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Key messages

What is already known about this subject?
 ► The current published guidelines do not 
distinguish between patients receiving initial 
implantable cardioverter-defibrillators (ICD) 
and those undergoing elective unit generator 
replacement.

 ► A debate continues on how to approach 
patients implanted with primary prevention 
ICDs referred for elective replacement due to 
battery depletion.

What does this study add?
 ► Patients developed significant comorbidities 
during follow-up and there were high 
procedural complication rates in those 
undergoing elective unit generator replacement.

 ► There were no predictors for those at lower risk 
of needing ICD therapy identified.

How might this impact on clinical practice?
 ► Discussion with ICD patients about life 
expectancy and accumulated comorbidity is 
important and required during time of elective 
replacement.

 ► This will allow each patient to choose in 
advance what interventions they wish to receive 
as part of end-of-life care.

AbsTrACT
Objective Data describing outcomes after implantable 
cardioverter-defibrillator (ICD) unit generator 
replacement in patients with heart failure (HF) with 
primary prevention devices are limited.
Method Data on patients with HF who underwent 
primary prevention ICD/cardiac resynchronisation 
therapy-defibrillator (CRT-D) implantation from 2007 
until mid-2015 who subsequently received unit generator 
replacement were analysed. Outcomes assessed were 
mortality, appropriate ICD therapy and shock, and 
procedural complications.
results 61 of 385 patients with HF with primary 
prevention ICD/CRT-D undergoing unit generator 
replacement were identified. Follow-up period was 
1.8±1.5 years after replacement. 43 (70.5%) patients 
had not received prior appropriate ICD therapy prior to 
unit replacement. The cumulative risks of appropriate 
ICD therapy at 1, 3 and 5 years after unit replacement 
in those without prior ICD therapy were 0%, 6.2% 
and 50% compared with 6.2%, 59.8% and 86.6%, 
respectively (p=0.005) in those with prior ICD therapies. 
No predictive factors associated with appropriate 
ICD therapy after replacement could be identified. 41 
(32.8%) patients no longer met guideline indications 
at the time of unit replacement but risks of subsequent 
appropriate ICD interventions were not different 
compared with those who continued to meet primary 
prevention ICD indications.
The 5-year mortality risk after unit replacement was 
18.4% and there were high procedural complication 
rates (9.8%).
Conclusion No predictive marker successfully stratified 
patients no longer needing ICD support prospectively. 
Finding such a marker is important in decision-making 
about device replacement particularly given the concerns 
about the complication rates. These factors should be 
considered at the time of ICD unit replacement.

InTrOduCTIOn
Implantable cardioverter‐defibrillators (ICD) and 
cardiac resynchronisation therapy-defibrillators 
(CRT‐D) are standard treatments for the preven-
tion of sudden cardiac death (SCD) in selected 
patients with heart failure (HF).1 Despite advances 
in technology, the majority of ICD or CRT‐D 
patients outlive their device and have to undergo 
one or more unit generator replacements.2 Registry 
data have shown that only one-fourth of primary 
prevention patients will experience appropriate 
ICD therapy during the initial unit generator service 
life (or lifespan).3 4 This means that approximately 

75% of patients have not required ICD therapy by 
the time of unit replacement.

The risk/benefit ratio of ICDs varies over time 
and should be re-evaluated at the time of replace-
ment. Whether these patients require device 
replacement is still a matter of debate. There 
are many gaps in the current knowledge related 
to optimal ICD replacement strategy. A compre-
hensive assessment of the overall benefits and 
implications of ongoing ICD therapy should be 
undertaken based on a patient’s needs and pref-
erences. Shared decision-making needs to take 
place allowing valid informed consent prior to the 
implantation process.

