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Abstract
Background—Little is known regarding the clinical features, procedural risks, or survival of
patients receiving replacement versus new implantable cardioverter-defibrillators (ICDs).

Methods and Results—Entries in the National Cardiovascular Data Registry (NCDR®) ICD
Registry™ from 2005 through 2010 were eligible for (N=463,978). Baseline demographic, clinical
information, and procedural variables were compared between new (N = 359,993; 77.6%) and
replacement (N = 103,985; 22.4%) ICD patients, and entered into a propsensity match model to
determine adjusted survival rates. Replacement ICD patients were older (70.7 versus 67.5 years)
and more likely to have atrial fibrillation (41.8% vs. 31.4%, P<0.001) and ventricular tachycardia
(60.5% vs. 33.9%, P<0.001) compared with new ICD patients. Median battery life was only 4.6
years (25–75% IQR 3.7–5.8) for all replaced devices, 5.8 (25–75% IQR 4.2–7.5) for single-
chamber, 5.1 (25–75% IQR 4.1–6.1) for dual-chamber, and 3.9 (25–75% IQR 3.2–4.6) years for
biventricular devices. Replacement ICD patients had lower rates of index admission complications
(0.9% vs 3.2%, P<0.001) but greater risk for death compared with new ICD patients in unadjusted
analysis (HR 1.18, 95%CI 1.16 – 1.20, P<0.0001) and after propensity score matching (HR 1.28,
95% CI 1.25 to 1.30, P < 0.0001).

Conclusions—Patients receiving replacement ICDs are older and are at greater risk for death
compared to those receiving initial ICD implants. The battery life of initial ICDs is shorter than
previously reported.
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Background
Approximately 28% of all implantable cardioverter-defibrillator (ICD) implantations are
replacements of existing devices, accounting for nearly 30,000 ICD replacements/year in the
United States alone.1 Yet little is known regarding the risks and benefits of ICD
replacements, as these have been largely excluded from clinical trials and the focus of few
observational studies. In the years since initial ICD placement, patients may have acquired
additional comorbidities or experienced progression of their underlying heart disease, both
of which may affect the impact of ICD therapy on clinical outcomes. The paucity of data
describing the characteristics and outcomes of patients receiving ICD replacements is a
barrier to risk stratification and prognostication, and explains, in part, the lack of clear
indications for replacement in practice guidelines.

Previous risk models for procedural complications have included ICD replacements, but
provided only limited comparisons to patients receiving initial implants and no assessment
of long-term outcomes.2–4 Guidelines for ICD implantation do not recommend device
therapy for patients with life expectancies of less than one year,5 but prospectively
identifying these patients is difficult. Scoring systems have modeled survival following ICD
implantation, but only focused on initial implantation.6–10 Thus, improved decision-making
for this common clinical scenario requires better information regarding outcomes.11

The goals of this study were to describe and compare patients undergoing replacement and
new ICD implantation with regard to (a) characteristics at the time of implantation; (b) risk
and distribution of index admission complications; and (c) survival. We hypothesized that
patients receiving replacement ICDs would be older, would have more accumulated
comorbidities, and would have poorer survival following their implantation procedures as
compared with patients receiving initial ICD implants.

Methods
Data Source

This study analyzed data from the National Cardiovascular Data Registry (NCDR®) ICD
Registry™. This registry was created in 2005 after the Centers for Medicare and Medicaid
Services (CMS) national coverage decision for primary prevention ICD implantation. The
initial goal was to create a prospective, observational database that would include all
Medicare beneficiaries receiving ICDs for primary prevention of sudden cardiac death.
Although hospitals are not required to submit data for non-Medicare patients, >75% of the
1489 hospitals participating in the registry have entered data on all ICD implantations
regardless of indication or insurance, and it is estimated that 90% of all ICD implants in the
United States are captured by this dataset, with more than 10,000 cases entered monthly.1

All data entry was performed using the ICD Registry™ Data Collection From v1.08.12

Participating sites receive formal training on data collection and entry by the NCDR®. After
submission, data are evaluated for quality and returned to sites if incomplete. Data from the
ICD Registry™ have been used to address key clinical research questions in prior
studies.13, 14
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Study Population
All patients receiving replacement or new ICDs between January 1, 2005 and March 30,
2010 were eligible for inclusion (Figure 1). Patients missing social security numbers, and
those entered twice into the database (for initial and then replacement implantation) were
excluded. As the primary focus of this study was comparing initial implantation with routine
replacement, subjects who did not have “end of expected battery life” as one of the reasons
for replacement were also excluded.

