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Aims Cardiac implantable electronic devices (CIED) are important tools for managing arrhythmias, improving hemodynamics, and 
preventing sudden cardiac death. Device-related infections (DRI) remain a significant complication of CIED and are asso-
ciated with major adverse outcomes. We aimed to assess the trend in CIED implantations, and the burden and morbidity 
associated with DRI.

Methods 
and results

The 2011–2018 National Inpatient Sample database was searched for admissions for CIED implantation and DRI. A total of 
1 604 173 admissions for CIED implantations and 71 007 (4.4%) admissions for DRI were reported. There was no significant 
change in annual admission rates for DRI (3.96–4.59%, P value for trend = 0.98). Those with DRI were more likely to be male 
(69.3 vs. 57%, P < 0.001) and have a Charlson comorbidity index score ≥3 (46.6 vs. 36.8%, P < 0.001). The prevalence of 
congestive heart failure (CHF) increased in those admitted with DRI over the observation period. Pulmonary embolism, 
deep vein thrombosis, and post-procedural hematoma were the most common complications in those with DRI (4.1, 
3.6, and 2.90%, respectively). Annual in-hospital mortality for those with DRI ranged from 3.9 to 5.8% (mean 4.4%, P value 
for trend = 0.07). Multivariate analysis identified CHF [odds ratio (OR) = 1.67; 95% confidence interval (CI) = 1.35–2.07], 
end-stage renal disease (OR = 1.90; 95% CI = 1.46–2.48), coagulopathy (OR = 2.94; 95% CI = 2.40–3.61), and malnutrition 
(OR = 2.50; 95% CI = 1.99–3.15) as the predictors of in-hospital mortality for patients admitted with DRI.

Conclusion Device-related infection is relatively common and continues to be associated with high morbidity and mortality. The preva-
lence of DRI has not changed significantly despite technical and technological advances in cardiac devices and their 
implantation.
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Cardiac implantable lectronic device implantation and device-related infection
Modi et al., 2023 | Europace

We aimed to assess the annual trend in
CIED implantations, DRI, and predictors of
mortality in patients with DRI.

Cardiac implatable electronic devices (CIED) are important tools for managing arrhythmias,
improving hemodynamics, and preventing sudden cardiac death. Device-related infections (DRI)
remain a significant complication of CIED and are associated with major adverse outcomes.

Timeline

Retrospective cohort

Annual CIED implanatations have declined in recent years and are associated with a stable yet high incidence of DRI. These infections
cause significant morbidity and mortality among patients and insur a substantial financial burden on the healthcare system.

Study setting

1,604,173 admissions
for CIED implantations

and 71,007 (4.4%)
admissions for DRI

Comorbid risk factors for DRI

ESRD coagulopathy
malnutrition CHF 

NIS database 2011–2018

CHF, congestive heart failure; CIED, cardiac implantable electronic device; DRI, device-related infections; ESRD, end-stage renal disease; 
NIS, national inpatient sample.

Keywords Cardiac implantable electronic device • Device-related infection • Prognosis • Mortality • Cost • Length of stay

What’s new?

• The number of cardiac implantable electronic device (CIED) implan-
tations steadily declined from 2011 to 2014 (P < 0.001) and re-
mained stable during 2014–2018. The decline was seen in all 
categories of CIED.

• Years 2011–2018 witnessed the highest reported incidence of 
device-related infection (DRI) between 3.9 and 4.8% despite signifi-
cant technological and technical advances in CIED design and im-
plantation. As evident in our study, the persistently high annual 
incidence of DRI might be explained by CIED implantation in pa-
tients with an increasing number of comorbid conditions.

• Compared to patients admitted for device implantation, those with 
DRI were more likely to be men, of nonwhite race, and from a low- 
income status.

• The in-hospital mortality rate in patients admitted with DRI was 
4.3% in this study, which is lower than the 5–8% reported incidence 
from previous reports in the Medicare fee-for-service database.

• From 2011 to 2018, the inflation-adjusted mean total hospital 
charges in patients admitted with DRI increased by 36% to $239  
232.

