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First implantable cardiac defibrillator insertions in 
New South Wales, 2005–2020: an analysis of linked 
administrative data
Lin Zhu1, Andrew Hayen2, Bianca Blanch1, Nathan Engstrom3,4, Jenny A Doust5 , Christopher Semsarian6, Katy JL Bell1

Implantable cardioverter–defibrillators (ICDs) are used to 
manage life-threatening ventricular arrhythmias, either 
by providing anti-tachycardia pacing sequences or shock 

therapy. Randomised clinical trial evidence supports ICD use 
for secondary prevention of sudden cardiac death in people 
who have survived sudden cardiac arrests or other malignant 
sustained ventricular arrhythmias.1,2 They may also be useful 
for primary prevention in people who have not experienced 
sustained ventricular events;3 however, the relevant trials for 
this indication were conducted more than seventeen years 
ago, and their outcomes do not reflect subsequent advances 
in treatment.4,5 The eligibility criteria for ICD placement is a 
left ventricular ejection fraction (LVEF) of 35% or less despite 
optimal medical therapy and New York Heart Association 
(NYHA) functional class II or III heart failure.6,7

Increasing use of ICDs in Australia over the past two decades 
means that many people are living with the devices.4 Analyses 
of administrative data can provide insights into their longer 
term performance, but most studies have been limited by 
modest sample sizes and highly selected study populations. Few 
population-based studies have examined the use of ICDs and 
subsequent health outcomes.8,9

We therefore explored the epidemiology of ICD use in New 
South Wales by using linked administrative data to determine 
the annual numbers of first ICD insertions performed in New 
South Wales hospitals during 2005–2020. We also examined 
health outcomes for people who first received ICDs during this 
period.

Methods

In our population-based retrospective cohort study, we analysed 
data from linked administrative health datasets to determine 

the annual number of first ICD insertions in NSW hospitals 
during 1 January 2005 – 31 December 2020, as well as health 
outcomes for the people who received first ICDs during this 
period. We linked data from four sources:

•	 The NSW Admitted Patient Data Collection (APDC) collates 
information on all admitted patient services provided in NSW 
public and private hospitals, public psychiatric hospitals, 
public multipurpose services, and private day procedure 
centres. Medical procedures and interventions in public 
and private hospitals are coded according to the Australian 
Classification of Health Interventions (ACHI)10 (Supporting 
Information, table 1).

1 The University of Sydney, Sydney, NSW. 2 University of Technology Sydney, Sydney, NSW. 3 James Cook University, Townsville, QLD. 4 Townsville Hospital and Health Service, Townsville, QLD. 
5 The University of Queensland, Brisbane, QLD. 6 Agnes Ginges Centre for Molecular Cardiology, Centenary Institute, University of Sydney, Sydney, NSW. katy.bell@sydney.edu.au ▪  
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Abstract
Objectives: To determine the annual numbers of first ICD 
insertions in New South Wales during 2005–2020; to examine 
health outcomes for people who first received ICDs during this 
period.
Study design: Retrospective cohort study; analysis of linked 
administrative health data.
Setting, participants: All first insertions of ICDs in NSW, 
2005–2020.
Main outcome measures: Annual numbers of first ICD insertions, 
and of emergency department presentations and hospital re-
admissions 30 days, 90 days, 365 days after first ICD insertions; 
all-cause and disease-specific mortality (to ten years after ICD 
insertion).
Results: During 2005–2020, ICDs were first inserted into 16 867 
people (18.5 per 100 000 population); their mean age was 65.7 
years (standard deviation, 13.5 years; 7376 aged 70 years or older, 
43.7%), 13 214 were men (78.3%). The annual number of insertions 
increased from 791 in 2005 to 1256 in 2016; the first ICD insertion 
rate increased from 15.5 in 2005 to 18.9 per 100 000 population 
in 2010, after which the rate was stable until 2019 (19.8 per 
100 000 population). Of the 16 778 people discharged alive from 
hospital after first ICD insertions, 54.4% presented to emergency 
departments within twelve months, including 1236 with cardiac 
arrhythmias (7.4%) and 434 with device-related problems (2.6%); 
56% were re-admitted to hospital, including 1944 with cardiac 
arrhythmias (11.5%) and 2045 with device-related problems (12.1%). 
A total of 5624 people who received first ICDs during 2005–2020 
(33.3%) died during follow-up (6.7 deaths per 100 person-years); 
the survival rate was 94.4% at one year, 76.5% at five years, and 
54.2% at ten years.
Conclusions: The annual number of new ICDs inserted in NSW 
has increased since 2005. A substantial proportion of recipients 
experience device-related problems that require re-admission to 
hospital. The potential harms of ICD insertion should be considered 
when assessing the likelihood of preventing fatal ventricular 
arrhythmia.

