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Background. Staphylococcus aureus bacteremia (SAB) is a high-risk condition associated with high morbidity and mortality. In 
the presence of cardiac implantable electronic devices (CIEDs), SAB may cause or clinically indicate device infection. We aimed to 
estimate the 10-year absolute risk of SAB in adult Danish first-time CIED carriers. Secondary aims included identification of risk 
factors associated with SAB.

Methods. A registry-based study utilizing Danish nationwide registers and including consecutive Danish patients undergoing 
first CIED implantation between 2000 and 2020 was conducted. The primary outcome was first-time SAB after CIED implantation.

Results. A total of 87 257 patients with first CIED implantation in the study period were identified (median age, 75 years; 62.6% 
were male; median follow-up, 3.8 years). Patients with pacemakers (PMs) were older and with more noncardiovascular 
comorbidities compared to patients with implantable cardioverter defibrillators (ICDs) and cardiac resynchronization therapy 
devices with or without defibrillator capacity (CRTs). In total, 1366 patients (1.6%) developed SAB. The 10-year absolute risk 
(95% confidence interval) of SAB was 2.0% (1.9%–2.1%) for PM, 2.6% (2.2%–3.1%) for ICD, and 3.7% (3.0%–4.5%) for CRT. A 
multivariable Cox analysis identified hemodialysis (hazard ratio [HR], 8.51), SAB before CIED (HR, 2.76), liver disease (HR, 
2.35), and carrying a CRT device (HR, 1.68) among the covariates associated with increased risk of SAB.

Conclusions. The absolute risk of SAB in Danish CIED carriers increased with more advanced CIED systems. The risk was 
highest within the first 3 months after CIED implantation and increased with the presence of certain covariates including renal 
dialysis, SAB before CIED, male sex, and advancing age.
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Graphical Abstract
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Device infection is the most feared infectious complication in 
patients with permanent cardiac implantable electronic devices 
(CIEDs), as it is associated with high morbidity and mortality 
and in general requires device extraction [1]. The most common 
pathogen encountered in CIED infections is Staphylococcus au-
reus (SA), accounting for approximately 30% of all infections 
[1–3]. In the case of Staphylococcus aureus bacteremia (SAB) 
in patients with CIEDs, studies have shown a risk of up to 
50% for developing clinically verified device infection [4]. 
However, there is a paucity of data examining the risk of devel-
oping SAB in patients carrying a CIED.

During the past 20 years, the implantation rate of CIEDs has 
increased significantly [5], as has the burden of infections relat-
ed to CIEDs [6, 7]. SA may cause biofilm formation on implant-
ed foreign bodies and thus, bacteremia with SA may lead to 
device infection in CIED patients. Preventive measures to avoid 
infection post–CIED implantation include careful patient se-
lection, adequate training of surgical staff, proper skin disinfec-
tion, prophylactic antibiotic, implementation of antibiotic 
envelopes, and post-procedure wound care [1, 8]. Previous 
studies within the field have focused on the prevalence of def-
inite device infection in patients with CIEDs and SAB [9–11]. 
However, the occurrence of SAB in patients with CIEDs on a 
population-based level is not well described. Given the serious 
nature and potential clinical consequences of SAB in CIED pa-
tients, it is of utmost importance to quantify the incidence and 

risk of SAB in this population to help guide the risk stratifica-
tion and treatment in real-world clinical practice.

Utilizing Danish nationwide registers, we aimed to estimate the 
risk of SAB in adult Danish patients following de novo CIED im-
plantation through the years 2000–2020. Furthermore, we aimed 
to identify factors associated with SAB in patients with CIEDs.

METHODS

The present study was carried out as a nationwide register 
study, cross-linking administrative Danish nationwide registers 
and clinical quality databases. All data contained within the 
registers have been prospectively collected over time.