Introduction
Cardiac implantable electronic devices (CIED) include a wide variety of 
tools used for long-term chronotropic and hemodynamic support, as 
well as the prevention of sudden cardiac death in patients with heart 
disease. These devices include increasingly sophisticated permanent pa-
cemakers (PPM), implantable cardioverter defibrillators (ICD), and car-
diac resynchronization therapy (CRT) devices with or without 
antitachycardia pacing and defibrillator capabilities. Prior studies have 
shown an upward trend in annual CIED implantation. From 1993 to 
2006, 2.4 million patients underwent PPM implantation and 0.8 million 
received an ICD while 369 000 PPM and 74 000 ICD units were re-
placed.1 In the following 3 years (2007–2009), an additional 0.6 million 

PPM alone were implanted in the USA, with a progressive rise in the 
number of dual compared to single-chamber units implanted in patients 
with higher prevalence of comorbid conditions.2 In an international sur-
vey of 61 countries, the USA had the highest number of CIED im-
planted in 2009, which included 225 567 PPM, 133 262 ICD, and 49  
255 CRT units.3 The increase in the number of CIED implants is likely 
driven by the improved survival of patients with heart disease and the 
expanded indications for their use.4,5

Device-related infection (DRI) is a major complication of CIED im-
plantation and is associated with significant morbidity, mortality, and fi-
nancial healthcare burden.6–9 The incidence of DRI averaged 1.61% 
between 1993 and 2008 and to a rate of 2.41% in 2008.7 In a 12-year 
study (2000–2012) using the National Inpatient Sample (NIS), including 
4 144 683 device-related procedures, the rate of DRI was 2.06%.8 In an-
other study of 97 750 patients from a Danish registry, the rate of DRI 
ranged from 1.19% for PPM to 3.35% for CRT-defibrillator between 
1982 and 2018.10 The increasing rate of DRI, despite significant technical 
and technological advances in devices and their implantation, may be par-
tially explained by the increasing use of more complex devices in older 
patients with higher comorbidities.10–12 Several procedural, device-, or 
patient-related risk factors have been identified for DRI.13,14 Trends of 
CIED implantation and DRI in the USA in the years following 2012 
have not been previously studied. The present study aimed to assess 
these trends along with morbidity associated with DRI.

Methods
Data source
Data were obtained from the NIS database, a part of the Healthcare Cost 
and Utilization Project sponsored by the Agency for Healthcare Research 
and Quality, for calendar years 2011–2018.15 The database contains 
discharge-level data for ∼8 million hospital stays from ∼1000 hospitals an-
nually. It is designed to approximate a 20% stratified sample of community 
hospitals. A total of 46 states, representing ∼96% of the US population, par-
ticipate in NIS. Hospital ownership, patient volume, teaching status, urban 
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Table 1 Baseline demographic, clinical, and hospital characteristics of patients admitted for cardiac implantable electronic device implantation 
or device-related infection

CIED implantation DRI P value
(n = 1 604 173) (n = 71 007)

Mean age, years 73 67 <0.001

Male, number (%) 914 378 (57) 49 207 (69.3) <0.001

White race, number (%) 1 163 025 (72.5) 49 350 (69.5) <0.001

Primary payer, number (%) <0.001

Medicare 1 203 130 (75) 48 995 (69)

Medicaid 86 625 (5.4) 6746 (9.5)

Private insurance 253 459 (15.8) 12 284 (17.3)

Others 60 959 (3.8) 2982 (4.2)

Body mass index, number (%) <0.001

<19 96 250 (6%) 7101 (10%)

19–29 224 584 (14%) 11 360 (16%)

30–39 721 878 (45%) 25 563 (36%)

≥40 561 461 (35%) 26 983 (38%)

Median household income percentile <0.001

0–25th 433 127 (27) 22 012 (31)

26–50th 418 689 (26.1) 18 959 (26.7)

51–75th 399 439 (24.9) 16 687 (23.5)

76–100th 352 918 (22) 13 349 (18.8)

Charlson comorbidity index score <0.001

0 352 918 (22) 11 361 (16)

1 360 940 (22.5) 13 633 (19.2)

2 299 980 (18.7) 12 923 (18.2)

≥ 3 590 335 (36.8) 33 090 (46.6)

Comorbidities, number (%)