The known: Implantable cardioverter–defibrillators (ICDs) can 
avert sudden cardiac death in people who have experienced sudden 
cardiac arrest or sustained ventricular arrhythmia (secondary 
prevention) or in people otherwise at high risk of sudden cardiac 
death (primary prevention).
The new: In New South Wales, insertion of first ICDs was 
increasing before the COVID-19 pandemic. First insertion rates are 
highest for men aged 70 years or older. Device-related adverse 
effects led to hospital re-admission of 12.1% of people within 
twelve months of receiving their first ICDs.
The implications: Better stewardship of ICD use would be 
appropriate. ICDs should be offered only to people for whom the 
potential benefit (prevention of sudden cardiac death) outweighs 
the potential harm (device-related adverse events).
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•	 The NSW Emergency Department Data Collection (EDDC) 
includes information on presentations to all NSW public 
hospital emergency departments.

•	 Two data sources provide information on deaths in NSW: 
Registry of Births, Deaths and Marriages death registrations, 
and Cause of Death Unit Record Files in the Australian 
Coordinating Registry, which also includes Australian Bureau 
of Statistics death registration data from before 2006.

The NSW Centre for Health Record Linkage (CheReL; https://​
www.​cherel.​org.​au) undertook data linkage. The CheReL, 
managed by the NSW Ministry of Health, maintains a linkage 
system for health-related data subject to ethical, legal, privacy, 
and confidentiality requirements. The CHeReL keeps a master 
linkage key of continuously updated links between most NSW 
Health datasets. Identifying information such as name, address, 
date of birth, and gender from each dataset is included in the 
master linkage key, and probabilistic record linkage applied. 
CHeReL reported that the false positive match rate for this 
project was five per 1000 records (0.5%). CHeReL provided the 
authors de-identified files that included only project-specific 
personal identification codes and data for pre-specified study 
variables.

Study population

The study population comprised all people who received first 
ICDs in NSW during 1 January 2005 – 31 December 2020. We 
initially identified people for whom at least one public or private 
hospital admission with an ACHI code for ICD insertion during 
1 January 2001 – 31 December 2020 was recorded in the APDC; 
we then selected those for whom an ICD insertion during 
1 January 2005 – 31 December 2020 was recorded, but not during 
the four years preceding this insertion.

We identified other medical conditions for each person from the 
principal diagnosis procedure codes and discharge codes (up to 
fifty) in their hospital admission records for ICD insertions and 
for admissions during the five years preceding this admission 
(International Statistical Classification of Diseases, ninth or 
tenth revisions, Australian modification codes: Supporting 
Information, tables  2, 3). The indication for ICD insertion was 
based on the diagnosis in the ICD insertion hospital admission 
record (from highest to lowest medical priority): cardiac arrest, 
ventricular tachycardia, ventricular fibrillation and flutter, heart 
failure, and other related conditions. We defined postcode-level 
socio-economic status of residence according to the Index of 
Relative Socio-economic Disadvantage (IRSD).11

Outcomes

The short term outcomes we examined were annual numbers 
of first ICD insertions, and re-admissions to hospital and 
emergency department presentations within 30 days, 90 days, 
365 days of ICD insertion. The long term outcomes we examined 
were all-cause and disease-specific mortality. We tabulated the 
reasons (principal diagnoses) for hospital re-admissions and 
emergency department visits; we extracted all diagnosis codes, 
and one author with clinical training (KB) categorised these 
codes. Survival time was calculated from date of discharge from 
hospital after ICD insertion.

