
Lead Extraction and Mortality Among Patients
With Cardiac Implanted Electronic Device Infection
Sean D. Pokorney, MD; Lindsay Zepel, MS; Melissa A. Greiner, MS; Vance G. Fowler Jr, MD, MHS;
Eric Black-Maier, MD; Robert K. Lewis, MD, PhD; Donald D. Hegland, MD; Christopher B. Granger, MD;
Laurence M. Epstein, MD; Roger G. Carrillo, MD; Bruce L. Wilkoff, MD;
Chantelle Hardy, MPH; Jonathan P. Piccini, MD, MHS

IMPORTANCE Complete hardware removal is a class I recommendation for cardiovascular
implantable electronic device (CIED) infection, but practice patterns and outcomes remain
unknown.

OBJECTIVE To quantify the number of Medicare patients with CIED infections who underwent
implantation from 2006 to 2019 and lead extraction from 2007 to 2019 to analyze the
outcomes in these patients in a nationwide clinical practice cohort.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included fee-for-service Medicare Part
D beneficiaries from January 1, 2006, to December 31, 2019, who had a de novo CIED
implantation and a CIED infection more than 1 year after implantation. Data were analyzed
from January 1, 2005, to December 31, 2019.

EXPOSURE A CIED infection, defined as (1) endocarditis or infection of a device implant and
(2) documented antibiotic therapy.

MAIN OUTCOMES AND MEASURES The primary outcomes of interest were device infection,
device extraction, and all-cause mortality. Time-varying multivariable Cox proportional
hazards regression models were used to evaluate the association between extraction and
survival.

RESULTS Among 1 065 549 patients (median age, 78.0 years [IQR, 72.0-84.0 years]; 50.9%
male), mean (SD) follow-up was 4.6 (2.9) years after implantation. There were 11 304 patients
(1.1%) with CIED infection (median age, 75.0 years [IQR, 67.0-82.0 years]); 60.1% were male,
and 7724 (68.3%) had diabetes. A total of 2102 patients with CIED infection (18.6%)
underwent extraction within 30 days of diagnosis. Infection occurred a mean (SD) of 3.7 (2.4)
years after implantation, and 1-year survival was 68.3%. There was evidence of highly
selective treatment, as most patients did not have extraction within 30 days of diagnosed
infection (9202 [81.4%]), while 1511 (13.4%) had extraction within 6 days of diagnosis and 591
(5.2%) had extraction between days 7 and 30. Any extraction was associated with lower
mortality compared with no extraction (adjusted hazard ratio [AHR], 0.82; 95% CI,
0.74-0.90; P < .001). Extraction within 6 days was associated with even lower risk of
mortality (AHR, 0.69; 95% CI, 0.61-0.78; P < .001).

CONCLUSIONS AND RELEVANCE In this study, a minority of patients with CIED infection
underwent extraction. Extraction was associated with a lower risk of death compared with no
extraction. The findings suggest a need to improve adherence to guideline-directed care
among patients with CIED infection.
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I ndications for cardiovascular implantable electronic de-
vices (CIEDs) and their rates of implantation have in-
creased over time, with more than 300 000 patients re-

ceiving a new CIED implantation every year in the US alone.1,2

However, as the rates of CIED implantation have increased, so
have device infections.3 These infections can result in sub-
stantial morbidity, and patients with CIED infections have over
3-fold higher mortality compared with patients without
infections.4 Additionally, CIED infections are associated with
significant financial burden to the health care system.4,5

Antibiotics alone are not effective for treatment of CIED
infection and can have significant adverse consequences, in-
cluding higher rates of infection relapse and mortality.6-8 Com-
plete device and lead removal in patients with definite CIED
infection (systemic or local), bacteremia, or infective endo-
carditis is standard of care and carries a class I recommenda-
tion in clinical practice guidelines.8-10 Studies have shown that
extractions performed earlier after diagnosis are associated
with significantly lower 1-year mortality rates as well as shorter
length of hospital stay and fewer physician or hospital
visits.7,11,12 There have been concerns about lack of guideline
adherence with respect to hardware removal among patients
with CIED infections.13,14 However, there are limited data on
the rates of complete device and lead removal in patients with
CIED infections.

This analysis was designed to quantify the number of Medi-
care patients with CIED infections who underwent lead ex-
traction from 2007 to 2019 and analyze the outcomes in these
patients in a nationwide clinical practice cohort. We hypoth-
esized that lead extraction would be associated with lower mor-
tality and that earlier lead extraction would be associated with
lower mortality than delayed lead extraction.

