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Background To describe the long-term mortality of a complete national cohort of acute coronary syndrome (ACS)

patients enrolled in 2002, to compare this with a national age, sex and Maori ethnicity matched population,

and to assess the influence of baseline factors on the 12-year mortality.

Methods We reviewed 721 patients with a discharge diagnosis of an ACS who were enrolled in the first New Zealand

ACS audit group cohort over 14 days in May 2002. We matched the cohort to the national mortality database

using each patient’s unique national identity number.

Results Over a median follow-up of 12.7 years of 721 patients discharged with an ACS, overall mortality was 52%:

ST-elevation myocardial infarction (STEMI) (58%), non-ST-elevation myocardial infarction (NSTEMI) (61%)

and unstable angina pectoris (UAP) (42%) patients, p < 0.0001. In an age-adjusted survival model, males

had a 29% increased mortality rate compared to females with a hazard ratio of 1.29 (95% CI 1.04, 1.61,

p = 0.019). Over 12 years there were 339 (47%) deaths, compared to 284 (39%) deaths observed in the

matched population. The standardised mortality ratio for patients admitted with an ACS in New Zealand is

1.3 (95% CI 1.2, 1.5) with eight patients per 100 not surviving to 12 years compared to this matched

population.
© 2017 Australian and New Zealand Society of Cardiac and Thoracic Surgeons (ANZSCTS) and the Cardiac Society of Australia and New Zealand (CSANZ).

Published by Elsevier B.V. All rights reserved.

*Corresponding author at: Cardiology Department, Green Lane Cardiovascular Services, Level 3, Auckland City Hospital, Grafton, Auckland 1023,

New Zealand., Email: chrise@adhb.govt.nz

http://crossmark.crossref.org/dialog/?doi=10.1016/j.hlc.2017.10.015&domain=pdf
mailto:chrise@adhb.govt.nz
https://doi.org/10.1016/j.hlc.2017.10.015


Conclusions The high mortality rate in this ACS cohort is a stark reminder of the prognostic implications of a presentation

with an ACS. It emphasises the on-going need for optimal management of these patients throughout every

stage of their initial treatment and subsequent on-going care.
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Introduction
The short-term risk of death after an acute coronary syn-

drome (ACS) has been well characterised [1–5] with the 12-

month mortality of a contemporary 2012 Australia and New

Zealand population being recorded as 9.8% ST-elevation

myocardial infarction (STEMI patients), 6.0% non-ST-eleva-

tion myocardial infarction (NSTEMI patients) and 1.7%

unstable angina pectoris (UAP patients) [6].

However, published long-term mortality data are very

limited. A principle problem is that data collection methods

differ and many ACS cohorts are hampered by selection and

information bias. Hence comprehensive follow-up data of

complete ACS cohorts are rare. Long-term data from

Australia and New Zealand are particularly uncommon.

Long-term mortality data following an ACS would be of

significant value to patients, clinicians and, potentially, for

the design of a contemporary ACS follow-up service. In

particular, it is well known that patients benefit from on-

going secondary prevention medication, although up to 50%

are no longer taking all of their medications some 3 years

following an ACS [7]. In addition, further coronary revascu-

larisation may significantly improve symptoms and progno-

sis for ACS patients during follow-up but many patients do

not access these procedures [1–5,8,9]. A more intensive fol-

low-up program may help patients who are currently not

followed in a systematic way. An awareness of the actual

prognostic disadvantage that ACS patients experience fol-

lowing their initial hospitalisation, may lead to changes in the

design of their long-term management, and subsequently to

an improved long-term prognosis for these high-risk survi-

vors of an ACS.

The 2002 New Zealand ACS Audit Group carried out a

comprehensive collection of data from all ACS patients

admitted to a New Zealand Hospital over a 14-day period

in May 2002. The objective was to better understand patient

numbers, characteristics, in-hospital management and prog-

nosis, and facilitate improved ACS management across New

Zealand [10,11]. Here we report on the long-term prognosis

of this entire ACS cohort of 721 patients, and compare mor-

tality with a calculated age, sex, and Maori ethnicity-adjusted

New Zealand population.
Methods

Study Population and Centres
The 2002 audit was conducted by the New Zealand ACS

Audit Group, a network created for this purpose, which

consisted of one or more cardiologists or general physicians
from every hospital in New Zealand that admitted ACS

patients (n = 36 hospitals in 2002). Most centres also co-opted

one or more research nurses or registrars to assist with data

collection for the study.

