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Abstract: Background: The aim of the study was to examine the treatment outcome for patients with
cardiovascular implantable electronic device (CIED) infections after extraction. Methods: Patients
who underwent CIED extractions due to an infection at Karolinska University Hospital 2006-2015
were analyzed. Results: In total, 165 patients were reviewed, 104 (63%) with pocket infection and 61
(37%) with systemic infection. Of the patients with systemic infection, 34 and 25 patients fulfilled the
criteria for definite and possible endocarditis, respectively. Complications after extraction occurred
only in one patient. Reimplantation was made after a mean of 9.5 days and performed in 81% of
those with pocket infection and 44.3% in systemic infection. Infection with the new device occurred
in 4.6%. The mean length of hospital stay for patients with pocket infection was 5.7 days, compared
to 38.6 days in systemic infection. One-year mortality was 7.7% and 22.2% in pocket infection and
systemic infection, respectively. Patients with Staphylococcus aureus infection had a higher mortality.
Conclusions: In this study, the majority of the patients had a pocket CIED infection, with a short
hospital stay. Patients with a systemic infection, and S. aureus etiology, had a prolonged hospital stay
and a higher mortality.
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1. Introduction

In 2015, about 64,000 people were living in Sweden with cardiovascular implantable
electronic devices (CIED) (The Swedish ICD and Pacemaker registry).

Infection is a major complication in CIED and the most common cause for lead
extraction [1]. A study from US reported a 12% increase in CIED implantations during
2003-2006, and a 57% increase in infections [2]. The incidence of infections related to CIED
has in a previous study from US been reported to be 1.9/1000 device years [3].

Risk factors for CIED infections include renal disease, diabetes mellitus, chronic ob-
structive pulmonary disease, corticosteroid use, heart failure, malignancy, pocket hematoma,
use of anticoagulation, as well as lack of antibiotic prophylaxis before implantation [4,5].
Complications at the generator site, reimplantation, and early re-intervention may also
increase the risk.

CIED infection is presented as pocket infection or systemic infection (sepsis and endo-
carditis). Local infection is most common and gives such symptoms as edema, rubor and
local pain [6]. Staphylococcus spp. have been reported as the major causative microbiological
agents for CIED infections [5].

CIED infections increase morbidity and death. Cost-health economic studies have
shown that CIED infections are expensive, cause prolonged hospitalization and are associ-
ated with an increased health-economic burden [7]. The use of an antibacterial envelope
has recently been reported to reduce the incidence of CIED infection in a randomized
multicenter study [8].
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The aims of the study were to examine the differences in treatment outcome and hospi-
talization time for patients with CIED infection, related to type of infection, microbiological
etiology and type of device.

2. Materials and Methods
2.1. Patient Selection and Study Definitions

Karolinska University Hospital, Stockholm, is a tertiary referral hospital with 1600 beds.
At the Department of Cardiology, extractions of CIED are performed. The patients are from
Stockholm County as well as other counties in Sweden.

The study was retrospective and performed between 2006 and 2015, and the patients
were followed-up until December 2019. Inclusion criteria were patients who underwent
CIED extraction due to infection and living in Stockholm County. Exclusion criteria were
patients who had the device extracted for other reasons than infection, patients from other
areas than Stockholm County, and patients lacking data in their medical records.

The patients were identified from the Swedish ICD and Pacemaker Registry, and the
electronic patient record, Take Care.

Information about sex, type of device, and time for extraction and reimplantation were
extracted from the registry. Data from medical records were analyzed regarding device
types, clinical picture, microbiological findings, length of hospital stay and antibiotic
treatment. Patients were followed up for a maximum of 14 years.

The classification of CIED-infection, pocket infection (local symptoms as erythema,
swelling, pain, rubor, pocket incisional drainage, and/or device exposure) or systemic
infection (fever, and positive blood cultures), including infective endocarditis, was adapted
from the EHRA guidelines [9] and based on data from patients” medical records. Microbi-
ological findings were cultures and PCR/16 S rRNA sequencing from pocket and tissue
swabs, extracted leads, as well as blood cultures.

Informed consent was given by the patients to participate in the Swedish ICD and
Pacemaker Registry. The study was approved by the ethical review board Karolinska
Institutet, Stockholm, Sweden (2015/2289-31)

2.2. Extraction Procedure

Transvenous lead extractions, (TLE) were performed in our conventional pacemaker
implantation laboratory by one of two experienced cardiologists trained in the procedure.
Lead extractions in this study were primarily performed from the CIED pocket. The
proximal end of the lead was cut, and a locking stylet was usually introduced. If simple
traction was not successful passive polypropylene sheaths were then advanced coaxially
over the lead body to remove the lead(s) from intravascular ingrowth of fibrotic tissue.
Rarely, transfemoral vein snares were used if further difficulties were encountered or
if free-floating lead ends remained. No powered sheaths (rotational sheaths or laser
sheaths) were used in this study. Back-up thoracic surgeons do not attend during the lead
extraction procedure but are immediately available within minutes if serious perioperative
complications occur.

