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BACKGROUND Cardiac device infection is a serious complication of
implantable cardioverter-defibrillator (ICD) placement and requires
complete device removal with accompanying antimicrobial therapy
for durable cure. Recent guidelines have highlighted the need to
better identify patients at high risk of infection to assist in device
selection.

OBJECTIVE To estimate the prevalence of infection in de novo
transvenous (TV) ICD implants and assess factors associated with
infection risk in a Medicare population.

METHODS A retrospective cohort study was conducted using 100%
Medicare administrative and claims data to identify patients who
underwent de novo TV-ICD implantation (July 2016–December
2017). Infection within 720 days of implantation was identified us-
ing ICD-10 codes. Baseline factors associated with infection were
identified by univariable logistic regression analysis of all variables
of interest, including conditions in Charlson and Elixhauser comor-
bidity indices, followed by stepwise selection criteria with a P� .25
for inclusion in a multivariable model and a backwards, stepwise
Funding sources: Boston Scientific. Disclosures: M.F.E.: compensation for s
employee and stock, BSC; L.K.H.: employee and stock, BSC; N.W.: employee
BSC; B.P.K.: consultant, speaker, investigator, fellowship support, Abbott, Biosens
fellowship support (institution), BSC, MDT, Impulse Dynamic, Biotronik, Biosense
speaker, BSC, Biotronik, MDT, Zoll; V.P.: none; P.D.L.: speaker, research grants
Clinic, consultant, BSC, UpToDate Inc, Botanix Pharmaceuticals Inc, Roivant Sc
El-Chami, Emory University, School of Medicine, 550 Peachtree St, NE, Atlanta,

1547-5271/© 2021 Heart Rhythm Society. This is an open access article under the
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elimination process with P � .1 to remain in the model. A time-
to-event analysis was also conducted.

RESULTS Among 26,742 patients with de novo TV-ICD, 519 (1.9%)
developed an infection within 720 days post implant. While more
than half (54%) of infections occurred during the first 90 days,
16% of infections occurred after 365 days. Multivariable analysis re-
vealed several significant predictors of infection: age ,70 years,
renal disease with dialysis, and complicated diabetes mellitus.

CONCLUSION The rate of de novo TV-ICD infection was 1.9%, and
identified risk factors associated with infection may be useful in de-
vice selection.

KEYWORDS Device; Implantable cardioverter-defibrillator; Infec-
tion; Prevalence; Risk factors

(Heart Rhythm 2021;-:1–9) © 2021 Heart Rhythm Society. This is
an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Introduction
Implantable cardioverter-defibrillators (ICD) are an estab-
lished treatment for individuals considered at risk for sud-
den cardiac death,1 and have demonstrated safety and
efficacy in both randomized controlled trials2 and studies
of real-world practice.3,4 However, ICD implantation is
associated with a risk of device infection. An analysis of
the Nationwide Inpatient Sample from 1993 to 2008 re-
vealed an increasing trend in infection rates over time in
the United States.5 There are also differences in infection
rates within the first year across device categories described
in prospective and retrospective studies ranging from 0.6%
to 1.3% to 2.3% to 3.4%, respectively, as highlighted in a
European Heart Rhythm Association consensus document
published in 2020.6

