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Background: Transvenous lead extraction (TLE) has shown a safe and efficacy profile in the intraoperative and
short-term setting; however, data on long-term outcomes are limited.

Objective: The purpose of this study was to assess long-term outcomes and prognostic factors in patients who
underwent TLE.

Methods: Consecutive patients with cardiac implantable electronic device (CIED) who underwent TLE between
2014 and 2016 were retrospectively studied. The primary outcome was the composite endpoint of death and
repeated TLE stratified by infective/non-infective indication. Individual components of the primary outcome
were also evaluated.

Results: One hundred ninety-one patients were included in the analysis, 50% extracted for CIED-related infection.
Complete procedural success was achieved in 189 patients (99%) with no major acute complications. After a
median of 6.5 years, infection indication was associated with significantly lower event-free survival (67% vs.
83% non-infection group, adjusted hazard ratio [aHR] 1.97, 95% confidence interval [CI] 1.02-3.81, p = 0.04).
All-cause mortality rate was higher in the TLE infection group (30% vs. 10%, p < 0.01). The rate of repeated TLE
did not differ between groups (4% vs. 7%, p = 0.62). Among patients who had TLE for infection, the presence of
vegetation (aHR 2.56; 95%CI 1.17-5.63, p = 0.02) and positive blood cultures (aHR 2.64; 95%CI 1.04-6.70, p =
0.04) were independently associated with the primary outcome.

Conclusion: Patients who underwent TLE for CIED-related infection exhibit a high mortality risk during long-term
follow-up. Vegetation and positive blood cultures in patients with CIED-related infection are associated with a
worse prognosis regardless of successful and uncomplicated TLE.

1. Introduction

Lead management for cardiac implantable electronic devices (CIEDs)
is a serious issue due to the increasing rate of infection and the not
negligible incidence of lead failures. [1,2] In the last decade, the
increased awareness of indications, associated with the improved safety
and efficacy of extraction procedures, has led to a significant growth in
the number of transvenous lead extraction (TLE) procedures that ac-
count a central role in the lead management strategy. [3] Indeed,

although the high perceived risk, [4] TLE is reported to have a low
intraoperative and short-term complication rate in high-volume
extraction centers. [5,6]

To date, TLE is mandatory for patients with CIED-related infection;
however, epidemiological data on post-extraction patients are still
scarce and the recent expert consensus of the European Heart Rhythm
Association (EHRA) strongly recommends conducting clinical research
in this area. [3]

Ideally, post-extraction outcomes should be evaluated for much

Abbreviations: CIED, Cardiac implantable electronic device; TLE, Transvenous lead extraction; TEE, Transesophageal echocardiography.
* Corresponding author at: Cardiology Department, Spedali Civili Hospital, Piazzale Spedali Civili 1, 25123 Brescia, Italy.

E-mail address: gianmarcoarabia@gmail.com (G. Arabia).
1 These authors share the first co-authorship.

2 This author takes responsibility for all aspects of the reliability and freedom from bias of the data presented and their discussed interpretation.

https://doi.org/10.1016/j.ijcard.2023.02.040

Received 3 January 2023; Received in revised form 16 February 2023; Accepted 22 February 2023

Available online 24 February 2023

0167-5273/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:gianmarcoarabia@gmail.com
www.sciencedirect.com/science/journal/01675273
https://www.elsevier.com/locate/ijcard
https://doi.org/10.1016/j.ijcard.2023.02.040
https://doi.org/10.1016/j.ijcard.2023.02.040
https://doi.org/10.1016/j.ijcard.2023.02.040
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2023.02.040&domain=pdf
http://creativecommons.org/licenses/by/4.0/

G. Arabia et al.

longer time to understand if TLE could have long-term sequalae. The
limited data available suggest a highest mortality rate during long-term
follow-up despite uncomplicated extraction, particularly among pa-
tients with more comorbidities and different indications for TLE. [7-9]
These data are important, as they should be taken into the decision-
making and consent process for TLE, particularly in high-risk patients.

