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Abstract

Background: The global demographic shift towards an aging population has driven a
steady, exponential increase in the utilization of cardiac implantable electronic devices
(CIEDs). Consequently, device-related infectious complications have emerged as a lead-
ing cause of morbidity and healthcare expenditure. Patients in their eighth decade of
life—octogenarians (aged 80-90 years)—represent an exceptionally high-risk demographic
due to the compounding factors of physiological frailty, immunosenescence, and complex
multi-morbidity. Despite this growing demographic, their specific clinical presentations,
microbiological profiles, and procedural outcomes following infection remain poorly de-
fined in the current literature. This study aimed to comprehensively compare the clinical
characteristics, pathogen distribution, and in-hospital outcomes of CIED infections in an
octogenarian cohort against a younger patient population. Methods: We conducted a
robust retrospective cohort analysis of 383 consecutive patients treated for confirmed CIED
infections at one major tertiary referral center (Heidelberg University Hospital) between
January 2002 and December 2022. The cohort was stratified by age into octogenarians
(n =76) and a younger control group (n = 307). We systematically extracted and compared
data regarding baseline clinical presentation, chronic comorbidities, detailed microbio-
logical cultures (pocket, blood, and extracted leads), and definitive in-hospital outcomes,
primarily mortality and length of stay. Results: The octogenarian cohort exhibited a signifi-
cantly heavier comorbidity burden, notably higher rates of coronary artery disease (51.3%
vs. 29.6%, p < 0.001), systemic hypertension (55.3% vs. 38.1%, p = 0.007), and chronic ob-
structive pulmonary disease (7.9% vs. 1.6%, p = 0.003). Furthermore, therapeutic systemic
anticoagulant use was substantially more prevalent in the elderly group (60.5% vs. 45.0%,
p = 0.015). Octogenarians presented overwhelmingly with localized generator pocket
infections (73.0% vs. 30.0%, p < 0.001) but paradoxically also demonstrated higher rates of
systemic bacteremia and sepsis (26.3% vs. 15.0%, p = 0.019). Microbiological analysis re-
vealed a unique pathogen profile, with Staphylococcus capitis found with significantly higher
frequency in the generator pockets of the elderly cohort. Remarkably, despite possessing a
higher average lead burden (2.1 vs. 1.2 leads) and extreme comorbidity profiles, octogenari-
ans demonstrated no statistically significant differences in in-hospital mortality (3.9% vs.
4.2%, p = 1.000) or overall length of hospital stay (14.7 vs. 17.2 days, p = 0.386) when com-
pared to the younger cohort. Conclusions: Octogenarians suffering from CIED infections
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display highly distinct clinical and microbiological profiles, characterized predominantly
by elevated rates of localized pocket infections, specific opportunistic pathogens, and
a severe underlying comorbidity burden. Crucially, our findings indicate that with the
application of modern extraction and management protocols, advanced age alone does
not intrinsically correlate with increased in-hospital mortality. Future prevention and
perioperative management strategies tailored to this rapidly expanding demographic must
heavily prioritize the mitigation of pocket-related complications, particularly considering
the high prevalence of concurrent anticoagulation therapy.

Keywords: octogenarians; cardiac implantable electronic device (CIED); infection; lead
extraction

1. Introduction

The global demographic shift toward an aging population has driven a steady, ex-
ponential increase in the utilization of cardiac implantable electronic devices (CIEDs).
This trend is directly reflected in the proportional rise in device-related infections, a com-
plication that is particularly prevalent and concerning among elderly populations [1,2].
Consequently, these infectious complications have emerged as a leading cause of patient
morbidity and significant healthcare expenditure within modern cardiology. Patients in
their eighth decade of life—octogenarians, defined as those aged 80 to 90 years—represent
an exceptionally high-risk demographic. This specific age cutoff was selected because
it represents a unique clinical tipping point characterized by a complex intersection of
physiological frailty, immunosenescence, and a dense burden of multi-morbidity. Unlike
younger cohorts, these patients often possess a significantly decreased physiological reserve,
making clinical decision-making regarding aggressive interventions like lead extraction
exceptionally difficult. Within the current clinical landscape, these patients represent a
high-risk cohort due to the interplay of these significant comorbidities and their decreased
physiological reserve [3,4]. While CIED infections significantly impact clinical outcomes
and healthcare costs across all age groups, the specific risk profile and long-term prognosis
for octogenarians remain exceptionally complex and difficult to predict [5,6]. Existing
studies indicate that older age may correlate with higher infection rates during both the
initial device implants and subsequent generator replacements [7,8]. Despite the rapid
growth of this vulnerable demographic, their specific clinical presentations, microbiological
profiles, and procedural outcomes following a confirmed infection remain poorly defined
in the current literature. Given the high morbidity associated with complex extraction
procedures in the elderly, a deeper understanding of these specific risk factors is crucial
for effective prevention and clinical management [9]. Octogenarians suffering from CIED
infections often display highly distinct clinical and microbiological profiles compared to
younger patients. These are characterized predominantly by significantly elevated rates of
localized generator pocket infections and the presence of specific opportunistic pathogens,
all occurring within a landscape of severe underlying chronic disease. Furthermore, this
population faces specific perioperative risks related to their pharmacological profiles, most
notably the high prevalence of concurrent systemic anticoagulation therapy. Future preven-
tion and management strategies tailored to this demographic must heavily prioritize the
mitigation of pocket-related complications. This study provides incremental value beyond
existing literature by identifying highly distinct clinical and microbiological signatures
unique to the octogenarian population. Specifically, we characterize a paradoxical diver-
gence where elderly patients present with significantly higher rates of localized generator
pocket infections while simultaneously exhibiting a higher incidence of severe systemic
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sepsis. Furthermore, we explore the unique prevalence of opportunistic pathogens, such as
Staphylococcus capitis, which appear to drive infection in this demographic.

