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ACKGROUND Because the best possible device longevity is crucial
i.e., risk of infection with premature device exchange, current cost-
ffectiveness calculations depending on reasonable longevity, pa-
ient comfort), industry-independent real-life data are fundamental.
owever, only limited independent data on the longevity of implant-
ble cardioverter-defibrillators (ICDs) are available.

BJECTIVE The purpose of this study was to determine ICD device
ongevity and influencing factors.

ETHODS From a prospective database, we studied overall device
ongevity and identified those devices with replacement for bat-
ery depletion or prolonged charge time. For every device, we
etermined factors that included averaged shocks, pacing percent-
ge, pacing mode, device size, and time of implant. Survival
robabilities at different time intervals were calculated, and
aplan-Meier and Cox regression analyses were used. Observed
ongevity was compared to industry-projected longevity obtained
rom product performance reports.

ESULTS A total of 644 ICDs (Medtronic 317, Guidant 189, St.
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ollow-up, 163 (25.3%) ICDs were replaced. Manufacturer, time of
mplant, pacing mode, pacing percentage, and capacitor reforma-
ion interval influenced longevity, whereas device size and number
f shocks did not. Median longevity was 7.6 years for Medtronic
evices, 5.0 years for Guidant devices, and 3.8 years for St. Jude
evices. After 5 years, only 70% of ICDs were still in service
ompared to the 80% projected by industry.

ONCLUSION Marked differences in device longevity among man-
facturers cannot be explained by pacing mode, number of shocks,
r pacing percentage only. Overall, device performance requires
urther improvement for the sake of patient health and cost.

EYWORDS Battery performance; Implantable cardioverter-defi-
rillator; Longevity

BBREVIATIONS CRT � cardiac resynchronization therapy;
RI � elective replacement indication; ICD � implantable car-
ioverter defibrillator

Heart Rhythm 2009;6:1737–1743) © 2009 Heart Rhythm Society.

ude 118, Intermedics 20) were implanted in 499 patients. During All rights reserved.
ntroduction
mplantable cardioverter-defibrillators (ICDs) have become
tandard treatment for primary and secondary prevention
f sudden cardiac death in selected patients.1–6 The ICD
educes mortality by effectively terminating ventricular
achycardia and ventricular fibrillation. The ICD also offers
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ude Medical. Dr. Sticherling has been performing studies for Medtronic,
iotronik, and Guidant, has received a study grant from Guidant, has been

nvited to congresses by Medtronic, Guidant, and Biotronik, and is/was
n advisory boards for Medtronic and Biotronik. Dr. Osswald has been
erforming studies for Medtronic, St. Jude Medical, Intermedics,
iotronik, and Guidant, has been invited to congresses by Medtronic,
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nd correspondence: Dr. Beat Schaer, Department of Cardiology, Uni-
ersity Hospital, 4031 Basel, Switzerland. E-mail address: bschaer@
easonable cost-effectiveness, particularly in secondary pre-
ention.7–9 Undesired aspects of ICD therapy include com-
lications during implantation,10 inappropriate shocks,11

hanges in quality of life,12 lead failure,13 and recalls. More-
ver, patients must undergo repeated ICD replacements due
o battery depletion. In addition to possible damage to im-
lanted leads, the infection rate with any reoperation is
onsiderably higher than the rate with the first implantation.
he majority of device and lead infections occur after elec-

ive replacements.14 Cost-effectiveness calculations usually
re based on an ICD lifespan of 7 years, a goal that is hardly
chieved in daily practice.15

Product performance reports provided by the industry are
he main source of information about ICD longevity. The
eports estimate device longevity according to charging
requency (automatic capacitor reformation). However, this
stimation is based on less than 5% of returned devices of
ny particular model and barely accounts for pacing need
nd delivered shock. Industry-independent data on lon-
evity are scarce. To date, only eight studies have been

ublished,16–23 only one of which included more than 150

. doi:10.1016/j.hrthm.2009.09.013
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CDs.19 These studies are limited in that they included only
eplaced ICDs and not those still in service. Disregarding
nformation on devices that still are in service might lead to
iased estimates of true device longevity, particularly be-
ause long-lasting devices are disregarded. Recently, an
ditorial stated “device longevity is a poorly documented
opic in medical literature. . . . it may encourage clinical
cientists to gather these data.”24

Based on our prospective ICD registry, the aim of this
tudy was to analyze device longevity using the Kaplan-
eier method, to identify factors associated with device

ongevity, and to compare observed longevity to industry-
rojected longevity based on product performance reports.