Variables
The ICD Registry™ collects over 130 standardized data elements describing demographic,
clinical information and procedural information for each patient receiving an ICD implant.
Patient files are linked to the Social Security Death Index to determine patient vital status,
which was available up to 10/1/2011. For this report, variables were selected a priori from
the ICD Registry™ that were felt to be necessary to describe and examine the characteristics
and outcomes of patients receiving replacement ICD devices based on American College of
Cardiology / American Heart Association guidelines for device based therapy5 as well as
published literature regarding ICD outcomes (Table 1).6, 8

Demographic variables included age, gender, and race (white vs. other). Clinical information
included data from clinical history and diagnostic studies. History of the following cardiac
conditions was collected: any ischemic heart disease, myocardial infarction, coronary artery
bypass grafting, congestive heart failure, non-ischemic dilated cardiomyopathy (never, past
3 months, past 3–9 months, over 9 months), atrial fibrillation, ventricular tachycardia (any),
and abnormal sinus node function. Functional status was rated using the New York Heart
Association levels I-IV. Finally, the following comorbid conditions were ascertained:
cerebrovascular disease, chronic lung disease, diabetes, hypertension, and renal failure or
dialysis.

The most recent diagnostic findings included the left ventricular ejection fraction (%), QRS
duration (ms), atrioventricular conduction problem (none, left bundle branch block (LBBB),
right bundle branch block (LBBB), paced, or other), serum creatinine (mg/dl), serum sodium
(mEq/L), and systolic blood pressure (mmHg). Use of the following cardiac medications at
time of discharge was recorded: ACE-inhibitor, amiodarone, aspirin, beta blocker,
coumadin, digoxin, and a diuretic.

Procedure characteristics captured in the ICD registry included identification of new versus
replacement ICD procedure. If the device was a replacement, the time elapsed since prior
device implant was recorded and whether or not the procedure also included upgrade to a
dual-chamber or biventricular system was identified. The reason for hospitalization during
which the device was placed was categorized as follows: ICD placement, congestive heart
failure (CHF), cardiac but not for CHF, and non-cardiac. Type of device (single chamber,
dual chamber, or biventricular) and whether the device was for primary or secondary
prevention were also ascertained. (In the ICD Registry, primary prevention indicates that the
patient is at risk for but has not yet had an episode of sustained ventricular tachycardia,
ventricular fibrillation, or resuscitated cardiac arrest. At the time of ICD replacement, a
patient whose device was originally placed for primary prevention but subsequently
experienced any of these events would be coded as secondary prevention.) Index admission
complications (date of implant through hospital discharge) included: cardiac arrest, drug
reaction, cardiac perforation, coronary venous dissection, lead dislodgment, hemothorax or
pneumothorax, transient ischemic attack or stroke, myocardial infarction, pericardial
tamponade, and infection related to the device. Missing data was present <0.3% of the time
for all data elements, and only complete case analysis was used for the propensity matching.
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Statistical Analysis
All baseline demographic data, clinical information, and procedural variables were
described using frequencies for categorical variables and means/medians with SDs/
interquartile ranges for continuous variables. Given the size of the population, the
comparison of patient and procedural characteristics between subjects who received
replacement and initial ICDs were described using percent standardized mean differences
(SMD). An absolute value of ≥10 was considered a meaningful difference.15

Among subjects who received replacement ICDs, the time (years) from original ICD
insertion was calculated and presented overall and stratified by initial device type (single
chamber, dual chamber, and biventricular).

Unadjusted survival analysis compared the survival after device placement between subjects
who received replacement ICDs and those who received new ICDs using the Kaplan-Meier
method and the log-rank test. Median survival was calculated for each group. Hazard ratios
(HR) and 95% confidence intervals (CI) were generated from these analyses

To further evaluate the influence of patient characteristics on survival, propensity score
methods were used. Though not intended to model randomization between having received a
replacement versus new ICD, the propensity score approach was selected as an alternative
method to adjust for potential differences between these groups in order to minimize
parametric assumptions regarding the relationship between covariates and outcomes while
balancing treatment groups on all measured covariates. A propensity score for each patient
was generated using a logistic regression model predicting replacement (versus new) ICD
based on the demographic, clinical, and procedural characteristics presented in Table 2. We
then sought to match patients with replacement and initial device insertions by performing a
1:1 nearest neighbor match with a caliper width of 0.2 of the standard deviation of the logit
of the propensity score.16 Absolute SMDs were used to determine success of the matching
where values less than 10 and close to 0 indicate a good match.15, 17 We then assessed the
association of a replacement ICD with survival in the matched data using conditional
proportional hazard regression.18 Additionally, we evaluated survival for both new and
replacement ICD patients in the propensity matched cohort when stratified according to
device type (single-chamber, dual-chamber, or biventricular).