The New Zealand Cardiac Implanted Device 
Registry has recently been developed on the All 
New Zealand Acute Coronary Syndrome-Quality 
Improvement platform.5 The first description of 
data on new pacemaker implants from this Registry 
has been recently published.5 Data on ICD implants 
are still pending. The aim of our study was to deter-
mine the clinical characteristics and outcomes of 
patients with HF in the Northern Region of New 
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Table 1 Characteristics of patients at initial ICD/CRT-D implantation 
and at the time of ICD/CRT-D replacement

Initial 
implantation 
(n=61)

Generator 
replacement 
(n=61) P value

Mean age 58.2±11.4 64.1±12.1 <0.01

Median age 60.3 (15.8) 65.9 (18.7)

Mean LVEF (%) 24.8±5.2 31.2±11.6 <0.01

Type of device

ICD

  Single chamber 22 22 NA 

  Dual chamber 9 9

  Subcutaneous ICD (S-ICD) 4 4

  CRT-D 26 26

NYHA heart failure class (%)

  Class I 16 (26.2) 23 (37.7) 0.08

  Class II 32 (52.5) 33 (54.1)

  Class III 13 (21.3) 4 (6.6)

  Class IV 0 1 (16)

Mean eGFR (mL/min/1.73 m2) 70.3±16.7 65.3±19.2 0.02

History of atrial fibrillation (%) 15 (24.6) 23 (37.7) 1.0

History of TIA/stroke (%) 4 (6.6) 6 (9.8) 0.53

Neoplastic disease (%) 0 1 (1.6) 0.32

Diabetes mellitus (%) 12 (19.7) 16 (26.2) 0.04

Hypertension (%) 14 (22.9) 16 (26.2) 0.42

Medications use

  Diuretics (%) 39 (63.9) 37 (60.7) 0.57

  ACE inhibitor or ARB (%) 58 (95.1) 55 (90.2) 0.26

  Beta-blocker (%) 53 (86.9) 55 (90.2) 0.48

Antiarrhythmic drugs

  Sotalol (%) 7 (11.5) 2 (3.3) 0.16

  Amiodarone (%) 8 (13.1) 13 (21.3) 0.17

TIA, transient ischaemic attackARB, angiotensin receptor blocker; CRT-D, cardiac 
resynchronisation therapy-defibrillator; ICD, implantable cardioverter-defibrillator; LVEF, 
left ventricular ejection fraction; NYHA, New York Heart Association; eGFR, estimated 
glomerular filtration rate.

Zealand implanted with primary prevention ICD/CRT-Ds who 
underwent unit generator replacement.

MeTHOd
This was a retrospective observational study.

The Northern Region of New Zealand is defined as the four 
northernmost District Health Board (DHB) areas and consists of 
Auckland DHB, Counties Manukau DHB, Northland DHB and 
Waitemata DHB. The four DHBs in the Northern Region serve 
38% of the total New Zealand population with an estimated 
1.76 million people in this region.6 We have previously reported 
the long-term outcomes of 385 patients with HF in the Northern 
Region of New Zealand with primary prevention ICD/CRT-D 
implanted between 2007 and mid-2015.7 This group of patients 
was followed up to end of year 2017 until they reached elective 
replacement of the unit generator due to battery depletion.

Data collection included patient characteristics, type of device 
implanted, left ventricular ejection fraction (LVEF), renal func-
tion using estimated glomerular filtration rate (eGFR) and the 
presence of comorbidities at baseline and at the time of unit 
generator replacement. Echocardiographic assessments were 
used to assess LVEF prior to ICD generator change. Comorbidi-
ties of interest included neoplastic disease, atrial fibrillation (AF) 
and history of transient ischaemic attack/stroke. Pertinent medi-
cation use (beta-blockers, ACE inhibitors or angiotensin receptor 
blockers (ARB) and antiarrhythmic drugs) at baseline and at the 
time of unit generator replacement was reviewed. Data were 
also collected from device interrogation records, which included 
delivery of appropriate therapies (shock or antitachycardia 
pacing (ATP) for ventricular arrhythmia) and inappropriate 
therapies (shock or ATP for non-ventricular arrhythmia event). 
Programming the new ICD unit generator was based on the 
published expert consensus statement on optimal ICD program-
ming and testing.8

statistical analysis
Baseline characteristics were summarised as either mean±SD or 
frequency with percentage depending on the nature of the data. 
The paired sample t-test was used for comparison of contin-
uous variables and the χ2test was used for comparing frequen-
cies between the groups where appropriate. Survival rates over 
time were depicted in Kaplan-Meier curves, and the differences 
between survival distributions were evaluated with the log-rank 
test. Multivariable logistic regression analysis was performed to 
identify potential clinical predictors of appropriate ICD therapy 
and death after unit generator replacement.

