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Abstract

Background: The ANZACS-QI Cardiac Implanted Device Registry (ANZACS-QI
DEVICE) collects nationwide data on cardiac implantable electronic devices in New
Zealand (NZ). We used the registry to describe contemporary NZ use of implantable
cardioverter defibrillator (ICD) and cardiac resynchronization therapy (CRT).
Methods: All ICD and CRT Pacemaker implants recorded in ANZACS-QIl DEVICE
between 1 January 2014 and 31 December 2017 were analyzed.

Results: Of 1579 ICD implants, 1152 (73.0%) were new implants, including 49.0% for
primary prevention and 51.0% for secondary prevention. In both groups, median age
was 62 years and patients were predominantly male (81.4% and 79.2%, respectively).
Most patients receiving a primary prevention ICD had a history of clinical heart fail-
ure (80.4%), NYHA class IlI-11l symptoms (77.1%) and LVEF <35% (96.9%). In the sec-
ondary prevention ICD cohort, 88.4% were for sustained ventricular tachycardia or
survived cardiac arrest from ventricular arrhythmia. Compared to primary prevention
CRT Defibrillators (n = 155), those receiving CRT Pacemakers (n = 175) were older
(median age 74 vs 66 years) and more likely to be female (38.3% vs 19.4%). Of the 427
(27.0%) ICD replacements (mean duration 6.3 years), 46.6% had received appropriate
device therapy while 17.8% received inappropriate therapy. The ICD implant rate was
119 per million population with regional variation in implant rates, ratio of primary
prevention ICD implants, and selection of CRT modality.

Conclusion: In contemporary NZ practice three-quarters of ICD implants were new
implants, of which half were for primary prevention. The majority met current guide-
line indications. Patients receiving CRT pacemaker were older and more likely to be

female.
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1 | INTRODUCTION

Cardiac implantable electronic device (CIED) therapy is an important
tool in the management of heart failure with reduced ejection frac-
tion. Implantable cardioverter defibrillators (ICD) are indicated for
primary prevention of sudden cardiac death in patients with symp-
tomatic heart failure and left ventricular ejection fraction (LVEF)
<35% despite optimal medical therapy.}™° They are also indicated
for secondary prevention in patients who have survived a cardiac
arrest or hemodynamically unstable ventricular arrhythmia.>?"1
Cardiac resynchronization therapy (CRT) is indicated in patients
with symptomatic heart failure, sinus rhythm, LVEF <35%, and a
wide QRS despite optimal medical therapy.”*%**-*® This can be de-
livered in the form of a CRT Pacemaker (CRT-P) or a CRT Defibrillator
(CRT-D). Most patients who fulfill conventional indications for CRT
have overlapping indications for an ICD.

The AIl New Zealand Acute Coronary Syndrome-Quality
Improvement Cardiac Implanted Device Registry (ANZACS-QI
DEVICE) is a web-based platform designed to collect data on CIED
implanted across New Zealand (NZ). The registry includes permanent
pacemaker (DEVICE-PPM) and implantable cardioverter defibrillator
(DEVICE-ICD), including both new implants and replacement proce-
dures. It was built upon the ANZACS-QI platform and introduced to
NZ public hospitals in 2014 through a grant from the NZ branch of
the Cardiac Society of Australia and New Zealand (CSANZ).Y? The
ANZACS-QI DEVICE Registry has been used previously to describe
the clinical characteristics and implant details of patients receiving
new pacemaker implants.?® Our study aims to describe the contem-
porary NZ use of ICD and CRT, utilizing the ANZACS-QI DEVICE
Registry.

2 | METHODS

All ICD implants (including new and replacement procedures) regis-
tered in the ANZACS-QI DEVICE between 1 January 2014 and 31
December 2017 were analyzed. For the CRT cohort, new primary
prevention CRT-D implants (from DEVICE-ICD) as well as new CRT-P
implants (from DEVICE-PPM) over the same study period were
analyzed.

Data are entered by cardiac physiologists at the time of the
procedure and at the 4- to 6-week follow-up device clinic. All data
extracted from the registries for analysis are anonymized. Although
participation in the registry is voluntary, seven of 10 PPM implant
sites and five of seven ICD implant sites participated by mid-2014,
with full participation from all implant sites from early 2016.
However, there was a drop in participation in early 2017. Details

regarding the operation of the ANZACS-QI registries have been

previously reported.” Both DEVICE-ICD and DEVICE-PPM collect
procedure numbers, basic patient demographics, symptoms, ECG
findings, device indication, device type, implant physician and hospi-
tal as well as early complications. Data collected in the DEVICE-ICD
registry also include cardiac and medical history, primary and sec-
ondary prevention indication, NYHA class and left ventricular sys-
tolic function (in those with a history of clinical heart failure). The
CRT-P cohort of DEVICE-PPM also has data on NYHA class and left

ventricular systolic function as well as additional ECG details.

2.1 | Definitions

Appropriate device therapy was defined as the delivery of antitachy-
cardia pacing (ATP) or shocks for ventricular tachycardia (VT) or ven-
tricular fibrillation (VF). Device therapy in the absence of VT or VF

was considered to be inappropriate device therapy.

2.2 | Statistical analysis

Continuous variables were summarized as means with standard de-
viation (SD) or medians with interquartile range (IQR). The Student's
t test was used to compare groups. For categorical variables, data
were summarized as frequency and percentage and the Chi-square
test or Fisher's exact test was used for comparisons between groups
where appropriate. All P-values reported were two-tailed and a
P < .05 was considered significant. Data were analyzed using the SAS
statistical package, version 9.4 (SAS Institute). Crude implant rates

were calculated using the 2017 Projected New Zealand Population.

2.3 | Ethics

ANZACS-QIl is a substudy within the PREDICT study which was
approved by the Northern Region Ethics Committee Y in 2003
(AKY/03/12/314) with subsequent annual approval by the National
Multi Region Ethics Committee since 2007 (MEC07/19/EXP).