Methods
Data Sources
In this cohort study, we obtained 100% of Medicare fee-for-
service (FFS) data from January 1, 2004, through December
31, 2019, for beneficiaries with a pacemaker or implantable car-
dioverter defibrillator (ICD) implantation procedure. These data
contain all of the administrative claims for patients who re-
ceived a pacemaker or ICD in the US and were enrolled in FFS
Medicare between January 1, 2004, and December 31, 2019.
Data were accessed through the Centers for Medicare & Med-
icaid Services (CMS) Chronic Conditions Warehouse Virtual Re-
search Data Center.15 The study was approved by the Duke Uni-
versity institutional review board, which waived informed
consent because data sets were deidentified prior to analysis
as defined by the Health Insurance Portability and Account-
ability Act per 45 CFR §164.514(b). We followed the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) reporting guideline.

Medicare claims included the inpatient, outpatient, car-
rier, Master Beneficiary Summary File (MBSF), home health
(HH), durable medical equipment (DME), and skilled nursing
facility (SNF) files. We also used Part D files, which include pre-
scription drug fill records from January 1, 2006, through De-

cember 31, 2019; the Part D plan election type beneficiary sum-
mary; and the Part D drug characteristics files. The Medicare
inpatient file contains institutional claims for hospital inpa-
tient services. The Medicare outpatient file contains institu-
tional claims for outpatient services. The carrier file contains
noninstitutional claims submitted by health care clinicians for
services in any setting. Each of these files includes diagnosis
and procedure codes, dates of service, and institution- or cli-
nician-specific information. The HH, DME, and SNF files in-
clude claims for procedures and services and dates of service
in each respective setting. The Medicare prescription drug
event data and the Part D drug characteristics file contain in-
formation on prescriptions covered by the Medicare prescrip-
tion drug plan. The MBSF contains information on demograph-
ics, birth and death dates, and program eligibility and
enrollment.

Study Population
Medicare FFS patients who underwent a de novo pacemaker
or ICD implantation procedure (eTable 1 in Supplement 1) from
January 1, 2005, through December 31, 2019, were identified
using the carrier file. Patients were considered to not have a
de novo implantation and were excluded based on the follow-
ing criteria: (1) a Current Procedural Terminology (CPT) code
of 33212, 33213, 33214, 33215, 33218, 33220, 33221, 33224, 33227,
33228, 33229, 33226, 33222, 33223, 33230, or 33231 in the year
prior to implantation; (2) a CPT code of 33206, 33207, 33208,
or 33249 in the year prior to implantation; or (3) a CPT code of
33225 without 33206, 33207, 33208, or 33249. The study popu-
lation was required to have continuous Medicare FFS for the
12 months before de novo implantation to ensure that they had
no prior device and to have Medicare FFS and Part D coverage
in the 12 months after implantation to assess infection. Those
with an infection within 12 months after device implantation
were excluded as these acute infections may represent stitch
abscesses or other minor wound healing abnormalities. Infec-
tions within 12 months of implantation were also excluded be-
cause these cases are considered device removals and do not
require extraction and the use of specialized services.9 Pa-
tients with an infection were required to have (1) a primary di-
agnosis of infection of a device implantation and (2) docu-
mented antibiotic therapy within 30 days after device infection.

Key Points
Question What is the frequency of guideline-recommended
complete hardware removal for cardiac implantable electronic
device (CIED) infections?

Findings In this cohort study of 1 065 549 Medicare patients from
2006 to 2019, rates of guideline-recommended device extraction
among patients older than 65 years with CIED infections were low,
such that only 18.6% underwent extraction within 30 days of
diagnosis. Earlier CIED extraction was associated with lower
mortality.

Meaning The findings suggest that a minority of patients with
CIED infection undergo extraction and that there is a need to
improve guideline-directed care of patients with CIED infection.
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Device infection was identified by searching the outpatient,
inpatient, and carrier files for the diagnosis of endocarditis or
infection of a device implantation (codes are listed in eTable 2
in Supplement 1). The outpatient, inpatient, carrier, HH, DME,
and SNF files were used to identify patients with a Health-
care Common Procedure Coding System code for intrave-
nous (IV) antibiotics. Additionally, patients using IV antibiot-
ics or oral linezolid were identified by searching for a generic
drug name and dosage form in the Part D event file (eTable 3
in Supplement 1). Patients were required to have at least 30 days
of continuous FFS and Part D coverage after the date of de-
vice infection or until the date of death.