Previous studies have identified patients at high risk of
infection in clinical trials7 for the broader cardiac implantable
electronic device (CIED) category and limited follow-up to 1
year. Some single-center settings8–10 have also identified
variables associated with high risk of infection, although
sample sizes were relatively low, and generalizability to
other patient populations may be limited. In response, the
objective of this study is to estimate the prevalence of
device infection in de novo transvenous (TV) ICD implants
and assess risk factors associated with device infection in a
large, real-world, Medicare population with long-term (.1
year) follow-up. Ultimately, these data could be used to
help guide clinical decisions for device type and patient se-
lection.11
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Methods
Study design and data source
A retrospective cohort study was performed using 100%
Medicare administrative and claims data from January
1, 2016 to December 31, 2018. The Medicare files
contain insurance claims for 100% of fee-for-service
(FFS) beneficiaries and include diagnosis and procedure
data for all facility-level encounters (eg, hospital
Figure 1 Study design: a retrospective cohort study design using 100% Medicar
transvenous implantable cardioverter-defibrillator (TV-ICD) implantation between
month baseline period prior to implant. Patients were followed for up to 720 days
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inpatient, hospital outpatient, skilled nursing facility),
but do not include physician office visits or pharmacy
claims. Institutional review board approval was not
required, as preexisting deidentified claims data were
analyzed, but methodological guidelines for real-world
data were referenced.12
Patient selection
International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) procedure codes supple-
mented with current procedural terminology (CPT) codes
(Supplemental Tables 1 and 2), where available, were used
to identify patients who underwent TV-ICD implantation be-
tween July 1, 2016 and December 31, 2017 (Figure 1), with
index implantation being defined as the first observed TV-
ICD implant during that interval. The cohort was required
to have met the following inclusion criteria: continuous
enrollment in Medicare FFS for 6 months prior to index
and no enrollment in a health maintenance organization on
or after January 1, 2016. Patients were excluded if there
was evidence of previous CIED infection in the 6 months
prior to index and/or infection present on admission
(Supplemental Tables 3–6). These criteria ensured de novo
index implantation and that patients had enough claims prior
to index implantation with which to identify baseline charac-
teristics. Additionally, these criteria allowed for continuous
follow-up to identify device infections without interruptions
in their claims history.
Observation period
Patients were followed from index implantation until first de-
vice infection or death, up to 720 days. In order to compare
with prior published work and based on clinical relevance,
prevalence of device infection was captured at 4 time periods:
overall study period (0–720 days), early (0–90 days), mid
(91–365 days), and late (366–720 days).
e administrative and claims data to identify patients who underwent de novo
July 1, 2016 and December 31, 2017. Comorbidities were identified in the 6-
, which was defined as the overall study period, to identify device infection.
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Table 1 Patient characteristics for those with and without device infection

Characteristic Infection (n 5 519) No infection (n 5 26,223) P value

Age (years) n % n % ,.0001
,65 149 3.1 4658 96.9
65–69 128 2.0 6328 98.0
70–74 89 1.5 6016 98.5
75–79 75 1.5 4859 98.5
80–84 53 1.7 3069 98.3
�85 25 1.9 1293 98.1

Sex
Female 165 2.2 7262 97.8 .039
Male 354 1.8 18,961 98.2

Race
White 383 1.8 20,996 98.2 .001
Black 101 2.7 3606 97.3
Other 35 2.1 1621 97.9

HIV/AIDS
No 516 1.9 26,125 98.1 .452
Yes 3 3.0 98.0 97.0

Cerebrovascular
disease
No 448 1.9 22,712 98.1 .847
Yes 71 2.0 3511 98.0

Chronic pulmonary
disease
No 302 1.7 17,510 98.3 ,.0001
Yes 217 2.4 8713 97.6

Heart failure
No 31 1.4 2155 98.6 .065
Yes 488 2.0 24,068 98.0

Dementia
No 498 1.9 25,330 98.1 .426
Yes 21 2.3 893 97.7

Hemiplegia/paraplegia
No 511 1.9 25,856 98.1 .785
Yes 8 2.1 367 97.9

Myocardial infarction
No 267 1.9 13,539 98.1 .933
Yes 252 1.9 12,684 98.1

Peptic ulcer
No 507 1.9 25,747 98.1 .402
Yes 12 2.5 476 97.5

Peripheral vascular
disease
No 374 1.8 19,998 98.2 .026
Yes 145 2.3 6225 97.7

Renal disease
No 294 1.6 17,702 98.4 ,.0001
Yes 225 2.6 8521 97.4

Rheumatic disease
No 492 1.9 25,318 98.1 .031
Yes 27 2.9 905 97.1

Cancer
No 481 1.9 24,411 98.1 .727
Nonmetastatic 37 2.0 1788 98.0
Metastatic 1 4.0 24 96.0

Diabetes
No 380 2.0 18,905 98.0 .675
Without complications 114 1.8 6161 98.2
With complications 25 2.1 1157 97.9

Liver disease
No 493 1.9 25,359 98.1 .004
Mild 22 2.6 815 97.4
Moderate/severe 4 7.5 49 92.5
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Patient characteristics
Baseline patient characteristics included age at index, sex,
and race (white, black, or other). General comorbidities
were identified and defined by both Charlson and Elix-
hauser comorbidity indices.13,14 Additional study-specific
comorbidities were identified based on a recent meta-
analysis of prospective and retrospective studies that
examined risk factors associated with CIED infections.15