Statistical analyses were performed using SPSS V.25.0 (IBM 
Software). All statistical tests were two sided. P values <0.05 
were considered statistically significant.

resulTs
From year 2007 to mid-2015, a total of 385 patients with HF 
were implanted with primary prevention ICD or CRT-D. The 
mean follow-up was 7.7±2.2 years after the initial implantation. 
At the end of follow-up, 95 (24.7%) patients had died and 20 
(5.2%) patients had been lost to follow-up as they had moved 
out of the Northern Region. During the follow-up, 15 (3.9%) 
patients had had their ICD/CRT-D devices deactivated: 10 
deactivated the devices prior to their deaths and the remaining 
five patients had had their device deactivated as part of their 
advanced care planning (ACP). Fifteen (3.9%) patients had 
their devices removed during orthotopic cardiac transplant. 

Two patients with no pacing indications had devices extracted 
due to sepsis and declined further reimplantation. One patient 
died prior to the scheduled unit generator replacement and two 
patients with no pacing indications decided against replacement 
after comprehensive medical evaluation and discussion.

Only 61 patients underwent unit generator replacement 
during the follow-up period. The majority were male (n=50, 
81.9%) and of European descent (n=39, 63.9%). These 
patients were more likely to have non-ischaemic cardiomy-
opathy (NICM) (n=38, 62.3%). ICD was the most common 
device replaced (n=39, 63.9%), and the majority of the ICDs 
were single-chamber devices (56.4%). CRT-D comprised 36.1% 
device replaced. The mean time between the initial implantation 
and unit generator replacement was 5.83±2.0 years. The mean 
longevity was 5.8±1.9 years for single-chamber devices, 6.1±1.4 
years for dual-chamber devices, 5.7±0.4 years for subcutaneous 
ICD and 5.5±1.6 years for CRT-D devices (p=0.24).

Table 1 showed the baseline characteristics of patients at the 
time of the initial implantation and at the time of generator 
replacement. At the time of generator replacement, patients had 
a significantly higher LVEF (31.2±11. vs 24.8±5.2, p<0.01), 
higher prevalence of diabetes mellitus (p=0.04) and lower mean 
eGFR (p=0.02) but no other significant differences were found. 
One patient downgraded from CRT-D to CRT-pacemaker at 
the time of replacement as there was significant improvement 
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Figure 1 Implantable cardioverter-defibrillator (ICD) indications at elective unit generator replacement. CRT-D, cardiac resynchronisation therapy-
defibrillator.

Table 2 Characteristics of patients who met or did not meet the 
criteria for primary prevention ICD at the time of unit generator 
replacement

Met guideline 
criteria (n=41)

did not meet 
guideline 
criteria (n=20) P value

Gender (%)

  Male 36 (87.8) 14 (70) 0.02

  Female 5 (12.2) 6 (30)

Type of device (%)

  ICD 31 (75.6) 8 (40) 0.04

  CRT-D 10 (24.4) 12 (60)

Cardiomyopathy (%)

  ICM 17 (41.5) 2 (10) <0.01

  NICM 21 (51.2) 17 (85)

  Other causes 3 (7.3) 1 (5)

  Mean LVEF (%) 24.7±5.4 44.5±9.2 0.01

  Mean eGFR (mL/min/1.73 m2) 62.6±17.6 67.6±21.5 0.19

  Hypertension (%) 12 (29.3) 4 (20) 0.11

  Diabetes mellitus (%) 12 (29.3) 4 (20) 0.11

  Atrial fibrillation (%) 16 (39) 8 (40) 0.89

  History of stroke/TIA (%) 5 (12.2) 1 (5) 0.07

Medications use at generator replacement

  ACE inhibitor or ARB (%) 35 (85.3) 20 (100) <0.01

  Beta-blocker (%) 35 (85.3) 20 (100) <0.01

Antiarrhythmic drugs

  Amiodarone (%) 9 (21.9) 4 (20) 0.44

  ICD therapy prior to generator 
replacement (%)

13 (31.7) 5 (25) 0.27

  ICD therapy after generator 
replacement (%)

11 (26.8) 2 (10) <0.05

ARB, angiotensin receptor blocker; CRT-D, cardiac resynchronisation therapy-defibrillator; 
ICD, implantable cardioverter-defibrillator; ICM, ischaemic cardiomyopathy; LVEF, left 
ventricular ejection fraction; NICM, non-ischaemic cardiomyopathy; TIA, transient 
ischaemic attack; eGFR, estimated glomerular filtration rate.

in LVEF. One patient with no previous ICD therapy down-
graded from dual-chamber ICD to pacemaker at the time of unit 
generator replacement as part of ACP. For 21 (34.4%) patients 
receiving unit generator replacement, an upgrade/lead addition 
was also performed.