Cohort With CIED Infection
The study population was further restricted to those who de-
veloped a CIED infection at least 1 year after device implanta-
tion. Patients identified as having a CIED infection were re-
quired to have continuous FFS and Part D coverage from the
time of device implantation to device infection and 30 days
of continuous FFS and Part D coverage after the date of de-
vice infection or until the date of death. To account for a pos-
sible delay in CIED infection diagnosis, patients with a CIED
extraction in the 30 days prior to the infection diagnosis date
were additionally excluded. Device extraction was identified
by searching the carrier and outpatient files for the codes listed
in eTable 4 in Supplement 1. The study design is shown in the
eFigure in Supplement 1.

Study Variables
Device extraction was categorized into (1) no extraction within
30 days of the date of device infection, (2) extraction at less
than 7 days after the date of device infection, and (3) extrac-
tion at 7 to 30 days after the date of device infection. Infor-
mation on age, sex, race, and region were derived from the
MBSF. Race (ascertained in the Medicare files from the Social
Security Administration, which transfers demographic infor-
mation to Medicare’s enrollment database at the time of Medi-
care eligibility) was included in the analysis because it was hy-
pothesized to be a potential confounder in the treatment-
outcome association; categories were Black, White, and other
(included Asian, Hispanic, North American Native, un-
known, and other—not broken down further due to small cell
sizes and complying with the CMS cell suppression policy). We
searched inpatient, outpatient, and carrier claims until 1 year
after the implantation date or date of device infection and from
2 years prior for comorbid conditions using validated
algorithms.16,17 A claims-based frailty indicator was derived by
searching the inpatient, outpatient, and carrier claims.18

Outcomes
The primary outcomes of interest were device infection, de-
vice extraction, and all-cause mortality. All-cause mortality was
defined using death dates in the MBSF. Follow-up time for de-
vice infection started 1 year after the date of device implanta-
tion and was censored at (1) 1, 2, or 5 years after the index date;
(2) the end of claims availability (December 31, 2019); (3) the
date when enrollment in FFS Medicare ended; or (4) the date
when Part D enrollment ended. Follow-up time for device ex-

traction started at the date of device infection and was cen-
sored at (1) 1, 2, or 5 years after the infection date; (2) the end
of claims availability (December 31, 2019); or (3) the date when
enrollment in FFS Medicare ended. Death from any cause was
treated as a competing risk for the outcomes of infection and
extraction. To compare all-cause mortality between extrac-
tion groups, 2 approaches were used with different index dates.
Follow-up time until all-cause mortality was calculated from
the date of device infection for the time-varying analysis or 30
days after device infection for the landmark analysis. Fol-
low-up time was censored at (1) 1 year after each respective in-
dex date, (2) the end of claims availability (December 31, 2019),
or (3) the date when enrollment in FFS Medicare ended.

Statistical Analysis
Summary statistics are presented as percentages for categori-
cal variables and medians with IQRs for continuous variables.
Group differences were assessed using χ2 tests for categorical
variables and Kruskal-Wallis tests for continuous variables. The
Kaplan-Meier method was used to calculate the rate of all-
cause mortality, and group differences were tested using log-
ranktests inalandmarkanalysisexcludingpatientswithlessthan
30 days of follow-up. For the outcomes of infection and extrac-
tion, the cumulative incidence function was used to account for
thecompetingriskofmortalityandgroupdifferencesweretested
using the Gray test. Cox proportional hazards regression mod-
els were then used to estimate the association between extrac-
tion groups and all-cause mortality in the full cohort with infec-
tion. First, extraction was included in the model as a time-
dependent indicator defined as extracted (vs not extracted). In
a separate Cox proportional hazards regression model, the time-
dependent indicators of extraction at less than 7 days after in-
fection (vs no extraction within the first 6 days) and extraction
at7to30daysafter infection(vsnoextractionwithin7to30days)
were included. The proportional hazards assumption was tested.
Allmodelsadjustedfordemographics,comorbidconditions,geo-
graphic region, device type, time since implantation, and year
of device infection. A robust sandwich estimator was used to ac-
countfortheclusteringofpatientswithinhospitals.Separatesen-
sitivity analyses excluding patients with end-stage kidney dis-
ease and age younger than 65 years and restricting to patients
with endocarditis were performed. Since patient frailty might
be expected to influence decisions regarding infection manage-
ment and extraction, an additional sensitivity analysis was con-
ducted adjusting for baseline frailty with the Segal frailty index
in the Cox proportional hazards regression models.18 All statis-
tical analyses were performed using SAS Enterprise Guide, ver-
sion 7.15 (SAS Institute Inc). Two-sided P < .05 was considered
significant. Data were analyzed from January 1, 2005, to De-
cember 31, 2019.