3 | RESULTS

There were 1579 ICD implants during this study period, including
1152 (73.0%) new implants and 427 (27.0%) replacement procedures.

3.1 | New ICD implants

Of the 1152 new implants, there were 565 (49.0%) primary preven-
tion ICDs and 587 (51.0%) secondary prevention ICDs (Table 1). The
clinical characteristics of both groups were similar. The median age

was 62 years, predominantly male (81.4% vs 79.2%), with European
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(63.7% vs 66.8%) and Maori (24.8% vs 21.1%) being the most com-
mon ethnicities. The mean BMI was 30.2 vs 29.2 kg/m?. Baseline
histories of hypertension, diabetes mellitus, and dyslipidemia were
similar in the two groups. A history of atrial fibrillation or atrial flut-
ter was reported in 31.0% vs 33.7% of the primary and secondary
prevention groups, respectively. The majority (75.2% vs 80.7%) was
in sinus rhythm at the time of ICD implant.

Most patients receiving a primary prevention ICD had a history of
clinical heart failure (80.4%) with significant heart failure symptoms
(NYHA class lI-1ll in 77.1%) and severe LV impairment (LVEF < 35%
in 96.9%) of those with heart failure. The etiology of heart failure
was ischemic in only 42.5%. The mean QRS duration was 130 milli-
seconds, with 31.9% having left bundle branch block (LBBB). CRT-D
accounted for 27.4% of primary prevention ICD implants.

In the secondary prevention ICD cohort, 88.4% were for VT/VF
cardiac arrest or sustained VT. In contrast with the primary preven-
tion ICD cohort, only 39.7% had a history of clinical heart failure,
of whom 47.3% had significant heart failure symptoms (NYHA class
11-111) and 76.0% had an LVEF <35%. There was a higher rate of isch-
emic etiology for heart failure at 55.8%. The mean QRS duration was
113 milliseconds, with only 16.0% having LBBB. CRT-D accounted
for only 8.3% of secondary prevention ICD implants.

Overall, the majority of patients had remote monitoring (89.3%),
use of standard device programming (74.5%) and use of supraven-
tricular tachycardia (SVT) discriminators (89.1%). Subcutaneous
ICDs were implanted in 3.1% of patients. The overall complication
rate in the first 6 weeks was 5.7%. Cardiac perforation occurred in
0.2% and pneumothoraxin 0.3%. Hematoma occurred in 1.1%, with
intervention required in 0.6%. Reoperation was required in 2.1%, in-
cluding 1.9% for lead-related reoperation. The rate of infection was
1.8%, with 0.3% requiring device removal. Death from any cause at
6 weeks was recorded in three patients (0.3%), but these patients

did not have any other device-related complications recorded.

3.2 | Primary prevention CRT defibrillators and CRT
pacemakers

The subgroup of new primary prevention CRT-D patients (n = 155) was
compared with new CRT-P patients (n = 175). The baseline character-
istics are shown in Table 2. NYHA class and LVEF were recorded in all
patients with CRT-P, but only available in those with a history of clinical
heart failure (92.3%) in the CRT-D group. Most patients in both primary
prevention CRT-D and CRT-P groups had symptomatic heart failure
(NYHA =11in 89.0% vs 89.2%, P = .492), LBBB (87.7% vs 89.1%, P = .319),
and QRS duration >120 milliseconds (120-150 milliseconds in 19.4% vs
25.7%; >150 milliseconds in 76.8% vs 68.0%; P = .195). Patients who
received a CRT-P were older (median age 74 years vs 66 years, P <.001)
and more likely to be female (38.3% vs 19.4%, P < .001). Patients receiv-
ing a new primary prevention CRT-D had longer mean QRS duration
(169 milliseconds vs 161 milliseconds, P = .005) and poorer LV systolic
function (mean LVEF 24.2% vs 28.7%, P < .001).

The overall complication rate in the first 6 weeks was 9.1%.
Pneumothorax occurred in 1.2% and coronary sinus dissection in

1.2%. Hematoma occurred in 0.6%, with intervention required in
0.3%. The rate of infection was 3.3%, with 0.3% requiring device
removal. Reoperation was required in 2.4%, including 2.1% for lead-
related reoperation. Death from any cause at 6 weeks was recorded
in one patient (0.3%), but this patient did not have any other device-
related complications recorded.

3.3 | ICD replacements

In the 427 ICD replacements, 72.6% were for elective replacement
indicators and 9.6% were for system upgrades (Table 3). Five (1.2%)
were for infection. Over a mean duration of 6.3 £ 2.7 years, 46.6%
had received appropriate device therapy (38.4% had shocks or ATP
with shocks) while 17.8% had inappropriate device therapy (includ-

ing ATP and/or shocks) with a mean number of shocks of 3.7 + 8.2.

3.4 | ICD and CRT national and regional implant
rates in 2016

As there was participation from all implant sites in 2016, this pro-
vided an opportunity to examine implant rates at a national and
regional level (Figures 1 and 2). The completeness of data within
the ANZACS-QI DEVICE Registry in 2016 has been validated previ-
ously.?! In 2016, there were 560 ICD implants, including new and
replacement procedures. This included 122 CRT-D implants. In
comparison, there were 112 CRT-P implants. This translates to im-
plant rates per million population of 119 for all ICD, 93 for ICD (ex-
cluding CRT-D) and 50 for all CRT (26 CRT-D and 24 CRT-P). Primary
prevention ICD implants accounted for 52% of new implants.

There was significant variation in implant rates and implant prac-
tice across the four regions in NZ. The Midlands region had the high-
est ICD implant rate (163) while the Central region had the lowest
ICD implant rate (74) but had the highest CRT-D to CRT-P implant
ratio (2.7:1). In contrast, the Southern region had the highest rate
of CRT-P implantation (52) and the highest CRT-P to CRT-D implant
ratio (1.6:1). The Midlands region had the highest new primary pre-
vention ICD implant ratio (62%) while the Southern region had the
lowest (39%).