The aim of the present study was to assess long-term mortality and
repeated extraction in patients who underwent TLE at a tertiary referral
center, stratified by the presence of infective indication.

2. Methods
2.1. Study population

This is a retrospective cohort study. Consecutive patients with CIED
who underwent TLE and subsequent device reimplantation from
January 2014 to January 2016 were considered to receive a follow-up
during 2022. All TLE procedures were performed by two experienced
cardiac electrophysiologists at Spedali Civili Hospital (Brescia, Italy),
which according to HRS guidelines is considered a high-volume center
(>30 TLE procedures per year). [3]

Informed consent was obtained in all patients. This study has been
drafted in accordance with the tenets of the Helsinki Declaration on
human research and has been approved by the local institutional review
boards. The study data are available from the corresponding author
upon reasonable request.

2.2. Data collection

The clinical and demographic characteristics of the patients were
retrospectively collected from electronic medical records. Chronic kid-
ney disease (CKD) was defined by the presence of an estimated
glomerular filtrate rate (eGFR) <60 mL/min/mZ, calculated with the
CKD-EPI equation. TLE features including lead type, overall TLE dura-
tion and fluoroscopy time, number of leads removed, leads indwelling
time (calculated as the oldest targeted lead in situ at the time of
extraction), technical extraction information, tools used, and outcomes
were also collected.

2.3. Transvenous lead extraction procedure

All TLEs were performed in accordance with the expert consensus
document on transvenous lead extraction from the Heart Rhythm Soci-
ety (HRS). [10] Indications for TLE were grouped as non-infection (lead
dysfunction, venous access issues, access to magnetic resonance imag-
ing, chronic pain, and several more unusual indications for TLE) and
infection (bacteremia and/or endocarditis, pacemaker site swelling or
erythema, skin erosion, or discharge from the pocket). TLE procedure
undertaken at this center has been described in detail elsewhere. [11]

As for the center practice, a previous TLE risk stratification was
assessed before the procedure through the LED and MB scoring systems
to predict difficult procedures. [11] [12] These scoring systems account
for the number of leads to be extracted, leads indwelling time, presence
of high voltage lead, passive fixation lead, presence of infective
vegetation.

A standard stepwise approach was adopted in all TLE procedures,
which included a transition from simple to more complex strategies.
Briefly, a direct manual traction was initially attempted to remove the
lead. If unsuccessful, an appropriately sized locking stylet was inserted
and a counter traction technique was used with the aid of manual dis-
secting sheaths. If lead removal was still not achieved, more advanced
techniques were performed, which included the use of powered sheaths
(mechanical and/or laser), and snares by femoral route for free-floating
portion of leads. All procedures were performed by expert electro-
physiologists with cardiac surgery backup available on site. Complete
procedural success was defined as the removal of all targeted leads and
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materials. All acute complications and procedural characteristics were
also documented and traced. Major complications were defined ac-
cording to the EHRA guidelines as those resulting in death, threatened
life, significant surgical intervention, or causing persistent or significant
disability. All other complications attributed to the extraction procedure
were considered minor complications.

2.4. Device reimplantation

Blood tests and pocket cultures were assessed to decide the antibiotic
course as well as reimplantation time, as for guideline recommenda-
tions. Transesophageal echocardiography (TEE) was performed in all
CIED-related infection patients to assess the presence of vegetations.

The need and timing of CIED reimplantation was determined by
electrophysiologists and infectivologists. Patients with infectious were
generally reimplanted after negative blood cultures in absence of find-
ings suggestive for intracardiac infective remnant persistence at TEE. In
case of pacing-dependent patients, temporary pacing was used prior to
delayed reimplantation, alternatively an immediate surgical epicardial
pacing leads approach was adopted. For patients with non-infective
indication for TLE, transvenous device reimplantation was assessed
during the same procedure stage.