ethods
prospective registry of ICD patients was started in July

999. For the time period from 1994 to 1999, we retro-
pectively collected and included information on all pa-
ients who had undergone device implantation at our
nstitution and were still alive in July 1999. From July
999 onward, we consecutively included and prospec-
ively followed all patients who underwent ICD place-
ent at our institution.
We defined device longevity as the time (in months)

rom implantation to surgical replacement and thus not
ecessarily to the day of detection of “elective replacement
ndication” (ERI). Reasons for replacement were ERI, ex-
essive charge time, true device malfunction, device recall,
pgrade, or infection. End of follow-up with administrative
ensoring of longevity of devices still in service was July
007. Data on baseline characteristics of patients, manufac-
urers, device models, indication for implantation, pacing
ode, and arrhythmic events were collected prospectively

ince 1999. For every patient, the numbers of shocks for fast
entricular tachycardia and/or true ventricular fibrillation
ere added up consecutively. For patients in whom more

han one device was implanted, the number of shocks was
ivided by the number of devices, as no specific allocation
f the number of shocks per device was possible. These
umbers were then divided by the years of follow-up for
very patient. We disregarded shocks after ineffective anti-
achycardia pacing, due to acceleration of a ventricular
achycardia by antitachycardia pacing and charging epi-
odes for aborted ventricular fibrillation, because they were
ot collected in the database. Shocks delivered for device
esting during implantation (usually two), at the discharge
est (usually one), and at the 3-month follow-up visit (usu-
lly one) also were not registered. Pacing thresholds were
etermined during every visit, and output was programmed
o a value that was twice as high as the pacing threshold
e.g., threshold 1 V/0.5 ms, output 2 V/0.5 ms). The pacing
ercentage recorded in device memory at the last visit was
sed for analysis. For DDD ICDs, the percentage of atrial
nd ventricular pacing was added and divided by two. For
ardiac resynchronization therapy (CRT) ICDs, the percent-

ge of atrial and right and left ventricular pacing was added I
nd divided by two. Capacitor reformation interval was
rogrammed according to the manufacturer’s recommenda-
ions, with the interval at the last visit used as the relevant
alue for the study.

Several device characteristics that might have an impact
n longevity were studied, including manufacturer, pacing
ercentage, pacing mode, capacitor reformation interval,
alendar year of device implantation (“old” and “new” de-
ices), device size, and battery capacity. Information on the
ast two parameters was provided by the manufacturers.
evice characteristics were categorized as follows:

acing percentage: �33%, 33%–65%, �66%
acing mode: VVI, DDD, CRT
apacitor reformation interval: �3 months, 4–6 months
alendar year of implantation: �2002, �2002
evice size: �35 cm3, 36–40 cm3, �40 cm3

attery capacity (ampere hours): �1, 1.0–1.45, �1.45

tatistical analysis
aplan-Meier analysis was used to estimate (latent) device

ongevity, stratified by manufacturer and device character-
stics. Univariate and multivariate Cox regression was used
o test the null hypothesis of no difference in longevity
mong manufacturers. Subjects who reached the end of
ollow-up without ERI were censored for administrative
easons. Subjects who died prior to ERI were treated as
ensored observations. Assuming that censoring due to death is
oninformative, the Kaplan-Meier approach provides unbiased
stimates of latent device survival.25 Because censoring of
ead subjects might depend on covariates, we also used
nverse probability of censoring weighting as described by
obins and Finkelstein,26 in which censoring was allowed

o depend on the covariates age, ejection fraction, and pri-
ary versus secondary prevention.
Univariate and multivariate Cox regression models were

sed to compare the hazard of ERI among manufacturers. In
ultivariable analysis, the effect of manufacturer was ad-

usted for the patient characteristics of age, ejection fraction,
econdary prevention, and underlying heart disease and for
he device characteristics (Table 2). Underlying heart dis-
ase was not entered as a covariate but as a stratification
ariable with the levels of dilated cardiomyopathy, coronary
rtery disease, and other heart diseases to allow for separate
aseline hazards in these strata. In addition, sensitivity anal-
ses were performed in population subsets, excluding CRT
evices and devices implanted before year 2002. For all Cox
odels, robust standard errors were used to adjust for mul-

iple device implantations to the same patient.
We also aimed to compare industry data to real-life data

btained in our ICD cohort. For this comparison, 123 de-
ices had to be excluded because no product performance
eports were available that provided longevity probability
stimates at different follow-up times (Intermedics: all 20