4 | DISCUSSION

This is the first study to describe individual level data on ICD and
CRT patient characteristics and implant practice at a national level.
Implant volumes and types of pacemakers and ICDs have been sur-
veyed regularly across Australia and NZ previously.?? In patients
who receive ICD and CRT-D, previous reports have examined the
impact of geographic, ethnic, and socioeconomic impact on implant
rates at a national level, while the long-term outcomes of patients
have only been examined at a regional level 2324

Three-quarters of ICD implant procedures in contemporary NZ
practice are new implants. Of these, half were for primary pre-
vention indications. The majority of patients receiving a primary
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ICD and CRT crude implant rate per million population

FIGURE 1 Regional variation in

ICD and CRT implant rate per million
population in 2016. ICD, implantable

cardioverter defibrillator; CRT, cardiac

resynchronisation therapy
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prevention ICD had a history of clinical heart failure with signifi-
cant heart failure symptoms and poor LV systolic function. Most
patients receiving secondary prevention ICD were for VT/VF car-
diac arrest or sustained VT. CRT-D was the device type in a quar-
ter of patients receiving an ICD for primary prevention indications
but fewer than one-tenth of those for secondary prevention indi-
cations. Of the ICD replacement procedures, nearly three-quar-
ters were for an elective replacement indication. Nearly half of the
patients presenting for an ICD replacement had received at least
one appropriate device therapy during the life of the device, and
almost a fifth received inappropriate device therapy. There is also
significant variation in implant rates and implant practice across
the NZ regions, particularly with primary prevention ICD implant
ratios and selection of CRT modality.

4.1 | New implants—primary vs
secondary prevention

The ratio of new primary prevention ICD implants to secondary
prevention ICD implants in our cohort was just under 50%. This
is essentially unchanged from the last analysis of national ICD im-
plant practice in NZ in 2010.2° The primary prevention ICD im-
plant ratio reported in several international registries over the past
decade is as follows: 46% in Denmark, 55% in Germany, 57% in
the United Kingdom, 59% in Sweden, 62% in Spain, 63% in France,

FIGURE 2 Regional variation in

new primary prevention to secondary
prevention ICD implant ratio in 2016. ICD,
implantable cardioverter defibrillator

Secondary prevention

B Primary prevention

73% in Canada, 75% in the United States, and 82% in Italy.?>"2
The proportion of ICDs implanted in NZ for primary prevention
indications is thus on the lower end of the range of contemporary
international implant practice. There is also variation in primary
prevention ICD implant ratio of 39%-62% across NZ regions. This
suggests that we are relatively conservative with our patient se-
lection, which is likely because of the resource constraints, work
force limitations and varying interpretation of the evidence and
guidelines by implanting centers in NZ. In accordance with interna-
tional guideline recommendations, most of the patients receiving a
primary prevention ICD in our cohort had a history of clinical heart
failure, significant heart failure symptoms and LVEF <35%. The
clinical characteristics of the patients in our cohort were similar
to those described in international registries.?”%® The mean LVEF
in the primary prevention group was 25.1%, which was similar to
several major primary prevention ICD and CRT-D trials that had a
mean LVEF of 21.4%-28.0%.271>1618 |nterestingly, ischemic etiol-
ogy for heart failure accounted for only 42.5% of primary preven-
tion ICD implants and 55.8% of secondary prevention ICD implants
in our cohort. This is in contrast to other international studies
that have reported ischemic etiology for heart failure at rates of
54.0%-93.0%.2>28-30 This trend may change in the coming years
following the results of the DANISH study, which has shown no
mortality benefit in primary prevention ICD implantation in nonis-

chemic cardiomyopathy.33
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TABLE 1 New primary and secondary prevention ICD implant patient characteristics

Primary (n = 565) Secondary (n = 587) P
Demographics
Age, years .386
Median (IQR) 62 (54-68) 62 (53-70)
Gender, n (%) .348
Male 460 (81.4) 465 (79.2)
Female 105 (18.6) 122 (20.8)
Ethnicity, n (%) .337
European 360 (63.7) 392 (66.8)
Maori 140 (24.8) 124 (21.1)
Others 65 (11.5) 71(12.1)
BMI (kg/m?) .059
Mean + SD 30.2+6.5 29.6+6.5
Smoking, n (%) .038
Never 248 (43.9) 257 (43.8)
Ex-smoker 252 (44.6) 243 (41.4)
Current smoker 65 (11.5) 87 (14.8)
Medical history
AF/ AFL 317
Paroxysmal AF 56 (9.9) 89 (15.2)
Persistent AF 31(5.5) 21(3.6)
Permanent AF 74 (13.1) 71(12.1)
Atrial flutter 14 (2.5) 17 (2.9)
Hypertension, n (%) 274 (48.5) 288 (49.1) .847
Diabetes, n (%) 133 (23.5) 107 (18.2) .027
Dyslipidaemia, n (%) 291 (51.5) 301 (51.3) .939
Coronary artery disease, n (%) 279 (49.4) 336(57.2) .008
of which Prior Ml, n (%) 191 (68.5) 254 (75.6) .049
Valvular heart disease, n (%) 170 (30.1) 124 (21.1) .001
Other cardiovascular conditions, n (%) —
Hypertrophic cardiomyopathy 34 (6.0) 19 (3.2)
Sarcoidosis 11 (1.9) 6(1.0)
Congenital heart disease 8(1.4) 10(1.7)
Long QT 6(1.1) 11(1.9)
Brugada 4(0.7) 3(0.5)
ARVC 3(0.5) 13(2.2)
Idiopathic VF 0(0) 8(1.4)
CPVT 0(0) 1(0.2)
Other comorbidities, n (%)? —
Peripheral vascular disease 16 (2.8) 18 (3.1)
TIA/stroke 37 (6.5) 41 (7.0)
Chronic lung disease 48 (8.5) 48 (8.2)
Chronic renal impairment 43 (7.6) 38 (6.5)
Anxiety/depressive disorder 26 (4.6) 23(3.9)
Sleep apnoea 46(8.1) 31(5.3)
Clinical heart failure, n (%) 454 (80.4) 233(39.7) <.001

(Continued)
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TABLE 1 (Continued)

NYHA Class

|

Il

1l

[\
Unknown
LVEF (%)
Mean £ SD
<35%

Aetiology of heart failure

Ischaemic

Non-ischaemic

Estimated GFR (ml/min/1.73 m?)