Coronary artery disease 757 170 (47.2) 34 510 (48.6) 0.0004

Hypertension 755 566 (47.1) 24 640 (34.7) <0.001

Diabetes mellitus 556 648 (34.7) 26 983 (38) <0.001

Congestive heart failure 717 065 (44.7) 41 326 (58.2) <0.001

Peripheral vascular disease 97 855 (6.1) 4402 (6.2) 0.76

Chronic kidney disease (stage ≥3) 259 876 (16.2) 12 426 (17.5) <0.001

End-stage renal disease 54 542 (3.4) 6462 (9.1) <0.001

Chronic obstructive pulmonary disease 251 855 (15.7) 12 568 (17.7) <0.001

Hyperlipidemia 816 524 (50.9) 31 740 (44.7) <0.001

Atrial fibrillation 672 149 (41.9) 29 965 (42.2) 0.56

Atrial flutter 139 563 (8.7) 4758 (6.7) <0.001

Atrioventricular block 598 357 (37.3) 14 060 (19.8) <0.001

Sick sinus syndrome 571 086 (35.6) 9515 (13.4) <0.001

Thyroid disease 283 939 (17.7) 11 006 (15.5) <0.001

Malignancy 52 938 (3.3) 2343 (3.3) 0.12

Coagulopathy 104 271 (6.5) 9302 (13.1) <0.001

Cirrhosis 14 438 (0.9) 1136 (1.6) <0.001

Malnutrition 48 125 (3) 6320 (8.9) <0.001

CIED, cardiac implantable electronic device; DRI, device-related infection.
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or rural location, and geographic region are used for stratified sampling, and 
discharge weights provided by the sponsor are used to obtain national es-
timates. The database is publicly available and contains deidentified informa-
tion; therefore, the study was deemed exempt from institutional research 
board review.

Study population
The NIS data were queried to identify baseline characteristics (age, sex, 
race, and comorbidities), hospital-level characteristics (hospital bed size, re-
gion, teaching status, primary expected payer, and median household in-
come for patient’s ZIP code), and outcome variables (in-hospital 
mortality, mean length of stay, and mean total hospital charge) for adults 
(age ≥ 18-year-old) that underwent CIED implantation or had DRI be-
tween 2011 and 2018 using the International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM) and the International 
Classification of Diseases, 10th Revision, Clinical Modification 
(ICD-10-CM) codes. Cardiac implantable electronic device implantations 
included PPM, ICD, and CRT devices and were identified using appropriate 
ICD codes for implantation as shown in Supplementary material online, 
Table S1. Device-related infections were identified using previously known 
methods in one of two ways: (i) an ICD-9-CM or ICD-10-CM diagnostic 
code for DRI along with any procedure codes for CIED implantation or 
CIED/lead removal, revision, or replacement and (ii) any CIED removal 
code along with signs of system infection.7,16

Study outcome measures
The primary outcomes of interest were in-hospital mortality, mean length 
of stay, and mean total inflation-adjusted hospital charge. The secondary 
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Figure 1 Trends of comorbidities and Charlson index in patients with device-related infection (DRI) from 2011 to 2018. Trends for coronary artery 
disease (P = 0.94) and end-stage renal disease (P = 0.88) were statistically insignificant while all other comorbidities showed significant interval increase 
(P < 0.001 for all others). CAD, coronary artery disease; Charlson, Charlson comorbidity index; CHF, congestive heart failure; DM, diabetes mellitus; 
ESRD, end-stage renal disease.

2011 2012 2013 2014 2015 2016 2017 2018

Year

N
um

be
r 

im
pl

an
te

d

0

50 000

100 000

150 000

200 000

250 000
All implanted devices PPM ICD CRT

Figure 2 Trend of cardiac implantable electronic device (CIED) implantation from 2011 to 2018 by device type. All trends were statistically significant 
at P < 0.001 level. CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; PPM, permanent pacemaker.
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outcomes of interest were temporal trends in CIED implantation and DRI, 
their associated adverse events, and predictors of DRI-related mortality.