2.5. Follow-up

As for the standard of care of the enrolling center, patients were
evaluated after discharge with an outpatient visit at 1-, 6, and 12-
months, and every 12 or 6 months thereafter for reimplanted device
assessment. During each visit, electrical parameters were tested and the
adequacy of the programmed pacing parameters was confirmed. More-
over, the outpatient visit also aimed to evaluate TLE-related adverse
events and the clinical status. Information on patients who did not
receive the subsequent follow-up at enrolling institution was obtained
from patient survey, the family practitioner, and from the referring
institution. Data available by June 30, 2022, were considered for the
analysis.

2.6. Cohort and outcomes definition

Patients were divided into two cohorts: 1) patients who underwent
TLE for CIED infection 2) patients who underwent TLE for non-infective
cause. The primary hazard outcome was a combine of all cause of death
and a repeated TLE procedure. Individual components of the primary
endpoint, analysis of the predictors of the primary endpoint, and sub-
group analysis in patients with infectious indication were deemed sec-
ondary outcomes.

2.7. Statistical analysis

Data analysis was performed using STATA software, version 17.0
(StatCorp LP, College Station, TX, USA). All tests were two-tailed and a p
value <0.05 was considered statistical significance. Continuous vari-
ables were reported as median [interquartile range, IQR] and compared
between groups with the Mann-Whitney U test. Binary and categorial
variables were expressed as absolute (relative) frequencies and analyzed
with the Pearson’s y or Fisher’s exact test, as appropriate. Survival rates
were calculated with the product-limit method, reported along with the
95% confidence interval (CI) and compared with the log-rank test. The
association of independent variables with study outcomes was first
estimated using univariable Cox proportional hazards regression
models. Multivariable Cox analysis was then performed to identify
predictors of poor prognosis including in the models all the relevant
variables with a p value <0.10 in the univariate analysis considering the
one-in-ten rule. Results were presented as hazard ratio (HR) with 95% CI
and Kaplan-Meier survival curves.
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3. Results
3.1. Baseline characteristics and TLE outcomes

A total of 249 patients who underwent a TLE procedure were
screened. Of these, 191 patients had available follow-up data and were
included in this analysis. Because our institution is a tertiary referral
hospital for TLE, the remaining 58 patients were followed up at other
hospitals after discharge. They had no major complications related to
TLE but were excluded from the study due to lack of follow-up data. The
characteristics of the excluded patients are reported in the Supplemen-
tary material (Table S1). Ninety-six out of 191 patients (50.3%) un-
derwent a TLE procedure due to CIED-related infection (infection
group), while 95 (49.7%) for a different reason (non-infection group).
The baseline characteristics of the study cohort are summarized in

Table 1
Study population stratified according to infection and non-infection indication
for transvenous lead extraction.