Data analysis

We report descriptive statistics for total numbers of ICD 
procedures (by ACHI code), emergency department visits 

(by International Classification of Diseases and Systematized 
Nomenclature of Medicine – Clinical Terms code) and 
hospitalisations (by International Classification of Diseases 
code), as well as for annual number of ICD procedures (insertions, 
replacements, adjustments, removal; by ACHI code). We included 
only the first ICD insertion for an individual. We summarise 
patient characteristics by time period (2005–2010, 2011–2015, 
2016–2020) as descriptive statistics. Insertion rates were based on 
the NSW adult resident population for each year of the study 
period (Australian Bureau of Statistics);12 age-standardised rates 
were based on the 2001 Australian standardised population.13 
We depict the influence on long term survival of sex, age, 
hospital type, indication for ICD insertion, time period, and 
socio-economic status quintile in Kaplan–Meier curves. We 
examined the influence of hospital type, hypertension, diabetes, 
acute myocardial infarction, smoking status, socio-economic 
status quintile, and indication for ICD insertion in fitted Cox 
regression models; we report hazard ratios adjusted for age and 
sex. All analyses were performed in R 4.3.2 (R Foundation for 
Statistical Computing).

Ethics approval

The NSW Population and Health Service Research Ethics 
Committee approved the study (HREC 2019/ETH01639). Access 
to the datasets and reporting of analyses based on these was 
granted by the respective data custodians.

Results

Of 16 867 people who underwent first ICD insertions in NSW 
during 1 January 2005 – 31 December 2020, 14 951 people had 
one insertion, 1846 two insertions, and 70 people three or more 
insertions. A total of 89 people (0.5%) died during hospitalisations 
for first ICD insertions (Supporting Information, figure 1).

The overall first ICD insertion rate during 2005–2020 was 18.5 per 
100 000 population. The number of first ICD insertions increased 
from 791 in 2005 to 1256 in 2016, before declining sharply in 2020 
(first year of the coronavirus disease 2019 [COVID-19] pandemic); 
the first ICD insertion crude rate increased from 15.5 in 2005 to 
18.9 per 100 000 population in 2010, after which the rate was fairly 
stable until 2019 (Supporting Information, figure 2).

The first ICD insertion rate was higher for men than women in all 
years (Supporting Information, figure 3) and in all age groups; 
the difference was particularly marked in older age groups 
(Box 1). The insertion rate was highest for men aged 70–79 years 
in all years, peaking at 139.8 per 100 000 population in 2015; the 
rate for men aged 80 years or older increased from 66.7 in 2005 to 
99.2 per 100 000 population in 2019 (Box 1).

The proportion of women among those who received first ICDs 
increased from 20.5% in 2005–2010 to 22.7% in 2015–2020, the 
proportion of ICDs inserted for primary prevention (ie, not after 
cardiac arrest or ventricular arrhythmia) increased from 44.2% 
to 49.9%, and the proportion of cases in which heart failure was 
the indication rose from 19.9% to 24.8%. The proportions of 
people with histories of stroke, acute myocardial infarction, or 
heart failure did not change markedly between the two periods. 
The proportion of insertions undertaken in public hospitals 
rose from 55.3% to 60.8%; the proportions by socio-economic 
status quintile did not change substantially. The median length 
of hospital stay for first ICD insertion did not change; however, 
8.2% of people had stays of more than 30 days during 2005–2010, 
but only 5.2% during 2016–2020 (Box 2).
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Hospital re-admissions and emergency department visits

Among the 16 778 people discharged from hospital alive after first 
ICD insertions (median follow-up: 5.1 years; interquartile range, 
2.3–8.5 years), the cumulative proportions who subsequently 
presented to emergency departments were 11.9% at one month, 
22.4% at three months, and 54.4% at twelve months. The most 
frequent reasons for presentations were cardiac arrhythmias 
(1236 people, 7.4%), heart failure (1108 people, 6.6%), and device-
related problems (434 people, 2.6%) (Supporting Information, 
table 4).