Results
Baseline Characteristics
Among 1 065 549 patients with a CIED, the median age was 78.0
years (IQR, 72.0-84.0 years) and the mean (SD) follow-up was
4.6 (2.9) years after implantation; 49.1% were female; 50.9%,
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male; 7.6%, Black; 87.2%, White; and 5.2%, other race. A total
of 7724 (68.3%) had diabetes. As shown in Table 1, there were
11 304 patients (1.1%) with CIED infection with a median age
of 75.0 years (IQR, 67.0-82.0 years); 39.9% were female; 60.1%,
male; 15.7%, Black; 77.2%, White; and 7.2%, other race. The
patients with CIED infection had higher rates of comorbidi-
ties including diabetes, ischemic heart disease, peripheral vas-
cular disease, heart failure, chronic obstructive pulmonary dis-
ease, and kidney disease compared with the overall population
with a CIED. The CIED infections were more commonly seen

in patients with a cardiac resynchronization therapy defib-
rillator (CRTD) (13.2% vs 8.2%) or ICD (29.5% vs 17.4%).

Incidence of CIED Infection and Extraction
The cumulative incidence of CIED infection was 0.4% (3521 pa-
tients) at 1 year, 0.6% (5802 patients) at 2 years, and 1.2% (9564
patients) at 5 years. Infection occurred a mean (SD) of 3.7 (2.4)
years after implantation, and 1-year survival was 68.3%. The
frequency of device infection varied across device types, in-
cluding 1.67% in patients with a CRTD, 0.89% in patients with

Table 1. Baseline Patient Characteristics

Characteristic

Patientsa

Overall population
(N = 1 065 549)

Cohort with CIED
infection (n = 11 304)

Standardized
difference, % P value

Age, median (IQR), y 78.0 (72.0-84.0) 75.0 (67.0-82.0) 41.3 <.001

Age group, y

<65 79 225 (7.4) 2380 (21.1)

42.5 <.001
65 to <75 290 003 (27.2) 3112 (27.5)

75 to <85 439 681 (41.3) 4021 (35.6)

≥85 256 640 (24.1) 1791 (15.8)

Sex

Female 522 877 (49.1) 4505 (39.9)
18.6 <.001

Male 542 672 (50.9) 6799 (60.1)

Race

Black 80 827 (7.6) 1773 (15.7)

27.6 <.001White 929 276 (87.2) 8722 (77.2)

Otherb 55 446 (5.2) 809 (7.2)

Comorbidities

Dementia 120 890 (11.3) 1372 (12.1) 2.5 .008

Diabetes 525 584 (49.3) 7724 (68.3) 39.4 <.001

Ischemic heart disease 846 343 (79.4) 10 280 (90.9) 32.8 <.001

Peripheral vascular disease 508 214 (47.7) 7359 (65.1) 35.7 <.001

Congestive heart failure 691 251 (64.9) 9826 (86.9) 53.4 <.001

Cerebrovascular disease 489 286 (45.9) 5913 (52.3) 12.8 <.001

Hypertension 1 030 436 (96.7) 11 115 (98.3) 10.4 <.001

COPD 585 915 (55.0) 7989 (70.7) 32.9 <.001

Kidney disease 403 603 (37.9) 8000 (70.8) 70.0 <.001

Stroke or TIA 315 595 (29.6) 4053 (35.9) 13.3 <.001

Myocardial infarction 356 961 (33.5) 5302 (46.9) 27.6 <.001

Cancer 225 905 (21.2) 2822 (25.0) 8.9 <.001

Valvular heart disease 679 327 (63.8) 9153 (81.0) 39.2 <.001

Device type

CRTD 87 552 (8.2) 1488 (13.2)

36.6 <.001
CRTP 27 143 (2.5) 243 (2.1)

Pacemaker 765 432 (71.8) 6241 (55.2)

ICD 185 422 (17.4) 3332 (29.5)

Geographic region

Midwest 264 663 (24.8) 2695 (23.8)

3.8 .006
Northeast 196 430 (18.4) 2046 (18.1)

South 437 659 (41.1) 4776 (42.3)

West or other 166 797 (15.7) 1787 (15.8)

Dual Medicaid eligibility 237 070 (22.2) 4147 (36.7) 32.1 <.001

Claims-based frailty indicator 308 558 (29.0) 4176 (36.9) 17.0 <.001

Frailty index score, median (IQR) 0.2 (0.1-0.3) 0.2 (0.1-0.3) 18.1 <.001

Abbreviations: CIED, cardiac
implantable electronic device; COPD,
chronic obstructive pulmonary
disease; CRTD, cardiac
resynchronization therapy
defibrillator; CRTP, cardiac
resynchronization therapy
pacemaker; ICD, implantable
cardioverter defibrillator; TIA,
transient ischemic attack.
a Data are presented as the number

(percentage) of patients unless
otherwise indicated.

b Included Asian, Hispanic, North
American Native, unknown, and
other (not broken down further due
to small cell sizes and complying
with the Centers for Medicare &
Medicaid Services cell suppression
policy).
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a cardiac resynchronization therapy pacemaker (CRTP), 0.81%
in patients with a pacemaker, and 1.77% in patients with an ICD.