This project was deemed exempt by the institutional review boards at Beth Israel Deaconess
Medical Center and the Hebrew SeniorLife Institute for Aging Research.19

Results
Baseline Characteristics

Among 533,817 procedures entered into the ICD Registry™ during the study period,
463,978 unique patients were eligible for these analyses (Figure 1). In this sample, 22.4% (N
= 103,985) of subjects received a replacement ICD and 77.6% received a new ICD (N =
359,993). Median follow-up times for the replacement and new ICD patients were 2.04
years (25–75% IQR 1.37–3.00) and 2.54 years (25–75% IQR 1.58–3.70), respectively.

Demographic, clinical and procedural characteristics of the overall cohort and stratified by
replacement versus new ICD are presented in Table 1. In unadjusted analyses, subjects
receiving replacement versus new ICDs were significantly older (median age 70.7 years
versus 67.5; SMD 21.0%) and more frequently white (87.6% versus 81.5%, SMD 15.3%).
With respect to cardiac history, a greater proportion of subjects receiving replacement versus
new ICDs had atrial fibrillation (41.8% versus 31.4%, SMD 23.8%), ventricular tachycardia
(60.5% versus 33.9%, SMD 50.7%), sinus node dysfunction 31.7% versus 25.6%, SMD
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15.9%), and coronary artery bypass surgery (39.8% versus 33.3%, SMD 14.4%). Subjects
getting ICD replacement had relatively better functional status as measured NYHA
classifications. Other comorbid conditions including chronic obstructive lung disease,
cerebrovascular disease, diabetes, and end-stage renal disease did not differ between the two
groups.

In terms of baseline diagnostic studies, subjects who received replacement versus new ICDs
had significantly higher left ventricular ejection fractions (32.6% versus 27.7%, SMD
25.3%), wider QRS duration, and were more likely to have paced rhythms. Finally, with
respect to the procedural details, the vast majority (92.8%) of replacement patients were
admitted to the hospital for the implant procedure specifically, compared with only 60.8% of
initial ICD patients (SMD 57.5%). At the time of ICD replacement, 6540 (6.3%) of these
patients also had an upgrade / lead addition, of which 4912 (75.2%) entailed upgrade to a
biventricular system. Patients getting their ICDs replaced also more commonly received
biventricular devices (43.1% versus 35.8%, SMD 31.9%) and were more like to have
secondary prevention of sudden death recorded as the indication for the procedure (34.9%
versus 17.2%, SMD 31.9%).

Adverse events during the index admission were relatively uncommon in both groups (Table
3), but were significantly more common among patients receiving new versus replacement
ICDs (3.2% versus 0.9%, SMD 10.3%). The most common complication following ICD
replacement was a hematoma (0.4%), whereas lead dislodgements was the most common
complication among those receiving new ICDs (1.0%).

The median time to replacement was only 4.6 years (25–75% IQR 3.7–5.8) for all replaced
devices, 5.8 (25–75% IQR 4.2–7.5) for single-chamber, 5.1 (25–75% IQR 4.1–6.1) for dual-
chamber, and 3.9 (25–75% IQR 3.2–4.6) years for biventricular devices. (Figure 2).