To address these gaps, this study aimed to comprehensively compare the clinical
characteristics, pathogen distribution, and in-hospital outcomes of CIED infections in an
octogenarian cohort against a younger patient population. We conducted a robust retrospec-
tive cohort analysis of 383 consecutive patients treated for confirmed CIED infections at a
single major tertiary referral centers between January 2002 and December 2022. The cohort
was stratified by age into octogenarians (n = 76) and a younger control group (n = 307).
We systematically extracted and compared data regarding baseline clinical presentation,
chronic comorbidities, and detailed microbiological cultures from the generator pocket,
blood, and extracted leads. Finally, we evaluated definitive in-hospital outcomes, focusing
primarily on mortality and the total length of hospital stay to determine if advanced age
independently correlates with poorer prognosis.

2. Materials and Methods
2.1. Study Design and Study Population

This research was structured as a comprehensive, Single-center, retrospective cohort
study specifically designed to elucidate and evaluate the clinical characteristics, procedural
complexities, and definitive outcomes of CIED-related infections occurring within the
octogenarian demographic. The clinical data were systematically extracted and aggregated
from the highly detailed electronic medical records of all consecutive patients who received
a formal clinical diagnosis of a CIED-related infection, and subsequently underwent surgical
and medical treatment, between 1 January 2002, and 31 December 2022. The participating
institution, Heidelberg University Hospital, serves as major tertiary referral center for
complex cardiovascular interventions and advanced lead extraction.

To facilitate comparative statistical analysis, the extracted patient cohort was strictly
categorized into two distinct groups based on chronological age at the exact time of the
infection diagnosis. The primary group of interest, designated as “octogenarians,” was
defined as patients aged between 80 and 90 years. The control group, designated as the
“younger cohort” or “other ages,” comprised all remaining adult patients under the age of
80 who suffered from a CIED infection during the identical 20-year timeframe.

2.2. Data Collection and Variable Definitions

For every individual patient included in the study, a rigorous and comprehensive
dataset of clinical, procedural, and microbiological variables was collected (File S1).

e Demographics and Global Clinical Presentation: This included absolute age, biologi-
cal sex, anthropometric data (weight, height, body mass index [BMI]), and the total
length of the hospital stay (measured in consecutive days from admission to discharge
or death).

e Comorbidity Burden: A highly detailed profile of chronic medical conditions was
constructed to accurately assess physiological reserve. The documented comorbidi-
ties included structurally defined coronary artery disease (CAD), systemic essential
hypertension, documented prior cerebrovascular accidents (stroke), prior acute my-
ocardial infarctions, clinically diagnosed congestive heart failure, diabetes mellitus,
chronic obstructive pulmonary disease (COPD), and baseline renal functional sta-
tus (specifically noting advanced renal insufficiency or the absolute requirement for
active hemodialysis).

e Pharmacological Profile: Recognizing the critical impact of medical therapy on
hemostasis and immune function, the current active use of systemic anticoagu-
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lant therapy and systemic corticosteroid regimens at the time of admission was
meticulously recorded.

e  Procedural Characteristics: The mechanical and historical aspects of the patient’s
device therapy were documented. Variables included the absolute number of previous
CIED-related surgical procedures (initial implants, generator changes, upgrades),
the absolute total number of indwelling transvenous leads at the time of infection,
the specific type of electronic device in situ (Pacemaker, Implantable Cardioverter-
Defibrillator (ICD), or Cardiac Resynchronization Therapy (CRT)), the anatomical
location of the generator pocket (e.g., standard pre-pectoral vs. abdominal pocket),
and the presence or absence of surgical epicardial leads.

2.3. Infection Classification and Microbiological Protocols

To ensure diagnostic uniformity, all suspected CIED infections were rigorously classi-
fied based on a synthesis of direct clinical examination, serological markers, and advanced
radiographic imaging into one of three primary categories: localized pocket infection,
lead-associated endocarditis, or broad systemic endocarditis (encompassing any valvular
or generalized systemic involvement). The presence of severe systemic manifestations,
explicitly including documented bloodstream bacteremia and clinical sepsis, was recorded
for each case.

Comprehensive microbiological data were gathered from multiple infectious sites to
establish the pathogen profile. This included the isolation and definitive identification of
pathogens from standard positive aerobic and anaerobic blood cultures, direct swabbing
and tissue biopsy of the infected device pocket during surgical exploration, and the rigorous
culturing of the extracted lead tips immediately following their transvenous removal.

2.4. Clinical Outcomes

The primary clinical outcome evaluated in this study was absolute in-hospital mor-
tality, representing the most definitive and severe endpoint following a CIED infection
and its subsequent management. Secondary endpoints were designed to assess healthcare
utilization and pathophysiological correlations; these included the total length of hospital
stay (LOS) and the specific statistical correlation between baseline patient comorbidities
and the exact genus and species of the isolated infecting pathogen.