Indications and predictors of continued ICd use at unit 
generator replacement
Forty-one (67.2%) patients fulfilled the guideline criteria based 
on LVEF for continued ICD use at unit generator replacement 
(figure 1).

Among the eight ICD patients who did not meet the guide-
line criteria, 50% had received appropriate ICD therapy in the 
intervening years despite improvement in LVEF at the time 
of unit generator replacement. For those with CRT-D, 45.4% 
fulfilled the guideline criteria for replacement. The other 54.5% 
had demonstrated improvement in LVEF to ≥40% and only 
one patient had received appropriate ICD therapy prior to unit 
generator replacement.

Characteristics of patients who continued to meet criteria for 
an ICD at the time of replacement versus those who no longer 
met criteria are compared in table 2. No differences in terms of 
mean age and ethnicity were noted in the two groups. However, 
there were significantly higher LVEF, more females, more 
patients with CRT-D use and with NICM as well as higher use 
of ACE inhibitors/ARBs and beta-blockers in those who did not 
meet guideline criteria.

Incidence and predictors of appropriate ICd therapy after 
unit generator replacement
Among the 61 patients who underwent generator replacement, 
18 (29.5%) had received prior appropriate ICD therapy. Base-
line characteristics of those with or without prior appropriate 
ICD therapy are shown in table 3. Those with prior ICD therapy 
were more likely to be male and more often treated with diuretics 
and amiodarone at the time of unit generator replacement.

The mean follow-up was 1.8±1.5 years after unit generator 
replacement. During follow-up, 13 (21.3%) of the 61 patients 
received appropriate ICD therapy (ATP and/or ICD shocks) 
after unit replacement. The mean time from unit replacement 
to appropriate ICD therapies was 0.9±0.9 years. As expected, 
the occurrence of appropriate ICD therapy after ICD generator 
replacement was considerably higher for patients who met the 
guideline criteria for ICD (table 2) and those with prior ICD 
therapies (table 3). The cumulative risks of appropriate ICD 
interventions at 1, 3 and 5 years after generator replacement 
in those with prior ICD therapy were 6.2%, 59.8% and 86.6% 
and in those without prior ICD therapies were 0%, 6.2% and 

50%, respectively, log-rank p=0.005 (figure 2). No predictive 
factors for lower need of ICD therapy could be identified in 
either groups.

For the 20 patients who underwent ICD device replacement 
(despite no longer meeting accepted indications for primary 
prevention ICD therapy), 10% received appropriate ICD ther-
apies compared with 26.8% who continued to meet primary 
prevention ICD indications (p<0.01). The cumulative risks of 
appropriate ICD interventions at 1, 3 and 5 years after unit 
generator replacement in those who no longer met indications 
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Table 3 Baseline clinical and demographic characteristics of 
patients with and without prior ICD therapy

Characteristic

Patients with 
prior ICd 
therapy (n=18)

Patients 
without prior 
ICd therapy 
(n=43) p value

Mean age at implantation 59.9±9.3 57.5±12.1 0.42

Mean age at replacement 66.1±9.5 63.2±13 0.29

Gender (%)

  Male 17 (94.4) 33 (76.7) <0.01

  Female 1 (5.6) 10 (23.3)

Type of device (%)

  ICD 13 (72.2) 26 (60.5) 0.05

  CRT-D 5 (27.8) 17 (39.5)

Cardiomyopathy (%)

  ICM 7 (38.9) 12 (27.9) 0.81

  NICM 11 (61.1) 27 (62.8)

  Other causes 0 4 (9.3)