>60
30-60
<30

ECG Features
ECG at time of implant, n (%)

Sinus Rhythm

2nd degree AVB type 1
2nd degree AVB type 2
Complete heart block
Atrial fibrillation/ flutter

Ventricular paced
Atrial paced
Other

QRS duration (msec)

Mean + SD

QRS duration (msec), n (%)

<120
120-150
>150

Bundle Branch Block, n (%)

LBBB
RBBB

Fascicular Block

Secondary prevention ICD Indication, n (%)?

VT/VF Cardiac Arrest

Sustained VT
Non sustained VT
Syncope

Presyncope

Non VT/VF cardiac arrest

FOO ET AL.
Primary (n = 565) Secondary (n = 587) P
<.001
80 (17.6) 84 (36.1)
258 (56.8) 84 (36.1)
92 (20.3) 26(11.2)
4(0.9) 2(0.9)
20 (4.4) 37 (15.9)
251+6.7 30.3+9.3 <.001
440 (96.9) 177 (76.0) <.001
193 (42.5) 130 (55.8)
261 (57.5) 103 (44.2)
<.001
406 (71.9) 480 (81.8)
148 (26.2) 105 (17.9)
11 (1.9) 2(0.3)
429 (75.2) 474 (80.7)
1(0.2) 3(0.5)
1(0.2) 2(0.3)
12(2.1) 3(0.5)
110 (19.5) 92(15.7)
10(1.8) 7(1.2)
2(0.4) 0(0)
4(0.7) 6(1.0)
<.001
1299 £36.4 113.4+31.5
<.001
265 (46.9) 383(65.3)
121 (21.4) 119 (20.3)
179 (31.7) 85 (14.5)
180 (31.9) 94 (16.0) <.001
43 (7.6) 40 (6.8) .018
13(2.3) 15(2.6)
N/A 371 (63.2) -
148 (25.2)
56(9.5)
54 (9.2)
22(3.7)
7(1.2)

(Continued)
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TABLE 1 (Continued)

Primary (n = 565)

Implant details

Device type, n (%)

Single 291 (51.5)
Dual 101 (17.9)
CRT 155 (27.4)
Subcutaneous 18 (3.2)
Remote monitoring, n (%) 495 (87.6)
Device testing, n (%) 50(8.8)
Number of programmed therapy zones, n (%)
1 122 (21.6)
2 257 (45.5)
8 186 (32.9)
NZ Standard Device Programming, n (%) 450 (79.6)
SVT discriminators used, n (%) 491 (86.9)
Complications (up to 6 weeks), n (%) 43 (7.6)
Death from any cause 1(0.2)
Cardiac perforation 2(0.4)
Pneumothorax 3(0.5)
Haematoma 8(1.4)
Intervention 4(0.7)
No intervention 4(0.7)
Re-operation 13(2.3)
Lead-related re-operation 12(2.1)
Infection 16 (2.8)
Antibiotics 13(2.3)
Device removal 3(0.5)

Sowwnal of O%Z@f/?//i(z_wl LEYH

Secondary (n = 587) P

<.001
369 (62.9)
151 (25.7)
49 (8.3)
18(3.1)
534 (91.0) .065
144 (24.5) <.001
.002
81(13.8)
277 (47.2)
228 (38.8)
408 (69.5) <.001
536(91.3) .016
23(3.9) -
2(0.3)
0
0
5(0.9)
3(0.5)
2(0.3)
11 (1.9)
10(1.7)
5(0.9)
5(0.9)
0

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; ARVC, arrhythmogenic right ventricular cardiomyopathy; BMI, body mass index; CPVT,
cathecholaminergic polymorphic ventricular tachycardia; GFR, glomerular filtration rate; LBBB, left bundle branch block; LVEF, left ventricular ejec-
tion fraction; MI, myocardial infarction; NYHA, New York Heart Association; RBBB, right bundle branch block; SVT, supraventricular tachycardia.;
TIA, transient ischaemic attack; VF, ventricular fibrillation; VT, ventricular tachycardia.

More than one option may be selected.

4.2 | CRT

Patients who received CRT-P were older and more likely to be fe-
male while patients receiving CRT-D had longer mean QRS duration
and poorer LV function. There has been limited evidence directly
comparing CRT-P to CRT-D, thus current international guidelines do
not advocate one modality over the other. In NZ, while the decision
to offer CRT-P or CRT-D varies across implant centers, it has been
our general practice to limit primary prevention ICD implantation in
patients >75 years old.!° Female gender has been associated with a
“super-response” to CRT in previous studies, thus women are also
more likely to be offered a CRT-P in NZ.34%? This trend is consistent
with several contemporary international registries and studies.*0-4
Of note, those studies have shown very similar LV systolic function
between the CRT-P and CRT-D cohorts, with CRT-P having a longer

mean QRS duration. The longer mean QRS duration and poorer LV

systolic function in our CRT-D cohort compared to our CRT-P cohort
suggests that we are selecting patients with a higher perceived risk
for CRT-D.