Data Sources

All Danish residents are equipped with a personal and unique 
social security number, which serves as personal identifier 
across official administrative systems and healthcare registers. 
Anonymized, this number makes it possible to cross-link the 
nationwide registers on an individual level without compromis-
ing patient anonymity and integrity. We used data obtained 
from 5 different registers: 

1. The Danish Pacemaker and ICD [implantable cardioverter 
defibrillator] Register, which contains information on all 
Danish CIED procedures starting from 1982 [12].
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2. The National Danish Staphylococcus aureus Bacteraemia 
Database hosted by Statens Serum Institut. Starting from 
1957, it contains data on >90% of all microbiologically ver-
ified SABs in Denmark [13, 14].

3. The Danish National Patient Register contains data on all 
hospital admissions and contacts (inpatient and outpatient) 
classified according to the International Classification of 
Diseases [15]. The register obtained complete coverage in 
1978.

4. The Danish Register of Medicinal Product Statistics holds in-
formation on all prescriptions dispersed from Danish phar-
macies classified according to the Anatomical Therapeutic 
Chemical classification system [16].

5. The Danish Civil Registration System, which contains data 
on date of birth, date of death, vital status, sex, and migra-
tion [17].

Study Population

We identified all Danish patients with a CIED-related 
procedure between 1 January 2000 and 31 December 2020. 
Procedures in which the patient were aged <18 or >99 years 
were excluded from the study cohort. Index was defined as 
date of first CIED procedure and follow-up continued until 
occurrence of the primary endpoint (first-time SAB), death, em-
igration, end-of-study (31 December 2020), or date of next 
CIED-related procedure, whichever came first. To ensure 
follow-up, we excluded foreign citizens, patients who emigrated 
prior to CIED implantation, patients with missing data, and 
patients with a solitary lead-related procedure as first database 
entry due to missing information on date and type of first 
CIED implant.

Baseline Characteristics

Comorbidities and operative procedures at index were defined 
according to International Classification of Diseases codes regis-
tered as primary or secondary diagnosis related to hospital 
contacts. Conditions were assessed as ever registered or in a 
timespan covering up to 5 years prior to index date, whichever 
was clinically relevant (Supplementary Table 1). For the 
diagnoses of diabetes and chronic obstructive pulmonary 
disease, the definition included redeemed prescriptions for 
disease-relevant drugs. We defined baseline pharmacotherapy 
as at least 1 filled prescription for a given remedy within 
6 months prior to index date.

Outcome and Analyses

The primary outcome was defined as first episode of SAB after 
CIED implantation. Date of SAB was identified from the 
National Danish SAB Database. The primary analyses estimat-
ing the cumulative risk of SAB were carried out on all de novo 
CIED procedures and were stratified by CIED type and sex. 
Patients carrying cardiac resynchronization therapy (CRT) 

devices were combined in 1 group, irrespective of ICD capabil-
ity due to the same number of leads. Up-/downgrade proce-
dures were defined according to changes between device 
types—that is, upgrade procedures were defined as shifts 
from pacemaker (PM) to ICD/CRT or from ICD to CRT, while 
downgrade procedures were defined as shifts from CRT to 
ICD/PM or from ICD to PM. Secondary analyses estimating 
the cumulative incidence of SAB across all eligible procedures 
were stratified by procedure type (de novo implants, generator 
exchanges, or upgrades/downgrades) and cumulative number 
of CIED-related procedures (de novo implants, hardware re-
placements including up- and downgrades, revisions without 
hardware change, and solitary extractions). Patients with >1 
procedure were allowed multiple entries in the secondary anal-
yses. We defined index as the date of a given procedure. 
Follow-up for the specific procedure ended at time of first-time 
SAB, death, emigration, end of study (31 December 2020), or 
date of next procedure in the study period, whichever came 
first. A new entry was allowed at the date of next procedure. 
Only procedures including hardware changes were incorporat-
ed in the analysis of procedure type while all procedures 
were integrated when analyzing cumulative number of 
procedures.