Statistical analysis
Weighted data were used for all statistical analyses. Results were expressed 
as numbers (%) for categorical variables and mean ± standard deviation for 
continuous variables. Differences between groups were analyzed with the 
use of Student’s t-test for continuous variables and the χ2 test for categor-
ical variables, respectively. Stepwise, forward selection, logistic regression 
was used to identify predictors of in-hospital mortality in patients admitted 
with DRI. The regression model was adjusted for demographics, hospital 
characteristics, comorbidities, and complications as deemed important. 
Adjusted odds ratio (OR) and 95% confidence intervals (CI) were used 
to report the results of logistic regression. A two-tailed P < 0.05 was con-
sidered statistically significant. Statistical analyses were performed using 
statistical software STATA IC version 16.1 (StataCorp, College Station, 
TX). Comparisons between those with CIED implantation alone and 
patients with DRI were made using the independent samples Mann– 
Whitney U test.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Number of cardiac implanted electronic devices inserted annually from 2011 to 2018

Year Total number of implanted 
devices

Permanent 
pacemakers

Implantable cardioverter 
defibrillators

Cardiac resynchronization therapy 
devices

2011 234 543 150 897 46 376 37 270

2012 216 920 141 830 41 205 33 885

2013 203 595 134 910 38 455 30 230

2014 187 630 127 825 34 910 24 895

2015 186 035 126 055 34 415 25 565

2016 192 145 132 625 32 640 26 880

2017 191 630 133 140 32 330 26 160

2018 191 675 130 940 33 260 27 475

Total 1 604 173 1 078 222 293 591 232 360
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Figure 3 Trend of device-related infection (DRI) between 2011 and 2018 (P trend = 0.98).
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Table 3 Numbers and percentages of device-related infections 
reported annually between 2011 and 2018

Year Number Percentage (infections/total 
device implanted)

2011 9307 3.96%

2012 8550 3.94%

2013 8690 4.26%

2014 8925 4.75%

2015 8990 4.83%

2016 8985 4.67%

2017 8750 4.56%

2018 8810 4.59%

Total = 71 007 Average = 4.44%
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Results
Patient characteristics
The baseline demographic, clinical, and hospital characteristics of all pa-
tients admitted for CIED implantation and DRI between 2011 and 2018 
are summarized in Table 1. A total of 1 604 173 admissions for CIED 
implantations and 71 007 (4.4%) admissions for DRI were reported. 
Compared to those admitted for CIED implantation, patients with 
DRI were younger (67 vs. 73 years) and more often male (69.3 vs. 
57%). The distribution of body mass index (BMI) was different in 
CIED implantation and DRI cohorts. Patients undergoing CIED im-
plantation were more likely to have a BMI of 30–39 while patients 
with DRI were more likely to be morbidly obese with a BMI ≥40 kg/ 
m2. In addition, patients admitted with DRI were less often of the white 
race (69.5 vs. 72.5%) and more likely to have lower household income 
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Figure 4 Top panel: the mean hospital length of stay of patients with device-related infection (DRI) increased from ∼12 days in 2011 to ∼14 days in 
2018 (P < 0.001). Middle panel: the mean inflation-adjusted total hospital charges increased by 36% during this time (P < 0.001). Bottom panel: in- 
hospital mortality increased from 3.9% in 2011 to 4.6% in 2018 with a peak in 2015 (P = 0.07).
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Table 4 Outcomes and healthcare resource utilization associated 
with cardiac implantable electronic device implantation and 
device-related infection

CIED 
implantation

DRI P 
value

(n = 1 604 173) (n = 71 007)

Mortality, n (%) 15 844 (0.98) 3109 (4.3) <0.001

Mean inflation-adjusted total 

hospital charges ($)

140 409 207 514 <0.001

Mean length of stay (days) 6.1 13.2 <0.001

CIED, cardiac implantable electronic device; DRI, device-related infection.
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(31 vs. 27%), Medicaid as the primary payer (9.5 vs. 5.4%), and a higher 
number of comorbid conditions as assessed by a Charlson comorbidity 
index ≥3 (46.6 vs. 36.8%). Some of the specific comorbid conditions 
more commonly noted in those with DRI included congestive heart fail-
ure (CHF) (58.2%), diabetes (38%), end-stage renal disease (ESRD) 
(9.1%), coagulopathy (13.1%), and malnutrition (8.9%). Among these 
comorbidities, the prevalence of CHF increased during the study period 
(Figure 1, 50% in 2011 to 64.4% in 2018, P for trend <0.001).