As shown in Table 2, most patients (9202 [81.4%]) did not
undergo extraction within 30 days of CIED infection, while 2102
(18.6%) underwent extraction within 30 days (1511 [13.4%]
within 6 days of diagnosis and 591 [5.2%] on days 7 to 30). The
cumulative 1-year incidence of extraction within the popula-
tion with CIED infection was 23.2% (2610 patients). The inci-
dence of extraction at 5 years increased to 25.4% (2787 pa-
tients). Female patients and patients who were Black or other

race vs White were less likely to have extraction within 30 days
of CIED infection (Table 2). Patients with diabetes, kidney dis-
ease, history of stroke or transient ischemic attack, and frailty
were less likely to undergo extraction within 30 days of CIED
infection. The observed cumulative incidence of extraction ac-
cording to device type was as follows: 28.5% of patients with
an ICD (942), 27.0% of patients with a CRTP or CRTD (466), and
19.4% of patients with a pacemaker (1202) (all P < .001). Pa-
tients with a pacemaker were also less likely to undergo ex-
traction within 30 days, while patients with an ICD were more

Table 2. Baseline Characteristics of Patients With CIED Infection According to Extraction

Characteristic

Patientsa

No extraction within 30
d (n = 9202)

Extraction at <7 d
(n = 1511)

Extraction at 7-30 d
(n = 591) P value

Age at infection, median (IQR), y 75.0 (67.0-82.0) 75.0 (68.0-81.0) 75.0 (66.0-80.0) .06

Age group at infection, y

<65 1941 (21.1) 300 (19.9) 139 (23.5)

<.001
65 to <75 2512 (27.3) 447 (29.6) 153 (25.9)

75 to <85 3227 (35.1) 565 (37.4) 229 (38.7)

≥85 1522 (16.5) 199 (13.2) 70 (11.8)

Sex

Female 3852 (41.9) 478 (31.6) 175 (29.6)
<.001

Male 5350 (58.1) 1033 (68.4) 416 (70.4)

Race

Black 1554 (16.9) 159 (10.5) 60 (10.2)

<.001White 6941 (75.4) 1278 (84.6) 503 (85.1)

Otherb 707 (7.7) 74 (4.9) 28 (4.7)

Comorbidities

Dementia 1213 (13.2) 111 (7.3) 48 (8.1) <.001

Diabetes 6478 (70.4) 889 (58.8) 357 (60.4) <001

Ischemic heart disease 8411 (91.4) 1345 (89.0) 524 (88.7) .002

Peripheral vascular disease 6215 (67.5) 817 (54.1) 327 (55.3) <.001

Congestive heart failure 8081 (87.8) 1261 (83.5) 484 (81.9) <.001

Cerebrovascular disease 4984 (54.2) 662 (43.8) 267 (45.2) <.001

Hypertension 9072 (98.6) 1471 (97.4) 572 (96.8) <.001

COPD 6616 (71.9) 973 (64.4) 400 (67.7) <.001

Kidney disease 6869 (74.6) 820 (54.3) 311 (52.6) <.001

Stroke or TIA 3468 (37.7) 415 (27.5) 170 (28.8) <.001

Myocardial infarction 4310 (46.8) 700 (46.3) 292 (49.4) .43

Cancer 2318 (25.2) 347 (23.0) 157 (26.6) .12

Valvular heart disease 7565 (82.2) 1147 (75.9) 441 (74.6) <.001

Device type

CRTD or CRTP 1354 (14.7) 277 (18.3) 100 (16.9)

<.001Pacemaker 5247 (57.0) 723 (47.8) 271 (45.9)

ICD 2601 (28.3) 511 (33.8) 220 (37.2)

Geographic region

Midwest 2155 (23.4) 389 (25.7) 151 (25.5)

.03
Northeast 1719 (18.7) 242 (16.0) 85 (14.4)

South 3865 (42.0) 650 (43.0) 261 (44.2)

West or other 1463 (15.9) 230 (15.2) 94 (15.9)