4.3 | ICD replacements

Of those who came for an ICD replacement, over a mean duration of
6.3 years, 46.6% had received appropriate device therapy (including
38.4% appropriate shocks), while 17.8% had received inappropriate
device therapy. Data from the seven major ICD trials in the late 1990s
to early 2000s demonstrated the rate of appropriate ICD therapy was
17%-64% and inappropriate ICD therapy was 10%-24% over the 20
to 45 month follow-up period.?”34445 Contemporary device pro-
gramming to reduce inappropriate shocks, combined with broader
indications for primary prevention ICD implantation, have lowered

the rate of appropriate and inappropriate device therapy.45 The rate
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TABLE 2 New primary prevention CRT-D and CRT-P patient characteristics

CRT-D (n = 155) CRT-P (n = 175) P
Demographics
Age, years <.001
Median (IQR) 66 (59-71) 74 (66-77)
Gender, n (%) <.001
Male 125(80.6) 108 (61.7)
Female 30 (19.4) 67 (38.3)
Ethnicity, n (%) .071
European 120 (77.4) 152 (86.9)
Maori 25(16.1) 15(8.6)
Others 10(6.5) 8(4.6)
AF/AFL, n (%) 699
Paroxysmal 21 (13.5) 31(17.7)
Persistent AF 9 (5.8) 12(6.9)
Permanent AF 21(13.5) 23(13.1)
Atrial flutter 10 (6.5) 8 (4.6)
NYHA, n (%) ? 492
| 15/136 (11.0) 19 (10.9)
1l 74/136 (54.4) 84 (48.0)
1l 45/136 (33.1) 71 (40.6)
v 2/136 (1.5) 1(0.6)
ECG findings
QRS duration (msec) .005
Mean + SD 169.2 £ 27.9 160.8 + 25.9
QRS duration (msec), n (%) 195
<120 6(3.9) 11 (6.3)
120-150 30(19.4) 45 (25.7)
>150 119 (76.8) 119 (68.0)
Bundle Branch Block, n (%) 319
LBBB 136 (87.7) 156 (89.1)
RBBB 7 (4.5) 8 (4.6)
IVBB 4(2.6) 11 (6.3)
LVEF?
Mean + SD 24.2+70 28.7 £10.7 <.001
<35% 138/143 (96.5) 144 (82.3) <.001
Complications (up to 6 weeks), n (%) 17 (11.0) 13(7.4) —
Death from any cause 1(0.6) 0
Pneumothorax 2(1.3) 2(1.1)
Haematoma 2(1.3) 0
Intervention 1(0.6) 0
No intervention 1(0.6) 0
Infection 9 (5.8) 2(1.1)
Antibiotics 8(5.2) P
Device removal 1(0.6) b
Re-operation 3(1.9) 5(2.9)
Lead-related re-operation 3(1.9) 4(2.3)
Coronary sinus dissection 0 4(2.3)

In the CRT-D group, NYHA and LVEF was only recorded in those with a history of heart failure (n = 143, 92.3%).

PData not available.
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TABLE 3 ICD replacement cohort characteristics

Device replacement n =427

Duration of device (in years) n =406
Mean + SD 6.27 +2.65

Reason for replacement, n (%)
Elective replacement indicator 310(72.6)
System upgrade 41 (9.6)
Infection 5(1.2)
Device recall 2(0.5)
System malfunction 10(2.3)
Other 59 (13.8)

Appropriate therapy from device, n (%) 199 (46.6)
Shocks 71(35.7)
ATP 35 (17.6)
ATP and shocks 93(46.7)

Inappropriate therapy from device 76 (17.8)

Total number of shocks from device
Mean + SD 3.69 +8.23
Range 0-98

Abbreviations: ATP, anti-tachycardia pacing.

of appropriate and inappropriate device therapy in our cohort is
comparable to contemporary data from United States, Canada, and

Denmark 304647

4.4 | Implant rates and regional variation

Our national ICD implant rate of 119 per million in 2016 has in-
creased over time with previous rates of 81 per million in 2010 and
95 per million in 2013.2%48 Our overall ICD implant rate in 2016 is
second only to Australia in the Asia-Pacific region.?>*’ However,
our ICD implant rates (excluding CRT-D) are just below the mean
of European Society of Cardiology (ESC) member countries.® The
implant rates are comparable to the United Kingdom, but lag sig-
nificantly behind countries with similar gross domestic product
and healthcare spending such as Italy and Finland. Our overall CRT
implant rate is again second only to Australia in the Asia-Pacific
region, but lies only in the second quartile of implant rates of ESC
member countries. The CRT-P implant rates are on par with the
mean ESC implant rate, but our CRT-D implant rate is less than half
that of the mean ESC implant rate.?24%0

There is significant regional variation in implant practice across
NZ. This is likely to be influenced by physician preference and re-

source constraints at a local and regional level.

5 | LIMITATIONS

This study is a descriptive analysis of the data within the DEVICE

Registry. As a number of implant sites joined and left the registry

during the period of analysis, the registry does not contain data
of all patients in NZ receiving an ICD or CRT during this study pe-
riod. Despite this, we believe this to be a representative cohort, as
the age, gender, and ethnicity distribution is very similar compared
to patients receiving an ICD who are identified from the National
Hospitalisation Dataset, which collects all public hospital admissions
in NZ using International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision, Australian Modification
(ICD10-AM) coding (Appendix S1). While there is no routine audit
of data accuracy of the registry at present, our recent validation
analysis of the registry data quality in 2016 (when all implant sites
participated in the registry) demonstrated a good capture rate and
excellent agreement of basic demographic and procedural data
items with the national dataset. However, the implant volumes and
rates for 2016 are likely to be slightly underestimated as only 94.6%
of DEVICE-PPM forms and 87.7% of DEVICE ICD forms were com-
pleted in 2016.