Statistical Analyses

Baseline characteristics of the primary study population were 
stratified according to device type. Data are presented as crude 
numbers and percentages for categorical variables and median 
with interquartile range (IQR) for continuous variables. 
The primary outcome of first-time SAB after CIED implanta-
tion is reported as cumulative incidence estimated by 
Aalen-Johansen estimator accounting for the competing risk 
of death. All-cause mortality from date of de novo CIED im-
plantation was estimated and reported as absolute risk. 
Incidence rates were calculated using days at risk for every pa-
tient. Factors associated with SAB in all de novo CIED implants 
were estimated through an adjusted multivariable Cox propor-
tional hazard regression. We examined the covariates: sex, age, 
device type, implantation year, selected comorbidities (eg, dia-
betes, renal dialysis, SAB before CIED), and prior relevant sur-
gical procedures (coronary artery bypass grafting, prosthetic 
heart valves, surgery (thoracic not including CIED procedures, 
abdominal, orthopedic, gynecologic, dermatological, or urolog-
ic) within 1 year prior to CIED implantation. The proportional 
hazard assumption was tested by scaled Schoenfeld residuals 
and by visual inspection of log(-log) curves and were found val-
id. Interaction between device type and sex and age, respective-
ly, was assessed by likelihood ratio test. Data management and 
statistical analyses were carried out through the secure research 
facilities of Statistics Denmark using SAS statistical software 
version 9.4 (SAS Institute, Cary, North Carolina) and R 
Studio software (version 2022.7.0) [18].
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Ethics

Register-based studies do not need ethical approval in 
Denmark. Data access was approved and granted by the data 
responsibility institute in the Capital Region of Denmark (ap-
proval number P-2019-191)

RESULTS

Study Population and Baseline Characteristics

We identified 124 877 CIED-related procedures in Denmark 
between 2000 and 2020. Based on the exclusion criteria, 3434 
procedures were excluded. Of the remaining procedures, 
87 257 were de novo implantations, which formed our primary 
study population (Figure 1). Median device follow-up for de 
novo implants was 3.8 years (IQR, 1.5–6.8 years).

Patient characteristics at baseline varied between device 
types (Table 1). The majority of the primary study population 
consisted of patients with PMs (75.8%), who overall were older 
with more noncardiovascular comorbidities compared to 
patients with ICDs and CRT. Male sex was more frequently 
encountered among the patients with ICDs and CRTs. We 

observed less ischemic heart disease and associated interven-
tional procedures among patients with PMs compared to those 
with ICDs and CRT. Previous SAB and hemodialysis were 
equally distributed across device types. Surgical procedures 
(thoracic not including CIED procedures, abdominal, orthope-
dic, gynecologic, dermatological, or urologic) within 1 year pri-
or to CIED implantation was less frequently observed in 
patients with PMs compared to those with ICDs and CRTs. 
Patients in the ICD and CRT groups received more heart- 
specific medication, anticoagulants, and diuretics compared 
to PM patients at baseline.

Incidence of SAB and All-Cause Mortality

We recorded a total of 1366 SAB cases (PM, n = 974; ICD, 
n = 222; CRT, n = 170) following de novo CIED implantation 
across the study period covering 21 calendar years and 376  
144 person-years. Median time to SAB was 1.8 years (IQR, 
0.5–4.2 years). The 10-year cumulative incidence of SAB was 
2.0% (95% confidence interval [CI], 1.9%–2.1%) for PM, 
2.6% (95% CI, 2.2%–3.1%) for ICDs, and 3.7% (95% CI, 
3.0%–4.5%) for CRTs (Figure 2A). The greatest increase in 

-

Figure 1. Flowchart of study population. The primary study population consisted of 87 257 patients with a de novo cardiac implantable electronic device. Secondary anal-
yses were carried out on all eligible procedures. Abbreviations: CIED, cardiac implantable electronic device; CRT, cardiac resynchronization therapy; ICD, implantable car-
dioverter defibrillator; PM, pacemaker.
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the rate of SAB was observed within the first 3 months after im-
plantation and was greater for patients who had received a CRT 
device compared to patients with a PM or ICD (Figure 2B, 
Table 2). The 10-year all-cause mortality from date of de 
novo CIED implantation was highest among patients with a 
PM (63.2%) and lowest among patients with an ICD (41.7%) 
(Figure 3).