Dual Medicaid eligibility 3522 (38.3) 443 (29.3) 182 (30.8) <.001

Time since device implantation,
median (IQR), y

2.9 (1.8-4.9) 3.2 (1.8-5.6) 3.5 (2.1-5.8) <.001

Claims-based frailty indicator 3606 (39.2) 411 (27.2) 159 (26.9) <.001

Frailty index score, median (IQR) 0.2 (0.1-0.4) 0.2 (0.1-0.3) 0.2 (0.1-0.3) <.001

Abbreviations: CIED, cardiac
implantable electronic device; COPD,
chronic obstructive pulmonary
disease; CRTD, cardiac
resynchronization therapy
defibrillator; CRTP, cardiac
resynchronization therapy
pacemaker; ICD, implantable
cardioverter defibrillator; TIA,
transient ischemic attack.
a Data are presented as the number

(percentage) of patients unless
otherwise indicated.

b Included Asian, Hispanic, North
American Native, unknown, and
other (not broken down further due
to small cell sizes and complying
with the Centers for Medicare &
Medicaid Services cell suppression
policy).
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likely to undergo extraction within 30 days. Frailty was simi-
lar in those undergoing extraction at less than 7 days vs at 7 to
30 days. The use of extraction increased over time in the study
cohort from 15.6% in 2007 to 20.0% in 2012 and 24.8% in 2019.

Outcomes With Extraction
In the landmark analysis, the cumulative 1-year mortality was
32.5% for patients without extraction at 30 days, compared with
18.6% among patients with extraction within 6 days and 23.4%
for patients with extraction on days 7 to 30 after CIED infection
(P < .001) (Figure). Using a multivariable model with any extrac-
tion included as the time-dependent indicator, extraction com-
paredwithnoextractionwasassociatedwithlowermortality(ad-
justed hazard ratio [AHR], 0.82; 95% CI, 0.74-0.90; P < .001). A
separate multivariable time-varying model found that extrac-
tion within 6 days was associated with lower mortality (AHR,
0.69; 95% CI, 0.61-0.78; P < .001) compared with no extraction
within 6 days, and there was no association between mortality
and extraction on days 7 to 30 compared with no extraction
within 7 to 30 days (AHR, 0.88; 95% CI, 0.73-1.04; P = .14)
(Table 3). Both older age (AHR, 1.08 per 5 years; 95% CI, 1.07-
1.10; P < .001) and female sex (AHR, 1.10; 95% CI, 1.02-1.18;
P = .01) were independently associated with higher mortality.
The proportional hazards assumption was violated, and these
results represent the average hazard.

Sensitivity Analyses
A total of 5128 of the patients with CIED infection (45.4%) had
end-stage kidney disease and were younger than 65 years. Af-
ter excluding these patients for a sensitivity analysis, the me-
dian age increased to 78 years (IQR, 74-84 years) (eTable 5 in
Supplement 1). In the adjusted analysis, extraction compared
with no extraction was associated with lower mortality, with
results similar to those for the overall population (AHR, 0.82;
95% CI, 0.72-0.93; P = .002). The multivariable time-varying
model findings for lower mortality with early extraction within
6 days were similar to those for the overall population (AHR,
0.68; 95% CI, 0.58-0.79; P < .001) (eTable 6 in Supplement 1).

Patients with CIED infection were more likely to be clas-
sified as having frailty. Frailty was associated with an in-
creased risk of mortality (AHR, 1.29; 95% CI, 1.18-1.41) in those
with CIED infection. After additional adjustment for frailty in
the model, extraction within 0 to 6 days (AHR, 0.69; 95% CI,
0.61-0.78; P < .001) remained associated with lower risk of mor-
tality compared with no extraction within 6 days (eTable 7 in
Supplement 1).

Finally, we conducted a sensitivity analysis restricted to
patients with a diagnosis of endocarditis. The rate of extrac-
tion at 1 year in those with a diagnosis of endocarditis was 16.7%
(696 of 4215). The observed cumulative incidence of all-
cause mortality at 1 year restricted to patients with endocar-
ditis was 31.4% (1040 of 3710) in those who did not undergo
extraction, 24.9% (68 of 303) in those undergoing extraction
at less than 7 days, and 27.7% (52 of 202) in those undergoing
extraction between 7 and 30 days (P = .053).

Discussion
Cardiac implantable electronic device infections are life threat-
ening. Given the increasing prevalence of CIED infections,2 it
is critical that they are appropriately recognized and man-
aged to optimize patient outcomes. In this study, rates of guide-
line-recommended extraction among patients with CIED in-
fections were low, such that only 18.6% of patients underwent
extraction within 30 days of diagnosis. Mortality was lower
with CIED extraction. As with outcomes in other infections
such as sepsis, time to treatment matters. Earlier CIED extrac-
tion was associated with lower mortality.

