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Abstract

Aims Cardiac implantable electronic device (CIED) infection is a severe complication to modern management of cardiac arrhyth
mias. The CIED type and the type of surgery are recognized as risk factors for CIED infections, but knowledge of patient- 
related risk factors is scarce. This study aimed to identify lifelong patient-related risk factors for CIED infections.

Methods 
and results

Consecutive Danish patients undergoing a CIED implantation or reoperation between January 1996 and April 2018 were 
included. The cohort consisted of 84 429 patients undergoing 108 494 CIED surgeries with a combined follow-up of 458 257 
CIED-years. A total of 1556 CIED explantations were classified as either pocket (n = 1022) or systemic CIED infection (n = 
534). Data were cross-linked with records from the Danish National Patient Registry and the Danish National Prescription 
Registry. Using multiple-record and multiple-event per subject proportional hazard analysis, specific patient-related risk fac
tors were identified but with several variations amongst the subtypes of CIED infection. CIED reoperations were associated 
with the highest risk of pocket CIED infection but also CIED type, young age, and prior valvular surgery [hazard ratio (HR): 
1.62, 95% confidence interval (CI): 1.29–2.04]. Severe renal insufficiency/dialysis (HR: 2.40, 95% CI: 1.65–3.49), dermatitis 
(HR: 2.80, 95% CI: 1.92–4.05), and prior valvular surgery (HR: 2.09, 95% CI: 1.59–2.75) were associated with the highest 
risk of systemic CIED infections. Congestive heart failure, ischaemic heart disease, malignancy, chronic obstructive pulmon
ary disease, and temporary pacing were not significant at multivariate analysis.

Conclusion Specific comorbidities and surgical procedures were associated with a higher risk of CIED infections but with variations 
amongst pocket and systemic CIED infection. Pocket CIED infections were associated with CIED reoperations, young 
age and more complex type of CIED, whereas systemic CIED infections were associated with risk factors predisposing 
to bacteraemia.
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Structured Graphical Abstract

Cardiac implantable electronic device (CIED)-infection is a severe complication in the management of cardiac arrhythmias. Knowledge of 
long-term patient-related risk factors is scarce. The study aimed to identify lifelong patient-related risk factors for CIED-infections.

young age and more complex type of CIED. Systemic CIED-infections were mainly associated with risk factors predisposing to
bacteraemia.
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Introduction
Cardiac implantable electronic devices (CIEDs) are a cornerstone in 
modern management of cardiac arrhythmias, increasing both survival 

and quality of life.1–3 Infection in CIED systems is a rare,4–8 but severe 
complication whose clinical impact has increased during recent years.7,9

The pathogenesis is thought to be either surgery-related contamin
ation, or haematogenous seeding.10 Infections manifest as either loca
lized pocket CIED infection or systemic CIED infection with or 
without lead-associated endocarditis.10 In either cases, bacterial colon
ization and migration along the leads might proliferate and overlap this 
traditional classification. Systemic CIED infection can arise from in
fected heart valves but may also precipitate infective valvular endocar
ditis. Optimal treatment necessitates total CIED system explantation 
due to biofilm formation and bacterial migration along the leads.10
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Most prior studies have concentrated on the early post-operative per
iod (mainly pocket CIED infection),11 whereas knowledge about the 
lifelong risk is scarce, especially regarding systemic CIED infections. 
Several risk factors (CIED type, sex, age, CIED reoperations, temporary 
pacing, abstaining from prophylactic antibiotics and fever) have been 
linked with increased risk of CIED infections,4–7,12–14 while knowledge 
about most patient-related risk factors is inadequate. Aiming for a bet
ter understanding of which of the CIED recipients have the highest life
long risk for CIED infections, we investigated the association between 
patient-related risk factors in addition to previously identified risk 
factors.4

Methods
Data sources
Data were collected from three nationwide registries: the Danish National 
Patient Registry (DNPR), the Danish National Prescription Registry (NPR), 
and the Danish Pacemaker and International Classification of Disease (ICD) 
register (DPIR). Data were cross-linked, using the unique personal identi
fier, Central Person Register (CPR) number, provided to all Danish citizens 
either at birth or when achieving permanent residency.15

The DPIR was founded in 1982 by physicians from all the CIED implant
ing centres in Denmark. It contains detailed clinical and technical informa
tion on all CIED surgeries in Denmark, including reasons for hardware 
explants.16 Patients are followed prospectively with regular follow-up until 
death or emigration. The DNPR has collected administrative and clinical 
data on all hospital admission in Denmark since 1977, using the ICD system, 
10th revision (ICD-10) since 1995, and the Nordic Medico-Statistical 
Committee classification of surgical procedures (NCSPs).17,18 The NPR is 
an administrative register based on the Anatomical Therapeutic Chemical 
(ATC) classification system and containing individual-level information on 
all prescription-sold medication in Denmark, making it possible to track pre
scription history over time.19,20 Data quality of the DNPR and NPR is se
cured by a combination of legislation and a reimbursement driven 
motivation.

Study population and event definition
In a nationwide setting, all patients undergoing CIED surgery in Denmark 
between January 1996 and April 2018 were included. Patients were identi
fied in DPIR and followed lifelong or right censored at the end of the study 
period, death, emigration, or lost to follow-up. Patients with CIED reopera
tions (replacement, up/downgrades, and explants) were censored at the 
date of surgery and re-included with a new entry date if a new CIED was 
implanted.