2.3. Statistical Analysis

Summary statistics were provided as the mean. All findings were analyzed for
significance and a p-value < 0.05 was considered significant in all statistical analyses.

The collected data were analyzed in JMP version 15 and Excel. Descriptive statistics
were calculated for mean age. Numerical variables were analyzed primarily with the
Mann-Whitney U test, and Kruskal-Wallis H test as applicable, while categorical data in
the form of the distribution of microbiological findings were analyzed with Chi-square test,
and Fischer exact test when appropriate. Kaplan—-Meier survival estimates were also used.
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3. Results

Baseline data for the 165 patients who underwent transvenous lead extraction (TLE)
due to an infection are described in Table 1. The mean age was 67.0 years, and 69.7% of the
patients were men. Pocket infection and systemic infection occurred in 104 (63.0%) and
61 (37.0%) patients, respectively. The median follow-up was 74 months.

Table 1. Baseline data for 165 patients who underwent removal for CIED infection in 2006-2015 at Karolinska Univer-

sity Hospital.
Pocket Infection Systemic Infection All Infections p-Value
Number of patients 104 61 165
Mean age (y) £ SD 66.9 + 15.0 69.8 (£12.4) 67.0 + 14.1

Sex female n (%) 33 (31.7%) 17 (27.9%) 50 (30.3%) 0.601
Heart failure n (%) 36 (34.6%) 27 (44.3%) 63 (38.1%) 0.219
Coronary artery disease n (%) 26 (25.0%) 19 (31.1%) 45 (27.2%) 0.394
Valvular heart disease n (%) 21 (20.2%) 13 (21.3%) 34 (20.6%) 0.864
Hypertension n (%) 20 (19.2%) 8 (13.1%) 28 (17.0%) 0.310
CABG n (%) 16 (15.4%) 12 (19.7%) 28 (16.9%) 0.47
Diabetes mellitus n (%) 11 (10.6%) 12 (19.6%) 23 (13.9%) 0.11

Abbreviations: CIED = cardiovascular implantable electronic devices, CABG = Coronary artery bypass graft surgery

There were no differences between the proportions of systemic and pocket infections,
in age, co-morbidity, or the proportions of women and men.

The types of devices and previous procedures are presented in Table 2. Pacemaker
extraction was the most common procedure, in women and men. Cardiac resynchroniza-
tion therapy with defibrillator (CRT-D) and implantable cardioverter defibrillator (ICD)
extractions were less frequent among women than men—14.7% compared to 85.3% and
11.2% compared to 88.8%, respectively (p = 0.002).

Table 2. Type of device and previous procedures in 165 patients who performed extraction due to CIED infection.

Pocket Infection Systemic Infection All Infections p-Value
Number of patients 104 61 165

Type of device

PM 53 (50.9%) 36 (59.1%) 89 (53.9%) 0.615

CRT-D 21 (20.2%) 13 (21.3%) 34 (20.6%) 0.86

ICD 19 (18.3%) 8 (13.1%) 27 (16.4%) 0.39

CRT-P 11 (10.6%) 4 (6.6%) 15 (9.1%) 0.38

De novo implantation 20 (19.2%) 30 (49.2%) 40 (30.3%) 0.004

Reimplantation 84 (80.8%) 31 (50.8%) 115 (69.7%) 0.004

More than 2 CIED procedures 29 (27.8%) 12 (19.7%) 41 (24.8%) 0.23

Abbreviations: CIED = cardiovascular implantable electronic devices, PM = pacemaker, ICD = implantable cardioverter defibrillator,
CRT-D = cardiac resynchronization therapy with defibrillator, CRT-P = cardiac resynchronization therapy with pacemaker.

Complications after extraction occurred only in one patient, which was tricuspid valve
damage, and surgery was performed with prosthetic replacement of the tricuspid valve.

Data for hospitalization time and length of antibiotic treatment are described in Table 3.
There were no statistical differences in days of hospital stay, length of antibiotic treatment,
or time until reimplantation when comparing the device types.
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Table 3. Length of hospitalization, days of antibiotics treatment, and days until re-implantation in 165 patients with
CIED infection.

Pocket Infection (n =104)  Systemic Infection (n = 61) All Infections (n = 165) p-Value
Length of
hospitalization 5.7 (+5.9) 38.6 (+15.7) 17.9 (£19) <0.001
Days to reimplantation 6.9 (+14.6) 17.8 (£17.9) 9.5 (+16) 0.006
Days on 22.7 (+£22.6) 39.7(+16.02) 29.9 (+21.9) <0.001

antibiotic treatment

Days in mean =+ SD. Abbreviations: CIED = cardiovascular implantable electronic devices.