At present, NYHA class and LVEF are only recorded in the co-
hort of ICD patients with a previous history of clinical heart failure,
which is less than 40% in those receiving a secondary prevention
ICD and only 60% of all new ICD implants. The ICD indications cur-
rently include syncope, presyncope and nonsustained ventricular
tachycardia in both primary prevention and secondary prevention
indications, therefore some patients may have been misclassified.
The ANZACS-QI registry is currently being updated to address these
limitations.

6 | CONCLUSION

In contemporary NZ practice three-quarters of ICD implants were
new implants, of which half were for primary prevention indications.
The majority of patients receiving primary prevention and secondary
prevention ICD met current international guideline indications. Our
relatively low ratio of primary to secondary prevention ICD implants
internationally suggests a conservative patient selection for primary
prevention ICD. Compared to new primary prevention CRT-D im-
plants, patients who received a new CRT-P were older and more
likely to be female. Of patients receiving a replacement ICD nearly
half had received appropriate device therapy over the battery life of
the device. There was significant regional variation in ICD and CRT
implant rates, ratio of primary prevention ICD implants, and selec-
tion of CRT modality.

ACKNOWLEDGEMENTS

ANZACS-QIl programme implementation, coordination and analy-
sis: The ANZACS-QIl software was developed and supported by
Enigma Solutions. Programme implementation is coordinated by the
National Institute for Health Innovation (NIHI) at the University of
Auckland. The ANZACS-QI programme is funded by the NZ Ministry
of Health. The authors receive support from the Health Research
Council and Middlemore Cardiac Trust.



FOO ET AL.

ﬂWl LEY— Sowmnal of O%z/?yflia

ANZACS-QI Governance group: A. Kerr (chair), C. Nunn, D.
Boddington, G. Sutcliffe, G. Devlin, H. White, J. Edmond, J. Tisch, S.
Riddle, K. Marshall, M. Lund, M. Williams (deputy chair), N. Fisher,
T. Scott. ANZACS-QI Project management: K. Sutherland (Project
Manager), C. Flynn (Northern coordinator), M. Rhodes (Southern
coordinator), A. Rattray (Research Assistant). Data analysis: M. Lee,
R. Chan, Y. Jiang. Data management: M. Jenkins, J. Faatui. We ac-
knowledge all the NZ cardiologists, physicians, nursing staff, and
physiologists who have supported and contributed to ANZACS-QI.
ANZACS-QI hospital cardiac physiologists: Ascot Angiography: M.
Lindesay, J. Money, R. Singh, R. Chatburn, R. Kelly, J. Salmon, A. Visser.
Intra Healthcare: J. Youbard. Auckland City Hospital (Bay of Islands,
Kaitaia, Whangarei, Dargaville): S. Brett, S. Khan, R. Metrick, P. Harris,
S. Sinclair, B. Jolly, A. Cheriyan, F. Riddell, H. Finnemore, G. Orsbourn,
C. Williams, K. Turner, K. Maas, J. Donald, L. Kitipa, L. Cooper, M.
Fowler. Middlemore Hospital: T. Brown, S. Takau, C. Chang, F.
McLean, C. Smith. Waikato Hospital (Rotorua, Gisborne, Taranaki,
Taumarunui, Te Kuiti, Tokoroa, Taupo, Thames): R. Allen, K. Timmins,
K. Coley, P. Jones, N. Anthony-Pudumai, V. Day, V. Stuit, L. Simmes,
C. Whiteley, A. Wilson. Midland CVS: P. Jones. Tauranga Hospital
(Whakatane): K. Hunter, S. Tait, P. Bishop, M. Cookley, T. Cumming,
J. Goodson. Christchurch Hospital: O. Thacker. Dunedin Hospital:
E. Guglietta, V. Milmine. Hawkes Bay Hospital: J.Cotton. Southland
Hospital: L. Wilson. Nelson Hospital: T. Lawson. Palmerston North
Hospital: J. White. North Shore Hospital: R. Breakwell, K. Searby, D.
Slipper, M. Lipski, A. Sohil, K. Todd, C. Tilsley, K. Harris, A. Clayton, L.
Moloney. Wellington Hospital: B. Scott, D. Wylie.

CONFLICT OF INTERESTS

The authors declare no conflict of interests for this article.

ORCID

Fang Shawn Foo https://orcid.org/0000-0002-3546-4863
Khang-Li Looi https://orcid.org/0000-0001-6789-9055
REFERENCES

1. Ponikowski P, Voors AA, Anker SD,Bueno H, Cleland J, Coats A, et
al. 2016 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure. Eur Heart J. 2016;37(27):2129-200.

2. Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN,
Hafley G. A randomized study of the prevention of sudden
death in patients with coronary artery disease. Multicenter
Unsustained Tachycardia Trial Investigators. N Engl J Med.
1999;341(25):1882-90.

3. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS,
et al. Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction. N Engl J Med.
2002;346(12):877-83.

4. Kadish A, Dyer A, Daubert JP, Quigg R, Estes N, Anderson KP, et al.
Prophylactic defibrillator implantation in patients with nonischemic
dilated cardiomyopathy. N Engl J Med. 2004;350(21):2151-8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hohnloser SH, Kuck KH, Dorian P, Roberts RS, Hampton JR,
Hatala R, et al. Prophylactic use of an implantable cardioverter-
defibrillator after acute myocardial infarction. N Engl J Med.
2004;351(24):2481-8.

Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et
al. Amiodarone or an implantable cardioverter-defibrillator for con-
gestive heart failure. N Engl J Med. 2005;352(3):225-37.
Strickberger SA, Hummel JD, Bartlett TG,Frumin HI, Schuger CD,
Beau SL, et al. Amiodarone versus implantable cardioverter-de-
fibrillator:randomized trial in patients with nonischemic dilated
cardiomyopathy and asymptomatic nonsustained ventricular tachy-
cardia-AMIOVIRT. J Am Coll Cardiol. 2003;41(10):1707-12.