Incidence of SAB According to Subgroup

The cumulative incidence of SAB was higher for males com-
pared to females, across all device types, with male CRT pa-
tients having the highest risk (4.4%) (Figure 4). Patients who 
underwent upgrade and downgrade procedures had a higher 
cumulative incidence of SAB compared to de novo implant 

procedures and generator exchanges (Figure 5). The risk of 
SAB increased with the cumulative number of CIED-related 
procedures (Figure 6).

Factors Associated With SAB

In adjusted analysis of all de novo CIED implantation proce-
dures, a total of 12 factors were significantly associated with 
an increased hazard of SAB (Figure 7). Hemodialysis within 
6 months of CIED implantation showed the highest hazard. 
Likewise, we observed that older age and male sex were associ-
ated with an increased hazard of SAB. No interaction between 
device type and age (P = .08) or device type and sex 
(P = .12) was demonstrated. Compared to PM, having a CRT 
implanted was associated with increased hazard of SAB, 

Table 1. Baseline Characteristics of the Primary Study Cohort Consisting of Patients With De Novo Cardiac Implantable Electronic Devices

Characteristic
PM 

(n = 66 180)
ICD 

(n = 13 504)
CRT 

(n = 7573)
Total 

(N = 87 257)

Age, y, median (IQR) 77 (70–84) 64 (55–71) 69 (61–76) 75 (66–82)

Male sex 37 910 (57.3) 10 997 (81.4) 5697 (75.2) 54 604 (62.6)

Previous SAB 555 (0.8) 154 (1.1) 78 (1.0) 787 (0.9)

Comorbidity

AMI 8489 (12.8) 6295 (46.6) 2224 (29.4) 17 008 (19.5)

IHD 23 242 (35.1) 10 135 (75.1) 4972 (65.7) 38 349 (43.9)

Congestive heart failure 12 321 (18.6) 8453 (62.6) 7038 (92.9) 27 812 (31.9)

Aortic valve disease 8302 (12.5) 788 (5.8) 972 (12.8) 10 062 (11.5)

Mitral valve disease 2892 (4.4) 670 (5.0) 658 (8.7) 4220 (4.8)

Atrial fibrillation 26 102 (39.4) 3208 (23.8) 2381 (31.4) 31 691 (36.3)

Stroke 9013 (13.6) 1337 (9.9) 827 (10.9) 11 177 (12.8)

COPD 10 113 (15.3) 2036 (15.1) 1661 (21.9) 13 810 (15.8)

Diabetes 10 096 (15.3) 2348 (17.4) 1697 (22.4) 14 141 (16.2)

Cancer 7532 (11.4) 803 (5.9) 632 (8.3) 8967 (10.3)

Impaired renal function 4220 (6.4) 884 (6.5) 701 (9.3) 5805 (6.7)

End-stage renal disease 591 (0.9) 127 (0.9) 71 (0.9) 789 (0.9)

Dementia 1691 (2.6) 30 (0.2) 23 (0.3) 1744 (2.0)

Alcohol abuse with hospital contact 1193 (1.8) 312 (2.3) 162 (2.1) 1667 (1.9)

Liver disease 667 (1.0) 131 (1.0) 101 (1.3) 899 (1.0)

Procedures

Hemodialysis within 6 mo 490 (0.7) 102 (0.8) 55 (0.7) 647 (0.7)

PCI 6033 (9.1) 5730 (42.4) 1915 (25.3) 13 678 (15.7)

CABG 3846 (5.8) 2860 (21.2) 1147 (15.1) 7853 (9.0)

Prosthetic heart valve 3631 (5.5) 423 (3.1) 585 (7.7) 4639 (5.3)

Surgery within 1 y 15 460 (23.4) 6441 (47.7) 2324 (30.7) 24 225 (27.8)