The cumulative proportions of people re-admitted to hospital 
were 17.0% at one month, 31.6% at three months, and 56.0% at 
twelve months (Box 3). The proportions of people aged 65 years 
or older who were re-admitted were larger than for people under 
65 years of age (twelve months: men, 60.5% v 49.0%; women, 59.9% 
v 51.6%) (Supporting Information, tables  5, 6). The cumulative 
numbers of people re-admitted for device-related events were 
645 (3.8%) at 30 days, 1307 (7.7%) at 90 days, and 2045 (12.1%) at 
365 days (Box 3). Eight of the 2045 patients re-admitted within 
365 days because of device-related complications or disorders 
died during the re-admission (median length of stay, one day; 
interquartile range, 0–4 days). The ICD was removed or replaced 
from 182 people (8.9%) re-admitted with device-related problems. 
Other causes of re-admission within 365 days, not related to the 
device, included cardiac arrhythmias (1944 people, 11.5%) and 
heart failure (1780 people, 10.6%) (Box 3).

Mortality

A total of 5624 people who received initial ICDs during 2005–
2020 (33.3%) died during follow-up (6.7 deaths per 100 person-
years). The survival rate was 98.9% at 30 days, 94.4% at one 
year, 76.5% at five years, and 54.2% at ten years after discharge 
from the ICD insertion admission. Survival rates after first ICD 
insertion for secondary prevention (cardiac arrest, ventricular 
fibrillation, ventricular tachycardia) were 75.3% at five years and 
52.9% at ten years; for primary prevention (any other indication) 
the rates were 77.3% at five years and 55.6% at ten years; for 

primary prevention in people who had experienced heart failure 
they were 68.9% at five years and 43.2% at ten years.

By the end of the study period, 1039 women (28.4%) and 4585 men 
(34.7%) who had received first ICDs had died; cardiovascular 
disease was the most frequent cause of death for both women (478, 
13.1%) and men (2143, 16.2%) (Supporting Information, table 7). 
Cumulative mortality increased with age, and was higher for 
men than women, following insertions in public hospitals than 
those undertaken in private hospitals, and following insertions 
for which the indication was primary prevention after heart 
failure or secondary prevention following cardiac arrest than 
when the indication was ventricular tachycardia or fibrillation, 
or “other”. Mortality was lower during 2016–2020 (up to four 
years after insertion) than in the two earlier periods, and was 
similar across socio-economic disadvantage levels in unadjusted 
analyses (Box 4). After adjusting for sex and age, mortality risk 
was higher among people residing in areas in the four quintiles 
of greatest disadvantage than among those in the quintile of 
least disadvantage, following insertions undertaken in public 
hospitals, and among people who had hypertension, diabetes, or 
acute myocardial infarction, or who smoked; it was also higher 
with all four major indications for ICD insertion than for “other” 
indications (Box 5).

Discussion

Our population-based analysis of linked administrative 
data found that the annual number of first insertions of 
ICDs steadily increased in NSW during 2005–2016. Most ICD 
recipients were men, especially in older age groups, and the 
rise in annual number was most marked for men aged 80 years 
or older. Substantial proportions of first ICD insertions were 
followed by emergency department visits (54.4% of recipients) 
or re-admissions to hospital (56.0% of recipients) during the 
twelve months after discharge from hospital. Five- and ten-year 
survival rates after first ICD insertions were lower when the aim 
was primary prevention in people who had experienced heart 
failure (68.9% and 43.2% respectively) rather than secondary 
prevention (75.3% and 52.9%). Five-year mortality was lower 

1  Implantable cardioverter–defibrillator first insertion rates, New South Wales, 2005–2020 by sex and age*

* The denominators for rates are the number of people by age–sex group resident in New South Wales for each year (Australian Bureau of Statistics).12 ◆
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2  Characteristics of people who received first implantable cardioverter–defibrillators in New South Wales during 2005–2020, by time 
period

Characteristic 2005–2010 2011–2015 2016–2020 2005–2020

Number of insertions 5574 5597 5696 16 867

Insertion rate (per 100 000 population)

Crude 17.6 20.9 18.4 18.5

Age-standardised 17.2 18.3 16.8 17.4

Sex

Women 1143 (20.5%) 1218 (21.8%) 1292 (22.7%) 3653 (21.7%)

Men 4431 (79.5%) 4379 (78.2%) 4404 (77.3%) 13 214 (78.3%)

Age (years), mean (SD) 65.6 (13.1) 65.7 (13.4) 65.8 (13.9) 65.7 (13.5)

18–39 271 (4.9%) 286 (5.1%) 309 (5.4%) 866 (5.1%)