Variable Overall (n = Infection (n Non-infection P-
191) = 96) (n=95) value
Gender male, N (%) 162 (84.8%) 83 (86.5%) 79 (83.2%) 0.66
Ag[eI é-;‘;ars)’ median ;0 6177)  74(66-80) 66 (55-74) <0.01
BMI (Kg/m?), 25.8 25.9 25.6 0.30
median [IQR] (23.0-27.7) (23.7-27.7) (22.7-27.7) :
Creatinine (mg/dL), 1.60 1.60 1.60 0.62
median [IQR] (1.34-1.80) (1.30-1.80) (1.45-1.89) ’
Comorbidities, N (%)
Atrial fibrillation 65 (34.0%) 32 (33.3%) 33 (34.7%) 0.96
hronic ki
Chronickidney 7 (2980)  35(365%)  22(23.2%) 0.06
disease
Diabetes 41 (21.5%) 27 (28.1%) 14 (14.7%) 0.04
CABG 25 (13.1%) 10 (10.4%) 15 (15.8%) 0.39
Valvular prothesis 13 (6.8%) 5 (5.2%) 8 (8.4%) 0.55
CAD 78 (40.8%) 40 (41.7%) 38 (40.0%) 0.88
DCM 40 (20.9%) 20 (20.8%) 20 (21.1%) 1.00
ital h
Congenital heart 5 gy 5 (5.2%) 5 (5.3%) 1.00
disease
Device removed
.01
type, N (%) 0.0
PM 65 (34.0%) 36 (37.5%) 29 (30.5%)
ICD 55 (28.8%) 18 (18.8%) 37 (39.0%)
CRT-P/D 71 (37.2%) 42 (43.7%) 29 (30.5%)
Indication for lead
removal, N (%)
Infection 96 (50.3%) 96 (100%) 0 (0%)
Lead dysfunction 69 (36.1%) 0 (0%) 69 (72.6%)
Device upgrade 18 (9.4%) 0 (0%) 18 (18.9%)
Lead-related 10(5.2%)  0(0%) 10 (10.5%)
complications
Thrombosis/ 4(21%) 0 (0%) 4(4.2%)
stenosis
Leads extracted,
> 2 (1- 2 (2- 1(1-1 .01
median (IQR) 1-3) 23 a-1 <0.0
lead dwell yeas, 7.5
median (IOR) 6.9 (3.7-9.3) (3.7-12.6) 5.9 (3.2-8.4) <0.01
Previ ki
revious pocket 49(25.8%) 40 (41.7%) 9 (9.6%) <0.01
revision, N (%)
Infection
characteristics, N
(%)
Presenc'e of B 54 (56.8%) B B
vegetation
Positive pocket B 25 (34.7%) B B
cultures
Positive blood B 14 (19.2%) B B
cultures
LED index* 9 (6-12) 10 (7-14) 7 (5-10) <0.01
MB score® 4 (2-4) 4 (3-5) 3(2-4) <0.01

BMI: body mass index; CABG: coronary artery bypass graft; CAD: coronary ar-
tery disease; CRT-P/D: cardiac resynchronization therapy pacemaker/defibril-
lator; DCM: dilated cardiomyopathy; ICD: implantable cardiac defibrillator;
IQR: interquartile range; PM: pacemaker.
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Table 1. Compared to the non-infection group, patients in the infection
group were older (74 [IQR 66-80] vs. 66 [IQR 55-74] years, p < 0.01),
with a higher prevalence of diabetes (28.1% vs. 14.7%, p = 0.04) and
chronic kidney disease (36.5% vs. 23.2%, p = 0.06). More complex TLE
procedures were performed in the infection group; this translates into a
higher number of leads removed (2 [IQR 2-3] vs. 1 [IQR 1-1], p < 0.01),
longer leads indwelling time (7.5 [IQR 3.7-12.6] vs. 5.9 [IQR 3.2-8.4]
years, p < 0.01), and higher risk stratification indexes (LED: 10 [IQR
7-14]1vs. 7 [IQR 5-10]1, p < 0.01; MB: 4 [IQR 3-5] vs. 3 [IQR 2-4],p <
0.01).

Complete procedural success was achieved in 189 of 191 patients
(99.0%) with no reported major complications. In the overall popula-
tion, there were 9 minor complications (4.7%) without significant dif-
ferences between the two groups. These latter included transient
hypotension (N = 7, 3.7%), pericardial effusion that did not require
invasive intervention (N = 2, 1.0%), and sustained ventricular tachy-
cardia that required electrical cardioversion (N = 2, 1%). A temporary
pacemaker was used in 62 patients (33.2%). The median fluoroscopy
time was significantly longer in the infection group (11.0 min [4.2-17.4]
vs. 6.0 min [2.7-10.4] in the non-infection group, p < 0.01); this
observation can be largely explained by the different characteristics of
the extracted systems in the two groups reported in Table 1. Table S2 in
the Supplementary material summarizes the procedural characteristics
by study groups.