Pharmacotherapy

Anticoagulant therapy 16 564 (25.0) 2844 (21.1) 2364 (31.2) 21 772 (25.0)

Antiplatelet therapy 5009 (7.6) 2739 (20.3) 1070 (14.1) 8818 (10.1)

RAAS inhibition 29 373 (44.4) 8431 (62.4) 6417 (84.7) 44 221 (50.7)

Thiazide diuretics 11 654 (17.6) 1159 (8.6) 717 (9.5) 13 530 (15.5)

β-blockers 21 780 (32.9) 7772 (57.6) 5721 (75.5) 35 273 (40.4)

Anti-arrhythmic medication 2171 (3.3) 617 (4.6) 605 (8.0) 3393 (3.9)

Lipid lowering 23 217 (35.1) 7574 (56.1) 4470 (59.0) 35 261 (40.4)

Loop diuretics 17 969 (27.2) 4520 (33.5) 4824 (63.7) 27 313 (31.3)

Systemic corticosteroids 4167 (6.3) 572 (4.2) 537 (7.1) 5276 (6.0)

Antipsychotics 2043 (3.1) 258 (1.9) 154 (2.0) 2455 (2.8)

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; ICD, 
implantable cardioverter defibrillator; IHD, ischemic heart disease; IQR, interquartile range; PCI, percutaneous coronary intervention; PM, pacemaker; RAAS, renin-angiotensin-aldosterone 
system; SAB, Staphylococcus aureus bacteremia.
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whereas ICDs showed no significantly increased hazard. We ob-
served no difference in the hazard of SAB across the study years. 
Chronic medical conditions with a potential to compromise the 
immune system (cancerous disease, alcohol abuse, systemic cor-
ticosteroids, hemodialysis, liver disease, and diabetes) showed 
an increased hazard of SAB, as did the presence of prosthetic 
heart valves. Univariate analyses of the factors showed similar 
results (Supplementary Table 2). When evaluating covariates 
associated with SAB early after CIED implantation (within 0– 
90 days), we found that diabetes, surgery within 1 year of 
CIED implantation, SAB prior to CIED, renal dialysis within 
6 months of CIED implantation, and the implantation of a 
CRT device compared to PM were associated with increased 
hazard of SAB (Supplementary Figure 1). In a landmark analy-
sis, we evaluated covariates associated with late SAB (>90 days 
from CIED implantation) and found similar results as the main 
analysis (including overall SAB, irrespective of time from CIED 
implantation) (Supplementary Figure 2).

DISCUSSION

Incidence and Risk of SAB

In this Danish nationwide cohort study, we investigated the risk 
of SAB after CIED implantation in adult Danish patients be-
tween 2000 and 2020. The main finding of our study was that 

the risk of SAB in CIED patients varied with device type. The 
crude risk of SAB in patients with a CRT was significantly in-
creased compared to other device types, and almost twice as 
high compared to patients with a PM. The adjusted analysis 
showed a significant association between occurrence of SAB 
and device complexity, with increased hazard of SAB in pa-
tients with CRTs compared with PMs. These observations are 
in line with previous findings regarding infective complications 
following CIED implantation. A previous Danish study evalu-
ated CIED infections of all microbiological origins in 97 750 
patients and found a hazard ratio of 2.22 and 1.68 for 
CRT-Defibrillator (CRT-D) and CRT-Pacemaker (CRT-P), re-
spectively, compared to PMs [19]. Likewise, an analysis of a 
subpopulation from the "World-wide Randomized Antibiotic 
Envelope Infection Prevention" Trial (WRAP-IT) showed in-
creased risk of microbiological unspecified CIED infection 
with CRT-P and CRT-D compared to PMs and ICDs [20]. 
SA has been observed as the main pathogen in up to 30% of 
CIED-related infections, and thus contributes substantially to 
the infective burden related to CIED implantations [1, 3]. 
Although we observed a trend (hazard ratio [HR], 1.14 [95% 
CI, 0.96–1.34]) toward increased risk of SAB in patients im-
planted with an ICD compared to patients implanted with a 
PM, we were unable to show a statistically significant associa-
tion. This latter finding contrasts with the observations of 