We defined CIED infections as CIED explants registered as either sys
temic or pocket CIED infection. Chronic diseases and prior surgery were 
included if occurring at any time before index CIED implantation, while 
temporary procedures [e.g. central venous catheters (CVCs), admission 
to intensive care unit and temporary transvenous cardiac pacing] were in
cluded, if occurring within 3 months prior to the index CIED implantation. 
Concomitant usage of pharmaceutical drugs was defined based on the prin
ciples of the waiting time distribution21 and included if prescriptions of per
sistent medications were as follows: (i) redeemed at any time before the 
index CIED implantation and (ii) redeemed continuously up till the index 
CIED implantation. Transient medications were included if prescriptions 
were redeemed <3 months prior to the index CIED implantation. 
ICD-10, NCSP, and ATC codes used for identification of comorbidities 
and concomitant medications can be found in Supplementary material 
online, Table S1.

The study was approved by the Danish Data Protection Agency (Jrn. 18/ 
20048(16/39520)), the DPIR steering committee and conducted according 
to the Declaration of Helsinki. According to Danish law, ethics committee 
approval is not required for registry-based studies.

Statistical analysis
Statistical analyses were performed using Stata software package 
(StataCorp. 2021. Stata Statistical Software: Release 17. College Station, 
TX: StataCorp LLC). Categorical variables are presented with number 
and/or frequencies while continuous variables are presented as either the 
mean or median value with interquartile range (IQR). Charlson 
Comorbidity Index (CCI) were calculated for each patient and presented 
as mean and categorical values for each CIED type.

We conducted a multiple-record and multiple-event per subject propor
tional hazard analysis to identify independent risk factors. Cardiac comorbid
ities, medical conditions associated with secondary immunodeficiencies,22

and their related medications were evaluated for an association with 
CIED infection. Likewise, were surgical and invasive procedures assessed 
along with covariates previously associated with increased risk of CIED in
fection. Each covariate was first entered in the model alone, giving the un
adjusted strength of association between the covariate and the risk of 
CIED infection, presented as hazard ratio (HR) with 95% confidence inter
vals (CIs). Subsequently, the covariates were individually evaluated in a re
duced multivariate analysis along with previously identified patient-, CIED- 
and surgery-related risk factors.4 A few variables were excluded from the 
final multivariate model due to collinearity or very few cases of CIED infec
tions. All clinical or statistically significant covariates were then evaluated for 
their strength of association when adjusted for all the other covariates in a 
so-called full long multivariate model. By removing the covariate, causing the 
least change in significance, evaluated by a likelihood-ratio test, the model 
was gradually reduced to a final multivariate model consisting of statistically 
significant independent risk factors along with clinical pre-determined risk 
factors [temporary pacing, ischaemic heart disease (IHD), congestive heart 
failure (CHF), and chronic obstructive pulmonary disease (COPD)]. The fi
nal model was tested for effect modification by testing interaction terms be
tween sex, age, CIED type, and type of CIED surgery. Lastly, we applied the 
final multivariate model to the two different types of CIED infections, i.e. 
pocket and systemic CIED infections. The regression coefficients were illu
strated as HRs with 95% CI in a rope ladder plot.23 All statistical analysis 
were two-sided and P-values of <0.05 were considered significant.

Results
Study population
During the study period, 109 362 CIED surgeries were performed in 
85 068 patients. A total of 868 CIED surgeries in 639 patients were ex
cluded primarily due to misclassification and loss to follow-up (Figure 1), 
thus resulting in 84 429 patients undergoing a total 108 494 CIED sur
geries, (80 430 de novo implantations, 21 565 replacements and 6499 
up/downgrades). De novo CIED implantations consisted primarily of pa
cemakers (PMs) (77%), followed by implantable cardioverter defibrilla
tors (ICDs) (15%) and cardiac resynchronization therapy-PM/ 
defibrillator (CRT-P/D) systems (8%). The PM patients had a median 
age of 77 (IQR: 69–84) and were nearly equally split between sexes 
(56% males), whereas ICD and CRT-P/D patients were younger and 
with a higher proportion of males. Pacemaker patients had fewest co
morbidities, but amongst all CIED patients, only a minority had very 
high CCI scores (>5). IHD was previously diagnosed in 75% of ICD 
and 78% of CRT-D patients, while 89% of the CRT-P/D patients suf
fered from CHF (Table 1). Median follow-up was 3.76 (IQR: 1.60– 
6.48) years per CIED unit with a combined follow-up of 458 257 
CIED-years. This resulted in a mean follow-up of 5.43 (95% CI: 5.40– 
5.47) years per patient.

We identified 1556 explants, registered as either pocket (n = 1022) 
or systemic (n = 534) CIED infection. Pocket CIED infection was the 
most common type of CIED infection irrespective of CIED type, ac
counting for about two thirds of all CIED infections and only slightly 

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac576#supplementary-data
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less in ICD patients (57%). When stratified by the type of CIED infec
tion, median time to CIED infection differed considerably with 249 
(IQR: 62–769) and 468 (IQR: 77–1385) CIED days for pocket and sys
temic CIED infection, respectively. The median time to pocket CIED 
infection differed only slightly between CIED types, whereas the me
dian time to systemic CIED infection differed considerably, between 
640 (IQR: 102–1480) and 197 (IQR: 58–616) CIED days for PM and 
CRT-D patients, respectively (Table 2).