2.5. Statistical Analysis

All statistical analyses were executed with precision to uncover significant differ-
ences between the age cohorts. Continuous mathematical variables were systematically
tested for normality of distribution using Kolmogorov-Smirnov test. Normally distributed
continuous variables were expressed as the mean + standard deviation (SD), whereas
non-normally distributed data were expressed as the median alongside the interquartile
range (IQR). Categorical variables were uniformly expressed as absolute frequencies and
their corresponding percentages. We used the R from RStudio software, Version 4.5.3. for
statistical analysis

To determine statistical significance in the comparisons between the octogenarian
cohort and the younger cohort, we employed Student’s ¢-test or the non-parametric Mann—
Whitney U test for continuous clinical data, depending on distribution parameters. For the
analysis of categorical clinical data, we utilized the Chi-square test, applying Fisher’s exact
test in instances where expected cell counts in the contingency tables fell below standard
thresholds. Across all utilized statistical models, a two-tailed p-value of <0.05 was strictly
considered to denote statistical significance.
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3. Results
3.1. Baseline Demographics and Study Population

Following the rigorous application of our inclusion criteria, the final, consolidated
study cohort comprised a total of 383 unique patients who were definitively diagnosed with,
and treated for, CIED-related infections over the 20-year study period. Upon stratification
by age at the time of infection, 76 patients (representing 19.8% of the total cohort) were
classified as octogenarians (aged 80-90 years), while the remaining 307 patients (80.2%)
were categorized into the “Other ages” younger control group.

The mean chronological age of the specialized octogenarian group was 83.3 £ 2.9 years
(median 82.5), providing a stark demographic contrast to the mean age of 63.4 £ 12.2 years
(median 66.0) observed in the younger cohort (p < 0.001). Despite this two-decade gap
in average age, demographic baseline uniformity was maintained in other core physical
parameters. Specifically, there were no statistically significant differences between the
two study groups regarding biological sex distribution (72.4% male in octogenarians vs.
75.9% in younger patients, p = 0.524) or overall body mass index (BMI) (27.1 3.9 kg/ m?
vs. 27.8 £ 5.3 kg/m?, p = 0.431). Height and weight parameters were also statistically
comparable across both cohorts (Table 1).

Table 1. Patient Demographics and Anthropometric Data.

Octogenarian (80-90)

Variable Overall (n = 383) (1 = 76) Other Ages (1 = 307) p Value
67.4 £ 13.6; 70.0 ) g 63.4 +12.2; 66.0

Age, years (59.0-77.0) 83.3 £ 2.9; 82.5 (81.0-86.0) (57.5-73.0) <0.001

Male sex 288 (75.2%) 55 (72.4%) 233 (75.9%) 0.524

Female sex 95 (24.8%) 21 (27.6%) 74 (24.1%) 0.524

Body-mass index, 27.6 £5.1;27.3 i 27.8 £5.3;27.5

ke/m? (24.5-30.5) 27.1 £3.9;26.4 (25.0-29.1) (24.3-30.8) 0.431
. 73.3 +£31.4;80.0 ) g 73.3 £32.7;80.0

Weight, kg (65.0-90.0) 73.3 £ 25.9;76.0 (67.0-87.7) (65.0-91.0) 0.424

Heioht cm 151.3 &+ 56.8; 172.0 157.4 + 47.3; 170.0 149.8 + 58.8; 172.0 0.429
st (163.0-177.8) (164.0-175.5) (162.0-178.0) '

3.2. Complex Comorbidity Profiles

A deep analysis of the patients’ underlying medical histories revealed that octogenari-
ans presented to the hospital with a profoundly different, and significantly heavier, burden
of specific chronic comorbidities. The absolute prevalence of structural coronary artery
disease was strikingly elevated, affecting over half (51.3%) of all octogenarians, compared
to only 29.6% in the younger patient group (p < 0.001). Similarly, systemic essential hyper-
tension was documented in 55.3% of the elderly cohort versus 38.1% of the younger cohort,
achieving statistical significance (p = 0.007). Furthermore, chronic obstructive pulmonary
disease (COPD), a condition known to complicate surgical anesthesia and wound healing,
was vastly more frequent in the octogenarians (7.9% vs. 1.6%, p = 0.003).

Interestingly, a highly significant inverse relationship was observed regarding con-
gestive heart failure. A clinical diagnosis of heart failure was significantly less common
within the octogenarian group (17.1%) when compared to the younger cohort, where it
was prevalent in over a third of patients (37.1%, p < 0.001). When evaluating other major
systemic diseases, including diabetes mellitus (31.6% vs. 22.5%, p = 0.098), varying degrees
of renal insufficiency (31.6% vs. 25.4%, p = 0.276), dependence on hemodialysis (2.6% vs.
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4.9%, p = 0.542), prior myocardial infarction, or a documented prior history of stroke, no
statistically significant differences were observed between the age brackets (Table 2).

Table 2. Comorbidities and Pharmacotherapy.

Octogenarian (80-90)

Variable Overall (n = 383) (1 = 76) Other Ages (1 = 307) p Value
Coronary artery disease 130 (33.9%) 39 (51.3%) 91 (29.6%) <0.001
Hypertension 159 (41.5%) 42 (55.3%) 117 (38.1%) 0.007
Heart failure 127 (33.2%) 13 (17.1%) 114 (37.1%) <0.001
COPD 11 (2.9%) 6 (7.9%) 5 (1.6%) 0.003
Diabetes mellitus 93 (24.3%) 24 (31.6%) 69 (22.5%) 0.098
Renal insufficiency 102 (26.6%) 24 (31.6%) 78 (25.4%) 0.276
Dialysis 17 (4.4%) 2 (2.6%) 15 (4.9%) 0.542
il;rfi;’;?gfcardial 77 (20.1%) 16 (21.1%) 61 (19.9%) 0.818
Prior stroke 30 (7.8%) 9 (11.8%) 21 (6.8%) 0.146
Anticoagulant therapy 184 (48.0%) 46 (60.5%) 138 (45.0%) 0.015
Systemic corticosteroids 10 (2.6%) 3 (3.9%) 7 (2.3%) 0.423

3.3. Procedural History and Device Characteristics

The fundamental distribution of the implanted electronic device types differed signifi-
cantly as a function of patient age. The octogenarian population was substantially more
likely to be managed with standard permanent pacemakers (61.8% vs. 42.0%, p = 0.002) and
Cardiac Resynchronization Therapy (CRT) devices (18.4% vs. 8.5%, p = 0.011). Conversely,
they were significantly less likely to have received Implantable Cardioverter-Defibrillators
(ICDs) compared to their younger counterparts (18.4% vs. 39.1%, p < 0.001).