Using procedural and diagnosis code definitions with
claims available prior to implant, the following comorbid-
ities were included: presence of a prosthetic cardiovascular
device; end-stage renal disease with chronic dialysis; renal
disease without dialysis; diabetes mellitus with and
without chronic complications; chronic obstructive pulmo-
nary disease; heart failure; lymphoma, metastatic cancer,
and solid tumor without metastasis as proxies for malig-
nancy; atrial fibrillation as a proxy for anticoagulant
drug use; and immunosuppression as a proxy for cortico-
steroid use (Supplemental Table 7). Patients were charac-
terized according to whether they had device infection.
420
421
422
423
424
425
426
427
428
429
430
431
Outcomes
Device infection was identified using ICD-10 diagnosis
and procedure codes and supplemented with CPT codes
where available within Medicare claims (Supplemental
Tables 8–10).16 To maximize the likelihood that infections
were device-related, claims were searched for patient re-
cords with at least 1 infection diagnosis that included a de-
vice procedure code for removal or revision during the
same encounter; then claims were searched for device
infection based solely on ICD-10 diagnosis code
T82.7XXX.
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Statistical analysis
Patient baseline demographics and Charlson Comorbidity In-
dex variables were summarized based on frequency and per-
centage according to presence of device infection and were
compared using Pearson c2 test. The rate of device infection
was presented using frequency and percentage based on pres-
ence of infection within each time period. Kaplan-Meier
analysis was conducted to assess the trend of device infection
over the study period.
Table 2 Device infection rate based on duration of follow-up
status/post device implantation

Infection (%) All

Time periods n n
Overall study period 519 (1.9) 26,742
Early (0–90 days) 281 (1.1) 26,742
Mid (91–365 days) 156 (0.6) 25,286
Late (366–720 days) 82 (0.4) 22,157
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Risk prediction
For estimating the risk of device infection, age, sex, and race
were assessed with 3 sets of comorbidity variables: Charlson,
Elixhauser, and study-specific. Device infection was treated
as a binary outcome variable. A univariable logistic regres-
sion analysis was performed for demographic variables and
each set of comorbidity variables to assess the relationship
between each risk factor and device infection. All variables
from the univariable analysis with P � .25 were included
in a multivariable model implementing a stepwise backward
elimination process with a P � .1 to remain in the model.

After a series of univariable and multivariable logistic
regression analyses was performed for each set of
FLA 5.6.0 DTD � HRTHM8761_pro
comorbidities, a hybrid set of predictors was created using
the comorbidities that remained significant in the multivari-
able analyses of the 3 models as a candidate for the fourth.
In instances where the same concept was represented in
more than 1 of the multivariable models, the concept with
the largest coefficient was used in the hybrid model. A final
multivariable logistic regression analysis was performed on
the hybrid predictors to determine device infection risk in
the 4 study time periods: overall study period (0–720
days), early (0–90 days), mid (91–365 days), and late
(366–720 days). Using the final multivariable model for the
overall study period, the predicted probability of infection
represented as a percentage was calculated using a series of
hypothetical patients and combinations of patient characteris-
tics. To estimate the mortality impact of infection, multivari-
able survival analysis was performed with infection as a time-
dependent covariate, while adjusting for all the variables
from the hybrid model. All statistical analyses were per-
formed in STATA 15.17
Results
Patient characteristics
There were 26,742 patients with a de novo TV-ICD implant
identified with an overall mean age of 71 years and an
average follow-up of 517 days. Of the full patient cohort,
28% of patients were female and 80% were white
(Table 1). According to the Charlson Comorbidity Index var-
iables, 92% of all patients had a heart failure diagnosis, 48%
had prior myocardial infarction, 33% had renal disease, and
28% had diabetes mellitus (Table 1).
Outcomes
Over the study period, 519 (1.9%) patients developed
device-related infection (Table 1). Patients with TV-ICD in-
fections were younger, were more likely female and
nonwhite, and had a higher incidence of chronic obstructive
pulmonary disease, peripheral vascular disease, renal dis-
ease, rheumatic disease, and liver disease. The mean patient
age with and without device infection was 68 and 71 years,
respectively. Among the patients who developed an infec-
tion, 54% (n 5 281) were early, 30% (n 5 156) were
mid, and 16% (n 5 82) were late infections (Table 2).
Figure 2 depicts the time to first device infection based on
the proportion of patients at risk after index through the
maximum 720 days. While more than one-half of infections
occurred within 90 days post implant, 46% of infections
occurred after 90 days.
of � 5 May 2021 � 1:39 am � ce
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Figure 2 Kaplan-Meier analysis depicts the time in days to first device-related infection after de novo transvenous implantable cardioverter-defibrillator (TV-
ICD) implant.
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Risk prediction
The final hybrid multivariable regression model included age
and the following significant risk factors for device infection
from each comorbidity set: diabetes mellitus and chronic
Figure 3 Multivariable analysis of risk factors associated with device infection. B
study period.
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pulmonary disease from the Charlson; valvular disease,
drug abuse, weight loss, anemias, and depression from the
Elixhauser; and renal disease and prosthetic cardiovascular
device from the study-specific set. Among these, age ,70
aseline variables associated with an increased risk of device infection over the