De novo implantation was associated with the lowest risk of CIED in
fection, for both subtypes of CIED infections, and increased consider
ably after each reoperation, especially amongst pocket CIED infections 
(Table 3). The risk of CIED infection was highest in the early post- 
implantation period and gradually declining, resulting in a cumulative in
cidence of 0.38% and 0.21% for pocket and systemic CIED infection, 
respectively, 12 months after a de novo implantation (Table 4). Similar 
results were found following reoperations, but with a substantially high
er risk of pocket than systemic CIED infection after 12 months, at 1.10 
vs. 0.33% (Table 4).

Risk factors
In the univariate analysis, several comorbidities, pharmaceutical drugs 
and numerous surgical and invasive procedures, were all associated 
with an increased risk of any type of CIED infection (see 
Supplementary material online, Table S2). However, most of these 
were non-significant in the reduced multivariate model and thus not in
cluded in the final multivariate model (see Supplementary material 
online, Figure S1 and Supplementary material online, Table S3).

In the multivariate analysis, de novo PM implantation in female pa
tients between 61 and 70 years was chosen as a reference. Male sex, 
young age, and CRT systems were independent risk factors in both sub
types of CIED infections, while IHD, CHF, and COPD did not reach 
statistical significance in neither (Table 5, Supplementary material 
online, Figure S1, Supplementary material online, Table S3). The multi
variate analysis of the subtypes of CIED infections revealed important 
variations in HRs amongst the examined risk factors. In pocket CIED 
infection, CIED reoperations [replacement (HR: 4.66, 95% CI: 3.93– 
5.53), up-/downgrades (HR: 4.66, 95% CI: 3.77–5.75) and lead revisions 
(HR: 4.73, 95% CI: 2.23–10.04) were associated with the highest risk, 

but also systemic lupus erythematosus (SLE) (HR: 3.30, 95% CI: 
1.37–7.98), prior valvular surgery (HR: 1.62, 95% CI: 1.29–2.04), and re
cent usage of dicloxacillin (HR: 1.94, 95% CI: 1.38–2.73) were significant 
(Table 5, Figure 2). In contrast, we identified SLE (HR: 4.77, 95% CI: 
1.77–12.83), severe renal insufficiency (chronic kidney disease stage 
4–5)/dialysis (HR: 2.40, 95% CI: 1.65–3.49), prior valvular surgery 
(HR: 2.09, 95% CI: 1.59–2.75), dermatitis (HR: 2.80, 95% CI: 1.92– 
4.05) and usage of insulin (HR: 2.01, 95% CI: 1.52–2.65), to be asso
ciated with the highest risk of systemic CIED infection (Table 5, 
Figure 3).

Discussion
In a nationwide setting with consecutive CIED patients and lifelong 
follow-up, we identified specific comorbidities and prior surgical proce
dures as associated with higher risk of CIED infections. There were dif
ferences in both risk factors and risk of CIED infection between pocket 
and systemic CIED infections (Structured Graphical Abstract).

Although the existing literature holds several risk factors analyses, 
most of these are few in numbers, single-centre cohorts, focusing on 
the early post-implantation period, and have not considered dissimilar
ities between CIED types. In our data, involving 14 CIED implantation 
centres, we present lifelong follow-up on the entire Danish CIED co
hort, thereby giving a better estimate of the true risk of CIED infection 
for CIED patients. Although overall risk was low, our results reveal that 
the risk of CIED infection increases considerably following each reo
peration. This must be acknowledged when implanting CIED systems, 
especially in patients with a long life expectancy and potential multiple 
CIED reoperations. The increased risk of CIED infections is mainly dri
ven by an increase in pocket CIED infections and precautions aimed at 
minimizing these should be addressed. This includes strategies for pre
venting pocket haematoma, sufficient surgical skills, and considerations 
of prolonged regimes of antibiotics.

In our cohort, we present the largest multivariate risk factor analysis 
for CIED infection. The analysis includes both CIED-, surgery-, and 
patient-related risk factors, and were furthermore, stratified by the 
type of CIED infection. Previously well-described risk factors such as 
CIED type, CIED reoperations, sex, and age,4 remained associated 

Figure 1 Consort diagram of the study population. Between January 1996 and April 2018, 109 362 cardiac implantable electronic device surgeries 
were performed in Denmark. A total of 868 surgeries were excluded from the analysis due to misclassification, loss to follow-up, and emigration re
sulting in 108 494 surgeries. ICD, implantable cardioverter-defibrillator; CIED, cardiac implantable electronic device.
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http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac576#supplementary-data
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with increased risk of CIED infection. We did not find any evidence of 
effect modification between sex, age, CIED type, and type of surgery. 
Although males were more prone to infections in both subgroups, 
there were major dissimilarities between the two common types of 
CIED infection, i.e. pocket and systemic CIED infection. There is no ob
vious reason for the diversity between sexes. However, differences in 
bacterial skin colonization and nasal colonization might explain some 
of these findings. Males are more frequently nasal carriers of 

Staphylococcus aureus in comparison to females.24 Furthermore, 
Staphylococcus epidermidis, Cutibacterium acnes, and Corynebacterium 
species are more abundant in males.25 These bacteria are known 
CIED infection pathogens10,26,27 and also complicate shoulder sur
gery.28,29 They naturally inhabit the axilla region28 and seem resistant 
to certain skin preparation regimes.30,31