3.2. Long-term outcomes

During a median follow-up of 6.5 years [IQR 5.4-7.1], the primary
outcome occurred in 31 patients (32.3%) in the infection group and 15
patients (15.8%) in the non-infection group (adjusted HR, 1.97; 95% CI
1.02 to 3.81, p = 0.04). The event-free survival rate in the non-infection
group was 95.8% (95% CI: 89.2%-98.4%) vs. 78.1% (68.5%-85.2%) in
the infection group after 3 years, and 82.9% (72.5%-89.7%) vs. 67.0%
(56.4%-75.5%) after 7 years. The Kaplan-Meier curve for the primary
analysis is plotted in Fig. 1, panel A. Among the variables considered
(Table 2), obesity was associated with a >2-fold increase in the risk of
the primary endpoint (adjusted HR, 2.26, 95% CI: 1.03-4.95, p = 0.04).

During the follow-up period, a higher number of all-cause deaths
were found in the infection group (N = 29, 30.2%) compared to the non-
infection group (N =9, 9.5%, log-rank p < 0.01; Fig. 1, panel B). Details
on the cause of death in the two groups are reported in Table S3 in the
Supplementary material.

The repeated TLE did not differ between the groups (4/96 [4.2%] vs.
7/95 [7.4%], log-rank p = 0.62), as shown in Fig. 1, panel C. In the
infection group, a new TLE was due to a new device infection in 3 pa-
tients (3.1%), and to heart transplant in one patient (1.0%). In these
patients, a second TLE procedure occurred after a median of 4.2 years
[IQR 2.2-4.8]. In the non-infection group, seven patients underwent a
new TLE after a median of 5.7 years [IQR 4.3-6.8]. A repeated TLE
procedure was due to device pocket infection (4/95, 4.2%), lead
disfunction (2/95, 2.1%), and cardiac perforation during transvenous
lead reimplantation (1/95, 1.1%).

3.3. Predictors of poor prognosis for patients with infective indication

The predictors of death / repeated TLE were evaluated within the
group of patients who underwent TLE due to a CIED-related infection.
Among all variables investigated, age, chronic kidney disease, presence
of septic vegetation, and positive blood cultures were associated with
the primary hazard endpoint in the univariate analysis (Table 3). Sub-
sequently, two multivariate models were generated, including age and
chronic kidney disease with the presence of vegetation (Model 1) and
positive blood cultures (Model 2). Both were confirmed to be signifi-
cantly associated with a poor prognosis (vegetation, adjusted HR, 2.56
[95% CI: 1.17-5.63], p = 0.02; positive blood cultures, adjusted HR,
2.64 [95% CI: 1.04-6.70], p = 0.04). The Kaplan-Meier survival curves
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Fig. 1. Kaplan-Meier survival curves and analysis for the primary combined outcome by study group (A) and for the components of the primary endpoint, death from
any cause (B) and repeated TLE procedure (C). Kaplan-Meier survival curves and analysis for the primary combined outcome among patients with infectious

indication by the presence of vegetation (D) and positive blood cultures (E).
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Table 2
Predictors of death or repeated TLE in all patients.

Univariate analysis Multivariate analysis

Variable HR 95% CI P HR 95% CI P
value value

Infective vs
noninfective 2.47 1.33-4.57 <0.01 1.97 1.02-3.81 0.04
indication

Patient features
Age 1.03 1.01-1.06 0.01 1.02 0.99-1.05 0.13
Sex, male 1.23 0.52-2.90 0.64 - - -
Obese (BMI>30 o5 105482 004 226 103495 0.04
Kg/m®)
Atrial fibrillation 1.59 0.88-2.86 0.12
Chronickidney 514 119384 001 170 091-319 010
disease
Diabetes 1.44 0.75-2.79 0.27 - - -
Isch(?mlc 1.26 0.71-2.26 0.43 - - -
cardiomyopathy
Dilated 120 061237 059 - - -
cardiomyopathy

TLE features
LED index 1.00 0.95-1.05 0.95 - - -
MB score 1.23 0.98-1.54 0.07 - - -
TLE-related
acute 0.68 0.21-2.20 0.52 - - -
complications

Univariate predictors with P < 0.10 were entered into multivariate Cox pro-
portional hazard models to determine significant independent predictors.
BMI: body mass index; TLE: transvenous lead extraction.

are shown in Figs. 1, panels D and E.