543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570

of � 5 May 2021 � 1:39 am � ce



p
ri
n
t
&

w
e
b
4
C
=
F
P
O

p
ri
n
t
&

w
e
b
4
C
=
F
P
O

Figure 4 Multivariable analysis of risk factors associated with device infection. Baseline variables associated with an increased risk of early (0–90 days) device
infection.
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years, end-stage renal disease with dialysis, diabetes mellitus
with complications, chronic pulmonary disease, valvular dis-
ease, drug abuse, anemia, and depression (Figure 3) had
significantly higher risk of device infection in the overall
Figure 5 Multivariable analysis of risk factors associated with device infection
device infection.
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study period. In the early period, patients in the youngest
(,65) and oldest (851) age groups and patients with chronic
pulmonary disease, valvular disease, drug abuse, and anemia
were at significantly higher risk of device-related infection
. Baseline variables associated with an increased risk of mid (91–365 days)
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(Figure 4). In the mid period, factors significantly associated
with risk of device infection included youngest age group,
diabetes mellitus with complications, and anemia
(Figure 5). Factors associated with risk of late device infec-
tion were youngest age group, end-stage renal disease with
dialysis, and anemia (Figure 6). Results for 5 hypothetical pa-
tient scenarios run using the final multivariable model for the
overall study period are presented in Supplemental Table 11.
Of note, a patient 50 years of age with end-stage renal disease
on dialysis, complicated diabetes mellitus, anemia, and
depression had a 6.1% probability of device infection. Multi-
variable survival analysis demonstrated that infection was
associated with a 2.33 (hazard ratio)-fold increase in the
risk of death, adjusting for other covariables.
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
Discussion
ICDs are a cornerstone treatment for patients at risk of
sudden cardiac death. Device infection can cause signifi-
cant patient morbidity and mortality, as well as impose a
substantial financial burden to patients and healthcare sys-
tems.5,16,18–20 Identifying patients at high risk of infection
prior to implant in order to mitigate the risk of device
infection and associated complications is important.
Practice guidelines recommend the use of a
subcutaneous (S) ICD in patients at risk of sudden
cardiac death and high risk for infection,11 though these
guidelines do not clearly define patients at high risk for
infection. This has prompted a need to better identify the
clinical characteristics of patients at high risk of infection
Figure 6 Multivariable analysis of risk factors associated with device infection.
device infection.
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to assist in de novo device selection. Although our study is
not the first to evaluate risk factors associated with device
infection,7–10,15,19 our investigation has distinct advan-
tages. Our patient population was limited to de novo
TV-ICDs to ensure specificity of the CIED designation.
Identified risk factors were limited to those that may be
available to a clinician prior to implant, thereby having
the practical application of mitigating device infection
risk. Finally, we analyzed the outcome of device infection
beyond the first year post implant, which is longer than
that performed in previous studies.7–10,19 In this study,
we assessed the rate of device infection for de novo TV-
ICD patients in a Medicare population and identified risk
factors associated with infection within and beyond 1
year of device placement. Time-to-event analysis revealed
a rapid onset of infections, followed by a persistent post-
implantation risk. Overall, the rate of device infection
was 1.9%, with 46% of episodes occurring after 90 days
and 16% occurring after 1 year. This study identifies
several risk factors of infection that were not previously
reported in prior studies, including drug abuse, weight
loss, anemia, and depression. In the overall study period,
younger age, diabetes mellitus with complications, end-
stage renal disease with dialysis, chronic pulmonary dis-
ease, valvular disease, drug abuse, anemia, and depression
were all associated with a significant increase in infection
risk in the multivariable model. Interestingly, during the
period beyond 1 year post implant, age ,70 years, end-
stage renal disease with dialysis, and anemia were associ-
ated with an increased risk of device infection. In the
Baseline variables associated with an increased risk of late (366–720 days)
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overall study period, end-stage renal disease with dialysis
had a 25% increased odds of device infection; when
focusing on risk in late infections, the odds increased to
almost 125%.