  Mean LVEF at implant (%) 25.6±5.8 24.6±5.0 0.39

  Mean LVEF at replacement (%) 27.6±8.3 32±11.9 0.13

  Mean eGFR at implant 61.8±9.1 62.1±14.2 0.12

  Mean eGFR at replacement 58.8±18.2 66.4±19.3 0.19

Medications at initial implant

  Diuretics (%) 15 (83.3) 22 (51.2) <0.01

  ACE inhibitor/ARB (%) 18 (100) 38 (88.4) 0.02

  Beta-blocker (%) 14 (77.8) 37 (86) 0.01

  Amiodarone (%) 3 (16.7) 5 (11.6) 0.29

Medications at replacement

  Diuretics (%) 13 (72.2) 24 (55.8) <0.01

  ACE inhibitor/ARB (%) 17 (94.4) 38 (88.4) 0.14

  Βeta-blockers (%) 15 (83.3) 40 (93) 0.03

  Sotalol (%) 1 (5.6) 1 (2.3) 0.32

  Amiodarone (%) 9 (50) 4 (9.3) <0.01

  ICD therapy after replacement 
(%)

10 (55.6) 3 (7) <0.01

  ATP 10 3 <0.01

  ICD shocks 7 1 <0.01

Inappropriate ICD therapy after 
replacement (%)

0 1 (2.3) 0.19

Number of death after replacement 
(%)

1 (5.6) 4 (9.3) 0.33

ARB, angiotensin receptor blocker; ATP, antitachycardia pacing; CRT-D, cardiac 
resynchronisation therapy-defibrillator; ICD, implantable cardioverter-defibrillator; ICM, 
ischaemic cardiomyopathy; LVEF, left ventricular ejection fraction; NICM, non-ischaemic 
cardiomyopathy; eGFR, estimated glomerular filtration rate.

were 0%, 25% and 62.5% and in those who continued to meet 
primary prevention ICD indications were 3%, 28.4% and 
85.9%, respectively, log-rank p=0.23 (figure 3).

Complications
There were a total of six (9.8%) procedure-related compli-
cations with three (50%) of these complications occurring 
in patients undergoing additional transvenous lead during 
replacement or upgrade to CRT-D. Early complications (<30 
days after unit generator replacement) occurred in one (1.6%) 
patient who developed haematoma that was treated conserva-
tively on an outpatient basis. Other complications (8.2%) (>30 
days) included the need for reoperation resulting from lead 
malfunction due to increasing threshold and poor sensing in four 
patients (6.6%) and infection requiring intravenous antibiotics 
in one patient (1.6%).

Mortality
A total of five patients (8.2%) died during follow-up after unit 
generator replacement, all from end-stage HF. The mean time 
from death after unit generator replacement was 1.1±1.3 years. 
The 1, 3 and 5-year mortality risk was 5.2%, 8.2% and 18.4%, 
respectively. During follow-up, one (5.6%) of the 18 patients 
who received prior ICD therapy died after unit generator 
replacement. Of 48 patients with no prior ICD therapy, four 
(8.3%) died after unit generator replacement. There was no 
difference in mortality rate between the two groups (log-rank 
p=0.57, HR 5.14; 95% CI 4.54 to 5.75, p=0.33) (figure 4). No 
predictors of survival were identified.

dIsCussIOn
Unsurprisingly, we found that patients who had previously 
undergone primary prevention ICD/CRT-D implantation were 
likely to develop significant comorbidities during follow-up until 
the time of elective ICD/CRT-D unit generator replacement. 
Although 32.8% of patients no longer met primary prevention 
guideline indications at the time of unit generator replacement, 
the risks of subsequent appropriate ICD interventions were not 
different compared with those who continued to meet primary 
prevention ICD indications. 21.3 per cent of patients received 
appropriate ICD therapy after unit generator replacement 
and the occurrence of appropriate ICD therapy was consider-
ably higher for those with prior ICD interventions. However, 
there were no predictors found to stratify those at lower risk 
of needing ICD therapy, in whom avoidance of ongoing ICD 
support might have been an option.