Despite efforts to minimize risk at the time of device im-
plantation, CIED device infection rates have increased over
time.19-21 An analysis of CIED implantation between 2010 and
2014 found that infection rates were 2.4% at 3 years
postimplantation.22 Our analysis identified a lower CIED in-
fection incidence of 1.1% at 5 years; however, there are sev-
eral reasons for this. First, given our focus on extraction, we

Figure. Observed 1-Year Cumulative Incidence of All-Cause Mortality in the Cohort With Infection
Using the Landmark Approach
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excluded infections within 1 year of implantation. Second, we
selected for higher-acuity infections, including infection of im-
planted devices or grafts and endocarditis with documented
IV antibiotic therapy. Regardless of the incidence, CIED infec-

tion rates increased over time. Data from Olmstead County,
Minnesota, identified CIED infection rates of 6.2% at 15 years
and 11.7% at 25 years after initial implantation.3

The rates of extraction among patients with CIED infec-
tion in clinical practice remain relatively unknown. The cur-
rent study found that only 1 in 5 patients underwent extrac-
tion within 30 days of being identified as having a CIED
infection with an indication for extraction. The management
of CIED infection is multifaceted and includes the diagnosis
and evaluation of infection, initiation of antibiotic therapy, ap-
propriate referral, and the decision to extract.9 In addition to
competent lead extraction, appropriate and timely referral is
key to improving outcomes. Therefore, there are multiple
points in the care pathway where potential barriers or gaps ex-
ist, leading to poor guideline adherence. A previous survey was
performed to better understand where gaps existed within cli-
nicians’ knowledge and skill across all stages of CIED care.14

Specific areas that can be targeted within the patient care path-
way include (1) perception of extraction risk, (2) diagnostic
pathways for patient identification, and (3) patient referral to
a lead management specialist or center.

Periprocedural mortality with lead extraction has been re-
ported to be as low as 0.3% to 0.5% in multicenter analyses,
including the prospective European Lead Extraction Con-
trolled Registry (ELECTRa).23,24 Multiple small studies of fewer
than 200 patients each have demonstrated that the risk of re-
lapse of infection without complete hardware removal is high
(between 50% and 100%).25-28 In the current analysis, there
was a 32.5% mortality rate at 1 year without extraction within
30 days and an 18.6% mortality rate for patients who under-
went extraction within 6 days. This was a nearly 14% abso-
lute difference in 1-year mortality, which was similar to the
18.2% lower rate of all-cause mortality that was seen within 1
year with extraction within a multinational endocarditis
registry.29

Two previously published analyses7,30 also evaluated early
vs late CIED extraction. The first included 416 patients from
1991 to 2008 and found that immediate removal was associ-
ated with lower 1-year mortality (HR, 0.35; 95% CI, 0.16-0.75).7

The second analysis included 12 999 patients with CIED infec-
tion between 2016 and 2018 and found that in-hospital mor-
tality was higher when extraction was delayed more than 7 days
(HR, 1.55; 95% CI, 1.29-1.87).30 In addition to these 2 studies,
Sciria and colleagues31 conducted an analysis of 25 303 admis-
sions for patients with CIED infection and endocarditis be-
tween 2016 and 2019. Notably, only 11.5% of patients were
treated with extraction, and extraction was associated with
lower adjusted odds of death (odds ratio, 0.51; 95% CI, 0.40-
0.66).

The findings of the current study of Medicare patients are
consistent with these earlier studies and extend the findings
to a nationwide cohort of individuals older than 65 years. In
this nationwide cohort of 1 065 549 patients with a device, in-
cluding 11 304 patients with infection more than a year after
implantation, we found that mortality rates were lower with
earlier extraction. We used a fairly strict definition of infec-
tion that required a diagnosis code for an infected implant or
endocarditis and use of IV antibiotics. Thus, it is likely that we