It its noteworthy that we found a comparatively high fraction of 
systemic CIED infections, in contrast to most of the existing 
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Table 1 Patient characteristics at first cardiac implantable electronic device implant (n = 80 430)

Variable Pacemaker Implantable 
cardioverter-defibrillator

Cardiac resynchronization 
therapy-pacemaker

Cardiac resynchronization 
therapy-defibrillator

n (%) 62 213 (77.4) 11 841 (14.7) 2990 (3.7) 3386 (4.2)

Age at implant, median (IQR) 77 (69–84) 64 (54–71) 71 (61–78) 68 (60–74)

Sex, n (%)

Female 27 319 (43.9) 2344 (19.8) 905 (30.3) 679 (20.1)

Male 34 894 (56.1) 9497 (80.2) 2085 (69.7) 2707 (79.9)

Indication, n (%)

AV-block/CHF and BBB 28 799 (46.3) — 2442 (81.7) —

Sinus node dysfunction 22 465 (36.1) — 76 (2.5) —

Atrial fibrillation 9125 (14.7) — 117 (3.9) —

Primary prophylactic ICD — 3812 (32.2) - 2141 (63.2)

Secondary prophylactic ICD — 7562 (63.9) — 1006 (29.7)

Other 1824 (2.9) 467 (3.9) 355 (11.9) 239 (7.1)

Comorbidities

Diabetes mellitus Type 1, n (%) 3083(5.0) 676 (5.7) 207 (6.9) 319 (9.4)

Diabetes mellitus Type 2, n (%) 8189 (13.2) 1851 (15.6) 576 (19.3) 820 (24.2)

Ischaemic heart disease, n (%) 20 572 (33.1) 8819 (74.5) 1634 (54.7) 2646 (78.2)

CABG, n (%) 2532 (4.1) 2321 (19.6) 210 (7.0) 661 (19.5)

Congestive heart failure, n (%) 11 086 (17.8) 6478 (54.7) 2656 (88.8) 3027 (89.4)

Atrial fibrillation/flutter, n (%) 24 195 (38.9) 2983 (25.2) 1060 (35.5) 1025 (30.3)

Supraventricular tachycardia, n (%) 4325 (7.0) 764 (6.5) 187 (6.3) 199 (5.9)

Hypertension, n (%) 24 555 (39.5) 4252 (35.9) 1206 (40.3) 1487 (43.9)

COPD, n (%) 6285 (10.1) 1232 (10.4) 496 (16.6) 536 (15.8)

Cardiomyopathy, n (%) 1683 (2.7) 2387 (20.2) 1451 (48.5) 1274 (37.6)

Valvular heart disease, n (%) 8274 (13.3) 1113 (9.4) 644 (21.5) 492 (14.5)

Renal insufficiency, any n (%) 2829 (4.5) 632 (5.3) 273 (9.1) 258 (7.6)

Cerebrovascular disease, n (%) 10 854 (17.5) 1477 (12.5) 404 (13.5) 543 (16.0)

Dementia, n (%) 1555 (2.5) 35 (0.3) 14 (0.5) 15 (0.4)

Cancer, any type, n (%) 6940 (11.2) 776 (6.6) 363 (12.1) 303 (8.9)

CCI (2011), mean 0.95 1.65 2.55 2.49

CCI (2011): 0–1, n (%) 42 598 (68.5) 4264 (36.0) 193 (6.5) 183 (5.4)

CCI (2011): 2–3, n (%) 16 120 (25.9) 6607 (55.8) 2266 (75.8) 2691 (79.5)

CCI (2011): ≥ 4, n (%) 3495 (5.6) 970 (8.2) 531 (17.7) 512 (15.1)

AV, atrioventricular; BBB, bundle branch block; CABG, coronary artery bypass graft; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; CHF, heart failure; 
ICD, implantable cardioverter-defibrillator; IQR, interquartile range.
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literature.6–8,13,14 This is likely due to differences in study design, as 
most prior studies focused on the early post-implantation period, in 
contrast to the lifelong follow-up presented in our data. This is substan
tiated by the differences in the median time to CIED infection, that was 
considerable shorter in pocket CIED infection (249 vs. 468 CIED days). 
This difference was expected as pocket CIED infection most likely oc
curs due to surgical site contamination,10,32–34 while systemic CIED in
fection is thought to ensue haematogenic seeding from a distant focus.

Previous valvular surgery has a 50-fold higher risk of infective endo
carditis (IE)35 when compared with native heart valves. In our popula
tion, any kind of valvular heart disease was associated with an increased 
risk of both subtypes of CIED infections, however highest among pa
tients with previous valvular surgery. This is in accordance with another 
Danish study reporting a higher risk of IE in CIED patients undergoing 
aortic valve replacement in comparison to non-CIED patients.36 We 
did, however, not find any significant association in our multivariate 
model with other major thoracic surgery such as CABG and aortic sur
gery. Therefore, it seems likely that the risk is correlated to the valvular 
heart disease and/or the presence of an artificial or biological valve.