Current guidelines do not distinguish between de novo ICD 
implantation and those undergoing elective unit generator 
replacement. The study by Kini et al showed that approximately 
26% of patients who received primary prevention ICDs no 
longer met guideline-driven indications for an ICD at the time 
of unit generator replacement. Furthermore, these patients had a 
significantly lower rate of subsequent ICD therapies.9 Our study 
shows that a significant proportion (32.8%) of patients who 
receive their initial ICD for primary prevention on the basis of a 
low LVEF undergo unit generator replacement despite improved 
LVEF and not requiring ICD therapy in the intervening years. 
However, the cumulative risks of appropriate ICD interventions 
after unit generator replacement were no different from those 
with ongoing indications. This may be explained by the small 
number of patients, and our results would be consistent with 
lower subsequent ICD therapy rate observed in those no longer 
meeting guideline-driven indications.

There is a general trend towards replacing ICD regardless 
of the patient’s clinical evolution during the device lifetime. In 
the results of the European Heart Rhythm Association survey, 
the overwhelming majority of centres in Europe reported that 
they replaced ICDs at the end of battery life.10 Only in a small 
subset (<10%) of patients with ICD for primary prevention 
and without ventricular arrhythmias since implantation, ICD 
was not replaced.10 Similar to our study, 32.8% of the patients 
who no longer met the guidelines for primary prevention ICD 
had their ICD replaced at the end of battery life. Only two 
patients required appropriate ICD therapies in this group after 
unit generator replacement. Patients without ICD therapies are 
at significantly lower risk of ICD therapies after unit generator 
replacement, especially if the LVEF has improved, and the risk 
of appropriate ICD therapy and/or rapid ventricular arrhythmia, 
although persisting over time, decreases significantly over the 
years.11 Shared discussions should occur with patients about the 
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Figure 2 Subsequent implantable cardioverter-defibrillator (ICD) therapies after elective unit generator replacement in patients with prior ICD 
therapies compared with those without prior ICD therapies.

Figure 3 Subsequent implantable cardioverter-defibrillator (ICD) therapies after elective unit generator replacement in patients with no ICD 
indications compared with patients with ICD indications.

evidence, healthcare goals, risk tolerances and feelings about life 
and death trade-offs to enable high-quality decisions about ICD 
replacement. ICD unit generator replacement is an ideal time 
to re-evaluate healthcare goals and explore personal preferences 
regarding continuing ICD therapy. However, not many health-
care professions feel comfortable about this discussion. Further-
more, many patients due for replacement of their ICD unit 

generator did not realise they could opt out and many under-
estimated the risks of ICD replacement. A study by Lewis et al 
showed that 51.9% of the patients did not know that ICD unit 
generator replacement was optional.12 Of these, 27% would have 
considered no replacement. In the study, 20% of the patients 
believed ICD replacement carried no surgical risk and 17% 
perceived there was no risk of surgical infection.12 Therefore, it 
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Figure 4 Kaplan-Meier survival curve in patients with prior implantable cardioverter-defibrillator (ICD) therapies compared with patients without 
prior ICD therapies.

is important to discuss risk and benefits before deciding whether 
to continue with ICD therapy as such a discussion would allow 
a patient and the treating physician to review their healthcare 
goals and reassess their views on risk and benefits. By exploring 
these topics, physicians can better integrate patient preference 
into decision-making.

Although primary prevention patients are at risk of developing 
ventricular arrhythmias, studies showed that only 35% receive 
appropriate ICD therapy for ventricular tachycardia or ventric-
ular fibrillation.13 14 Therefore, a significant number of patients 
have not developed ventricular arrhythmias requiring therapy 
during the first ICD service life. This raises the issue of whether 
or not such patients actually need a replacement. In two large 
ICD registries of all primary prevention patients who under-
went first ICD unit generator replacement without prior ICD 
therapies, 11% experienced appropriate ICD therapy during 
follow-up after unit generator replacement.15 Van Welsenes et al 
reported that although the majority of primary prevention ICD 
patients do not have ventricular arrhythmias during first battery 
service life, a substantial number of these patients subsequently 
get appropriate ICD therapy after replacement with a cumula-
tive 5-year incidence for appropriate ICD therapy of 37% (95% 
CI 33% to 42%).16 The results of the Incidence Free Survival 
After ICD Replacement trial showed that at least 20% of patients 
without prior ICD therapies received appropriate ICD therapies 
within 3 years of unit generator replacement.3 Similarly, in our 
cohort, 21.3% of patients received appropriate ICD therapy 
after unit generator replacement and the 5-year cumulative inci-
dence of appropriate therapies was 29.9%. No predictors of 
appropriate ICD therapy after replacement were identified in 
our study, precluding the ability to identify patients who may not 
benefit from ICD replacement. These results are consistent with 
previously published data.3 15

