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INTRODUCTION Cardiac implantable electronic devices (CIED) are
increasingly being used in end-stage renal disease (ESRD) patients.
These patients have a high risk of device infection.

OBJECTIVES To study the optimal management of device infec-
tions in patients with ESRD.

METHOD We used the United States Renal Data System (USRDS) to
assess the presence of a CIED and associated comorbidities, risk
factors for infection, and mortality following device extraction or
medical management in ESRD patients with CIED infection.
Univariable, multivariable, and survival analyses were performed
using USRDS data from 2005 to 2009.

RESULTS Of 546,769 patients, 6.4% had CIED and 8.0% of those
developed CIED infection. The major risk factors for device infection
were black race, temporary dialysis catheter, and body mass index
425. Patients with artificial valves were excluded from the
analysis. Only 28.4% of infected CIED were removed. CIED removal
was more common in those with congestive heart failure. The
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median time to death following diagnosis of a CIED infection was
15.7 months versus 9.2 months for those treated via device
extraction versus medical-only therapy (hazard ratio: 0.75; 95%
confidence interval: 0.68–0.82).

CONCLUSION Patients with ESRD and infected CIEDs have a poor
prognosis. Rates of device extraction are low, but this strategy
appears to be associated with modest improvement in survival.

KEYWORDS Pacemaker; Implanted cardioverter-defibrillator;
Infection; Device extraction

ABBREVIATIONS aRR ¼ adjusted risk ratio; CAD ¼ coronary artery
disease; CHF ¼ congestive heart failure; CI ¼ confidence interval;
CIED ¼ cardiac implantable electronic devices; ESRD ¼ end-stage
renal disease; HR¼ crude hazard ratio; LR¼ likelihood ratio; RR¼
crude risk ratio; USRDS ¼ United States Renal Data System
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Introduction
Cardiac implantable electronic devices (CIED) are increas-
ingly used to treat bradyarrhythmias, tachyarrhythmias, and
congestive heart failure (CHF).1,2 Cardiovascular diseases,
including arrhythmias and CHF, are the most common cause
of death in patients with end-stage renal disease (ESRD).3

Thus, ESRD patients frequently have indications for the use
of CIED.
Infectious complications of CIED in the general popula-
tion are relatively uncommon,4 but are associated with
significant morbidity and mortality.5 The management of
CIED infections usually includes the administration of
antibiotics and removal of the infected hardware.6 In the
general population with an infected CIED, a survival
advantage has been shown for patients treated with anti-
biotics and device extraction when compared to antibiotic
therapy alone.7

ESRD patients are at increased risk of bloodstream
infection owing to frequent vascular access for hemodialysis
or indwelling catheters for temporary hemodialysis or for
peritoneal dialysis.8,9 Alterations in immune system function
and limited inflammatory responses also put them at a higher
risk for infection.10 Current guidelines do not directly
address the management of CIED infections in ESRD
patients, since these patients have been excluded from nearly
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all clinical trials. To better understand current management
practices and outcomes for ESRD patients with CIED
infections, we queried the United States Renal Data System
(USRDS). In this large cohort we assessed the prevalence of
CIED use, risk factors for infection, and mortality following
device extraction, or medical management without extrac-
tion, in patients with CIED infection.

Methods
Data source
The USRDS is a de-identified database that includes
demographic characteristics, hospitalization and physician/
supplier claims, and vital statistics on all ESRD patients in
the United States.8 We queried USRDS data from 2005
through 2009. Comorbidities were defined by ICD-9 billing
codes submitted to Medicare. The latest version of the form
CMS-2728 was used to obtain additional comorbidity
information. CMS form 2728 is a medical information form
used by Medicare to determine eligibility and is a required
submission by dialysis units on every patient enrolled.

Outcome variables
There were 3 primary outcome variables in this study: 1)
presence of a CIED, 2) CIED infection, and 3) medical
versus device extraction and associated survival of an
infected CIED (Supplemental Table 1).