4. Discussion

The main findings of our study can be summarized as follows:

1. Patients who underwent TLE with infective indication have a higher
combined risk of death and repeated TLE compared to those with a
different indication.

2. The worse outcome during follow-up is mainly due to a higher rate of
all-cause mortality, while the rate of repeated TLE is low and similar
between groups.

3. The characteristics of the CIED removed and the presence of intra-
periprocedure TLE-related complications are not associated with
long-term outcomes.

Table 3

Predictors of death or repeated TLE in patients with infective indication (n = 96).

International Journal of Cardiology 378 (2023) 32-38

4. Among patients with infective indication for TLE, the presence of
septic vegetation and positive blood cultures are independent pre-
dictors of poor outcome regardless of event-free TLE and appropriate
therapy.

4.1. Infective vs. non-infective indication

In our study, overall mortality after a median of 7 years since TLE
was consistent (approximately 20%); moreover, the primary endpoint (a
composite of death from any cause and repeated TLE) was significantly
higher among patients who experienced TLE for CIED-related infection,
with a nearly double HR compared with the non-infection patients.
Univariate and multivariate analyses identified the infection indication
for TLE, together with obesity, as the strongest predictors of mortality or
repeated TLE.

Historical data shows that CIED-related local and systemic infection
are well established risk factors for short- and long-term term mortality.
[13,14] In a series of 500 patients, Polewczyk et al. [7] showed a 29.3%
mortality rated 3 years after TLE for endocarditis, which was similar to
our data, with a worst outcome in the presence of large septic vegetation
(>2 cm) or vegetation remnants respect to localized pocket infection. In
a recent analysis on 1151 patients followed for a mean of 66.4 months,
Mehta et al. [8] confirmed a higher long-term mortality rate in patients
undergoing TLE for CIED-related infection (38.6% vs. 28.5% in non-
infection; p = 0.004), without difference between local infection or
systemic infection.

In contrast to the above-mentioned, recent data derived from large
registries on leadless pacemaker implantation following TLE for infec-
tion, exhibit substantial safety and efficacy in this high-risk subset of
patients, with a two-year all-cause mortality rate of 5.4% and no rein-
fection events [15,16].

Our study confirms the negative outcomes in patients who under-
went TLE and reimplanted with transvenous devices (Fig. 1). This
finding can partially be explained by an incomplete eradication of the
vegetations with subsequent early infection recurrence.

When considering the independent contribution provided by both
individual components included in the primary composite endpoint
(death and repeated TLE procedure), no significant differences were
found in the rate of repeated TLE between the groups. Although rela-
tively rare (5.8%), the main indication for a repeated TLE procedure in
both groups was the infection of the reimplanted system, whose occur-
rence was therefore independent of a preexisting infection. Conse-
quently, the difference in the primary composite endpoint was primarily

Univariate analysis

Multivariate analysis (Model 1)

Multivariate analysis (Model 2)