CDs; St. Jude: all 16 Profile ICDs; Medtronic: 11 Jewel
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1739Schaer et al Battery Performance of ICDs
CDs; Guidant: 15 and 37 ICDs from the Vitality and
ontak Renewal CRT families, and those 24 ICDs ex-
hanged for reasons other than ERI respectively). For the
emaining 521 devices in our registry with recent product
erformance reports,27–29 we extracted model-specific de-
ice survival probabilities from product performance re-
orts at yearly follow-up increments. The average of these
roduct performance reports survival probabilities over all
21 devices at each time point provides an overall manu-
acturers’ predicted survival probability in our population.
his prediction was compared with observed population
urvival probabilities as determined by Kaplan-Meier esti-
ates and corresponding pointwise 95% confidence

ntervals.
All of the presented data on Intermedics devices are

ore of historical than clinical interest given the length of
ime Intermedics has been out of the market. However, for
omparison to devices from the three other manufacturers,
ntermedics devices are included in the tables and figures
ut are not discussed in the text in order to facilitate reading.

Analyses were performed using the StatView program
ersion 5.0 (SAS Institute, Cary, NC, USA) and R version
.6.2.28 Tests are two sided, with P �.05 considered sig-
ificant. All confidence intervals are reported at the 95%
onfidence level.

The authors had full access to and take full responsibility
or the integrity of the data. All authors have read and
greed to the manuscript.

esults
verall, 679 devices were implanted in 532 patients. Data
n 644 devices in 499 patients are presented. All 33 im-
lanted devices from Biotronik were excluded because none
f them has yet been replaced due to a follow-up period of
aximum 32 months, making longevity analysis pointless,

nd 2 devices (1 Medtronic, 1 St. Jude) were excluded due
o incomplete data; 24 devices were exchanged for other
easons than ERI (12 recalls, 6 infections, 3 upgrades, 3
evice failures due to lead failure and shock into low im-
edance). The number of patients who died prior to device
ailure ranged between 6% (St. Jude) and 13% (Guidant)
nd was similar across devices (P � .3).

Baseline characteristics of the 499 patients are given in
able 1. Among the patients, 428 (86%) were male, and
3% had coronary artery disease. Secondary prevention was
he indication for ICD placement in 312 (63%) patients.
oronary artery disease was equally distributed among dif-

erent manufacturers (all 63%). The 644 devices were made
y four manufacturers (Medtronic 317, Guidant 189, St.
ude 118, Intermedics 20), and the majority were VVI
evices (66%; Table 1)1. Median follow-up duration was
.2 years (maximum 12.9 years), during which 139 devices
22.4%) were replaced. Data on average shocks per year of
atient follow-up and pacing percentage for all devices and

fter exclusion of CRT devices are given in Table 2. T
anufacturer comparison
aplan-Meier curves of device survival split by manufac-

urer show considerable longevity differences among man-
facturers (overall log rank test P �.001; Figure 1). Median
ongevity was 7.6 years for Medtronic, 5.0 years for
uidant, and 3.8 years for St. Jude devices. A separate

nalysis after exclusion of all CRT devices, which have a
isproportionate distribution across manufacturers, dis-
layed similar results as the ones shown. The hazard for ERI
as on average approximately three to six times higher for
uidant or St. Jude compared to Medtronic devices. Mul-

ivariate adjustments generally led to more extreme discrep-
ncies among manufacturers, and results from all sensitivity
nalyses were consistent (i.e., after exclusion of CRT de-
ices, restriction to recently implanted devices, or both;

able 1 Baseline characteristics of patients and implanted
evices

aseline Characteristics of the 499 Patients
Gender (male) 428 (86%)
Age (years) [mean (SD)] 59.7 (13.2)
Secondary prevention 312 (63%)

Ventricular fibrillation 86 (17%)
Ventricular tachycardia 156 (31%)
Syncope/inducible ventricular tachycardia 70 (14%)

Cardiopathy
Ischemic heart disease 317 (63%)
Dilated cardiomyopathy 98 (20%)
Other 84 (17%)

aseline Characteristics of the 644 Devices
Manufacturer

Medtronic 317 (49.2%)
Replaced 63 (19.9%)
Implanted �2002 190 (60.0%)
Jewel family 30
GEM I family 61
GEM II family 6
GEM III family 74
Marquis 59
Intrinsic/Entrust/Virtuoso 50
InSync/Concerto (CRT) 37