Presence of a CIED
The presence of a CIED was defined a priori according to the
following ICD-9 codes: V45.01 (cardiac pacemaker),
V45.02 (automatic implantable cardiac defibrillator),
996.61 (infection and inflammatory reaction due to cardiac
device, implant, and graft), or any CIED extraction code
(Supplemental Table 2). Only diagnosis codes defining the
presence of a CIED occurring on or after the date of the first
ESRD service were included in the analysis. Patients with
cardiac valve prostheses were excluded from the analysis.

CIED infection
This analysis was limited to those individuals with evidence
of a CIED and the presence of a CIED infection based on
ICD-9 code 996.61 (see above). Because this code may
indicate either CIED infection or cardiac prosthetic valve
endocarditis, patients with prosthetic valves were excluded.
This code was considered valid only if it was present after the
placement date of a CIED.

Medical treatment versus extraction of an infected CIED, and
associated survival
Medical therapy of a CIED infection without hardware
removal was inferred by the lack of surgical extraction
codes. Device extraction was defined by the presence of at
least 1 surgical extraction code (Supplemental Table 1).
Surgical extraction codes were considered valid only if they
were dated within the 60 days following the diagnosis of a
CIED infection. Survival following medical therapy, or
device extraction of an infected CIED, was assessed through
December 31, 2011. Individuals who had not died during
follow-up were also censored on this date. Among patients
who died, the cause of death was classified as cardiac-
related, infection-related, or other. Patients with cardiac
valve prostheses were also excluded from this analysis.

Covariates
For all analyses, demographic characteristics considered
included age at the onset of dialysis, sex, race/ethnicity,
initial dialysis type, and year of first dialysis. Age was
categorized as 18–39 years, 40–64 years, and greater than 65
years of age. Race was categorized as white, black, or other,
or as Hispanic versus non-Hispanic. Demographic variables
and date of first dialysis were obtained from the main
USRDS patient database. The initial dialysis type was
extracted from CMS-2728 version 2005, if available (25%
of the study population had this available). For each set of
analyses, covariates or potential risk factors as predictors of a
given outcome of interest were considered, including several
comorbid conditions as predictors for having a CIED or
CIED infection. These variables differed in terms of data
source and/or time of occurrence relative to the development
of a CIED infection, and were divided into 3 general
categories.

Category 1
Most comorbid conditions were identified based on the
presence of 1 or more primary or secondary ICD-9 codes
from hospitalization records that occurred from date of first
ESRD service to date of the development of a CIED
infection. Comorbid conditions considered specifically
related to cardiovascular health were a history of atrial
fibrillation or flutter, CHF, or coronary artery bypass graft.
Other conditions reported were a history of cancer or sleep
apnea. Comorbid conditions diagnosed prior to ESRD, and
up to the diagnosis of a CIED infection, were included.

Category 2
For some comorbid conditions, we combined data from
CMS-2728 with ICD-9 diagnosis codes to improve case
finding. These comorbidities included a history of coronary
artery disease (CAD), diabetes, hypertension, and alcohol
use/abuse. These conditions may have occurred prior to
ESRD or might have been a contributing factor to ESRD,
and were included if they were present at or prior to the date
of a CIED infection.

Category 3
Comorbid conditions considered as risk factors or conditions
potentially requiring device extraction of an infected CIED
included bacteremia, bacteremia with sepsis, infectious
endocarditis, pulmonary embolism, and stroke. The presence
of these conditions was inferred based on the presence of
ICD-9 codes in the dataset within 2 days prior to and up to 7
days after the date of CIED infection.



Table 1 Characteristics of the study populations (%)

Variable All patients CIED present CIED infection Medical therapy Device extraction

Total number* 546,769 (100.0) 34,935 (6.4) 2792 (0.5) 1999 (0.4) 793 (0.1)
Age, y (mean � SD) 62.7 (15.4) 69.6 (12.1) 65.1 (13.5) 65.1 (13.8) 65.0 (12.8)
Female sex 239,945 (43.9) 13,544 (38.8) 1048 (37.5) 794 (39.7) 254 (32.0)
Race

Black 156,259 (28.6) 8069 (23.1) 783 (28.0) 544 (27.2) 239 (30.1)
White 358,617 (65.6) 25,315 (72.5) 1913 (68.5) 1380 (69.0) 533 (67.2)