Survival
The median survival of patients receiving replacement ICDs was 2.0 years (25–75% IQR
1.6–3.7), compared with 2.5 years (25–75% IQR 1.6–3.7) for those receiving new ICDs.
Mortality at 1 year for those receiving replacement ICDs was 9.9% versus 9.4% following
new ICD implantation). At 3 years, mortality for replacement ICD patients was 27.4%
compared with 23.5% for those receiving new ICDs. The unadjusted HR comparing survival
among patients getting replacement versus new ICDs was 1.18 (95% CI 1.16–1.19, P <
0.0001, Figure 3). Propensity score matching successfully paired 72,905 new and
replacement patients, with all variables in the propensity score having a SMD <10% (Table
2). Survival after ICD replacement versus initial implant remained worse in the propensity
match analysis ((HR of 1.28, 95% CI 1.25 to 1.30, P < 0.0001). Hazard ratios for survival
for both new and replacement ICD patients stratified by device type are presented in Figure
4. Overall, these illustrate differences in survival between these three groups, with greatest
risk for death in patients with biventricular ICDs, and a consistent hazard for patients after
ICD replacement versus initial implant.

Discussion
To our knowledge, this is the largest and most complete description of replacement ICD
patients and their outcomes including long-term survival, and the most substantive direct
comparison of replacement and new ICD patients. We found that patients getting
replacement ICDs are older and have greater history of arrhythmias compared to those
getting new devices. While index admission complication rates were lower among patients
undergoing device replacement, survival post-procedure was worse. After propensity
matching, replacement ICD patients remained at greater risk for death compared with new
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ICD patients (HR 1.28, 95% CI 1.25 to 1.30, P < 0.0001).). In addition, we found that the
mean battery life of new ICDs was less than 5 years; a duration much shorter than
previously reported.20, 21 Taken together, these data highlight differences in clinical features
and outcomes for new and replacement ICD recipients, reinforce the disconnect between
patient and device longevity, and provide the context for further prospective studies
evaluating the clinical benefits of ICD replacement.

Our results build on prior attempts to characterize the clinical course of patients following
ICD implantation. Haines et al used ICD Registry™ data from 2006 through 2008 with a
focus only on index admission complications including death.2 They reported an overall
complication rate of 3.05%, and developed a risk score that stratified this risk from <1.0% to
≥17%. They did not, however, report outcomes for routine ICD replacement specifically and
did not characterize survival after the index admission. Poole et al reported outcomes up to 6
months for 871 ICD replacements in the REPLACE registry of both ICD and pacemaker
patients, with the majority (96.7%) of procedures performed for battery depletion.4 In
agreement with our data, they found only a <1% risk of periprocedural events (defined as <
24 hours). Extending their follow-up to 6 months, however, identified a 4.0% risk of major
and 7.4% risk of minor complications, consistent with retrospective studies focusing on
replacements performed for device malfunction and recalls.22, 23 REPLACE did not report
mortality for the ICD patients alone, and only 8 deaths for both pacemaker and ICD patients
were reported within six months (half due to attempted surgical placement of an LV lead).
Similarly, Krahn et al evaluated 1081 patients undergoing ICD replacement as part of the
Ontario ICD Registry and found an 4.3% rate of complications at 45 days. Krahn et al also
noted that replacement ICD patients were older (by a mean of 1.8 years) and had improved
LV function compared to new ICD recipients.3 However, additional characteristics and
survival between these groups was not described. In sum, this suggests that our findings of a
<1% risk for procedural complications for replacement ICD patients would likely grow
(perhaps as much as four-fold) if longer-term follow-up were available to document these
intermediate or late events, such as infections or more gradual hematomas

Our findings of median battery life for single-chamber, dual-chamber, and biventricular
ICDs prior to replacement contrast with prior reports, particularly for biventricular devices.
Thijssen et al reported a mean battery life of 5.5 ± 0.1 years for a relatively large group of
1072 ICDs replaced due to battery depletion.20 Biventricular devices in this cohort (N =
373) had a mean battery life of 4.7 ± 0.1 years, compared with our finding of a median of
3.90 and mean of 3.92 for these ICDs. Our much larger study therefore further strengthens
advocacy to improve the longevity of these devices, particularly for patients receiving
biventricular systems.21 Cost-effectiveness analyses of ICDs have demonstrated exquisite
sensitivity to battery life, with replacement after 3 years rather than 5 years increasing the
cost per quality-adjusted life year by tens of thousands of dollars.24 Similar analysis of CRT
are even more sensitive to battery life.25