Moss AJ, Hall WJ, Cannom DS,Daubert JP, Higgins SL, Klein H, et
al. Improved survival with an implanted defibrillator in patients with
coronary disease at high risk for ventricular arrhythmia. Multicenter
Automatic Defibrillator Implantation Trial Investigators. N Engl J
Med. 1996;335(26):1933-40.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH
et al. 2013 ACCF/AHA Guideline for the management of heart fail-
ure. J Am Coll Cardiol. 2013;62(16):e147-239.

Smith W. New Zealand primary implantable cardioverter defibril-
lator implantation and biventricular pacing guidelines. N Z Med J.
2010;123(1309):86-96.

Connolly SJ, Gent M, Roberts RS, Dorian P, Roy D, Sheldon RS, et al.
Canadian implantable defibrillator study (CIDS): a randomized trial
of the implantable cardioverter defibrillator against amiodarone.
Circulation. 2000;101(11):1297-302.

Kuck KH, Cappato R, Siebels J, Riippel R. Randomized comparison
of antiarrhythmic drug therapy with implantable defibrillators in
patients resuscitated from cardiac arrest : the Cardiac Arrest Study
Hamburg (CASH). Circulation. 2000;102(7):748-54.

The Antiarrhythmics versus Implantable Defibrillators (AVID)
Investigators. A comparison of antiarrhythmic-drug ther-
apy with implantable defibrillators in patients
tated from near-fatal ventricular arrhythmias. N Engl J Med.
1997;337(22):1576-84.

Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ,
Curtis AB, et al. 2017 AHA/ACC/HRS guideline for management of
patients with ventricular arrhythmias and the prevention of sud-
den cardiac death: Executive summary: A report of the American
College of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines and the Heart Rhythm Society. Hear
Rhythm. 2018;15:e190-252.

Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco
T, et al. Cardiac-resynchronization therapy with or without an im-
plantable defibrillator in advanced chronic heart failure. N Engl J
Med. 2004;350(21):2140-50.

Cleland J, Daubert J-C, Erdmann E, Freemantle N, Gras D,
Kappenberger L, et al. The effect of cardiac resynchroniza-
tion on morbidity and mortality in heart failure. N Engl J Med.
2005;352(15):1539-49.

Moss AJ, Hall WJ, Cannom DS, Klein H, Brown MW, Daubert JP, et
al. Cardiac-resynchronization therapy for the prevention of heart-
failure events. N Engl J Med. 2009;361(14):1329-38.

Abraham WT, Fisher WG, Smith AL, Delurgio DB, Leon AR, Loh E,
et al. Cardiac resynchronization in chronic heart failure. N Engl J
Med. 2002;346(24):1845-53.

Kerr A, Williams MJ, White H, Doughty R, Nunn C, Devlin G, et al.
The all New Zealand acute coronary syndrome quality improvement
programme: implementation, methodology and cohorts (ANZACS-
Ql 9). N Z Med J. 2016;129(1439):23-36.

Larsen PD, Kerr AJ, Hood M, Harding SA, Hooks D, Heaven D, et
al. Pacemaker use in New Zealand - data from the New Zealand im-
planted cardiac device registry (ANZACS-QI 15). Heart Lung Circ.
2017;26(3):235-9.

resusci-


https://orcid.org/0000-0002-3546-4863
https://orcid.org/0000-0002-3546-4863
https://orcid.org/0000-0001-6789-9055
https://orcid.org/0000-0001-6789-9055

FOO ET AL.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Foo FS, Lee M, Larsen P, Heaven D, Lever N, Sinclair S, et al.
Completeness of ANZACS-QI Cardiac Implanted DEVICE Registry
and agreement with national datasets: ANZACS-QI 30. N Z Med J.
2019;132(1500):40-9.

Mond HG, Crozier |. The Australian and New Zealand cardiac im-
plantable electronic device survey: calendar year 2017. Heart Lung
Circ. 2019;28(4):560-6.

Wilson D, Harding SA, Melton I, Lever NA, Stiles MK, Boddington
D, et al. Geographic, ethnic and socioeconomic factors influenc-
ing access to implantable cardioverter defibrillators (ICDs) in New
Zealand. Heart Lung Circ. 2012;21(9):576-81.

Looi K-L, Sidhu K, Cooper L, Dawson L, Slipper D, Gavin A, et al.
Gender differences in the use of primary prevention ICDs in New
Zealand patients with heart failure. Heart Asia. 2018;10(1):e010985.
Johansen JB;on behalf of the Steering Committee. Danish
Pacemaker and ICD Register Annual Report 2016 Danish Pacemaker
and ICD Register-Annual Report 2016 2 Preface, 2016.

Bogossian H, Hochadel M, Ince H, Spitzer SG, Eckardt L, Maier S, et al.
Single chamber implantable cardioverter defibrillator compared to dual
chamber implantable cardioverter defibrillator. Less is more. Data from
the German Device Registry. EP Eur. 2018;20(Suppl. 1):i200-i200.
Gadler F, Valzania C, Linde C. Current use of implantable electrical
devices in Sweden: data from the Swedish pacemaker and implant-
able cardioverter-defibrillator registry. Europace. 2015;17(1):69-77.
Fernandez Lozano |, Osca Asensi J, Alzueta Rodriguez J. Spanish
Implantable Cardioverter-defibrillator Registry. 14th Official Report of
the Spanish Society of Cardiology Electrophysiology and Arrhythmias
Section (2017). Rev Espariola Cardiol. 2018;71(12):1047-58.

Lazarus A, Biondi N, Thébaut J-F, Durand-Zaleski |, Chauvin M.
Implantable cardioverter-defibrillators in France: practices and re-
gional variability. Europace 2011;13:1568-73.