Initial dialysis access†

Catheter 378,734 (68.9) 24,452 (70.0) 2165 (77.5) 1535 (76.8) 630 (79.5)
AV fistula 63,379 (11.6) 4032 (11.5) 231 (8.3) 165 (8.3) 66 (8.3)
AV graft 17,517 (3.2) 1253 (3.6) 64 (2.3) 45 (2.3) 19 (2.4)
“Other” access type 5623 (1.0) 387 (1.1) 36 (1.3) 23 (1.2) 13 (1.6)
Unknown 83,516 (15.3) 4811 (13.8) 296 (10.6) 231 (11.6) 65 (8.2)

AV ¼ arteriovenous; CIED ¼ cardiac implantable electronic device.
*Percentages for totals row are calculated out of total patients available for analysis (N ¼ 546,769). All other percentages are calculated from column totals
(eg, all in “CIED present” column are out of 34,935 individuals with a CIED).
†Derived from CMS form 2728 from 2005 and later. Previous versions (1990–2004) did not indicate the initial type of access.
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Statistical Analysis
Descriptive statistics were calculated on all clinically rele-
vant variables of interest. Frequency (percent) was reported
for categorical variables, and the mean (standard deviation)
or median (range) for continuous variables. Potential cova-
riates of interest were stratified by presence of a CIED and
bivariate analyses conducted (χ2 or Wilcoxon rank sum
tests). Bivariate general linear models were used to deter-
mine an association between outcomes and other factors of
interest for presence of a CIED, CIED infection, or surgical
extraction of a CIED. The analysis of the “surgical extraction
of a CIED” cohort excluded those with an artificial heart
valve. Multivariable general linear models were used to
determine the relative contributions of potential predictors to
the outcome of interest, based on significant associations
found in bivariate analyses. Crude and adjusted relative risks
(RR and aRR) were estimated using a log-binomial model.
We used a modified Poisson regression method with robust
error variance for instances when the log-binomial models
would not converge.11 Using backward elimination of non-
significant variables, we obtained a final predictive model for
each outcome of interest. RRs and 95% confidence intervals
(CI) are reported. The final aRR was obtained after control-
ling for statistically significant confounders.

Survival analysis was used to determine if device
extraction was a risk factor for all-cause mortality, measured
in months for each person and independent of other potential
predictors of death. We included only individuals with a
CIED infection (excluding individuals with an artificial heart
valve) and compared device extraction with presumed
medical therapy. An unadjusted Cox proportional hazards
regression model was used to evaluate the prediction of
device extraction on survival. The period of interest for the
device extraction model was calculated such that follow-up
began at time of CIED infection and ended at death or the
end of the follow-up period on December 31, 2011. Owing to
the nature of the data, we assumed that censoring was
noninformative and measurement error among the validated
patient characteristics and ICD-9 diagnostic codes was
relatively low. The crude and adjusted hazards ratio (HR,
aHR) and 95% CI are reported.

Individuals were excluded from all analyses if they had
any missing information for the main covariates of interest or
had an ICD-9 code indicating a cardiac valve prostheses.
Statistical analyses were performed using SAS v9.4 (SAS
Institute, Cary, NC) and a type I error rate of 0.05. This study
was reviewed by the Georgia Regents University Institu-
tional Review Board and was determined to be non–human
subject research because of the de-identified nature of the
data and absence of qualifying protected health information.

Results
Characteristics of the study population
During the 5-year study period, 561,741 patients recei-
ved their first ESRD-related service and 97.3% (546,769)
met the study criteria. The majority of these individuals were
male (56.1%), white (65.6%), and non-Hispanic (85.4%)
(Table 1). The average age at first ESRD-related service was
62.7 years (standard deviation �15.4 years). For those
whose initial access type was known, catheter was the most
common (68.9%).