Our survival data for replacement ICD patients and direct comparison to new ICD patients
further clarifies the picture of post-replacement clinical experiences. Seminal clinical trials
have described annual mortality rates of patients with ICDs ranging from 5% (in SCD-
HeFT)26 to 8.5% (MADIT-II)27 to 12% (COMPANION)28, with variable absolute
reductions in mortality with device-based therapy. Our study does not have a control group
of non-ICD patients for comparison, and so we are unable to evaluate the mortality
advantage ICD replacement provides compared with a non-replacement strategy. Similarly,
these data are not intended to identify a causal relationship between ICD replacement and an
increased risk for death. Nevertheless, the comparatively higher mortality rate in the
replacement ICD patients compared with new ICD patients – even after propensity matching
for age and other covariates – suggests that directly extrapolating the benefits from these
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clinical trials to replacement ICD patients may not be straightforward. Again, though our
analysis does not compare ICD replacement with a non-replacement strategy (either
abandonment of the device or replacement of the ICD with a pacemaker generator), and thus
cannot directly address the risks and benefits of replacement versus non-replacement. Yet
these data do reinforce calls for clinical trials specifically evaluating this very common
clinical decision.11

In addition, our results raise questions about what contributes to the excess hazard for
replacement ICD patients. Late complications such as infections were not captured by this
database, and residual confounding from unmeasured variables (such as more precise
estimations of heart failure severity) may in part explain these findings. Patients receiving
ICD replacements are necessarily farther along their disease course, and this may influence
their survival and susceptibility to sudden arrhythmic death in particular. Our determination
of vital status does not include cause of death, so it remains uncertain whether the excess
mortality arises from progression of cardiovascular disease or non-cardiac causes such as
malignancies. It is of interest that despite having more arrhythmia, replacement ICD patients
had, on average, higher left ventricular ejection fractions and less severe heart failure. This
may indicate that these patients were sicker when their devices were initially placed and
recovered, that the devices themselves may have contributed to clinical improvement,
indicate some selection bias on the part of operators avoiding replacements on specific
patients, or represent a selected survivor bias.

Our study results should be interpreted within the context of several potential limitations.
Though our study population was largely white and male, the ICD Registry™ itself is
representative of the population receiving ICDs in the United States. Our analytic approach
contrasted replacement ICD patients and new ICD patients whose implants of interest
occurred during the same time period, meaning that the initial implants for replacement ICD
patients occurred approximately 4 years earlier on average. Thus, it is possible that this
difference in timing relative to publication of pivotal clinical trials and updated guidelines
may have contributed in unmeasured ways to differences between the patient groups. For
example, significantly more patients in the replacement ICD group were characterized as
secondary prevention, but from these data we cannot determine whether or not these patients
were survivors of qualifying events prior to their first ICD procedure, or if these events
occurred after an initial primary prevention device was placed. Lastly, it is possible that
some patients may have been eligible for ICD replacement during the study period but
declined (due to comorbidity or for other reasons). However, this would tend to bias the
replacement ICD group towards healthier patients, further strengthening the observation that
survival following replacement is worse than following initial implantation.

In conclusion, the paucity of data on the features and clinical course of patients following
ICD replacement poses significant challenges for developing clinical guidelines or
promoting informed decision-making surrounding these procedures.11 Patients undergoing
ICD replacement differ from those receiving initial ICD implants in several important ways,
and require new generators due to declining battery life more quickly than previously
reported. Following ICD replacement, patients are at an elevated risk for death compared to
those receiving new ICDs. These estimates may provide context for patient and clinician
expectations surrounding ICD implantation and replacement, but clinical trials are necessary
to rigorously evaluate the clinical benefits of ICD replacement.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
All patients entered into the ICD Registry from January 2005 – March 2010 were eligible.
Those without usable social security numbers and those with multiple entries into the
database were also excluded. For those patients receiving replacement ICDs, those whose
reason(s) for replacement did not include end of expected battery life were also excluded.
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Figure 2.
Distribution of time (in years) from initial implant for patients receiving replacement ICDs,
divided by original device type (single-chamber, dual-chamber, or biventricular ICD).
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Figure 3.
Unadjusted KM curve for survival for patients receiving new ICDs (solid line) or
replacement ICDs (dotted line).
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Figure 4.
Hazard ratios for survival for propensity matched patients receiving new and replacement
ICDs stratified by device type.
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Table 1

Baseline Characteristics of Replacement and New ICD Recipients

Characteristic Total
n = 463978

Replacement
ICD

n = 103985

New ICD
n = 359993

Absolute
Standardized

Difference (%)