Beyond the device type, the structural complexity of the indwelling hardware was
also remarkably different. Octogenarians carried a significantly higher overall burden
of intravascular hardware, defined by a higher mean number of transvenous leads
(21 £1.0 leads vs. 1.2 £ 1.2 leads, p < 0.001). Interestingly, despite this higher lead
burden, the absolute number of previous surgical CIED procedures (such as initial implants
or generator changes) was statistically comparable between both groups (2.0 + 1.2 vs.
1.9 &+ 1.8, p = 0.072). Crucially for perioperative risk assessment, the baseline utilization
of systemic anticoagulant therapy was significantly higher in the vulnerable octogenarian
group (60.5% vs. 45.0%, p = 0.015). Systemic corticosteroid use was low and comparable
between groups (3.9% vs. 2.3%, p = 0.423) (Table 3).

Table 3. Device and Procedural Characteristics.

Octogenarian (80-90)

Variable Overall (n = 383) (1 = 76) Other Ages (n = 307) p Value
Pacemaker 176 (46.0%) 47 (61.8%) 129 (42.0%) 0.002
ICD 134 (35.0%) 14 (18.4%) 120 (39.1%) <0.001
CRT 40 (10.4%) 14 (18.4%) 26 (8.5%) 0.011
Number of leads 1.3 & 1.2; 1.0 (0.0-2.0) 2.1 £ 1.0; 2.0 (2.0-2.0) 1.2 £ 1.2; 1.0 (0.0-2.0) <0.001
Previous CIED 1.9 4+ 1.7; 2.0 (1.0-3.0) 2.0 +1.2;2.0 (1.0-3.0) 1.9 + 1.8;2.0 (1.0-3.0) 0.072
procedures

ICD: Implantable Cardioverter-Defibrillator; CRT: Cardiac Resynchronization Therapy.
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3.4. Clinical Manifestation of Infection

The anatomical and clinical presentation of the CIED infections showcased a pro-
found and distinct age-related divergence. Octogenarians presented with a vastly higher,
statistically significant rate of localized generator pocket infections (73.0% vs. 30.0%,
p < 0.001). Corroborating this clinical finding, they were also significantly more likely to
yield definitively positive microbial cultures directly swabbed or biopsied from the device
pocket itself (43.4% vs. 26.4%, p = 0.004).

While one might expect this localized propensity to spare them from systemic issues,
the data revealed a complex reality. There was no statistically significant difference between
the age groups concerning the incidence of deep intravascular lead endocarditis (28.9% vs.
21.2%, p = 0.148) or broader systemic endocarditis involving any structural valves (17.1%
vs. 14.0%, p = 0.494). However, octogenarians paradoxically exhibited a significantly higher
overall incidence of severe systemic manifestations, specifically documented bacteremia
and clinical sepsis (26.3% vs. 15.0%, p = 0.019). This was further validated by a higher rate
of definitively positive systemic blood cultures (28.9% vs. 17.9%, p = 0.032) (Table 4).

Table 4. Infection Characteristics and Clinical Outcomes.

Octogenarian (80-90)

Variable Overall (n = 383) (1 = 76) Other Ages (1 = 307) p Value
Pocket infection 146 (38.3%) 54 (73.0%) 92 (30.0%) <0.001
Bacteremia/sepsis 66 (17.2%) 20 (26.3%) 46 (15.0%) 0.019
Positive blood culture 77 (20.1%) 22 (28.9%) 55 (17.9%) 0.032
Positive pathogen in pocket 114 (29.8%) 33 (43.4%) 81 (26.4%) 0.004
Positive pathogen on leads 49 (12.8%) 6 (7.9%) 43 (14.0%) 0.153
Endocarditis (any) 56 (14.6%) 13 (17.1%) 43 (14.0%) 0.494
Lead endocarditis 87 (22.7%) 22 (28.9%) 65 (21.2%) 0.148
In-hospital mortality 16 (4.2%) 3 (3.9%) 13 (4.2%) 1
Length of stay, days 16'Z4%_i%%)8'0 14.(76#5—11%.72;)9'0 17.(24.28—3106..35;)8'0 0.386

3.5. Detailed Microbiological Ecosystem

The exhaustive microbiological profiling of the CIED infections uncovered highly
distinct, age-dependent ecological patterns across the various anatomical culture sites. As
illustrated in the comparative analysis matrices, octogenarians demonstrated a notably
higher localized proliferation of specific opportunistic pathogens within the device pockets.

Most prominently, Staphylococcus capitis, a known coagulase-negative skin commensal,
was predominantly and uniquely identified as a major driver of pocket infections within
the octogenarian group (Figure 1). In stark contrast, the younger patient demographic
demonstrated a much higher relative prevalence of highly virulent Staphylococcus aureus
and classical Staphylococcus epidermidis in their local pocket cultures.