Echocardiography was performed in 68 patients, transesophageal echocardiography
in 60 patients and transthoracic echocardiography in 8 patients. Vegetations were present
in 42/68 (61.7%) of the patients examined. The locations of the vegetations were on the
pacemaker electrode (n = 28), the pacemaker electrode and the tricuspid valve (n = 5), the
tricuspide valve (n = 5), the aortic valve (n = 4), the mitral valve (n = 3), and others (n = 1).
In total, 34 patients were classified as definite endocarditis and 25 as possible endocarditis.
Patients with definite endocarditis had a longer hospital stay compared with those with
possible endocarditis—43 and 31 days, respectively (p = 0.006)—but other factors such as
length of antibiotic treatment and mortality did not differ between the two groups.

The mean time from extraction to reimplantation is described in Table 3. Reimplan-
tation (within 3 months after removal) of the device was performed in 109/165 (66.1%)
of the patients—in 82/104 (81%) and 27/61 (44.3%) for those with pocket and systemic
infection, respectively. The reasons for no reimplantation were ceased indication for pacing
(n =37); 19 of these cases were patients with sick sinus syndrome transformed into chronic
atrial fibrillation, severe comorbidity (n = 8), or high risk of an infection (n = 3). Other
reasons were primary prophylaxis ICD with restored cardiac function. Infection in the new
device during the follow-up period occurred in 5/109 patients (4.6%), which resulted in
new CIED extraction in 3 of the patients.

The microbiological findings are described in Table 4. In 100% of patients with
systemic infection (i.e., septicemia or endocarditis), culture and/or 16S rRNA sequencing
from pockets or leads were obtained, compared to 93.3% of the patients with a local
infection. In 53/165 patients (32%), 16 S rRNA sequencing was performed and yielded
a positive result in 27/53 (50.9%) patients. Staphylococcus aureus (methicillin-resistant S.
aureus was identified only in one patient) was the causative microorganism in 24.8% of all
patients, and was identified in 44.2% of those with a systemic infection, and 13.5% of those
with a local infection.

There was no significant difference in mean hospitalization time or days of antibiotic
treatment if 16 S TRNA was used, compared to culture. Patients with S. aureus infection
had a longer course of antibiotic treatment than those with an infection due to Coagulase-
negative staphylococci or Cutibacterium acnes (p < 0.001).

The mortality rate is described in Table 5. Long-term mortality was higher among
patients with systemic infection compared to pocket infection (p = 0.002) (Figure 1), and
for S. aureus infection compared to non-S. aureus infection (p = 0.012) (Figure 2). In 41/165
patients (24.8%), more than two previous CIED procedures had been performed; 38% in
women and 19% in men, respectively (p = 0.0011). Those patients had a higher long-term
survival compared to those who had two or less procedures (p = 0.044) (Figure 3).
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Table 4. Microbiological findings in 165 patients with CIED removal due to infection.

Pocket Infection (n =104)  Systemic Infection (n = 61) All Infections (n = 165) p-Value
Staphylococcus aureus 14 (13.5%) 27 (44.2%) 41 (24.8%) <0.001
Coagulase-negative o o Y
staphylococci 23 (22.1%) 15 (24.5%) 38 (23.0%) 0.7
Cutibacterium acnes 18 (17.3%) 4 (6.5%) 22 (13.3%) 0.028
Streptococcus spp. 0 6 (9.8%) 6 (3.6%) -
Other 7 (6.7%) 6 (9.8%) 13 (7.9%) 0.47
Negative culture o o o
or PCR 35 (33.5%) 3 (4.9%) 38 (23.0%) 0.0023
Not performed 7 (6.7%) 0 7 (4.2%) -

Data expressed in number (%). Abbreviations: CIED = cardiovascular implantable electronic devices, S. aureus = Staphylococcus au-
reus, CoNS = coagulase-negative staphylococci, C. acnes (Cutibacterium acnes), Other = identified microbe other than above mentioned,
Negative = no findings in cultures or 16 S tTRNA/PCR, None = no bacterial cultures or PCR testing performed.

Table 5. Long-term mortality for patients who underwent an extraction due to CIED infection.