The results from the National Cardiovascular Data Registry 
ICD Registry showed that >40% of patients died within 5 years 
following routine ICD unit generator replacement.17 AF, HF 
and LVEF were independently associated with poorer survival 
in patients following routine ICD unit generator replacement 
at the end of expected battery life.17 In addition, non-car-
diac comorbidities including chronic lung disease, cerebro-
vascular disease, diabetes and worsening renal function were 
also independently associated with worse survival.17 At the 
time of generator replacement, our cohort patients had devel-
oped more comorbidities. Although no predictors of survival 
could be identified, the 1, 3 and 5-year mortality risk in our 
patients following ICD unit generator replacement was 5.2%, 
8.2% and 18.4%, respectively. These findings underscore the 
importance of evaluating patients’ entire clinical history at the 
time of ICD generator replacement, with particular attention 
to accumulated comorbidities that may limit life expectancy 
and the potential of benefiting from ongoing treatment with 
ICD therapy.

In our study, 24.7% of the patients had died prior to end of 
battery service life and 3.9% patients had their ICD/CRT-D 
devices deactivated prior to their deaths or as part of ACP. HF is 
a chronic disease and can progressively deteriorate, resulting in 
poor long-term prognosis. ICDs improve prognosis by treating 
life-threatening ventricular arrhythmia, but do not modify HF 
progression nor contribute positively to quality of life of these 
patients. The 2013 British Heart Foundation guidelines state 
that the appropriateness of maintaining ICD therapy must be 
regularly reviewed as part of monitoring of the patient’s progres-
sive disease if there is any change in clinical status including the 
development of a life-limiting disease.18 Similarly, joint guidance 
from Resuscitation Council UK, Heart Rhythm UK/Arrhythmia 
Alliance and British Cardiovascular Society advises that patients 
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approaching end of life should be offered a choice of ICD deac-
tivation to avoid shocks in the latter stages of their illness.19

Careful decision-making before ICD replacement is important 
because there is a potential risk of complications related to ICD 
replacement.20 21 In the Implantable Cardiac Pulse Generator 
Replacement (REPLACE) registry, there was a major complica-
tion rate of 4.0% in patients who had a generator replacement 
without a plan to add a transvenous lead.20 Complications were 
highest in patients who had an upgrade to or a revised CRT 
device (18.7%; 95% CI 15.1 to 22.6).20 Our cohort had a higher 
complication rate due to additional transvenous lead or upgrade, 
similar to published data that adverse event rates increase from 
pacemaker to ICD to CRT.22 23

limitations
Our study should be interpreted in light of its potential limi-
tations. Our study cohort was retrospectively recruited but 
prospectively followed up. The numbers of patients in our study 
were small, and the number of patients followed out after 2 
years was small. Our population of patients receiving primary 
prevention ICD was also generally younger than in most Western 
countries, especially the USA. Our study was observational and 
involved patients in the Northern Region of New Zealand, with 
a different socioeconomic and ethnicity mix and will be different 
from other regions in New Zealand. Given the paucity of data 
on ICD unit generator replacement in New Zealand, this study 
represents real-world data on the outcomes of these patients.

COnClusIOn
Most patients who undergo primary prevention ICD unit gener-
ator replacement in the Northern Region of New Zealand did 
not receive appropriate ICD therapy during the first generator 
longevity. One-third of patients who receive ICDs for primary 
prevention may no longer meet guideline criteria for continued 
ICD use at the time of elective unit generator replacement. 
However, these patients appear to be still at risk of SCD. Notably, 
there were no predictors for lower occurrence of ventricular 
arrhythmias. Our findings alone should not guide clinical deci-
sion-making for patients eligible for ICD replacement. However, 
these data may support ACP discussion with potential ICD 
patients about life expectancy and accumulated comorbidity as 
this will allow each patient to choose in advance what interven-
tions they wish to receive as part of end-of-life care.
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