40–49 393 (7.1%) 409 (7.3%) 438 (7.7%) 1240 (7.4%)

50–59 948 (17%) 875 (15.6%) 933 (16.4%) 2756 (16.3%)

60–69 1562 (28%) 1609 (28.7%) 1458 (25.6%) 4629 (27.4%)

70–79 1800 (32.3%) 1773 (31.7%) 1812 (31.8%) 5385 (31.9%)

80 or older 600 (10.8%) 645 (11.5%) 746 (13.1%) 1991 (11.8%)

Hospital type

Private 2491 (44.7%) 2337 (41.8%) 2230 (39.2%) 7058 (41.8%)

Public 3083 (55.3%) 3260 (58.2%) 3466 (60.8%) 9809 (58.2%)

Medical history

Hypertension 3419 (61.3%) 2887 (51.6%) 1603 (28.1%) 7909 (46.9%)

Stroke 259 (4.6%) 286 (5.1%) 271 (4.8%) 816 (4.8%)

Acute myocardial infarction 1478 (26.5%) 1299 (23.2%) 1423 (25.0%) 4200 (24.9%)

Heart failure 2281 (40.9%) 2412 (43.1%) 2379 (41.8%) 7072 (41.9%)

Diabetes 1393 (25%) 1308 (23.4%) 1619 (28.4%) 4320 (25.6%)

Smoker 3369 (60.4%) 3362 (60.1%) 3311 (58.1%) 10 042(59.5%)

Prevention type

Primary prevention 2464 (44.2%) 2825 (50.5%) 2845 (49.9%) 8134 (45.3%)

Secondary prevention 3110 (55.8%) 2772 (49.5%) 2851 (50.1%) 8733 (54.7%)

Treatment indication

Cardiac arrest 526 (9.4%) 526 (9.4%) 538 (9.4%) 1590 (9.4%)

Ventricular tachycardia 2199 (39.5%) 1874 (33.5%) 1934 (34%) 6007 (35.6%)

Ventricular fibrillation and flutter 372 (6.7%) 344 (6.1%) 303 (5.3%) 1019 (6%)

Heart failure 1109 (19.9%) 1334 (23.8%) 1413 (24.8%) 3856 (22.9%)

Other 1368 (24.5%) 1519 (27.1%) 1508 (26.5%) 4395 (26.1%)

Length of stay (days), median (IQR) 5 (1–13) 4 (1–11) 4 (1–11) 4 (1–12)

1 1583 (28.4%) 2003 (35.8%) 2011 (35.3%) 5597 (33.2%)

2–6 1547 (27.8%) 1376 (24.6%) 1391 (24.4%) 4314 (25.6%)

7–13 1122 (20.1%) 1070 (19.1%) 1126 (19.8%) 3318 (19.7%)

14–30 865 (15.5%) 699 (12.5%) 869 (15.3%) 2433 (14.4%)

More than 30 457 (8.2%) 449 (8%) 299 (5.2%) 1205 (7.1%)

Socio-economic disadvantage (quartile)*

1 (most disadvantaged) 845 (15.5%) 851 (15.5%) 794 (14.2%) 2490 (15.1%)

2 950 (17.4%) 1116 (20.3%) 1050 (18.8%) 3116 (18.8%)

3 1315 (24.1%) 1199 (21.8%) 1308 (23.4%) 3822 (23.1%)

4 1192 (21.9%) 1186 (21.6%) 1328 (23.7%) 3706 (22.4%)

5 (most advantaged) 1146 (21.0%) 1139 (20.7%) 1114 (19.9%) 3399 (20.6%)

IQR = interquartile range; SD = standard deviation. * Index of Relative Socio-Economic Disadvantage (IRSD) scores for Statistical Local Areas (2011) level 4:14 quartile 1 (most disadvantaged): 
927.0 or less; quartile 2: 927.1–965.8; quartile 3: 965.9–1001.8; quartile 4: 1001.9–1056.0; quartile 5 (least disadvantaged): greater than 1056.0. IRSD data were not available for 334 
participants. ◆
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following first insertions during 2016–2020 (20.7%) than those 
during 2005–2015 (24.8%). The leading cause of death during 
follow-up was cardiovascular disease, particularly ischaemic 
heart disease, cardiomyopathy, and heart failure.