When examining the systemic bloodstream manifestations, the pathogen split re-
mained evident (Figure 2). Octogenarians remarkably accounted for approximately half
of all systemic Enterococcus faecium and Staphylococcus lugdunensis infections successfully
identified via blood cultures in the entire study. While the younger patients comprised the
absolute entirety of Methicillin-Resistant Staphylococcus aureus (MRSA) and other unspeci-
fied aggressive bacterial positive cultures, the sheer volume of bacteremia in the elderly
meant that octogenarians represented nearly 30% of the entire study cohort presenting with
positive blood cultures.
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Figure 1. Distribution of Pathogens in Device Pocket Cultures by Age Group.
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Figure 2. Distribution of Pathogens in Blood Cultures by Age Group.

The recovery of viable pathogens directly from the tips of the extracted transvenous
leads was comparatively less frequent overall in the octogenarian group (7.9%) than in
the younger cohort (14.0%) (p = 0.153) (Figure 3). However, the composition of these lead-
based biofilms was unique. Certain rare, insidious pathogens, specifically Corynebacterium
amycolatum and Streptococcus agalactiae, were isolated exclusively from the extracted leads
of octogenarian patients. Conversely, a significantly broader and more aggressive diversity
of Gram-negative bacteria (e.g., Escherichia coli, Klebsiella oxytoca) and varying Staphylococ-
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cus species were routinely isolated from the leads of the younger group. These figures

comprehensively highlight that while ubiquitous staphylococcal species inevitably remain

the prevalent driving force of CIED infections, octogenarians harbor a specific subset of

opportunistic pathogens, particularly driving localized pocket morbidity.
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Figure 3. Distribution of Pathogens on Extracted Leads by Age Group.
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3.6. Definitive In-Hospital Outcomes

Perhaps the most striking finding of the entire analysis pertained to the primary
outcome of survival. Despite the patients’ advanced extreme age, their vastly more complex
multi-lead device systems, and their significantly heavier burden of chronic physiological
comorbidities, the raw in-hospital mortality rate was not significantly different between the
two cohorts. Octogenarians experienced a 3.9% in-hospital mortality rate, virtually identical
to the 4.2% rate observed in the significantly younger, theoretically more resilient control
group (p = 1.000). Furthermore, this equality in outcome extended to healthcare resource
utilization; the total length of hospital stay required to manage and clear the infection
did not differ statistically between the age groups (14.7 & 18.7 days for octogenarians vs.
17.2 & 30.3 days for younger patients, p = 0.386).

4. Discussion

The management of CIED infections in octogenarians presents a unique clinical chal-
lenge, as this population is characterized by increased physiological frailty and a complex
burden of chronic comorbidities [1,2,10]. Our findings indicate that while octogenarians
(aged 80-90) represent approximately 19.8% of the infection cohort, their clinical profile
and infection manifestations differ significantly from younger patients. This mirrors global
epidemiological trends where advanced age and the proliferation of complex devices have
led to a steady rise in CIED-related hospitalizations and healthcare expenditures [11-13].

The diagnostic challenges in managing CIED infections in the elderly are compounded
by the high prevalence of multi-morbidity and competing pathologies. Our findings
underscore that while clinical and laboratory data are foundational, a multimodality
imaging approach is essential for accurate diagnosis and for defining the extent of the
infection. This is particularly critical in octogenarians, who possess a higher likelihood of
concurrent malignancies. In such patients, right-sided intracardiac masses or vegetations
attached to leads may not always represent infective endocarditis; they may instead reflect
cardiac tumors or non-bacterial thrombotic endocarditis. Consequently, imaging must
go beyond simple detection. Echocardiography remains the first-line modality and often
provides initial clues regarding the nature of a cardiac mass, but it should be integrated
into a broader diagnostic framework—including advanced imaging when necessary—
to support differential diagnosis and guide surgical or interventional strategy [14]. By
employing this comprehensive imaging strategy, clinicians can better distinguish between
infectious processes and masquerading conditions, ensuring that aggressive interventions
like lead extraction are reserved for confirmed cases of CIED infection

Octogenarians in this study exhibited a significantly higher prevalence of coronary
artery disease (51.3%), hypertension (55.3%), and COPD (7.9%) compared to younger
cohorts [1,7,15]. This aligns with broader evidence suggesting that older age correlates
with a higher risk of infection during both primary implants and subsequent generator
replacements [8,16,17]. Interestingly, heart failure was significantly less common in the
octogenarian group (17.1%) compared to other ages (37.1%), a phenomenon that may reflect
a survival bias or distinct indications for device implantation in the very elderly [3,4].

A critical risk factor identified in our cohort was the higher use of anticoagulant
therapy in octogenarians (60.5%). Anticoagulation has been historically linked to increased
pocket hematoma formation, which is a well-established precursor to device infection [5,18].
The BRUISE CONTROL trial demonstrated that while specific management strategies can
mitigate this risk, the overall incidence of bleeding remains a significant concern in elderly
patients requiring multiple antithrombotic agents [18,19].

The clinical presentation of infection showed a distinct age-related shift. Octogenarians
were significantly more likely to present with localized pocket infections (73.0% vs. 30.0%)
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and positive pocket cultures (43.4%). This localized manifestation may be due to the
increased frequency of generator replacements in this age group, which primarily involves
the device pocket [10,20]. Conversely, while systemic endocarditis was not more frequent,
the higher incidence of bacteremia (26.3%) in octogenarians highlights a risk for rapid
systemic decompensation if localized symptoms are not aggressively addressed [6,9].