A

B

P < .0001

P = .03

Figure 2. Ten-year (A) and 360-day (B) cumulative incidence of Staphylococcus aureus bacteremia after de novo cardiac implantable electronic device implantation ac-
counting for the competing risk of death, both stratified by device type. Abbreviations: CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; PM, 
pacemaker; SAB, Staphylococcus aureus bacteremia.
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Olsen and colleagues who evaluated confirmed CIED infec-
tions of all microbiological origins [19]. Even though SAB in 
CIED patients may not per se equal device infection, the risk 
is reported as high as 50% [4, 9]. Thus, bloodstream infections 
with SA should be prevented whenever possible. Our data con-
firm the trend toward an increased risk of SAB with more 
implanted hardware; thus, the more advanced the device, the 
higher the risk of infection. It is well established that implanta-
tion of foreign bodies increases the risk of systemic infections 
[21]. Our findings support this fact with respect to CIEDs. 
However, one must bear in mind the observational nature 
of the present study and thus only an association can be 
demonstrated.

The 10-year all-cause mortality was observed to be signifi-
cantly higher among patients with a PM (63.2%) compared to 
patients carrying a CRT device (57.2%) or an ICD (41.7%). 
This undoubtedly reflects the higher median age at the time 
of CIED implantation among the patients with PMs com-
pared to patients with ICDs and CRTs. Even with a high 
10-year all-cause mortality among the patients with PM, 
the risk of SAB remained high compared to a nonselected pa-
tient population [22], in which the 3-year incidence rate of 
SAB in patients >75 years old was observed to range between 
107.7 and 126.7 per 100 000 person-years. The high mortality 
and relatively higher risk of SAB among patients with a CRT 
compared to patients with a PM draws attention to the differ-
ence in age at the time of CIED implantation and comorbidity 
burden of the groups in-between. Diabetes and recent surgery 
are reported as risk factors for SAB in non-CIED patients 
[23], and the higher prevalence of these 2 factors observed 
in the patients with CRTs could contribute to the higher 
risk of SAB compared to patients with PMs. When interpret-
ing the results of the present study, one must bear in mind the 
ever-present challenge of competing risk of death in observa-
tional studies. Given a relatively higher age at baseline com-
pared to patients with CRTs and ICDs, the patients implanted 
with a PM might simply die before they contract SA and de-
velop SAB.

Timing of Infection

It is suggested that infection in close timely relation to CIED 
procedures might be associated to procedural factors, while in-
fection separated in time from the operational procedure could 
be the result of hematogenous infection or spreading from pe-
ripheral primary infection [24]. In previous studies, the cut-off 
between early and late infection has been set at different time 
points from last CIED procedure, varying from 30 days to 
1 year [24–26]. We observed the highest incidence rate of 
SAB to occur within the first 3 months from CIED implanta-
tion, and more profound for CRTs compared to ICDs and 
PMs (Table 2). Our findings suggest that the previous defini-
tion of surgical site infection, defined as infections occurring 
up to 1 year after surgery in patients receiving implants [27], 
might not be applicable in the case of SAB in CIED patients. 
Rather, the cut-off between early and late SAB following 
CIED implantations could appropriately be set at 3 months, 
corresponding to the updated definitions and recommenda-
tions of the Centers for Disease Control and Prevention’s 
National Healthcare Safety Network, which recommends a 
90-day surveillance period for surgical site infection following 
CIED procedures [28].

In our study, we observed an increased risk of SAB with male 
sex compared to female sex, regardless of device type. The high-
er risk of SAB among males compared to females is well-known 
and previously described [23, 29, 30]. Additionally, we ob-
served a tendency toward a higher risk of SAB with more ad-
vanced devices among males. Interestingly, we did not see the 
same tendency among the female patients, and the hierarchy 
within the complexity of the CIEDs and associated risk of 
SAB seemed to equalize.