Our finding that 7.7% of our cohort were re-admitted to hospital 
within three months because of ICD device-related events is 
consistent with the 90-day post-discharge complication rate of 
7.2% reported by a 2019 Australian and New Zealand study.15 
In a regional area of Australia, the 30-day re-admission rate 
for older people (median age, 80 years) after incident heart 
failure was about 15%;16 in our study, 18.3% of people aged 65 
years or older were re-admitted to hospital within 30 days of 
ICD insertion admissions (Supporting Information, tables 5, 6). 
Device-related complications probably explain the higher rate 
we found.

The first ICD insertion rate of 20 per 100 000 population in 2019 
(Supporting Information, figure  2) was higher than reported 
for New Zealand (2014–2017: 11.9 per 100 000 population)17 and 
most European Society of Cardiology countries (2016: mean, 10 
per 100 000 population across 56 countries; range, 0.2 [Algeria] 
to 33.4 [Germany] per 100 000 population).18 The increases 
over time we report in the number of first ICDs inserted, both 
overall and for primary prevention, have also been reported 
in other countries.18 The sharp decline in the insertion rate in 
2020 reflects health service disruptions caused by the COVID-19 
pandemic. Australia and New Zealand Cardiac Implantable 

Electronic Device Survey data indicate that the 2021 insertion 
rate was similar to that before the pandemic,19 suggesting 
that the decline quickly ended. The effects of delayed or not 
undertaken ICD insertions early in the pandemic are unknown.

The difference in first ICD insertion rates for men and women may 
reflect their differing risk profiles, but possibly also suboptimal 
treatment for women.20 Women are often under-represented in 
randomised clinical trials; evaluating the risk–benefit balance of 
ICD therapy for women requires further study.21

Detailed chart reviews for 82 people (41 with ischaemic, 40 with 
non-ischaemic cardiomyopathy) who had received ICDs in 
Townsville as primary prevention during 2008–2015 yielded a  
5-year survival rate of 69.5%,22 similar to the 76.5% we report. 
Sixty-seven of the Queensland patients had no sustained 
ventricular arrhythmias that activated their devices, fifteen 
received appropriate shocks, and eleven had received 
inappropriate shocks; it was deemed that three sudden deaths 
from cardiac disease had been prevented by the ICDs.

We found that the number of ICDs inserted for primary 
prevention in older people with other major medical conditions 
has increased. The EU-CERT-ICD multicentre cohort study (2247 
participants) found no survival benefit for people aged 75 years 
or older who received ICDs.23 This finding raises questions about 
the appropriateness of the growing use of ICDs for primary 
prevention in older NSW people; for many, the low probability 

3  People who received first implantable cardioverter–defibrillators in New South Wales during 2005–2020 and were subsequently 
re-admitted to hospital*

Time from discharge after insertion of implantable cardioverter–defibrillator

Re-admission reason† 30 days 90 days 365 days

All causes 2871 (17.0%) 5324 (31.6%) 9433 (56.0%)

Device‡ 645 (3.8%) 1307 (7.7%) 2045 (12.1%)

Device-related complication/disorder 588 (3.5%) 1224 (7.3%) 1882 (11.2%)

Device surgery-related 57 (0.3%) 83 (0.5%) 163 (1.0%)

Heart failure 413 (2.5%) 858 (5.1%) 1780 (10.6%)

Cardiac arrhythmias§ 430 (2.6%) 923 (5.5%) 1944 (11.5%)

Cardiac arrest 10 (0.1%) 16 (0.1%) 40 (0.2%)

Ventricular fibrillation 18 (0.1%) 30 (0.2%) 75 (0.4%)

Ventricular tachycardia 122 (0.7%) 259 (1.5%) 564 (3.3%)

Atrial fibrillation 156 (0.9%) 377 (2.3%) 737 (4.4%)

Supraventricular tachycardia 11 (0.1%) 27 (0.2%) 69 (0.4%)

Not specified 113 (0.7%) 214 (1.3%) 459 (2.7%)

Ischaemic heart disease 161 (1.0%) 345 (2.0%) 816 (4.8%)

Chest pain 159 (0.9%) 300 (1.8%) 714 (4.2%)

Cardiomyopathy 74 (0.4%) 185 (1.1%) 423 (2.5%)