Pocket CIED infections
Younger age and any type of CIED reoperations were markedly asso
ciated with an increased risk of pocket CIED infections. CIED reopera
tions were by far the highest risk factor and although the risk increased 
incrementally after each reoperation, we could not find any differences 
amongst the other risk factors. However, this may in part be explained 
by the relatively low number of patients undergoing more than two 
CIED reoperations. Our data show that the risk rate is highest in the 
early post-operative period, especially after CIED reoperations, and 
hereafter rapidly declining during the first 12 months, until stabilizing 
at a lower incidence rate. This underlines the theory of bacterial pocket 
contamination during CIED surgery. Asymptomatic bacterial coloniza
tion of unknown significance has been detected in patients undergoing 
elective CIED surgeries37,38 while others have found an association to 
subsequently increased risk of CIED infection.39,40 In our population, 
implantation of CRT-P/D-systems was associated with a significant 
higher risk of pocket CIED infection, whereas ICD implantation was 
not. These factors suggest that the longer and more challenging proce
dures during CRT implantation might increase the risk of pocket con
tamination. Furthermore, do our findings emphasize that any kind of 

CIED reoperation is a high-risk procedure, and thoroughness in both 
planning and surgical techniques is essential to avoid early CIED up
grades and CIED reoperations due to unjust CIED indications or lead 
displacements. Likewise, battery longevity improvements are required 
to reduce the number of CIED replacements.

Fever and concurrent infection6 have previously been associated 
with higher risk of CIED infection, but little is known about how recent 
infections might influence the risk of CIED infection. In our study, re
cently redeemed prescriptions of antibiotics were associated with a 
slightly increased risk of pocket CIED infection, strongest for dicloxacil
lin. Yet, this is likely a confounding effect, representing an underlying in
fection, but could also be a proxy for frailer patients, as observed in the 
DECODE registry, where recent hospital admission prior to CIED re
operations was associated with increased mortality.41 Nonetheless, it 
seems reasonable to identify these patients. Two studies have exam
ined different approaches of enhanced antibiotic-regimes in high-risk 
patients.42,43 Although neither have provided unimpeachable results, 
it appears that an antibiotic envelope can reduce the risk of CIED infec
tion in selected high-risk patients.42,44

Post-operative haematoma is associated with a markedly increased 
risk of subsequent CIED infection,7,12,45–48 therefore anticoagulants 
and platelet inhibitors could be expected to increase the risk of pocket 
CIED infection. In our analysis, neither anticoagulants nor platelet inhi
bitors were associated with an increased risk of pocket CIED infection. 
This is in line with the BRUISE-CONTROL studies,49,50 where uninter
rupted coumadin or direct oral anticoagulant treatment did not in
crease the risk of pocket haematomas. However, contradictory to 
our results, additional analysis from these studies revealed an increased 
risk of pocket haematomas if using concomitant anticoagulants and 
antiplatelet drugs.51 However, our study is based on data from regis
tries, and we did not have information about neither post-operative 
pocket haematoma formation nor whether the anticoagulants or anti
platelets were paused prior to CIED implantation. Yet it seems reason
able to identify these patients as the usage of antibiotic envelopes might 
decrease the risk of infection in these patients.42

Systemic CIED infections
Implantation of CRT-P/D but also ICD systems was associated with in
creased risk of systemic CIED infection. Although hypothesized, this 
could be due to the higher complexity in lead design,52 in addition to 
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Table 2 Time to CIED infections, by cardiac implantable electronic device type

Variable Pacemaker Implantable 
cardioverter- 
defibrillator

Cardiac  
resynchronization 

therapy-pacemaker

Cardiac  
resynchronization 

therapy-defibrillator

Total

CIED infections (total), n 927 316 101 212 1556

Pocket CIED infections, n (%) 638 (69) 179 (57) 66 (65) 139 (66) 1022 (66)

Systemic CIED infections, n (%) 289 (31) 137 (43) 35 (35) 73 (34) 534 (34)

Median time to CIED infection 
(combined), days (IQR)

350 (64–1043) 311 (74–1050) 243 (85–823) 227 (63–633) 296 (68–946)

Median time to pocket CIED 
infection, days (IQR)

263 (60–816) 246 (72–874) 205 (80–742) 239 (68–633) 249 (62–769)

Median time to systemic CIED 
infection, days (IQR)

640 (102–1480) 419 (76–1278) 301 (85–1311) 197 (58–616) 468 (77–1385)

CIED, cardiac implantable electronic device; IQR, interquartile range.
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the additional leads. Renal insufficiency and haemodialysis are asso
ciated with increased risk of CIED infection7,13,53–56 also observed in 
our study, where all degrees of renal insufficiency were associated 
with increased risk of systemic CIED infection but with the strongest 
association in severe renal insufficiency/dialysis. This is probably due 
to the altered immunity and the frequently vascular access, thereby in
creasing the risk of bacteraemia.57,58

Diabetes and the usage of insulin is known to impair both cellular59

and humoral immunity,60 and correlates with our findings of increased 
risk of systemic CIED infections. However, usage of insulin has also 
been associated with increased mortality in CIED reoperations,41 and 
might represent diabetes in an advanced stage, with end-stage compli
cations, favouring bacterial seeding due to skin breaches and repeated 
vascular entries. Atopic dermatitis and erysipelas are associated with in
creased risk of bacteraemia61 and also were found associated with in
creased risk of systemic CIED infections in our population. It could 
be expected that the impaired skin barrier in atopic dermatitis might 
lead to an increased risk of pocket CIED infection. However, this could 
not be confirmed in our analysis.