A significant and paradoxical finding of this study is the divergence between the
anatomical and clinical presentation of infections in octogenarians. While this elderly
cohort presented with a vastly higher rate of localized generator pocket infections compared
to younger patients (73.0% vs. 30.0%), they simultaneously demonstrated a significantly
higher incidence of severe systemic manifestations, including documented bacteremia and
clinical sepsis (26.3% vs. 15.0%). This suggests that although the initial infectious insult in
octogenarians is often confined to the device pocket—likely due to the high frequency of
generator replacements and the high prevalence of anticoagulation-related hematomas—
the physiological frailty and immunosenescence characteristic of this age group may
facilitate rapid systemic seeding. Consequently, what appears to be a localized complication
in an octogenarian carries a disproportionately high risk for systemic decompensation,
necessitating aggressive early intervention and standardized extraction protocols to prevent
adverse outcomes.

Microbiologically, the prevalence of Staphylococcus capitis and Corynebacterium in
the elderly cohort highlights the role of skin-derived commensals in device-related infec-
tions [21,22]. While Staphylococcus aureus remains the most virulent pathogen across all age
groups, coagulase-negative staphylococci are increasingly recognized for their ability to
form resilient biofilms on device hardware, particularly in the immunocompromised or
elderly patient [15,21,23].

Despite the perceived high risk of intervention, our study found that transvenous lead
extraction (TLE) is both safe and effective in octogenarians. Modern extraction techniques,
including laser-assisted technology, have shown high success rates with low procedural
mortality in elderly cohorts [18,20,24]. In our study, in-hospital mortality was not signifi-
cantly different between octogenarians (3.9%) and the younger cohort (4.2%), supporting
the consensus that advanced age alone should not be a contraindication for complete
hardware removal [9,19,23].

Finally, prevention remains paramount. Large-scale clinical trials, such as WRAP-IT
and PADIT, have emphasized the importance of antibacterial envelopes and intensified
prophylactic antibiotic regimens in high-risk groups [11,25]. Tailoring these prevention
strategies to the elderly is essential for improving long-term outcomes in this growing
demographic [15,19].

5. Conclusions

This study demonstrates that octogenarians with CIED infections present with a dis-
tinct clinical and microbiological profile, characterized by higher rates of pocket infections,
bacteremia, and specific comorbidities like hypertension and COPD. However, advanced
age in itself was not associated with increased in-hospital mortality or prolonged hos-
pitalization. Given the high morbidity of these infections, prevention strategies should
be tailored to address the high prevalence of anticoagulation and pocket-related risks in
the elderly.

Study Limitation

This study has several limitations, primarily its retrospective, single-center design
conducted at a tertiary referral center, which may limit the generalizability of the findings
to other healthcare settings. The 20-year study period (2002-2022) introduces potential
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documentation bias and reflects significant shifts in CIED technology and procedural
protocols over time. Additionally, the strict definition of octogenarians as patients aged
80-90 years excludes those over 90, a group that may present distinct clinical risks. The
observed lower prevalence of heart failure in the elderly cohort compared to younger
patients suggests a possible survival bias, where only relatively healthier octogenarians
were candidates for device therapy or survived to present with infections. Finally, the
reliance on electronic medical records across two decades may result in inconsistencies
in the documentation of chronic comorbidities. Also, the lack of long-term follow-up is a
constraint of this retrospective design.
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/ /www.mdpi.com/article/10.3390/jecm15082996/s1, File S1. Study flowchart.

Author Contributions: Conceptualization, S.A.-M.; Methodology, S.A.-M.; Software, R.A. and
M.]J.G.-R;; Validation, S.A.-M., M.M. and M.].G.-R; Formal analysis, M.].G.-R.; Investigation, S.A.-M.,
G.R. and PK,; Resources, S.A.-M., G.R. and M.K,; Data curation, S.A.-M. and PK.; Writing—original
draft, S.A.-M.; Writing—review & editing, M.].G.-R.; Supervision, M.M., M.K. and R.A. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: To guarantee the absolute protection of sensitive patient
health data and ensure total adherence to the highest international ethical research standards, this
study was conducted in strict accordance with the principles outlined in the Declaration of Helsinki.
The study protocol was formally reviewed and officially approved by the Ethics Committee of
Heidelberg University (protocol code S5-646/2025, approved on 5 January 2026).

Informed Consent Statement: Given the inherently retrospective design of the data collection
spanning two decades, the formal requirement for obtaining individual, patient-specific informed
consent was officially waived in accordance with established institutional policy regarding the use of
fully de-identified, aggregated registry data for observational research.

Data Availability Statement: All underlying data supporting the conclusions of this manuscript are
contained comprehensively within the Supplementary Material provided with this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Olsen, T.; Jorgensen, O.D.; Nielsen, ].C.; Thegersen, A.M.; Philbert, B.T.; Johansen, J.B. Incidence of device-related infection in
97,750 patients: Clinical data from the complete Danish device-cohort (1982-2018). Eur. Heart ]. 2019, 40, 1862-1869. [CrossRef]
[PubMed]

Han, H.C.; Hawkins, N.M.; Pearman, C.M.; Birnie, D.H.; Krahn, A.D. Epidemiology of cardiac implantable electronic device
infections: Incidence and risk factors. EP Eur. 2021, 23, iv3-iv10. [CrossRef]

Prutkin, ] M.; Reynolds, M.R.; Bao, H.; Curtis, ].P.; Al-Khatib, S.M.; Aggarwal, S.; Uslan, D.Z.; Greiner, M.A.; Peterson, E.D.;
Hernandez, A.F; et al. Rates of and factors associated with infection in 200,909 Medicare implantable cardioverter-defibrillator
implants: Results from the National Cardiovascular Data Registry. Circulation 2014, 130, 1037-1043. [CrossRef]