Presence of a CIED and associated covariates
From the above cohort, 34,935 patients (6.4%) met the
criteria for the presence of a CIED. Patients with CIED were
more likely to be male, white, non-Hispanic, and older at the
institution of dialysis than patients without a CIED (Table 1).
Cardiovascular conditions were associated with increased
likelihood of having a CIED, with likelihood ratio (LR)/aRR
of 2.58 (95% CI 2.49–2.66) for CAD, 1.72 (95% CI 1.69–
1.76) for atrial fibrillation, 3.62 (95% CI 3.50–3.74) for
CHF, and 1.67 (95% CI 1.63–1.71) for coronary artery
bypass graft (Table 2). The noncardiac conditions associated
with the greatest likelihood of having a CIED were ageZ65
[LR/aRR 1.84 (1.70–1.98)], age 40–64 [LR/aRR 1.62 (1.22–
1.42)], sleep apnea [LR/aRR 1.21 (1.16–1.26)], and diabetes
[LR/aRR 1.05 (1.03–1.08)]. Women, black race, Hispanic



Table 2 Clinical characteristics of patients with a cardiac
implantable electronic device

Risk factor Adjusted RR

95% CI

Lower Upper

Sex: female vs male 0.82 0.80 0.84
Race: black vs white 0.96 0.94 0.99
Race: other vs white 0.99 0.94 1.04
Ethnicity: Hispanic vs non-Hispanic 0.90 0.87 0.93
Ethnicity: unknown ethnicity vs
non-Hispanic

1.01 0.92 1.12

Age 465 years vs 18–39 years at
ESRD diagnosis

1.84 1.70 1.98

Age 40–64 years vs 18–39 years at
ESRD diagnosis

1.62 1.22 1.42

Access at first dialysis
AV graft vs AV fistula 1.07 1.00 1.13
Dialysis catheter vs AV fistula 1.00 0.97 1.03
Other type vs AV fistula 0.97 0.88 1.07

Category 1 (cardiac) variables
Congestive heart failure 3.62 3.05 3.74
Coronary artery bypass graft 1.67 1.63 1.71
Atrial fibrillation/flutter 1.72 1.69 1.76

Category 1 (noncardiac) variables
Sleep apnea 1.21 1.16 1.26

Category 2 variables
Coronary artery disease 2.58 2.49 2.66
Diabetes 1.05 1.03 1.08
Obesity (BMI 425) 1.06 1.04 1.08
Alcohol use/abuse 0.92 0.87 0.98
Hypertension 0.93 0.90 0.96

AV ¼ arteriovenous; BMI ¼ body mass index; ESRD ¼ end-stage renal
disease; RR ¼ relative risk.

Table 3 Clinical risk factors associated with a cardiac implantable
electronic device infection

Risk factor Adjusted RR

95% CI

Lower Upper

Race: black vs white 1.08 1.00 1.18
Race: other vs white 0.73 0.60 0.89
Ethnicity: Hispanic vs non-Hispanic 0.76 0.67 0.87
Ethnicity: unknown ethnicity vs
non-Hispanic

0.95 0.63 1.44

Age 465 years vs 18–39 years at
ESRD diagnosis

0.40 0.34 0.47

Age 40–64 years vs 18–39 years at
ESRD diagnosis

0.69 0.58 0.81

Access at first dialysis
AV graft vs AV fistula 0.93 0.71 1.22
Dialysis catheter vs AV fistula 1.56 1.37 1.78
Other type vs AV fistula 1.61 1.15 2.24
Obesity (BMI 425) 1.13 1.05 1.23

AV ¼ arteriovenous; BMI ¼ body mass index; ESRD ¼ end-stage renal
disease; RR ¼ relative risk.

Table 4 Likelihood of device extraction versus medical-only
therapy of an infected cardiac implantable electronic device

Adjusted RR*

95% CI

Lower Upper

Sex: female vs male 0.87 0.80 0.95
Category 1 variables
Congestive heart failure 1.13 1.01 1.26

Category 3 variables
Bacteremia 0.89 0.81 0.99
Stroke 0.55 0.38 0.81

*Adjusted relative risks reported.
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ethnicity, and alcohol use/abuse were associated with a
decreased likelihood of CIED placement.

CIED infection and associated risk factors
In patients with a CIED, 8% met the criteria for an infected
device (Table 1). Clinical risk factors with the greatest
relative risk of a CIED infection included black race [aRR
1.08 (1.00–1.18)] and the use of a temporary dialysis catheter
[aRR 1.56 (1.37–1.78)] or “other” type of access [aRR 1.61
(1.15–2.24)] (Table 3). No category 1 variables increased the
risk of CIED infection; however, from the category 2
variables, a body mass index 425 significantly increased
the risk of infection [aRR 1.13 (1.05–1.23)].