Guidant 189 (29.3%)
Replaced 41 (21.7%)
Implanted �2002 147 (77.7%)
Ventak Prizm 93
Vitality 34
Contak Renewal (CRT) 62

St. Jude 118 (18.3%)
Replaced 41 (34.7%)
Implanted �2002 89 (75.4%)
Profile 19
Photon 18
Atlas family 81

Intermedics 20 (3.2%)
Replaced 17 (85.0%)
Implanted �2002 NA

Pacing mode
VVI 426 (66.1%)
DDD 119 (18.5%)
CRT 99 (15.4%)

CRT � cardiac resynchronization therapy.
able 3). Because some St. Jude devices (Photon and Profile
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amilies) are suspected of exhibiting poor performance, we
ompared these devices to the more recent Atlas family.
evice survival at 4 years was 64% for Atlas and 33% for
hoton and Profile.

redictors of device longevity
igure 2 shows longevities according to different device
haracteristics. Figure 2A shows that more pacing, as obvi-
us in CRT devices, shortens longevity remarkably. Figure
B shows longevity according to pacing mode. CRT de-
ices, due to their inherent higher percentage of pacing,
epleted earlier than VVI or DDD devices. Shorter capac-
tor reform intervals with more frequent capacitor charges
egatively affect device survival (Figure 2C). Interestingly,
ontemporary devices (i.e. those implanted in 2002 or later)
id not exhibit better longevity (Figure 2D). All overall

able 2 Mean number of shocks, percentage of pacing, and pa
or CRT devices excluded

All devices Med

evices overall 644 317
Shock rates

Devices without shocks 470 (73%) 20
Median number of shocks in devices

with �1 shock per person-year of
follow-up

0.35 (0.18/0.64) 0.4

Pacing percentage
Devices with �1% pacing 412 (64%) 20
Median percentage of pacing 55% (20%/66%) 52%

evices, CRT devices excluded 545 281
Pacing percentage

Devices with �1% pacing 409 (75%) 20
Median percentage of pacing 29% (2%/50%) 36%

CRT � cardiac resynchronization therapy.

igure 1 Kaplan-Meier curves of device longevity, stratified by the four
anufacturers Medtronic, Guidant, St. Jude, and Intermedics (overall log
Aank test P �.001). ICD � implantable cardioverter-defibrillator.
nivariate log rank tests shown in Figures 2A to 2D were
ighly significant (P �.001). Battery capacity did not in-
uence longevity, and differences in device size displayed
n inconsistent picture without any clear trend (data not
hown). Multivariate adjusted analyses revealed a 2.2 times
arger hazard of device failure in DDD devices compared
ith VVI devices and a 9.6 times larger hazard of failure in
RT devices compared with VVI devices.

ndustry-projected longevity compared to
bserved longevity
omparison of device longevity between our observed data
nd industry-projected longevity is shown in Figure 3.
verall, industry-projected longevity overestimated ob-

erved longevity significantly (estimates outside 95% con-
dence band of observed longevity). Based on our observed
ata, 70% of ICDs were still in service after follow-up of
years (vs industry-projected longevity 80%) and 62%

fter 6 years (vs industry-projected longevity 76%). In-
ustry-projected longevity correlated well only up to
bout 4 years, but only 8% of devices had failed up to
hat point in time.

iscussion
he main findings of our study are the observed differences

n longevity among manufacturers of ICDs, even after ex-
lusion of CRT devices, and the overestimation of true
evice longevity according to industry-projected data com-
ared to real-life data. Other parameters that showed an
nfluence on device longevity include pacing mode, pacing
ercentage, capacitor reform interval, and time of implant;
evice size did not. Our data extend previous findings and
llow for more precise determination of true ICD longevity
ased on the large number of ICDs included in this study,
he prolonged follow-up, and the use of Kaplan-Meier anal-
sis. To the best of our knowledge, a comparison to indus-
ry-projected longevity has not been previously reported.