Demographics

  Age (years) 68.2 ± 12.9 70.7 ± 12.4 67.5 ± 12.9 21.0

  Male 340606 (73.4%) 78644 (75.6%) 261962 (72.8%) 8.4

  Caucasian 384396 (82.8%) 91068 (87.6%) 293328 (81.5%) 15.3

  Hispanic 22856 (4.9%) 3786 (3.6%) 19070 (5.3%) 7.5

Clinical History

  Any Ischemic Heart Disease 302234 (65.1%) 70542 (67.8%) 231692 (64.4%) 7.9

  Prior myocardial infarction 246136 (53.0%) 57929 (55.7%) 188207 (52.3%) 7.7

  Previous CABG 161335 (34.8%) 41324 (39.8%) 120011 (33.3%) 14.4

  Prior percutaneous coronary intervention 150330 (32.4%) 32636 (31.4%) 117694 (32.7%) 1.1

  Congestive Heart Failure 355661 (76.7%) 75804 (72.9%) 279857 (77.8%) 1.7

  Non-Ischemic Dilated Cardiomyopathy

0.7

    No 317748 (68.5%) 75841 (73.0%) 241907 (67.2%)

    Yes Within the past 3 months 24983 (5.4%) 955 (0.9%) 24028 (6.7%)

    Yes 3 to 9 months 20140 (4.3%) 643 (0.6%) 19497 (5.4%)

    Yes Greater than 9 months 100877 (21.8%) 26484 (25.5%) 74393 (20.7%)

  NYHA Class

16.0

    Class I 65574 (14.2%) 21679 (20.9%) 43895 (12.2%)

    Class II 171070 (36.9%) 43376 (41.8%) 127694 (35.5%)

    Class III 209362 (45.2%) 36505 (35.2%) 172857 (48.1%)

    Class IV 17315 (3.7%) 2228 (2.1%) 15087 (4.2%)

  Atrial Fibrillation 156639 (33.8%) 43502 (41.8%) 113137 (31.4%) 23.8

  Ventricular Tachycardia 182901 (39.4%) 60739 (60.5%) 122162 (33.9%) 50.6

  Abnormal Sinus Node Function 125169 (27.0%) 32959 (31.7%) 92210 (25.6%) 15.9

  Cerebrovascular Disease 69256 (14.9%) 16587 (16.0%) 52669 (14.6%) 3.6

  Chronic Lung Disease 105656 (22.8%) 22285 (21.4%) 83371 (23.2%) 1.8

  Diabetes 170567 (36.8%) 35492 (34.1%) 135075 (37.5%) 4.9

  Hypertension 351661 (75.8%) 75997 (73.1%) 275664 (76.6%) 6.8
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Characteristic Total
n = 463978

Replacement
ICD

n = 103985

New ICD
n = 359993

Absolute
Standardized

Difference (%)

  Renal Failure-Dialysis 17797 (3.8%) 2836 (2.7%) 14961 (4.2%) 5.6

Diagnostic Studies

  Left ventricular ejection fraction % 28.7 ± 11.6 32.6 ± 13.7 27.7 ± 10.8 25.3

  QRS Duration (ms) 127.9 ± 35.2 137.6 ± 37.3 125.1 ± 34.0 41.2

  Atrioventricular Conduction

47.0

    Normal 193977 (41.8%) 31448 (30.2%) 162529 (45.1%)

    LBBB 106736 (23.0%) 14783 (14.2%) 91953 (25.5%)

    RBBB 39241 (8.5%) 5931 (5.7%) 33310 (9.3%)

    PACED 69186 (14.9%) 43493 (41.8%) 25693 (7.1%)

    OTHER 54838 (11.8%) 8330 (8.0%) 46508 (12.9%)

  Serum creatinine (mg/dL) 1.374 ± 1.097 1.361 ± 0.905 1.378 ± 1.146 1.1

  Serum sodium (mEq/L) 138.6 ± 3.5 138.9 ± 3.3 138.5 ± 3.5 8.6

  Systolic blood pressure (mmHg) 130.5 ± 22.4 131.2 ± 22.4 130.4 ± 22.4 2.6

ICD Procedure

  Reason for Admission

57.5

    Admitted for this Procedure 314909 (68.0%) 96420 (92.8%) 218489 (60.8%)

    Cardiac CHF 48136 (10.4%) 2204 (2.1%) 45932 (12.8%)

    Cardiac Other 87322 (18.8%) 4131 (4.0%) 83191 (23.1%)