Inflammatory disorders, especially SLE, were also associated with a 
higher risk of systemic CIED infection. However, only 150 patients 
were diagnosed with SLE prior to CIED implantation, yet we found a 
considerably increased risk of both pocket and systemic CIED infec
tions. Although this might be due to statistical chance, SLE is an auto
immune disorder characterized by an uncontrolled autoreactivity of 
B- and T-lymphocytes associated with an increased risk of severe infec
tions,62,63 why it is a subject that needs to be investigated further.

Other potential risk factors
Infective endocarditis was associated with a considerable increased risk 
of all CIED infections (HR: 3.42, 95% CI: 2.69–4.35) in the univariate 
model. However, we did not include IE in our multivariate model, 
due to an inevitable confounding by indication between these two types 
of cardiac-related infections with mutual diagnostic criteria. A recent 
study described that 18% of patients with IE had a previously implanted 
CIED, of whom the majority had CIED-related IE.64 Therefore, CIED 
infections should always be suspected in CIED patients with IE, and 
CIED removal is usually recommended.10

IHD, CHF, COPD, cancer, and usage of glucocorticoids have all been 
associated with an increased risk of CIED infections. However, neither 
were significant in our multivariate analysis, whether analysed as 
subtype-stratified or as CIED infections altogether (see Supplementary 
material online, Figure S1 and Supplementary material online, Table S3). 
As shown by others,46,53,65 IHD and CHF were associated with increased 
risk of CIED infections in the univariate analysis. Almost 90% of the 
CRT-P and CRT-D recipients suffered from CHF but also 54 and 18% 
of the ICD and PM recipients, respectively. However, neither IHD nor 
CHF were statistically significant in the multivariate model, when strati
fied for the type of CIED, and it seems likely that the CIED type (ICD 
and CRT-P/D) bears most of the increased risk of CIED infection in these 
patients. However, as our data derive from registers, based on ICD 
codes, we do not have detailed information on neither the severity of 
CHF nor how it was diagnosed, and we cannot exclude a kind of selection 
bias in these patients. Yet, it is likely that both the CRT-P/D and ICD re
cipients suffered from CHF with a moderate to severe reduced ejection 
fraction substantiated by the indication for CIED implantation. Still, we 
cannot neglect the results found by others,46,53,65 and that there might 
be an association between severe CHF and increased risk of CIED infec
tion, even though we did not find a significant association in our data.
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Cancer, COPD, and usage of glucocorticoids were all thought to in
crease the risk of CIED infection due to the secondary immunodeficien
cies associated with these diseases. However, in contrast to others,65

this could not be proven in our analysis. Usage of corticosteroids has 
been evaluated in several studies,12,13,45,53 and although the pooled 

estimates11 were significant, most studies had very few cases and like 
ours did not find a significant increased risk of CIED infections.

The presence of indwelling catheters prior to CIED implantation has 
previously been identified as a risk factor for CIED infections.7,11,13 It seems 
evident that permanent breaches of the skin-blood barrier, like drivelines 
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Table 4 Cumulative incidence and incidence rate of cardiac implantable electronic device infection over time, by type of 
cardiac implantable electronic device surgery

Pocket infection Systemic Infection

De novo CIED implantation De novo CIED implantation

Follow-up (months) Infections (n) Cumulative 
incidence (%) 

(95% CI)

Rate/1000  
DY (95% CI)

Infections (n) Cumulative 
incidence (%) 

(95% CI)

Rate/1000 DY 
(95% CI)

1 88 0.11 0.09–0.14 13.48 10.94–16–61 53 0.07 0.05–0.09 8.12 6.20–10.62

3 91 0.23 0.20–0.26 7.18 5.84–8.81 46 0.13 0.10–0.15 3.63 2.72–4.84

6 55 0.30 0.27–0.34 3.01 2.31–3.92 36 0.17 0.15–0.21 1.97 1.42–2.73

12 56 0.38 0.34–0.43 1.59 1.22–2.07 24 0.21 0.18–0.24 0.68 0.45–1.02

24 87 0.52 0.47–0.58 1.42 1.15–1.75 44 0.28 0.24–0.32 0.72 0.53–0.96

36 48 0.62 0.56–0.68 0.93 0.70–1.23 34 0.35 0.30–0.39 0.66 0.47–0.92

48 33 0.69 0.63–0.82 0.77 0.55–1.08 29 0.41 0.37–0.47 0.08 0.47–0.97

60 21 0.75 0.68–0.82 0.60 0.39–0.92 24 0.48 0.43–0.57 0.68 0.46–1.02

72 18 0.81 0.74–0.89 0.65 0.41–1.03 14 0.53 0.47–0.60 0.50 0.30–0.85

84 6 0.84 0.77–0.92 0.29 0.13–0.64 19 0.62 0.55–0.70 0.92 0.59–1.44

96 11 0.91 0.83–1.01 0.78 0.43–1.40 11 0.69 0.61–0.78 0.76 0.42–1.38

108 5 0.97 0.87–1.07 0.60 0.25–1.44 6 0.76 0.66–0.87 0.72 0.32–1.61

120 3 1.03 0.91–1.16 0.68 0.22–2.12 2 0.81 0.69–0.95 0.40 0.10–1.60

Reoperation Reoperation

Follow-up (months) Infections (n) Cumulative 
incidence (%) 

(95% CI)

Rate/1000 DY 
(95% CI)

Infections (n) Cumulative 
incidence (%) 

(95% CI)

Rate/1000 DY 
(95% CI)