Only eight reports to date have addressed ICD longevity.

oduct according to different manufacturers for all devices and

St. Jude Guidant Intermedics

118 189 20

) 94 (80%) 163 (86%) 9 (45%)
/0.77) 0.14 (0.1/0.43) 0.36 (0.2/0.61) 0.18 (0.15/0.4)

) 104 (88%) 89 (47%) 13 (65%)
/100%) 15% (2%/52%) 100% (47%/100%) 25% (2%/50%)

118 126 20

) 104 (88%) 87 (68%) 13 (65%)
50%) 15% (2%/52%) 25% (2%/50%) 25% (2%/50%)
cing pr

tronic

3 (64%
1 (0.20

6 (65%
(32%

5 (73%
(3%/
ccording to these studies, longevity increased from a mean
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1741Schaer et al Battery Performance of ICDs
9 months in the late 198022 to approximately 48 months
oday.16–21,23 Three studies that focused on other issues
obstruction of vena cava, overall hospitalization rates) re-

able 3 Univariate and multivariate adjusted Cox regression an

Univar

ll devices (n � 624*)
Guidant vs Medtronic 3.1 (1
St. Jude vs Medtronic 9.1 (5
Guidant vs St. Jude 0.3 (0

RT devices excluded (n � 525)
Guidant vs Medtronic 2.3 (1
St. Jude vs Medtronic 9.9 (5
Guidant vs St. Jude 0.2 (0

nly ICDs implanted in 2002 and later (n � 426)
Guidant vs Medtronic 4.4 (1
St. Jude vs Medtronic 4.3 (1
Guidant vs St. Jude 1.0 (0

nly ICDs implanted in 2002 and later, and CRT
devices excluded (n � 334)

Guidant vs Medtronic 3.4 (1
St. Jude vs Medtronic 5.4 (1
Guidant vs St. Jude 0.6 (0

Multivariable adjustment for age of patient at implantation, preventio
CI � confidence interval; CRT � cardiac resynchronization therapy; H

Intermedics devices excluded from analysis.

igure 2 Kaplan-Meier curves of device longevity according to different p
eformation interval (�3 months, 4–6 months), (C) pacing mode (VVI, DD

nivariate log rank tests were significant (P �.001). CRT � cardiac resynchronizatio
orted mean ICD longevities of 38 � 9 months (range
5–54 months, n � 29),17 45 � 21 months (n � 30),20 and
7 � 12 months (n � 105). However, no differentiation was

of pairwise manufacturer comparisons on time to device failure

p-value Multivariate

) �0.001 2.4 (1.4, 4.0) �0.001
7) �0.001 16.4 (9.1, 29.6) �0.001
) �0.001 0.14 (0.08, 0.26) �0.001

) 0.002 2.4 (1.5, 4.1) �0.001
8) �0.001 15.8 (8.5, 29.4) �0.001
) �0.001 0.15 (0.09, 0.28) �0.001

4) 0.002 3.2 (1.23, 8.14) 0.02
9) 0.005 7.15 (2.69, 19.05) �0.001
) 0.9 0.44 (0.19, 1.03) 0.06

6) 0.04 4.1 (1.35, 12.51) 0.01
1) 0.002 7.9 (2.6, 23.7) �0.001
) 0.29 0.52 (0.2, 1.2) 0.13

, ejection fraction, and pacing mode.
zard ratio.

rs showing (A) pacing percentage (�33%, 33%–65%, �65%), (B) capacitor
T), and (D) year of implantation (before 2002, 2002 and after). All overall
alysis

iate

.9, 4.8

.3, 15.

.2, 0.6

.3, 3.8

.5, 17.

.1, 0.4

.7, 11.

.5, 11.

.5, 2.2

.1, 10.

.8, 16.

.3, 1.5
aramete
D, CR
n therapy; ICD � implantable cardioverter-defibrillator.
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1742 Heart Rhythm, Vol 6, No 12, December 2009
ade between single- and dual-chamber ICDs. Another
tudy used Kaplan-Meier analysis to determine device sur-
ival16 and included approximately 700 devices. However,
ue to a short mean follow-up of just over 600 days, only 50
7%) of the devices were replaced, compared to more than
2% in our series, and only 16 were replaced due to either
attery depletion (n � 4) or prolonged charge time (n � 12).
he prolonged charge time was particularly seen in old St.
ude Angstrom devices, a model that was not included in
ur series. The number of devices studied for more than 3
ears dropped dramatically to about 150 patients (21%),
ompared to almost 50% in our study, indicating insuffi-
ient follow-up duration to determine device longevity. The
arge multicenter registry with 1,200 replaced devices dif-
erentiated between single- and dual-chamber devices,19 but
nly 4% of the devices were CRT, which accounted for 14%
n our study. Mean longevity was approximately 5 years in
VI/DDD devices but dropped to 3.4 years in DDDR, 2.5
ears in VVIR, and 1.9 years in CRT devices. Only 26% of
he devices were in service for more than 5 years. The fact
hat virtually no difference was seen between VVI and DDD
evices in our study is explained by the low pacing percent-
ge in DDD devices as well (data not shown). An earlier
tudy by the same group18 of 128 replaced ICDs compared
ongevity among different manufacturers and found approx-
mately 4.3 years for Medtronic ICDs (n � 40), 4.1 years for
t. Jude/Ventritex ICDs (n � 31), and 3.8 years for Guidant
CDs (n � 55). These findings were confirmed by a recent
tudy,23 which also reported on marked difference between
edtronic and both Guidant and St. Jude devices. Because