Medical treatment only versus device extraction and
survival
Among patients with an infected CIED, 28.4% underwent
device extraction. The likelihood of device extraction was
increased in the presence of CHF (Table 4). Device
extraction was less likely in the presence of bacteremia and
stroke. No other variables were significant predictors of
surgical extraction for an infected CIED.

During the 5-year follow-up period, 286,112 individuals
(52.3%) died. The median survival time for all patients was
49.6 months. Mortality was assessed as a function of presence
of a CIED, CIED infection, or form of therapy for CIED
infection. Individuals with a CIED were significantly more
likely to die of cardiac-related causes than individuals without
a CIED (38.0% vs 23.7%, P o .0001). Among those with a
CIED, individuals with an infected CIED were more likely to
die from an infectious cause (11.7% vs 5.7%, P o .0001 for
infected vs noninfected CIEDs, respectively). Those with an
infected CIED who received device extraction within 60 days
of the diagnosis were more likely to be alive at the end of the
study period as defined above (33.8% vs 26.0%, P o .0001,
for surgical vs medical therapy, respectively) and less likely to
die of an infectious cause (10.0% vs 13.1%, P o .0001, for
device extraction vs medical therapy, respectively). The
median time to death following diagnosis of a CIED infection
was 15.7 months versus 9.2 months for those treated via
device extraction versus medical therapy, respectively. Device
extraction was significantly protective, reducing the hazard of
death by 25% (use of HR: 0.75; 95% CI: 0.68–0.82) and
controlling for sex, race, ethnicity, atrial fibrillation, CHF,
CAD, hepatitis C, bactermia and sepsis, infectious endocardi-
tis, and stroke (Figure 1).

Discussion
In patients undergoing hemodialysis between 2005 and
2009, the rate of infected CIEDs was more than 2 times



Figure 1 Survival of patients following diagnosis of a cardiac implantable electronic device infection and treated with surgical extraction (solid line) or
medical therapy. Surgical extraction conferred a significant survival advantage.
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the overall population with CIEDs. Extraction of an infected
CIED in dialysis patients resulted in improved survival if
accomplished within 60 days of the diagnosis of the
infection. The results of this study suggest that device
extraction may be underutilized in the ESRD population
and support the contention that surgical extraction of an
infected CIED confers a survival advantage.

The use of implanted cardiac CIEDs is common in ESRD
patients. Approximately 6.4% of more than 540,000 patients
in our study population had a CIED. The frequent use of
pacemakers or implanted cardioverter-defibrillators in dial-
ysis patients is probably related to the high prevalence of
cardiovascular disease and the increased risk of sudden
cardiac death in those with ESRD. Sudden cardiac death
has been reported at 1.9 deaths per 1000 patient-years in the
general population12 compared to 55 deaths per 1000
patient-years in the ESRD population.8 All major trials and
published guidelines6 for prevention of sudden cardiac death
have excluded patients with ESRD. Therefore we cannot
evaluate the appropriateness of the use of CIEDs in our
study. However, ESRD patients with CIEDs had cardiovas-
cular conditions similar to the general population with a
CIED. As previously reported for the non-ESRD population,
a higher percentage of whites received CIEDs compared to
African Americans, similar to that observed in the present
studies.13

ESRD is known to be a risk factor for CIED infection.5

We would speculate that this may result from frequent
bloodstream access for hemodialysis and/or the use of
indwelling dialysis catheters.9 Accordingly, we found that
the incidence of CIED infection after initiation of hemodial-
ysis was 8.0%, over 3-fold the national average of 2.4% in
2008.14 The most frequent group with CIED infection in the
USRDS database was younger men. The findings in our
study regarding age- and sex-related demographics have
been shown in previous studies.4,15–19 Obesity was also
associated with CIED infection. Obesity may contribute to
increased risk of CIED infection through several mecha-
nisms, including an increased burden of microbial
colonization.20