1 58 0.21 0.16–0.27 25.35 19.60–32.8 17 0.06 0.04–0.10 7.43 4.62–11.96

3 80 0.50 0.42–0.59 17.95 14.42–22.34 26 0.16 0.12–0.21 5.83 3.97–8.57

6 66 0.75 0.66–0.86 10.27 8.07–13.07 15 0.21 0.17–0.28 2.33 1.41–3.87

12 86 1.10 0.98–1.23 6.96 5.64–8.60 28 0.33 0.27–0.40 2.27 1.57–3.28

24 85 1.49 1.35–1.65 3.99 3.23–4.93 21 0.43 0.35–0.52 0.99 0.64–1.51

36 50 1.77 1.61–1.95 2.83 2.15–3.74 22 0.55 0.46–0.65 1.25 0.82–1.89

48 29 1.97 1.79–2.16 2.02 1.40–2.91 20 0.68 0.58–0.81 1.39 0.90–2.16

60 18 2.13 1.94–2.33 1.59 1.00–2.53 16 0.83 0.70–0.97 1.42 0.87–2.31

72 9 2.23 2.03–2.45 1.05 0.55–2.02 9 0.93 0.79–1.09 1.05 0.55–2.02

84 8 2.35 2.14–2.59 1.3 0.65–2.60 8 1.06 0.90–1.24 1.30 0.65–2.60

96 7 2.51 2.27–2.78 1.73 0.82–3.64 3 1.12 0.95–1.33 0.74 0.24–2.31

108 0 2.51 2.27–2.78 0 0 1 1.16 0.98–1.38 0.43 0.06–3.03

120 1 2.61 2.31–2.95 0.81 0.11–5.76 2 1.34 1.05–1.71 1.62 0.41–6.49

CI, confidence interval; CIED, cardiac implantable electronic device.
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Table 5 Multivariate Cox regression risk factor analysis of pocket and systemic cardiac implantable electronic device 
infections

Variable Pocket CIED infections Systemic CIED infections

Demographics Total (n) n HR 95%CI P-value n HR 95%CI P-value

Female sex 42 165 274 REF 125 REF

Male sex 66 329 748 1.55 1.35 1.80 <0.001 409 1.63 1.32 2.00 <0.001

Surgery type

First Implant 80 430 525 REF 344 REF

Replacement 21 565 355 4.66 3.93 5.53 <0.001 138 1.61 1.21 2.14 0.001

Up/downgrade 6499 142 4.66 3.77 5.75 <0.001 52 1.56 1.10 2.21 0.012

CIED type

PM 81 065 638 REF 289 REF

ICD 16 480 179 0.99 0.82 1.20 0.943 137 1.48 1.16 1.89 0.002

CRT-P 4628 66 1.55 1.16 2.05 0.003 35 1.63 1.11 2.40 0.013

CRT-D 6321 139 2.12 1.67 2.67 <0.001 73 2.11 1.54 2.91 <0.001

Age group, years

0–20 953 25 2.26 1.49 3.44 <0.001 5 0.95 0.39 2.35 0.919

21–50 6912 129 1.56 1.25 1.94 <0.001 68 1.43 1.06 1.92 0.018

51–60 10 466 169 1.31 1.08 1.60 0.006 88 1.12 0.86 1.45 0.408

61–70 22 948 269 REF 165 REF

71–80 34 865 296 0.84 0.71 0.99 0.035 156 0.77 0.62 0.96 0.023

81–90 27 366 121 0.58 0.46 0.72 <0.001 50 0.49 0.35 0.68 <0.001

≥91 4984 13 0.47 0.27 0.83 0.009 2 0.17 0.04 0.70 0.014

Comorbidities

Severe renal insufficiency/dialysis 1966 25 1.41 0.94 2.12 0.095 32 2.40 1.65 3.49 <0.001

Systemic lupus erythematosus 150 5 3.30 1.37 7.98 0.008 4 4.77 1.77 12.83 0.002

Ischaemic heart disease 47 534 483 1.06 0.92 1.23 0.398 297 1.04 0.85 1.28 0.708

Congestive heart Failure 34 141 388 1.07 0.90 1.27 0.425 237 1.12 0.89 1.40 0.334

Chronic obstructive pulmonary disease 11 773 103 1.03 0.83 1.26 0.811 63 1.09 0.83 1.42 0.536

Dermatitis and eczema 2003 19 0.99 0.63 1.56 0.960 30 2.80 1.92 4.05 <0.001

Erysipelas 2914 35 1.39 0.99 1.96 0.058 29 1.88 1.28 2.75 0.001

Surgery and Procedures

Valvular surgery, any type 5624 88 1.62 1.29 2.04 <0.001 65 2.09 1.59 2.75 <0.001