Table 3. Association Between CIED Extraction and All-Cause Mortality

Parameter Hazard ratio (95% CI)a P value
Extraction within 30 d

No extraction 1 [Reference] NA

Extraction at 0-6 d, time
dependent

0.69 (0.61-0.78) <.001

Extraction at 7-30 d, time
dependent

0.88 (0.73-1.04) .14

Age at infection, per 5 y 1.08 (1.07-1.10) <.001

Female sex 1.10 (1.02-1.18) .01

Race

Black 0.94 (0.86-1.04) .23

White 1 [Reference] NA

Other 0.89 (0.78-1.02) .09

Medicaid dual eligibility 1.15 (1.06-1.25) <.001

Geographic region

South 1 [Reference] NA

Midwest 0.96 (0.88-1.05) .36

Northeast 0.92 (0.84-1.00) .06

Other 0.99 (0.39-2.52) .99

West 0.85 (0.75-0.95) .004

Comorbidities

Myocardial infarction 1.12 (1.04-1.21) .003

Peripheral vascular disease 1.27 (1.18-1.37) <.001

Cerebrovascular disease 0.96 (0.87-1.06) .44

Dementia 1.50 (1.36-1.65) <.001

COPD 1.25 (1.15-1.36) <.001

Kidney disease 1.92 (1.74-2.13) <.001

Congestive heart failure 1.50 (1.30-1.73) <.001

Stroke or TIA 1.25 (1.13-1.39) <.001

Ischemic heart disease 1.09 (0.92-1.28) .32

Diabetes 1.14 (1.05-1.24) .002

Hypertension 0.93 (0.63-1.36) .70

Valvular heart disease 1.13 (1.04-1.24) .007

Cancer 1.14 (1.05-1.23) <.001

Device type

Pacemaker 1 [Reference] NA

CRTD 1.06 (0.95-1.18) .30

CRTP 0.95 (0.75-1.21) .69

ICD 1.14 (1.04-1.24) .003

Time from device implantation, y 1.00 (0.99-1.02) .72

Year of infection, per 1 y 0.99 (0.98-1.00) .045

Abbreviations: CIED, cardiac implantable electronic device; COPD, chronic
obstructive pulmonary disease; CRTD, cardiac resynchronization therapy
defibrillator; CRTP, cardiac resynchronization therapy pacemaker; ICD,
implantable cardioverter defibrillator; NA, not applicable; TIA, transient
ischemic attack.
a The time-dependent indicators of extraction at less than 7 days and extraction

at 7 to 30 days were included in the model. The Cox proportional hazards
regression model was adjusted for age, sex, race, Medicaid dual eligibility,
baseline comorbidities, device type, geographic region, year of device
infection, and years since device implantation.
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included more severe cases than prior studies of device infec-
tion. Our findings were robust across several sensitivity analy-
ses. Our results are also consistent with outcomes observed
in other types of infection, including those focused on the
“golden hour” of sepsis (ie, timely initiation of antibiotic treat-
ment for improved outcomes) and the surgical treatment of
infective endocarditis.32,33 It should also be pointed out that
the time from development of infection to extraction is likely
longer than the time from diagnosis to extraction. Nonethe-
less, these nationwide data raise and provide support for the
hypothesis that earlier extraction can potentially reduce mor-
tality. Prospective quality improvement studies should test this
hypothesis.

Limitations
This study has limitations. It was a large, retrospective, and
claims-based analysis in a Medicare patient population. Such
analyses are subject to the sensitivity and specificity of the cod-
ing for comorbidities and events. Prior analyses of diagnostic
codes for infective endocarditis have identified that they have
moderate sensitivity but high specificity (>94%).34 As with any
observational study, residual measured and unmeasured con-
founding may have influenced the outcomes despite ad-
justed modeling. However, the observed associations re-
mained robust to a number of sensitivity analyses, including
those accounting for extreme phenotypes, such as patients with
end-stage kidney disease and frailty. Additionally, we did not
have any information on several variables that influence prog-
nosis during lead management procedures, including patient
characteristics, such as body mass index and dependency on
pacing; lead characteristics, such as the number of coils for
defibrillator leads; and procedural characteristics, such as tools

used during the extraction or procedural success. It is impor-
tant to note that we excluded patients with early infection
(within 1 year of implantation). The mechanism of early infec-
tions and late infections or delayed detection of device infec-
tion are different, may affect the mortality rate, and may not
only be related to a more complex extraction procedure. The
microbiologic causes of these infections were also not avail-
able. Finally, we did not evaluate rates of CIED reimplanta-
tion and downstream consequences. Given the strict nature
of the inclusion criteria, these results likely underestimate the
gap in care.

This analysis was limited to FFS Medicare patients, so the
results may not apply to non-Medicare patients or to Medi-
care managed care patients. However, this patient popula-
tion is important to study because the decision-making is of-
ten more complex based on comorbidities and life expectancy
as well as the high event rates in this population.

Conclusions
In this cohort study, a minority of patients with CIED infec-
tion underwent extraction. Notably, female patients and Black
patients were less likely to undergo extraction compared with
male patients and White patients. Lead extraction, and par-
ticularly early lead extraction, was associated with a signifi-
cantly lower risk of death compared with no extraction. The
findings suggest that among patients with CIED infection, there
is an important unmet need to improve adherence to guideline-
directed care. Quality improvement initiatives appear to be
needed to improve treatment of CIED infections and com-
plete hardware removal across health systems.
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