When exploring factors associated with SAB after de novo 
CIED implantation, we found that hemodialysis within 
6 months of CIED implantation and prior SAB were associated 
with a large increase in the HR of SAB. Additionally, implanta-
tion of prosthetic heart valves and chronic comorbidities with 
the potential to weaken the immune system were associated 
with a statistically significantly increased hazard of SAB, as 

Table 2. Incidence Rates of Staphylococcus aureus Bacteremia After De Novo Cardiac Implantable Electronic Device Implantation According to Device 
Type, 2000–2020

Months From CIED Implantation Total No. of SAB Cases
PM 

(IR/100 000 PY)
ICD 

(IR/100 000 PY)
CRT 

(IR/100 000 PY)
Total 

(IR/100 000 PY)

0–1 131 1707 (1390–2097) 2097 (1394–3156) 2784 (1731–4478) 1862 (1569–2209)

1–2 74 1021 (780–1337) 650 (310–1363) 2378 (1408–4015) 1080 (860–1356)

2–3 47 629 (447–884) 1004 (556–1814) 508 (164–1576) 678 (509–902)

3–6 106 526 (422–656) 473 (285–784) 711 (404–1253) 534 (441–646)

6–9 71 388 (298–506) 264 (132–527) 503 (251–1005) 378 (300–477)

9–12 70 383 (292–503) 443 (257–763) 328 (137–788) 388 (307–491)

12–24 215 285 (242–337) 369 (271–504) 635 (456–884) 329 (287–376)

24–36 155 279 (2323–336) 235 (155–357) 388 (245–616) 281 (240–329)

Abbreviations: CIED, cardiac implantable electronic device; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; IR, incidence rate; PM, pacemaker; PY, 
person-years; SAB, Staphylococcus aureus bacteremia.
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were operative procedures within 1 year prior to CIED implan-
tation. Most of the identified factors were nonmodifiable and 
comparable to known risk factors for SAB in non-CIED 

patients [23, 31]. When analyzing factors associated with SAB 
dependent on time from CIED implantation, we found differ-
ences in associated factors for early SAB (within 90 days of 

P < .0001

Figure 3. Ten-year all-cause mortality from date of cardiac implantable electronic device implantation, stratified by device type. Abbreviations: CIED, cardiac implantable 
electronic device; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; PM, pacemaker.

Figure 4. Ten-year cumulative incidence of Staphylococcus aureus bacteremia accounting for the competing risk of death, stratified by device type and sex. Abbreviations: 
CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; PM, pacemaker; SAB, Staphylococcus aureus bacteremia.
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CIED implantation) and late SAB (>90 days after CIED im-
plantation). Early infection was associated with prior SAB 
and covariates related to breach of the skin barrier (dialysis 
and surgery within 1 year of CIED), whereas late infection 
showed the same associations as the time-independent analysis. 
It is plausible that early infection primarily reflects contamina-
tion in relation to the device procedure or other recent inter-
ventions with penetration of the skin barrier, that is, direct 
contamination. On the other hand, late infections might reflect 
other entrance points of infection and a chronic susceptibility 

to infections highlighted by the association to covariates previ-
ously shown to increase the risk of systemic infections (eg, male 
sex, high age, diabetes) [23, 31].

Our observation that the risk of SAB increases with advanced 
age does not correlate with previous results on definite CIED 
infections across all microbiological origins [32] where increas-
ing age was observed to lower the infection risk. This discrep-
ancy might indicate that bloodstream infections with SA 
differentiate from the pool of infections analyzed by Olsen 
and colleagues [32], and that chronic comorbidities and frailty 

P < .0001

Figure 5. Eight-year cumulative incidence of Staphylococcus aureus bacteremia (SAB) accounting for the competing risk of death, stratified by type of procedure. First = de 
novo implantation, Exchange = generator exchange, Up-/downgrade = cardiac implantable electronic device upgrade or downgrade.