Although complete extraction of the system is usually
recommended in patients with CIED infection, those with
ESRD have frequent comorbidities that may alter decision
making in this setting. Our data show that in ESRD patients
with CIED infection, only 26.5% underwent device extrac-
tion. Failure to remove the CIED and leads was associated
with higher mortality (Figure 1). Medical therapy only for a
CIED infection was more common in the presence of
bacteremia and stroke. It is not clear from these data why
these patients were more frequently treated medically, but we
would speculate that these conditions may be surrogate
markers for severity of illness, potentially rendering the
patients too ill for a procedure. The median time to death
following diagnosis of a CIED infection was 15.7 months
versus 9.2 months for surgical versus medical treatment.
Similar results have been reported previously.21–25

Patients with CHF had a higher frequency of device
extraction in the event of a CIED infection. This is interest-
ing because the presence of this comorbidity might be
expected to increase the risk of device extraction–related
complications and potentially mitigate the benefit of system
removal. We would speculate that the incidence of implanted
cardioverter-defibrillator devices may be higher in CHF
patients, and that these cases are thus followed by electro-
physiologist cardiologists, who may be more aggressive
about extraction. In addition, serious conditions could
potentially have swayed the treatment decision toward
medical therapy only. These findings go against the theory
that the low rate of device extraction was because the patients
were too sick to tolerate the procedure. The issue of whether
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comorbidities increase the relative risk of device extraction
or increase the relative benefit in those at highest risk is a
subject of ongoing debate.26,27

The mortality differences between medical treatment alone
and device extraction declined over time, the longer a patient
survived following the initial diagnosis of device infection.
Notably, overall mortality was reduced by 25% in patients
undergoing device extraction within the first 60 days after CIED
infection was identified when compared to medical therapy. We
show that, over time, ESRD patients have a poor mortality
regardless of disease management; however, in the short term,
extraction offers a better outcome over medical therapy.

Limitations
This is a retrospective cohort analysis that does not allow us
to directly compare the efficacy of medical and surgical
treatment strategies. The reasons for choosing one strategy
over the other cannot be ascertained from an administrative
database. All diagnoses and procedures were inferred from
billing codes and are not the result of actual medical
documentation. In this regard, code 996.61 may be subject
to some ambiguities in diagnoses. Despite its clear desig-
nation as a billing code for "infection and inflammatory
reaction due to cardiac device, implant, and graft," there may
be other infected or inflamed states that may potentially be
classified under this code (for example, stitch abscess or
wound cellulitis) and thus allow patients with minor infec-
tious complications to contaminate the group with CIED
infection. These patients would be expected to expand the
total population of infected patients, but would likely
increase the number treated medically (ie, without device
extraction), and thus reflect successes in the medical
approach. Their presence in the total pool of infected patients
would not be expected to alter the results or conclusion that
surgical extraction is associated with improved survival.
Likewise, patients with an infected lead but without a pocket
infection may have been coded as bacteremic or septic. We
do not know the incidence of this coding issue; however, if
the lead was not removed, the patients would have been
relegated to the medical therapy group, which demonstrated
a poorer prognosis than those patients with a lead extraction.
In general, a major limitation of drawing scientific conclu-
sions from administrative datasets is the uncertainty in
coding accuracies. This constraint is balanced against the
advantages of a large dataset such as the USRDS, including
the population-based nature of the data, a fairly complete
dataset, and the relative availability of the data.28,29

Conclusion
Many ESRD patients have CIEDs, and infections of these
devices are twice as frequent as in patients not on dialysis.
Outcomes of CIED infection in this population are poor, with
average survival o1 year. Device extraction within 60 days
of diagnosed CIED infection is associated with a modest
improvement in survival. However, the condition has a high
mortality regardless of device extraction.
Appendix
Supporting data
Supplementary data associated with this article can be found
in the online version at http://dx.doi.org/10.1016/j.hrthm.
2015.08.003.
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CLINICAL PERSPECTIVES
To our knowledge, this is the largest study to date of end-stage renal disease (ESRD) patients and the associated risk factors
for cardiac implantable electronic device (CIED) infections. This study reveals that CIED infection in ESRD patients is
common and that management strategies vary widely, with device and lead extraction being underutilized. Given the
improvement in mortality that extraction seems to afford in this study, early referral for consideration of extraction in this
population is important. Further study into barriers for referral for extraction is needed and will help in understanding how
to better manage this underserved population.
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