Trends in cardiac implantable electronic 
device implantation and device-related 
infection
The annual number of CIED implantations and DRI from 2011 to 2018 
is shown in Figures 2 and 3 and Tables 2 and 3. The number of CIED 
implantations steadily declined from 234 543 in 2011 by 20% to 187  
630 in 2014 (P < 0.001) and remained stable during 2014–2018. The 
decline was seen in all categories of CIED (Figure 2). The percentage 
of DRI remained stable around a mean of 4.4% throughout the study 
period (P = 0.98) (Table 3).

Trends in primary outcomes
Hospitalizations for DRI had a significantly higher mean length of stay 
(13.2 vs. 6.1 days), mean inflation-adjusted total hospital charge (207  
514 vs. 140 409 US dollars), and in-hospital mortality (4.3 vs. 0.98%) 
compared to hospitalizations with CIED implantations (Table 4). 
From years 2011 to 2018, the mean length of stay of DRI hospitaliza-
tions increased from ∼12 days in 2011 to ∼14 days in 2018 (P < 0.001), 
mean inflation-adjusted total hospital charge increased by 36%, while 
in-hospital mortality increased from 3.9% in 2011 to 4.6% in 2018 
with a peak in 2015 (Figure 4).

Complications in cardiac implantable 
electronic device implantation and 
infection
Compared to patients admitted for CIED implantation, patients admit-
ted with DRI had a significantly higher number of total adverse events 
(Table 5, 16.1 vs. 4.6%, P < 0.001). Pulmonary embolism was the most 
common (4.13%) adverse event suffered by those with DRI.

Predictors of mortality in patients with 
device-related infection
Predictors of in-hospital mortality in patients admitted with DRI are 
shown in Table 6. Predictors of increased mortality include small hos-
pital bed size (OR 1.40, CI 1.08–1.81, P = 0.01), CHF (OR 1.67, CI 
1.35–2.07, P < 0.001), ESRD (OR 1.90, CI 1.46–2.48, P < 0.001), coagu-
lopathy (OR 2.94, CI 2.40–3.61, P < 0.001), and malnutrition (OR 2.50, 
CI 1.99–3.15, P < 0.001).

Discussion
Key findings
The main findings of the study were as follows: (i) the number of CIED 
implants declined from 2011 to 2014, followed by a stable annual num-
ber of implants from 2015 to 2018; (ii) the annual incidence of DRI re-
mained stable between 2011 and 2018; (iii) compared to patients 
admitted for CIED implantation, those with DRI were more likely to 
be men, of nonwhite race, and from a low-income household; (iv) 
overall burden of comorbidities increased during the study period in 
patients admitted for CIED implantation as assessed by a Charlson co-
morbidity index ≥3; (v) the mean length of stay and inflation-adjusted 
total hospital charge significantly increased for DRI admissions over the 
study period; and (vi) for the patients admitted with DRI, the in- 
hospital mortality was relatively high (4.3%) with CHF, ESRD, malnu-
trition, and coagulopathy identified as being the strongest predictors 
of mortality.

Trends in cardiac implantable electronic 
device implantation
This study elucidates the most recent data on national trends in CIED 
implantations and DRI in the USA. From 1993 to 2008, pacemaker im-
plantations increased by 45%, while ICD implantations increased expo-
nentially by 504%.7 The current study shows that CIED implantations 
declined from 2011 to 2014 and remained stable from 2015 to 2018. 
The decline was seen in all categories of CIED. This is likely explained, 
at least partly, by adopting new clinical guidelines and reimbursement 
policies for device therapies in clinical practice.11,12,17 A recently pub-
lished study from Olmsted County, MN, has shown local trends in 
CIED implantation from 1998 to 2018, similar to the above national 
trends from our study.15

Trends in device-related infection
Using a national database, Voigt et al.16 showed that through 1996– 
2003, incidence of DRI increased at a rate (overall 3.1-fold increase) 
faster than CIED implants (1.49-fold rise). The annual incidence of 
DRI markedly increased from 2004 to 2008, peaking at 2.4%.7