Pocket Infection Systemic Infection All Infections p-Value
Number of patients 104 61 165
30—day mortality 0 3 (17%) 3 (1.8%) -
1—year mortality 8 (7.7%) 14 (22.3%) 22 (13.3%) 0.006
4—year mortality 21 (20.1%) 26 (42.6%) 47 (28.4%) 0.002

Data expressed in number (%). Abbreviations: CIED = cardiovascular implantable electronic devices.
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Figure 1. Long-term survival for patients with local and systemic CIED infection.
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Figure 3. Long-term survival for patients with >2 CIED procedures performed (Yes) and <2 procedures (No).
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4. Discussion

In this study, 165 extractions due to CIED infection were performed, of which the
majority, 69.7%, were men, something that has been presented in other studies [3,10].
There were 12,562 CIED implantations performed in Sweden in 2015, of which 35.9%
were women and 64.1% men. The proportion of women (compared to men) who had
a pacemaker implanted in Sweden in 2015 was 43.8%, and for ICD, CRT-P and CRT-D,
the proportion of women was 19.7%, 25% and 20.8%, respectively (Swedish ICD and
pacemaker registry). The results of the present study reflect these figures. In 37% of cases,
the patients had a systemic infection, which is concordant with results from studies in
Japan [10] and Italy [11], where the authors reported an incidence of systemic infections
of 33% and 34.6%, respectively. A study from the United States [12] showed a higher
incidence of systemic infections, 42%.

In our study, in patients with many previous procedures, pocket infection occurred
more often, something that could be explained by repeated extractions and reimplanta-
tions, which could cause an inflammation and repeated bacterial colonization, leading to
an infection.

In the present study, positive results from microbiological cultures or PCR/16 S rRNA
sequencing were found in 59.6% and 95% of patients with pocket infection and systemic
infection, respectively. This is similar to the results from a study from Japan [10], in which
the frequency of positive cultures derived from pocket and systemic infections was 67%
and 93%, respectively.

S. aureus was the most common microbiological agent found in our study, dominating
in patients with systemic infection. CoONS was common in patients with pocket infection.
These results are consistent with other studies [3,10,13]. However, in a Danish study, CoNS
was the major microbial finding both in patients with systemic infection and in those with
pocket infection [14]. C. acnes was found in 17.3% of the patients with pocket infection in
our study, and has been described as a causative agent in CIED pocket infections [15].

Patients in our study were treated for 39.7 days and 22.7 days with antibiotics for
systemic infection and pocket infection, respectively. Current guidelines recommend
10-14 days of antibiotic treatment for pocket infections and 14-36 days of treatment for
systemic infections after device removal [9].

In 66.1% of the patients, reimplantation of the device was performed within 3 months,
which is similar to what was found in studies by Deharo and Tarakji, where 64% and 67%
underwent reimplantation [16,17] during the hospitalization. Reimplantation in the present
study was performed after 9.5 days for all patients, after 6.9 days for patients with pocket
infection, and after 17.8 days for those with systemic infection. In the study by Deharo [16],
reimplantation of the device was performed after 24 days, and most of the patients had
systemic infections.

Patients with more than two CIED implants, which was more common in women
than in men, had greater long-term survival. The reason for this is unclear, but could be
explained by lower age, and lower degree of co-morbidity.

The guidelines recommend the removal of the CIED in patients with definite CIED
infection, to prevent repeated infection [9]. Athan et al. [18] reported a one-year mortality
rate in patients with CIED-endocarditis for those keeping the CIED, compared to those
who underwent a removal of the CIED, of 38.1% and 19.9%, respectively.

The mean length of hospital stay was 17.9 days for all patients; 5.7 days for those with
pocket infection and 38.6 days for those with systemic infection. The results are different
from a recently published study from the UK, where the LOH was 8 days for patients
with pocket infection and 15 days for systemic infection [7]. The patients with definite
endocarditis had a longer hospital stay compared to those with possible endocarditis,
maybe due to the longer wait before re-implantation of a new device. Most of the patients in
our study with systemic infection received all intravenous antibiotic treatment in hospital.

One-year mortality was 13.3% for all patients, but differed between patients with a
systemic infection and those with a pocket infection—22.3% and 7.7%, respectively. The
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result differs from those from studies in Denmark [14] and France [16], where there were no
differences in long-term mortality between the groups with systemic and pocket infection;
in the Danish study 14% of the patients died within 10 months [14]. In other studies
published by Tarakji, 1-year mortality was 20% for all patients [12], 12% for those with
pocket infection and 31% for those with a systemic infection [12], and in the study by
Greenspon [1], one-year mortality was 25.3%.

Four-year mortality in the present study was 20.1% in pocket infection, and 42.6%
in systemic infection. One- and four-year mortality rates were similar for patients with
definite and possible endocarditis. In the French study [16], there was no difference in
5-year mortality between patients with systemic and pocket infections. In that study,
there was unexpectedly no difference in long-term mortality between patients with CIED
infections and those with CIED without infection, which served as a control group. Long-
term survival was similar in women and men in our study, which differs from the result of
a study from the Unites States [19], wherein women had better long-term mortality rates
than men.

5. Conclusions

In this study most of the patients had a pocket CIED infection. The complication
rate after extraction was low. Those with a systemic infection, mainly caused by S. aureus,
had a prolonged hospital stay, and higher mortality. Patients with definite and possible
endocarditis had similar long-term mortality.
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