evices were allocated to patients virtually by chance (apart,
f course, from a specific pacing mode chosen for a partic-

igure 3 Kaplan-Meier curves of observed device longevity compared
o industry-projected longevity, with 95% confidence interval. ICD �
mplantable cardioverter-defibrillator.
lar patient), we can be quite sure that our results are not r
ue to a specific bias (e.g., Medtronic devices were not
pecifically used in younger patients or those with ischemic
eart disease) but are due to technical features of the dif-
erent manufacturers’ devices.

To date, only one other study has considered the number
f shocks and pacing percentage as possible confounders of
evice survival.23 In our study, Medtronic ICDs delivered
n equivalent amount of shocks as Guidant and even more
han St. Jude ICDs. Medtronic devices also exhibited a
imilar percentage of pacing as Guidant ICDs and a higher
ercentage than St. Jude ICDs, but longevity in Medtronic
CDs still was prolonged. Thus, in accordance with the
tudy by Biffi et al,23 we conclude that neither the percent-
ge of pacing nor the number of shocks seems to be respon-
ible for the observed longevity differences. As shown, a
ore relevant factor might be the capacitor reformation

nterval, which in Guidant ICDs is automatically set to 3
onths at the beginning and drops to 1 month toward the

nd of device life. This is also the case with older St. Jude
CDs but not with Medtronic ICDs.

An often-mentioned argument is that device longevity is
ot a problem related to the device manufacturer but rather
o the battery manufacturer. However, the physician can
nly choose from among device manufacturers but not bat-
ery manufacturers, so for patients this argument is irrele-
ant. Upcoming improvements in battery technology might
ead to extended longevity, but this remains to be proven in
eal life, and results will not be available for several years.

Newer ICDs (categorized by implant date of 2002 or
ater) failed to exhibit better longevity in our registry data.
his can be explained in part by the fact that more CRT
evices are now used with a high amount of pacing. Of note,
mong the newer ICDs, St. Jude ICDs were no longer
nferior to Guidant ICDs. This is explained by the fact that
ome St. Jude Profile and Photon ICDs had showed a poor
erformance, but their battery technology now seems to
ave improved.

Overall, ICD longevity is not quite satisfactory, as even
he manufacturer with the best longevity barely reaches a
edian longevity of 7.5 years. Industry-projected longevity

s an overestimation and does not accurately reflect real-
orld longevity. Device companies and their engineers

hould concentrate all their efforts to improving battery
erformance. Based on limited experience with selected
odels, physicians know that longevity greater than 10

ears is technically feasible.27

tudy limitations
here are several limitations to this study. Because devices

rom only four manufacturers were studied, the longevity of
iotronik and ELA devices could not be determined. Cen-

oring of dead subjects is potentially informative regarding
RI, so we used inverse probability weighting to adjust
urvival curves for dependent censoring.25,26,30 However,
djusted and unadjusted survival curves were very similar,
nd none of the covariates studied in our dataset were

elevant in this regard. This hints that ERI and death are two
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ndependent failure types and that Kaplan-Meier longevity
s a useful estimate in a real-life device population. The
acing percentage was considered only at last follow-up and
ot during the entire functioning period, and shocks after
neffective antitachycardia pacing were not registered. We
efined device longevity as the time (in months) from im-
lantation to surgical replacement and thus not to the day of
he detection of ERI. We believe that the corresponding
verestimation of longevity is small because surgery was
erformed within 1 to 2 weeks after detection of ERI.

onclusion
arked differences in device longevity that exist among
anufacturers cannot be explained by pacing mode, number

f shocks, or pacing percentage only. Overall, device per-
ormance requires further improvement for the sake of pa-
ient health and cost.
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