    Noncardiac 13036 (2.8%) 1133 (1.1%) 11903 (3.3%)

  ICD Indication

37.3    Primary Prevention 365798 (78.8%) 67655 (65.1%) 298143 (82.8%)

    Secondary Prevention 98180 (21.2%) 36330 (34.9%) 61850 (17.2%)

  ICD Type

31.9
    Single Chamber 100730 (21.7%) 17609 (17.0%) 83121 (23.1%)

    Dual Chamber 189308 (40.9%) 41522 (40.0%) 147786 (41.1%)

    Biventricular 173305 (37.4%) 44704 (43.1%) 128601 (35.8%)

Discharge Medications

  ACE-Inhibitor 275667 (60.5%) 54620 (53.7%) 221047 (62.5%) 16.2

  Amiodarone 62532 (13.7%) 18675 (18.4%) 43857 (12.4%) 20.5

  ARB 74563 (16.4%) 18564 (18.3%) 55999 (15.8%) 6.0

  Aspirin 304203 (66.8%) 62592 (61.5%) 241611 (68.3%) 13.3

  Beta Blocker 393938 (86.5%) 85644 (84.2%) 308294 (87.2%) 6.5
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Characteristic Total
n = 463978

Replacement
ICD

n = 103985

New ICD
n = 359993

Absolute
Standardized

Difference (%)

  Coumadin 131905 (29.0%) 36368 (35.8%) 95537 (27.0%) 21.3

  Digoxin 117963 (25.9%) 33589 (33.0%) 84374 (23.9%) 21.8

  Diuretic 289026 (63.5%) 65096 (64.0%) 223930 (63.3%) 7.0

ICD = implantable cardioverter-defibrillator; CABG = coronary artery bypass grafting; CHF = congestive heart failure; LBBB = left bundle branch
block; RBBB = right bundle branch block
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Table 2

Details of propensity matching.*

Characteristic RICD
n = 72905

NICD
n =72905

Absolute
Standardized

Difference (%)

Demographics

  Age (years) 69.8 ± 12.6 69.9 ± 12.4 1.0

  Male 54636 (74.9%) 54906 (75.3%) 0.9

  Caucasian 63017 (86.4%) 62934 (86.3%) 0.3

  Hispanic Ethnicity 2928 (4.0%) 3003 (4.1%) 0.5

Clinical Factors

  Any Ischemic Heart Disease 48796 (66.9%) 48784 (66.9%) 0.0

  Prior myocardial infarction 39940 (54.8%) 39692 (54.4%) 0.7

  Previous CABG 27749 (38.1%) 27893 (38.3%) 0.4

  Prior percutaneous coronary intervention 23358 (32.0%) 23496 (32.2%) 0.4

  Congestive Heart Failure 53033 (72.7%) 52973 (72.7%) 0.2

  Non-Ischemic Dilated Cardiomyopathy

9.4

    No 52512 (72.1%) 52558 (72.1%)

    Yes Within the past 3 months 737 (1.0%) 3622 (5.0%)

    Yes 3 to 9 months 493 (0.7%) 3222 (4.4%)

    Yes Greater than 9 months 19129 (26.3%) 13475 (18.5%)

  NYHA Class

1.8

    Class I 13816 (19.0%) 13622 (18.7%)

    Class II 29454 (40.4%) 28904 (39.6%)

    Class III 27904 (38.3%) 28547 (39.2%)

    Class IV 1731 (2.4%) 1832 (2.5%)

  Atrial Fibrillation 27554 (37.8%) 28229 (38.7%) 1.9

  Ventricular Tachycardia (VT)

7.3

    No 35691 (49.0%) 34085 (46.8%)

    Yes VT, Non Sustained 19591 (26.9%) 27192 (37.3%)

    Yes Monomorphic Sustained VT 14756 (20.3%) 8999 (12.3%)

    Yes Polymorphic Sustained VT 2811 (3.9%) 2613 (3.6%)

  Sinus Node Function

3.4    Normal 51246 (70.3%) 50117 (68.7%)

    Abnormal 21659 (29.7%) 22788 (31.3%)
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Characteristic RICD
n = 72905

NICD
n =72905

Absolute
Standardized

Difference (%)