The increased risk associated with renal disease, diabetes
mellitus, chronic pulmonary disease, and valvular heart dis-
ease is consistent with previous studies.15 Additionally,
younger age as a risk factor associated with infection has
been identified in other cohorts.7,21,22 Of note, patients
,65 years old who are enrolled in Medicare FFS are eligible
owing to either disability or end-stage renal disease, and are
therefore less healthy and are at increased risk of infection;
thus these findings may not be generalizable to younger
non-Medicare patients.

It is of interest that renal disease with dialysis, which has
been identified as a predictor of device infection in previous
studies,15 had an increased effect size beyond the first year in
the current analysis. This suggests that mechanisms of infec-
tion other than initial surgical site infection complicating the
implant procedure may be the mechanism of microbial
contamination of the device. Because dialysis utilizes arterial
access, the possibility exists that repeated arterial-venous fis-
tula access required with chronic dialysis may introduce
blood-borne pathogens that could seed distal devices within
the vasculature, including TV-ICDs. Since the S-ICD pro-
vides protection from SCDwithout vascular exposure, distin-
guishing the risk of surgical site vs vascular pathogen
exposure may provide important information to guide device
choice. In addition, the use of novel devices that reduce sur-
gical site infection, including antimicrobial pouches,23 may
be better guided by understanding the patients at risk for early
surgical site vs later vascular access infection risks. Addi-
tional analyses comparing the late infection rate of TV-ICS
vs S-ICD infections is warranted to determine the potential
risk of bloodstream infections leading to TV device infec-
tions.

Assessment of infection risk for individual patients based
on real-world data can be a powerful tool for physicians to
guide shared clinical decision-making for patients who may
benefit from ICDs. While infection-risk scoring systems
have been described previously,7–10 most used limited
patient-related parameters and were based on multivariable
analyses within the first year or less of implantation. Since
1 in 6 of the total infections occurred more than 1 year after
implantation, utilizing risk analysis data over a longer dura-
tion is critical for understanding the full risk potential of these
patients. Utilization of multivariable models, such as the one
presented in this publication, can provide valuable informa-
tion to tailor the right device(s) for each patient based on their
calculated infection risk.

Key surgical interventions to reduce the risk of device
infection include use of chlorhexidine wash, antibiotic-
coated sutures, recommended antibiotic prophylaxis and its
timing of administration, and glycemic control. These prac-
tices can result in substantial reductions in infection risk by
FLA 5.6.0 DTD � HRTHM8761_pro
54% (1.3% to 0.6% [P , .03; confidence interval, 0.25,
1.36]) in 1 investigation, and also resulted in substantial
cost savings with avoidance of device removal.24
Limitations
Using 100% Medicare administrative and claims data pro-
vided a large study population to evaluate for device infec-
tion. This could, however, limit generalizability of our
results to other distinct populations such as ICD patients un-
der 65 years old without end-stage renal disease or disability,
and private payor beneficiaries. Additionally, we limited our
patient population to single- and dual-chamber ICDs, which
will inherently limit the generalizability to the broader CIED
population. The data set did not include medications to iden-
tify associated risk factors, such as corticosteroids and antico-
agulants. Diagnosis codes for immunosuppression and atrial
fibrillation, however, were used as proxies for these agents,
though they may not have been specific enough to correlate
with an increased infection risk. Owing to the nature of
claims analyses, infection was defined based on diagnosis co-
des or a combination of diagnosis and procedure codes,
which did not include microbiologic data and limits the abil-
ity to define specific pathogens, as well as the level of infec-
tion (local vs systemic). Because the bulk of infections are
due to staphylococcal species, the impact of this latter issue
should be minimal. Finally, the current model has not been
validated in other data sets; such validation should be per-
formed.
Conclusion
The rate of TV-ICD infection of 1.9% was clinically signifi-
cant in this real-world Medicare population of ICD recipi-
ents. Moreover, 1 in 6 infections occurred beyond 1 year of
device implantation, and different patient-related factors
were predictive of infections .1 year as compared to that
for early infections. Understanding factors that contribute
to infection risk over a prolonged follow-up period is imper-
ative and could be useful in guiding physicians with device
selection prior to implant.
Appendix
Supplementary data

QSupplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrthm.2021.
04.014.
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