Almehmadi F, Porta-Sanchez A, Ha A, Fischer HD, Wang X, Austin
PC, et al. Mortality implications of appropriate implantable car-
dioverter defibrillator therapy in secondary prevention patients:
contrasting mortality in primary prevention patients from a pro-
spective population-based registry. J Am Heart Assoc. 2017;6
Masoudi FA, Ponirakis A, de Lemos JA, Jollis JG, Kremers M,
Messenger JC, et al. Trends in U.S. cardiovascular care. J Am Coll
Cardiol. 2017;69(11):1427-50.

Murgatroyd F, Linker N, Cunningham D, Cunningham M, Chadburn
L, Gilbert S, et al. National AUDIT of Cardiac rhythm management
devices 2013-14. 2014;(April 2015):15-7.

Kgber L, Thune JJ, Nielsen JC, Haarbo J, Videbak L, Korup E, et
al. Defibrillator implantation in patients with nonischemic systolic
heart failure. N Engl J Med. 2016;375(13):1221-30.

Killu AM, Grupper A, Friedman PA, Powell BD, Asirvatham SJ,
Espinosa RE, et al. Predictors and outcomes of “super-response” to
cardiac resynchronization therapy. J Card Fail. 2014;20(6):379-86.
Ghani A, Delnoy P, Adiyaman A, Ottervanger JP, Ramdat Misier
AR, Smit J, et al. Predictors and long-term outcome of super-re-
sponders to cardiac resynchronization therapy. Clin Cardiol.
2017;40(5):292-9.

Hsu JC, Solomon SD, Bourgoun M, McNitt S, Goldenberg |, Klein
H, et al. Predictors of super-response to cardiac resynchronization
therapy and associated improvement in clinical outcome. J Am Coll
Cardiol. 2012;59(25):2366-73.

Goldenberg I, Moss AJ, Hall W), Foster E, Goldberger JJ, Santucci
P, et al. Predictors of response to cardiac resynchronization ther-
apy in the multicenter automatic defibrillator implantation trial
with cardiac resynchronization therapy (MADIT-CRT). Circulation.
2011;124(14):1527-36.

van Bommel RJ, Bax JJ, Abraham WT, Chung ES, Pires LA, Tavazzi
L, et al. Characteristics of heart failure patients associated with
good and poor response to cardiac resynchronization therapy: a

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Sowwnal of Oﬁz@f/f//zm_wl LEYJﬂ

PROSPECT (Predictors of Response to CRT) sub-analysis. Eur Heart
J.2009;30(20):2470-7.

Arshad A, Moss AJ, Foster E, Padeletti L, Barsheshet A, Goldenberg
I, et al. Cardiac resynchronization therapy is more effective in
women than in men. J Am Coll Cardiol. 2011;57(7):813-20.

Morani G, Gasparini M, Zanon F, Casali E, Spotti A, Reggiani A, et al.
Cardiac resynchronization therapy-defibrillator improves long-term
survival compared with cardiac resynchronization therapy-pace-
maker in patients with a class IA indication for cardiac resynchro-
nization therapy: data from the Contak Italian Registry. EP Eur.
2013;15(9):1273-9.

Kutyifa V, Geller L, Bogyi P, Zima E, Aktas MK, Ozcan EE, et al. Effect
of cardiac resynchronization therapy with implantable cardioverter de-
fibrillator versus cardiac resynchronization therapy with pacemaker on
mortality in heart failure patients: results of a high-volume, single-cen-
tre experience. Eur J Heart Fail. 2014;16(12):1323-30.

Leyva F, Zegard A, Okafor O, de Bono J, McNulty D, Ahmed A, et
al. Survival after cardiac resynchronization therapy: results from 50
084 implantations. Europace. 2018;21(5):754.

Marijon E, Leclercq C, Narayanan K, Boveda S, Klug D, Lacaze-
Gadonneix J, et al. Causes-of-death analysis of patients with cardiac
resynchronization therapy: an analysis of the CeRtiTuDe cohort
study. Eur Heart J. 2015;36(41):2767-76.

Germano JJ, Reynolds M, Essebag V, Josephson ME. Frequency and
causes of implantable cardioverter-defibrillator therapies: is device
therapy proarrhythmic? Am J Cardiol [Internet]. 2006;97(8):1255-61.
Borne RT, Varosy PD, Masoudi FA. Implantable cardioverter-de-
fibrillator shocks: Epidemiology, outcomes, and therapeutic ap-
proaches. JAMA Intern Med [Internet]. 2013;173(10):859-65.
Saxon LA, Hayes DL, Gilliam FR, Heidenreich PA, Day J, Seth M, et al.
Long-Term outcome After ICD and CRT implantation and influence
of remote device follow-up. Circulation. 2010;122(23):2359-67.
Weeke P, Johansen JB, Jorgensen OD, Nielsen JC, Moller M,
Videbaek R, et al. Mortality and appropriate and inappropriate ther-
apy in patients with ischaemic heart disease and implanted cardio-
verter-defibrillators for primary prevention: data from the Danish
ICD Register. Europace. 2013;15(8):1150-7.

Mond HG, Crozier I. The Australian and New Zealand cardiac pace-
maker and implantable cardioverter-defibrillator survey: calendar
year 2013. Heart Lung Circ. 2015;24(3):291-7.

Zhang S.The APHRS White Book: Fifth edition. Asia Pacific Heart
Rhythm Society [Internet]. 2017;

Raatikainen M, Arnar DO, Merkely B,Nielsen JC, Hindricks G,
Heidbuchel H, et al. A decade of information on the use of cardiac
implantable electronic devices and interventional electrophysi-
ological procedures in the European Society of Cardiology coun-
tries: 2017 report from the European Heart Rhythm Association.
Europace. 2017;19(2):ii1-90.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Foo FS, Lee M, Looi K-L, et al; on
behalf of the ANZACS-QIl investigators. Implantable
cardioverter defibrillator and cardiac resynchronization
therapy use in New Zealand (ANZACS-QI 33). J Arrhythmia.
2020;36:153-163. https://doi.org/10.1002/joa3.12244



https://doi.org/10.1002/joa3.12244