P < .0001

Figure 6. Eight-year cumulative incidence of Staphylococcus aureus bacteremia (SAB) accounting for the competing risk of death, stratified by cumulative number of car-
diac implantable electronic device–related procedures.
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of the elderly have more impact than the cumulated time with 
an implanted CIED. Additionally, the difference probably re-
flects the outcomes of the studies: SAB versus definite CIED in-
fections, defined as device removal due to infection. The 
decision about device removal is again impacted by age and 
frailty so that younger patients with less comorbidity are 
more prone to get extracted.

Our secondary analyses estimated a greater risk of SAB with 
increasing number of CIED-related procedures. This observation 
supports the previous findings of Olsen et al and Tarakji et al, un-
derscoring the need for minimizing the number of invasive pro-
cedures whenever possible [19, 20], as well as securing correct 
treatment indication and appropriate choice of device. 
Additionally, we observed that up- and downgrade procedures 
were associated with increased risk of SAB compared to de 
novo implants. We were not able to show a statistically significant 
difference between de novo implants and generator exchanges. 
These results are in opposition to the findings of Olsen and col-
leagues [19] who, through a multivariable regression analysis, 
found increased infection risk with both upgrade/downgrade 
procedures and replacements compared to de novo implanta-
tions (HR, 4.39 and 4.93 for up-/downgrade and replacements, 
respectively). A likely explanation for this inconsistency is the 
afore-mentioned difference in endpoints: SAB versus definite de-
vice infection by all microorganisms assessed by device explant. 
Furthermore, it is reasonable to expect that generator exchange 
increases the risk of localized pocket infection, which leads to 

device extraction but does not increase the risk of SAB. Our re-
sults suggest that procedures involving leads and intravascular 
material including abandoned hardware carry a greater risk of 
SAB than procedures involving only the generator.

Strengths and Limitations

Data on CIED procedures were derived from the Danish 
Pacemaker and ICD Register, which is a clinical quality database, 
organized under the Danish Clinical Registries (RKKP). The reg-
ister is updated by the treating physician at every procedure un-
dertaken. All 14 implantation centers in Denmark report to the 
register and the coverage is considered complete regarding pro-
cedures and the data of high quality. The National Danish SAB 
Database contains >90% of all microbiologically verified SABs in 
Denmark. However, the reporting is voluntary, and we cannot 
exclude the possibility that some cases might be missing. 
Overall, we consider the study’s selection bias minimal. We con-
sider the size and nationwide coverage of data a great strength. 
From the definitions and type of data included in the study, 
we cannot conclude if definite device endocarditis was present 
in the SAB patients. This question is central in the discussion 
of infective complications after CIED implantations, but would 
require clinical, imaging, and/or autopsy data. Observational 
studies have inherent limitations including confounding by indi-
cation and the lack of possibilities for establishing a causal rela-
tionship. The present study should be considered descriptive of 
the population in question. Further studies within the subject are 

≥81

corticosteroids

Figure 7. Adjusted multivariable Cox regression model showing risk factors associated with Staphylococcus aureus bacteremia after de novo cardiac implantable elec-
tronic device implantation. Abbreviations: CABG, coronary artery bypass grafting; CI, confidence interval; CIED, cardiac implantable electronic device; CRT, cardiac resynch-
ronization therapy; HR, hazard ratio; ICD, implantable cardioverter defibrillator; PM, pacemaker; SAB, Staphylococcus aureus bacteremia.
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encouraged, preferably in the form of randomized trials, to un-
cover potential causality.

CONCLUSIONS

In this nationwide cohort study of Danish patients with cardiac 
implatable electronic devices from 2000 to 2020, the 10-year cu-
mulative incidence of Staphylococcus aureus bacteremia was 
2.0% for patients with a PM, 2.7% for patients with an ICD, 
and 3.7% for patients carrying a CRT. The risk was highest with-
in the first 3 months after implantation and increased with more 
advanced devices, male sex, advancing age, and cumulative 
number of procedures.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.
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