  Cerebrovascular Disease 11160 (15.3%) 11272 (15.5%) 0.4

  Chronic Lung Disease 15643 (21.5%) 15833 (21.7%) 0.6

  Diabetes 25092 (34.4%) 24955 (34.2%) 0.4

  Hypertension 53709 (73.7%) 53960 (74.0%) 0.8

  Renal Failure-Dialysis 2163 (3.0%) 2188 (3.0%) 0.2

Diagnostic Studies

  Left ventricular ejection fraction % 31.1 ± 12.3 31.1 ± 12.1 0.2

  QRS Duration (ms) 133.2 ± 36.3 133.7 ± 38.5 1.3

  Atrioventricular Conduction

0.8

    Normal 27318 (37.5%) 27292 (37.4%)

    LBBB 13581 (18.6%) 13179 (18.1%)

    RBBB 5276 (7.2%) 5348 (7.3%)

    PACED 19398 (26.6%) 19708 (27.0%)

    OTHER 7332 (10.1%) 7378 (10.1%)

  Serum creatinine (mg/dL) 1.353 ± 0.887 1.360 ± 1.173 0.6

  Serum sodium (mEq/L) 138.9 ± 3.3 138.8 ± 3.4 1.1

  Systolic blood pressure (mmHg) 131.3 ± 22.5 131.1 ± 22.0 0.8

ICD Procedure

  Reason for Admission

3.6

    Admitted for this Procedure 65632 (90.0%) 64672 (88.7%)

    Cardiac CHF 2138 (2.9%) 2523 (3.5%)

    Cardiac Other 4054 (5.6%) 4557 (6.3%)

    Noncardiac 1081 (1.5%) 1153 (1.6%)

  ICD Indication

2.9    Primary Prevention 52629 (72.2%) 53573 (73.5%)

    Secondary Prevention 20276 (27.8%) 19332 (26.5%)

  ICD Type

1.7
    Single Chamber 14108 (19.4%) 13289 (18.2%)

    Dual Chamber 29689 (40.7%) 30419 (41.7%)

    Biventricular 29108 (39.9%) 29197 (40.0%)

Discharge Medications

  ACE-Inhibitor 40457 (55.5%) 43458 (59.6%) 8.3
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Characteristic RICD
n = 72905

NICD
n =72905

Absolute
Standardized

Difference (%)

  Amiodarone 12217 (16.8%) 8999 (12.3%) 12.5

  ARB 12879 (17.7%) 11968 (16.4%) 3.3

  Aspirin 45971 (63.1%) 48615 (66.7%) 7.6

  Beta Blocker 61914 (84.9%) 62368 (85.5%) 1.8

  Coumadin 23725 (32.5%) 22104 (30.3%) 4.8

  Digoxin 22886 (31.4%) 16033 (22.0%) 21.4

  Diuretic 46851 (64.3%) 43740 (60.0%) 8.8

*
Discharge medications were not matched.

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2014 July 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kramer et al. Page 21

Table 3

Complications of ICD implantation procedures for the overall cohort and recipients of replacement or new
ICDs.

Event Total
n = 463978

Replacement
ICDS

n = 103985

New ICDs
n = 359993

Absolute
Standardized

Difference (%)

Any adverse event 12453 (2.684%) 945 (0.909%) 11508 (3.197%) 10.3

Cardiac arrest 1225 (0.264%) 101 (0.097%) 1124 (0.312%) 2.0

Drug reaction 365 (0.079%) 50 (0.048%) 315 (0.088%) 0.8

Cardiac perforation 289 (0.062%) 10 (0.010%) 279 (0.078%) 2.1

Coronary venous dissection 511 (0.110%) 32 (0.031%) 479 (0.133%) 2.4

Hematoma 3554 (0.766%) 368 (0.354%) 3186 (0.885%) 4.3

Lead Dislodgement 3959 (0.853%) 197 (0.189%) 3762 (1.045%) 7.5

Hemothorax or Pneumothorax 2081 (0.449%) 138 (0.133%) 1943 (0.540%) 4.8

Transient ischemic attack or stroke 310 (0.067%) 25 (0.024%) 285 (0.079%) 1.4

Myocardial infarction 107 (0.023%) 4 (0.004%) 103 (0.029%) 1.2

Pericardial tamponade 349 (0.075%) 15 (0.014%) 334 (0.093%) 2.4

Infection Related to Device 100 (0.022%) 10 (0.010%) 90 (0.025%) 0.1

Continuous variables compared using Student's T-test.

Categorical variables compared using χ2 or Fisher's exact test.
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