Another study showed that the annual incidence of DRI increased 
from 1.45% in 2008 to 3.41% in 2012.8 The incidence of DRI in 
Olmsted County, MN, was also shown to increase from 1988 to 
2015 in 7-year periods.17 Our study indicates that between 2011 
and 2018, the annual incidence of DRI remained stable at 3.9–4.8%. 
A study covering only the year 2016 has reported a comparable an-
nual incidence of DRI at 4.2%.13 Recent years have witnessed the 
highest incidence of DRI despite significant technological and tech-
nical advances in CIED design and implantation. As evident in our 
study, the persistently high annual incidence of DRI might be ex-
plained by CIED implantation in patients with an increasing number 
of comorbid conditions. Another study has also suggested that the 
rise in DRI in the past might be due to implantation in patients 
with higher comorbid conditions and performance of more complex 
procedures.18

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Comparison of adverse events associated with cardiac 
implantable electronic device insertion and device-related infection

Types of adverse 
events

CIED DRI P 
value(n  = 1 604 173) (n = 71 007)

Pericardial effusion 18 127 (1.13%) 1669 (2.35%) <0.001

Cardiac tamponade 5614 (0.35%) 575 (0.81%) <0.001

Cardiac perforation 3690 (0.23%) 454 (0.64%) <0.001

Arteriovenous fistula 289 (0.018%) 26 (0.036%) 0.31

Hematoma—post 

procedure

14 117 (0.88%) 2059 (2.90%) <0.001

Hemorrhage—post 

procedure

7700 (0.48%) 1207 (1.70%) <0.001

Pulmonary embolism 10 106 (0.63%) 2933 (4.13%) <0.001

Deep vein thrombosis 14 438 (0.90%) 2556 (3.60%) <0.001

CIED, cardiac implantable electronic device; DRI, device-related infection.
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Comparison of admission for cardiac 
implantable electronic device implantation 
and device-related infection
Compared to those admitted for CIED implantation, those with DRI 
were more often men, of nonwhite race, from lower-income house-
holds, and had Medicaid as their primary payer. In addition, those with 
DRI also had a higher burden of comorbidities including diabetes, CHF, 
chronic kidney disease, ESRD, coagulopathy, cirrhosis, and malnutrition. 
A pooled analysis has identified many of the similar comorbidities listed 

above as risk factors for DRI with ESRD being the strongest risk factor.9

A recent survey conducted at 234 centers across 62 countries revealed 
significantly low compliance with current guidelines and recommenda-
tions for preventing DRI.19 The study also found substantial global vari-
ability in the prevention and management of CIED infections.

Adverse events and outcomes
In this study, adverse events were significantly higher among patients ad-
mitted for DRI compared to CIED implantation (16.1 vs. 4.6%). All 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 6 Predictors of mortality in patients admitted with device-related infection

Predictors Mortality (n = 3109)

Univariate odds ratio (95% confidence 
interval)

P value Multivariate odds ratio (95% confidence 
interval)

P value

Age group

18–45 0.47 (0.32–0.69) <0.001 0.34 (0.21–0.54) <0.001

46–60 0.95 (0.78–1.16) 0.63

61–75 1.24 (1.05–1.46) 0.008

>75 1.00 (0.84–1.18) 0.99

Body mass index, number 

(%)

<19 1.69 (0.97–2.93) 0.06

19–29 1.28 (0.79–2.08) 0.30

30–39 0.50 (0.30–0.81) 0.006

≥40 1.18 (0.84–1.66) 0.32

Hospital bed size 0.01

Small 0.76 (0.53–1.09) 0.14 1.40 (1.08–1.81)