Variable HR 95% CI P value HR 95% CI P value HR 95% CI P value

Patient-related
Age 1.03 0.99-1.07 0.06 1.04 0.99-1.07 0.06 1.02 0.98-1.07 0.26
Sex, male 1.03 0.36-2.95 0.95 - - - - - -
Obese (BMI > 30 Kg/m?) 1.46 0.56-3.81 0.44 - - - - - -
Atrial fibrillation 1.80 0.88-3.67 0.11 - - - - - -
Chronic kidney disease 1.97 0.97-3.98 0.06 1.61 0.78-3.37 0.20 2.25 0.91-5.55 0.08
Diabetes 1.57 0.75-3.29 0.23 - - - - - -
Ischemic cardiomyopathy 1.50 0.74-3.04 0.26 - - - - - -
Dilated cardiomyopathy 0.92 0.38-2.25 0.86 - - - - - -
Previous pocket revision 0.71 0.34-1.48 0.36 - - - - - -
Presence of vegetation 2.22 1.02-4.82 0.04 2.56 1.17-5.63 0.02 - - -
Positive pocket cultures 0.90 0.34-2.40 0.84 - - - - - -
Positive blood cultures 2.50 1.00-6.28 0.05 - - - 2.64 1.04-6.70 0.04

TLE-related
LED index 0.97 0.91-1.03 0.32 - - - - - -
MB score 1.12 0.81-1.54 0.50 - - - - - -
TLE-related acute complications 1.14 0.16-8.38 0.90 - - - - - -
Use of temporary pacemaker 0.93 0.45-1.92 0.85 - - - - - -
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driven by mortality and not by the rate of repeated TLE.

4.2. Systemic vs. local infection

Subgroup analysis according to lead infection, pocket infection, or
pocket erosion as the primary indication for TLE showed the presence of
vegetation (both on leads and valves) and positive blood cultures,
associated with an increased risk of recurrence of the primary composite
endpoint. Notably, no significant correlation was found between local
infection with positive pocket swab culture and long-term mortality or
repeated TLE. This finding may be explained by the greater efficacy that
antibiotic therapy and pocket revision can obtain in terms of eradication
of a localized pocket infection, in contrast to a systemic infection with
persistent vegetation after TLE (which is more likely to cause severe
complications such as sepsis and septic embolization [17]). Gould et al.
[12] showed similar results showing a higher 30-day all-cause mortality
in the systemic infection group compared to the local infection group
(7.9% vs 2.1% respectively; p = 0.003), the difference being driven
mainly by severe septic events. This high mortality rate among patients
with endovascular infection was also confirmed after a longer follow-up
(1 year).

These findings strengthen the recommendation of TLE in patients
with lead infection and positive blood cultures suggesting that in the
case of pocket infection/erosion an early TLE (associated with aggres-
sive and prolonged antimicrobial therapy) may avoid the extension of
the infection, thus preventing fatal septic complications.

4.3. Other risk factors

In addition to the impact of the device or lead infection on the pri-
mary outcome, other patient-related variables (i.e., obesity and chronic
kidney disease) were identified as predictors of a poor prognosis in terms
of death and repeated TLE. Specifically, the impact of chronic kidney
disease on prognosis was statistically significant in the overall cohort
and in the infection group. This finding is consistent with the current
literature. [8,9,18] Brunner et al. [18] reported a 4.8-fold increase in
mortality at 30 days for end-stage renal disease, with a cumulative
impact on top of infective indication.

In our series, predictors of difficult TLE (LED index and MB score),
neither intraoperative complications were found associated with long
term outcomes, thus affecting hospital stay duration after TLE.

4.4. Study limitations

The findings of our study are mainly limited by the single-center
design of the study. Due to the retrospective design of study, unmea-
sured significant confounders could not be excluded. The definition of
infection indication was based on the presence of vegetations, positive
blood cultures, or positive pocket cultures, thus excluding other pa-
rameters such as C-reactive protein levels that have previously been
described to be correlated with mortality at 30 days. Finally, although
the strength of a long follow-up, the study sample size was limited and
our results should be confirmed in larger multicenter analyses.

5. Conclusions

Our data showed a higher long-term risk of combined death and
repeated TLE in patients who underwent TLE for CIED-related infection
when compared to different indications. This negative outcome is driven
mainly by the mortality component. Infection indication for a TLE is
further negatively affected in the presence of vegetations and positive
blood cultures at the time of TLE. These high-risk patients should be
considered for earlier TLE to limit the formation of vegetation and sys-
temic infection spread.
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