Lead revision surgery 78 7 4.73 2.23 10.04 <0.001 2 2.80 0.69 11.42 0.150

Central venous catheter 2160 19 0.96 0.60 1.53 0.860 25 1.67 1.10 2.54 0.017

Temporary pacemaker 5735 43 0.94 0.69 1.29 0.718 47 1.74 1.27 2.38 0.001

Medications

Insulin 5828 62 1.17 0.90 1.53 0.231 61 2.01 1.52 2.65 <0.001

Clopidogrel 9332 85 1.02 0.81 1.29 0.856 97 2.12 1.67 2.69 <0.001

Vitamin K antagonist 25 508 306 1.12 0.97 1.30 0.117 168 1.20 0.99 1.46 0.068

Direct oral anticoagulants 4927 34 1.40 0.99 1.98 0.056 21 1.50 0.97 2.35 0.069

Beta-lactamase resistant penicillins 1827 35 1.94 1.38 2.73 <0.001 16 1.44 0.87 2.38 0.157
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used in left ventricular assist devices,66,67 permanent CVCs13 and haemo
dialysis catheters56 are associated with an increased risk of CIED infections. 
Temporary PMs have also been associated with an increased risk of CIED 
infections,6,12,56 and although the pooled estimates11 are significant, most 
of the studies have limited numbers of CIED infections. Opposing results 
were found in a recent Danish study,68 where temporary pacing had an ad
justed HR for CIED infection of 0.85 (95 CI: 0.51–1.42). In our multivariate 
analysis, usage of CVC or temporary PM implantation prior to permanent 
CIED implantation were associated with an increased risk of systemic 
CIED infection. However, as systemic CIED infections are believed to de
velop due to haematogenous seeding ensuing considerably later acquired 
bacteraemia, it seems more likely that this represents an unknown con
founding factor.

Clinicians should be aware of and minimize the different risk factors 
for CIED infection. Carefully weighing risk factors in a shared decision- 
making process with the patient regarding CIED interventions is of ut
most importance. In high-risk patients, interventions associated with 
lower risk of CIED infection, such as antibiotic envelopes,42,44 leadless 
pacing69 and non-transvenous ICDs70 should be considered.

Strengths and limitations
This study is a retrospective register study, and therefore conclusions 
about causality cannot be established. However, this nationwide cohort 
contains 84 429 consecutive CIED patients with lifelong follow-up. The 
cohort was identified in the DPIR, where data have been entered pro
spectively since 1982, and although a few cases might have been mis
classified it is unlikely that data should be flawed by systematic biases. 

Unfortunately, microbiological data were not available, and only pa
tients with CIED removal, due to CIED infection were included. 
Therefore, our findings represent a lowest estimate of true CIED infec
tion. CIED infection is likely profoundly underestimated in elderly, fra
gile patients as CIED infection might easier be overlooked in these 
patients. Furthermore, these patients might have been considered ineli
gible for CIED extraction due to the higher risk of complications in the 
early period of the study. However, the large number of consecutive 
patients in a nationwide setting and with lifelong follow-up is likely to 
minimize these potential flaws. The indication for explants due to 
CIED infections is registered as either systemic or pocket CIED infec
tion, thereby allowing a CIED infection subtype-stratified risk factor 
analysis. Unfortunately, due to the retrospective nature of this study, 
we did not have the opportunity to provide a more distinctive classifi
cation of the CIED infections. This would have been preferred as recent 
evidence71,72 suggests variations in severity according to the scope of 
the CIED infections. Still, we believe this distinction between pocket 
and systemic CIED infections holds valuable information, as the diagno
sis was registered prospectively by the treating physician.

Data were cross-linked with three high-quality national administrative 
registers, making it possible to perform a comprehensive risk factor ana
lysis of the long-term risk of CIED infections. We included all comorbidities 
during any admission prior to the CIED removal. As the NPR does not 
hold information about drugs supplied directly by the hospital (e.g. bio
logical treatments and chemotherapeutics), as well as over-the-counter 
drugs, these therapeutics could not be included in the analysis. We in
cluded numerous variables, thereby introducing a risk of statistical 

Figure 2 Pocket cardiac implantable electronic device infection. Multivariate Cox-proportional hazard analysis of risk factors for pocket cardiac im
plantable electronic device infections. Illustrated as a rope ladder plot. CIED, cardiac implantable electronic device; PM, pacemaker; ICD, implantable 
cardioverter-defibrillator; CRT-P/D, cardiac resynchronization therapy-pacemaker/defibrillator; VKA, Vitamin K antagonist; DOAC, direct oral 
anticoagulant.
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significance by chance. However, all univariate variables were individually 
evaluated in a reduced multivariate analysis before entering the final model. 
In the final model all the significant variables had very low P-values, thereby 
increasing the level of evidence and reducing the risk of a Type 1 error. Still, 
we cannot exclude that some of our findings may be due to multiple stat
istical testing, and we recommend that the results from our model should 
be tested in other CIED populations.

The nationwide setting gives a solid estimate of the risk of CIED in
fection in the current and future Danish CIED population. This, how
ever, present a selection bias as the entire population is sampled, and 
our estimates of CIED infection and risk factors might not reflect other 
CIED populations. Although there are dissimilarities in infrastructure, 
socioeconomics and healthcare systems between Denmark and other 
countries, we believe that our results can be extrapolated to other 
CIED populations, especially in the Western world.

We believe that the quality of the registers, the nationwide setting 
with a high number of consecutive patients and lifelong follow-up pro
vide a solid evaluation of the risk factors for CIED infection.

Conclusions
We identified specific comorbidities and surgical procedures as associated 
with higher risk of CIED infections in addition to previously identified 
surgery-, CIED- and patient-related risk factors. Pocket CIED infections 
were mainly associated with CIED reoperations, young age, and more 
complex type of CIED, whereas systemic CIED infections were correlated 
with risk factors predisposing to bacteraemia. These findings support the 

theory that pocket CIED infection occurs due to surgery-related factors, 
likely because of generator pocket contamination, while systemic CIED in
fection mainly occurs due to haematogenous seeding.

Supplementary material
Supplementary material is available at European Heart Journal online.
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