Medium 0.85 (0.68–1.06) 0.15

Large 1.23 (1.01–1.50) 0.033

Comorbidities

CAD 0.66 (0.56–0.78) <0.001 0.78 (0.64–0.94) 0.01

Hypertension 0.32 (0.26–0.41) <0.001 0.56 (0.42–0.73) <0.001

Diabetes 0.87 (0.74–1.04) 0.13

CHF 2.05 (1.72–2.45) <0.001 1.67 (1.35–2.07) <0.001

PVD 1.06 (0.77–1.45) 0.70

CKD ≥ 3 1.37 (1.13–1.65) 0.001

ESRD 2.88 (2.37–3.50) <0.001 1.90 (1.46–2.48) <0.001

COPD 0.96 (0.78–1.19) 0.74

Hyperlipidemia 0.50 (0.42–0.60) <0.001 0.62 (0.50–0.76) <0.001

Atrial fibrillation 0.97 (0.82–1.15) 0.76

Atrial flutter 1.52 (1.16–2) 0.002

Atrioventricular block 1.01 (0.83–1.23) 0.91

Sick sinus syndrome 0.32 (0.22–0.46) <0.001 0.43 (0.29–0.64) <0.001

Thyroid disease 0.74 (0.58–0.95) 0.021

Malignancy 1.14 (0.75–1.74) 0.51

Coagulopathy 3.72 (3.12–4.44) <0.001 2.94 (2.40–3.61) <0.001

Cirrhosis 1.36 (0.77–2.39) 0.27

Malnutrition 3.92 (3.25–4.73) <0.001 2.50 (1.99–3.15) <0.001

Significance of bold values represents Multivariate odds ratio (95% Confidence Interval).  
CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; PVD, peripheral 
vascular disease.
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adverse events, including pulmonary embolism, deep vein thrombosis, 
hematoma, cardiac tamponade, and cardiac perforation, were more com-
mon among patients admitted with DRI. The incidence of pulmonary em-
bolism was higher (4.13 vs. 0.1%) in our study compared to a prior 
multicenter study looking at in-hospital complications of 1684 patients 
undergoing lead extraction for DRI.20 Pulmonary embolism can occur 
from the migration of emboli from an infected device lead, either spontan-
eously or during device extraction. The in-hospital mortality rate in pa-
tients admitted with DRI was 4.3% in this study, which is lower than 
the 5–8% reported incidence from previous reports in the Medicare 
fee-for-service database.21,22 In our study, CHF, ESRD, malnutrition, and 
coagulopathy were associated with higher mortality among DRI patients. 
Others have shown an association between CHF, frailty, corticosteroid 
use, and infective endocarditis-related infection and in-hospital mortality 
among patients with DRI.23,24 Like our study, advanced age was not found 
to be a predictor of in-hospital mortality by others.25

Resource utilization
From 2011 to 2018, the mean length of stay for patients admitted with 
DRI increased by an average of 2 days. Our study’s mean length of stay 
of 14 days in 2018 was similar to the mean length of stay of 13.7 days in 
2016.13 From 2011 to 2018, the inflation-adjusted mean total hospital 
charge in patients admitted with DRI increased by 36% to $239 232 in 
2018. This was a continuation of a rising trend with a 26% increase in 
inflation-adjusted total hospital charge from 2003 to 2011 in a prior 
study.26 Extending the duration of hospitalization by even a single day 
incurs significant healthcare spending for patients with DRI, and the rap-
idly rising cost of DRI hospitalizations reflects a growing financial bur-
den on the healthcare system.9 In addition, increasing costs could 
partly be attributed to an increasingly complex population of patients 
admitted with DRI.

Conclusions
Annual CIED implantations have declined in recent years but are asso-
ciated with a remarkably high incidence of DRI. These infections cause 
significant morbidity and mortality among patients and incur a substan-
tial financial burden on the healthcare system.

Limitations
Data in NIS are retrospective. The accuracy of patient selection based 
on ICD codes depends on the precision with which ICD codes were 
entered into patients’ records at the time of discharge. The transition 
from ICD-9-CM to ICD-10-CM on 1 October 2015 adds a potential 
source of error in trend analysis. Patients admitted for CIED implant-
ation and DRI represent two independent cohorts. Due to the way 
DRI is defined in our study, we have predominantly included patients 
with systemic infection that underwent device/lead extraction. Our 
study likely excluded many patients with local pocket infections 
and patients that did not undergo device/lead extraction. Although 
a limitation, DRI was defined as such to maintain comparability with 
previously published trends that defined DRI in the same manner. 
Device-specific ICD codes for lead removal, revision, or replacement 
were not available. For this reason, the association of specific device 
type with infection or mortality could not be determined. The 
NIS database uses ICD codes documented at the time of discharge 
to maintain a record of patient diagnoses and procedures. 
Unfortunately, the ICD code for the use of an antibiotic envelope 
has infrequently made it to the discharge-level documentation and 
thus we would not be able to make a definitive comment on that with-
out risking the introduction of unsupported conclusions. Although 
very helpful, a breakdown of cause of death could not be included 
as it is not reported in the database. Despite these limitations, the 

overall congruence of our observations with previous reports adds 
validity to our conclusions.
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