Birnie, D.H.; Wang, J.; Alings, M.; Philippon, E; Parkash, R.; Manlucu, J.; Angaran, P,; Rinne, C.; Coutu, B.; Low, R.A.; et al. Risk
factors for infections involving cardiac implanted electronic devices. J. Am. Coll. Cardiol. 2019, 74, 2845-2854. [CrossRef]
Wilkoff, B.L.; Boriani, G.; Mittal, S.; Poole, ].E.; Kennergren, C.; Corey, G.R.; Love, ].C.; Augostini, R.; Faerestrand, S.; Wiggins,
S.S.; et al. Impact of cardiac implantable electronic device infection: A clinical and economic analysis of the WRAP-IT trial. Circ.
Arrhythmia Electrophysiol. 2020, 13, €008280. [CrossRef]

Baddour, L.M.; Esquer Garrigos, Z.; Rizwan Sohail, M.; Havers-Borgersen, E.; Krahn, A.D.; Chu, VH.; Radke, C.S.; Avari-Silva,
J.; El-Chami, ML.E; Miro, ].M.; et al. Update on cardiovascular implantable electronic device infections and their prevention,
diagnosis, and management: A scientific statement from the American Heart Association. Circulation 2024, 149, e201—-e216.
[CrossRef]

https://doi.org/10.3390/jcm15082996


https://www.mdpi.com/article/10.3390/jcm15082996/s1
https://www.mdpi.com/article/10.3390/jcm15082996/s1
https://doi.org/10.1093/eurheartj/ehz316
https://www.ncbi.nlm.nih.gov/pubmed/31155647
https://doi.org/10.1093/europace/euab042
https://doi.org/10.1161/CIRCULATIONAHA.114.009081
https://doi.org/10.1016/j.jacc.2019.09.060
https://doi.org/10.1161/CIRCEP.119.008280
https://doi.org/10.1161/CIR.0000000000001187
https://doi.org/10.3390/jcm15082996

J. Clin. Med. 2026, 15, 2996 14 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Johansen, J.B.; Jorgensen, O.D.; Moller, M.; Arnsbo, P.; Mortensen, P.T.; Nielsen, ]J.C. Infection after pacemaker implantation:
Infection rates and risk factors associated with infection in a population-based cohort study of 46,299 consecutive patients. Eur.
Heart J. 2011, 32, 991-998. [CrossRef] [PubMed]

Joy, PS.; Kumar, G.; Poole, ].E.; London, B.; Olshansky, B. Cardiac implantable electronic device infections: Who is at greatest risk?
Heart Rhythm. 2017, 14, 853-859. [CrossRef]

Blomstrom-Lundqvist, C.; Traykov, V.; Erba, P.A.; Burri, H.; Nielsen, J.C.; Bongiorni, M.G.; Poole, ].; Boriani, G.; Costa, R.; Deharo,
J.-C.; et al. European Heart Rhythm Association (EHRA) international consensus document on how to prevent, diagnose, and
treat cardiac implantable electronic device infections. EP Eur. 2020, 22, 515-549. [CrossRef]

Firkowska, A. Infectious complications after cardiac implantable electronic devices insertion in the elderly patients. Geriatria 2025,
19, 147-152.

Tarakji, K.G.; Mittal, S.; Kennergren, C.; Corey, R.; Poole, ].E.; Schloss, E.; Gallastegui, J.; Pickett, R.A.; Evonich, R.; Philippon, E,;
et al. Antibacterial Envelope to Prevent Cardiac Implantable Device Infection. N. Engl. ]. Med. 2019, 380, 1895-1905. [CrossRef]
Greenspon, A.]; Patel, ].D.; Lau, E.; Ochoa, ]J.A.; Frisch, D.R.; Ho, R.T.; Pavri, B.B.; Kurtz, S.M. 16-year trends in the infection
burden for pacemakers and implantable cardioverter-defibrillators in the United States 1993 to 2008. J. Am. Coll. Cardiol. 2011,
58,1001-1006. [CrossRef] [PubMed]

Uslan, D.Z.; Dowsley, T.F.; Sohail, M.R.; Hayes, D.L.; Friedman, P.A.; Wilson, W.R,; Steckelberg, ] M.; Baddour, L.M. Cardiovascular
implantable electronic device infection in patients with Staphylococcus aureus bacteremia. Pacing Clin. Electrophysiol. 2010,
33, 407-413. [CrossRef] [PubMed]

Paolisso, P.; Foa, A.; Bergamaschi, L.; Graziosi, M.; Rinaldi, A.; Magnani, I.; Angeli, F.; Stefanizzi, A.; Armillotta, M.; Sansonetti,
A_; et al. Echocardiographic Markers in the Diagnosis of Cardiac Masses. J. Am. Soc. Echocardiogr. 2023, 36, 464-473.€2. [CrossRef]
[PubMed]

Polyzos, K.A.; Konstantelias, A.A.; Falagas, M.E. Risk factors for cardiac implantable electronic device infection: A systematic
review and meta-analysis. EP Eur. 2015, 17, 767-777. [CrossRef] [PubMed]

Lekkerkerker, J.C.; van Nieuwkoop, C.; Trines, S.A.; van der Bom, ].G.; Bernards, A.; van de Velde, E.T.; Bootsma, M.; Zeppenfeld,
K.; Jukema, J.W.; Borleffs, ].W.; et al. Risk factors and time delay associated with cardiac device infections: Leiden device registry.
Heart 2009, 95, 715-720. [CrossRef] [PubMed]