Septicaemia 53 (0.3%) 100 (0.6%) 238 (1.4%)

Cerebrovascular diseases 33 (0.2%) 63 (0.4%) 167 (1.0%)

Other cardiovascular disease 19 (0.1%) 40 (0.2%) 116 (0.7%)

* For the 16 778 people discharged from hospital alive after first insertions of implantable cardioverter-defibrillators. Re-admissions by sex are reported in the Supporting Information, 
tables 5 and 6. † Multiple diagnoses possible, but each specific diagnosis counted only once per person. ‡ We used a hierarchical approach to counting device-related re-admissions, such that 
only one was counted per person: device-related complication/disorder, device surgery-related. § We used a hierarchical approach to counting specific types of cardiac arrhythmia, such that 
only one was counted per person: cardiac arrest, ventricular fibrillation, ventricular tachycardia, atrial fibrillation, supraventricular tachycardia, not specified. ◆
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4  Cumulative all-cause mortality for 16 867 people who received first implantable cardioverter–defibrillators in New South Wales 
during 2005–2020, by characteristic

IRSD = Index of Relative Socio-Economic Disadvantage. IRSD data were unavailable for 334 people. ◆
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of meaningful survival benefit may be outweighed by that of 
device-related harms.

Implications for clinicians and policy makers

Given the increasing use of ICDs for primary prevention, 
including in people aged 80 years or older, clearer guidance 
regarding their appropriate use is needed. The potential benefits 
for preventing sudden cardiac death need to be balanced 
against the possible harms of the insertion procedure and of 
inappropriate shocks after insertion. The expense of ICDs also 
makes more selective use necessary; in 2013–14, the mean cost of 
the insertion procedure was about $22 000, and $47 000 should 
complications arise.8

Interventions that prevent adverse effects could be beneficial 
for people with ICDs. Further, the substantial number 
of emergency department presentations and hospital 
re-admissions with arrhythmias, including ventricular 
arrhythmias, during the twelve months after ICD insertion 

requires further investigation, given that the primary purpose 
of the device is to manage sustained ventricular arrhythmias. 
The ventricular tachycardia (VT) rate required to activate the 
ICD may sometimes be set too high, rendering it less sensitive 
to clinically significant changes; medications that reduce heart 
rate also reduce the VT rate. Some people, including those with 
end-stage heart failure or severe metabolic disorders, may have 
refractory ventricular arrhythmias; others may experience “VT 
storms”; ie, the device is activated by each VT episode, but the 
arrhythmia quickly returns.

Limitations

Our large population-based study comprehensively assessed 
ICD use in NSW hospitals during 2005–2020, including about 
33% of all insertions in Australia during this period.19 However, 
administrative data are not collected for research purposes. 
Further, the classification of diagnosis and procedure codes 
(eg, whether events were device-related events) was to some 

5  Influence of selected factors on mortality risk for 16 867 people who received first implantable cardioverter–defibrillators in New 
South Wales during 2005–2020: Cox regression analysis

* Adjusted for age and sex. CI = confidence interval; IRSD = Index of Relative Socio-Economic Disadvantage. IRSD data were unavailable for 334 people. ◆
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extent subjective. We could not investigate whether or how often 
inserted ICDs were activated, appropriately or inappropriately, 
nor how people were managed after re-admission to hospital, 
as this information was not included in the analysed datasets. 
Consequently, and also because our study design did not include 
a control group, we could not evaluate the benefits and harms of 
ICD use. Finally, we may have underestimated the frequency of 
complications, as the NSW hospital dataset would not include 
information on the later outcomes of people who moved 
interstate after the insertion. As we used national datasets to 
estimate mortality, our mortality estimates are not subject to this 
problem.

Conclusion

The clinical criteria for deciding which older people need 
ICDs, especially among those with heart failure, are imprecise. 
Prognostic and predictive factors beyond reduced left 
ventricular function need to be identified and risk prediction 
tools developed to guide clinical practice,24,25 preferably in high 
quality prospective, population-based cohort studies.

Data sharing: The study protocol is available on request to the corresponding author. 
Access to the data and analysis files is permitted only with the explicit permission of 

the approving human research ethics committees and the data custodians. Analysis of 
linked data is currently authorised at only one location.
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