supplementary Table 2). Although there was 
no significant difference between the 2 groups, infection 
with S. aureus was 2-folde higher in PR SI than non-PR SI. 
This suggests that the main pathogenic pathway of S. aureus 
was the CIED pocket site. However, it is possible that S. 
aureus induces SI even from other types of pathogenic 
intrusion. Therefore, regarding the comparison between 
SIs and LIs in the present study, this was one of the reasons 
for a higher proportion of SIs than LIs.

PR SI vs. PR LI  This subanalysis compared findings 
between different infection patterns (SI vs. LI) with the same 
pathogenic pathway (CIED PR infection) with respect to 
temporal distribution and microbiological proportions. 
Both groups showed similar temporal trends. Specifically, 
infections peaked in both groups during the first year. All 
PR infections showed the same temporal distribution 
because all infections were associated with surgical CIED 
pocket sites. Surprisingly, approximately 50% of S. aureus 
infections on CIED pocket sites deteriorated into SI 
(Supplementary Table 3). In the temporal analysis, 30–60% 
of S. aureus infections caused SIs within the second year 
after the last CIED pocket manipulation (Figure 5C). Even 
after 5 years, PR SIs caused by S. aureus were detected in 
our cohort. Among the cases of PR S. aureus infections, 
37.5% worsened to SI (mean 37.5%; range 0–66.7%). 
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