Harper, M.W.; Uslan, D.Z.; Greenspon, A.].; Baddour, L.M.; Carrillo, R.G.; Danik, S.B.; Tolosana, ].M.; Le, K.; Miro, ] M.; Naber,
C.K,; et al. Clinical presentation of CIED infection following initial implant versus reoperation for generator change or lead
addition. Open Heart 2018, 5, e000681. [CrossRef]

Birnie, D.H.; Healey, ].S.; Wells, G.A.; Verma, A.; Tang, A.S.; Krahn, A.D.; Simpson, C.S.; Ayala-Paredes, F.; Coutu, B.; Leiria,
T.L.; et al. Pacemaker or defibrillator surgery without interruption of anticoagulation. N. Engl. |. Med. 2013, 368, 2084-2093.
[CrossRef] [PubMed]

Rennert-May, E.; Chew, D.; Cannon, K.; Zhang, Z.; Smith, S.; King, T.; Exner, D.V,; Larios, O.E.; Leal, ]. The economic burden of
cardiac implantable electronic device infections in Alberta, Canada: A population-based study using validated administrative
data. Antimicrob. Resist. Infect. Control 2023, 12, 140. [CrossRef] [PubMed] [PubMed Central]

Kutarski, A.; Polewczyk, A.; Boczar, K.; Zabek, A.; Polewczyk, M. Safety and effectiveness of transvenous lead extraction in
elderly patients. Cardiol. ]. 2014, 21, 47-52. [CrossRef]

Bandres, J.C.; Darouiche, R.O. Staphylococcus capitis endocarditis: A new cause of an old disease. Clin. Infect. Dis. 1992,
14, 366-367. [CrossRef] [PubMed]

Al Hennawi, H.E.T.; Mahdi, E.M.; Memish, Z.A. Native valve Staphylococcus capitis infective endocarditis: A mini review. Infection
2020, 48, 775-779. [CrossRef]

Bongiorni, M.G.; Kennergren, C.; Butter, C.; Deharo, ].C.; Kutarski, A.; Rinaldi, C.A.; Romano, S.L.; Maggioni, A.P.; Andarala,
M.; Auricchio, A.; et al. The European Lead Extraction ConTRolled (ELECTRa) study: A European Heart Rhythm Association
(EHRA) Registry of Transvenous Lead Extraction Outcomes. Eur. Heart J. 2017, 38, 2995-3005. [CrossRef] [PubMed]

Rinaldi, C.A.; Diemberger, L; Biffi, M.; Gao, Y.-R; Sizto, E.; Jin, N.; Epstein, L.M.; Defaye, P. Safety and success of transvenous lead
extraction using excimer laser sheaths: A meta-analysis of over 1700 patients. EP Eur. 2023, 25, euad298. [CrossRef] [PubMed]
Krahn, A.D.; Longtin, Y.; Philippon, E; Birnie, D.H.; Manlucu, J.; Angaran, P.; Rinne, C.; Coutu, B.; Low, R.A.; Essebag, V.; et al.
Prevention of Arrhythmia Device Infection Trial: The PADIT Trial. J. Am. Coll. Cardiol. 2018, 72, 3098-3109. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15082996


https://doi.org/10.1093/eurheartj/ehq497
https://www.ncbi.nlm.nih.gov/pubmed/21252172
https://doi.org/10.1016/j.hrthm.2017.03.019
https://doi.org/10.1093/europace/euz246
https://doi.org/10.1056/NEJMoa1901111
https://doi.org/10.1016/j.jacc.2011.04.033
https://www.ncbi.nlm.nih.gov/pubmed/21867833
https://doi.org/10.1111/j.1540-8159.2009.02565.x
https://www.ncbi.nlm.nih.gov/pubmed/19793360
https://doi.org/10.1016/j.echo.2022.12.022
https://www.ncbi.nlm.nih.gov/pubmed/36610495
https://doi.org/10.1093/europace/euv053
https://www.ncbi.nlm.nih.gov/pubmed/25926473
https://doi.org/10.1136/hrt.2008.151985
https://www.ncbi.nlm.nih.gov/pubmed/19036758
https://doi.org/10.1136/openhrt-2017-000681
https://doi.org/10.1056/NEJMoa1302946
https://www.ncbi.nlm.nih.gov/pubmed/23659733
https://doi.org/10.1186/s13756-023-01347-4
https://www.ncbi.nlm.nih.gov/pubmed/38053198
https://pmc.ncbi.nlm.nih.gov/articles/PMC10698885
https://doi.org/10.5603/CJ.a2013.0084
https://doi.org/10.1093/clinids/14.1.366-a
https://www.ncbi.nlm.nih.gov/pubmed/1571458
https://doi.org/10.1007/s15010-019-01311-8
https://doi.org/10.1093/eurheartj/ehx080
https://www.ncbi.nlm.nih.gov/pubmed/28369414
https://doi.org/10.1093/europace/euad298
https://www.ncbi.nlm.nih.gov/pubmed/37757839
https://doi.org/10.1016/j.jacc.2018.09.068
https://www.ncbi.nlm.nih.gov/pubmed/30545448
https://doi.org/10.3390/jcm15082996

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Data Collection and Variable Definitions 
	Infection Classification and Microbiological Protocols 
	Clinical Outcomes 
	Statistical Analysis 

	Results 
	Baseline Demographics and Study Population 
	Complex Comorbidity Profiles 
	Procedural History and Device Characteristics 
	Clinical Manifestation of Infection 
	Detailed Microbiological Ecosystem 
	Definitive In-Hospital Outcomes 

	Discussion 
	Conclusions 
	References