All hospitals contributed fully to the collection of ACS

patient data. Detailed methodology of how the audit was

undertaken has been previously reported [10,11]. In brief, all

patients admitted to a New Zealand hospital overnight with

a suspected or definite ACS during the study period of 2

weeks in mid-May of 2002, were included.

Data Collection
Demographics, past history, presentation, investigations,

treatments and discharge diagnoses were prospectively

recorded for each patient’s acute care episode including

hospital transfers. Discharge diagnosis was used to describe

the patient groups. Here we review the ACS patients: ST-

segment elevation myocardial infarction (STEMI), Non-

STEMI (NSTEMI) and unstable angina pectoris (UAP)

patients. All 36 hospitals had the facilities for assessing

troponin levels, with one of five different troponin analysers

being used. NSTEMI and UAP ACS patients were separated

by means of a ‘positive’ troponin at the local centre, using the

(then) standard ‘cut-off’ level for a ‘positive’ test, for patients

with an ACS [10].

Hypertension and dyslipidaemia were defined as patients

on treatment, or with a previous clinical diagnosis. Patients

with diabetes mellitus were those on diet control, oral or

insulin treatment. We calculated a Global Registry of Acute

Coronary Events (GRACE) risk score for in-hospital mortal-

ity, for each patient, using the Grainger method [12].

A 2-week audit period was accepted as a compromise

between the need to collect sufficient patient numbers to

obtain an accurate representative cohort versus the ability

of unfunded clinicians and nurses to collect the consecutive,

comprehensive patient data. We collected data from 00.00 on

Monday 13 May to 24.00 on Sunday 26 May 2002.

National health index (NHI) numbers for all patients were

matched for date of death with the New Zealand Ministry of

Health national mortality index database. The national mor-

tality index also records the cause of death (primary Inter-

national classification of diseases (ICD)-10 code), which we

have characterised as cardiovascular system (CVS) death

(ICD-10 I00 to I99 Inclusive) and non-CVS death at follow-

up. Cause of death for deaths which occurred after 2015 (36/

374 (10%)) were not available as the national mortality cause

of death data are not distributed until all coronial or other

investigations have been completed.

Ethical approval was obtained using the 2002 New

Zealand ethics process from the ‘Northern’ Health Ethics
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Committee after input from all 14 local ethics committees

across New Zealand. As an audit of current practice, indi-

vidual patient consent was not required.
Data Analyses

General
Mean (standard deviation) or median (interquartile range)

were used to present continuous variables as indicated, and

frequency (percentage) for categorical variables. Wilcoxon/

Kruskal Wallis test and Fisher’s exact or chi-squared test

(exact methods) as appropriate were used for between group

comparisons for continuous and categorical variables. Con-

fidence intervals for rates were calculated using a mid P

method (www.openepi.com accessed 4/05/2017) SAS (v

9.4, SAS Institute Inc, Cary, NC, USA) was used to perform

statistical analyses.

Life table and Cox proportional hazards models were

calculated using the lifetest and phreg procedures of SAS.

Analysis of variance was used to compare normally distrib-

uted mean differences between treatment arms and Tukey’s

post hoc test was employed to identify the nature of any

differences between the groups. All tests were two tailed and

p < 0.05 was considered significant.

Matched Population Specific
The 12.5 year all-cause mortality was calculated for a theo-

retical New Zealand population matched on age (per year),

sex and Maori or Non-Maori ethnicity using the 2005-2007

life table (http://www.stats.govt.nz/browse_for_stats/

health/life_expectancy/new-zealand-life-tables-2005-07.

aspx, accessed 4/05/2017), all ages over 99 years are treated

as 99-year-olds. The individual year percentages were used

to calculate the overall probability of a person living to 12.5

years from their start age. The standardised mortality ratio

and confidence interval were calculated using OpenEpi

(http://www.openepi.com/Menu/OE_Menu.htm, accessed

14 July2016). This matched patient population was of the

whole population, including people who subsequently died

from an ACS, rather than an ‘ACS-free’ population (which

cannot be calculated).

Mortality Curves by ACS Type
An age and sex-adjusted Cox proportional hazard model was

fitted, however the proportionality assumption was not met

for those patients with a STEMI discharge diagnosis and so

an interaction term was created for death during the first 5

years of follow-up and then 5 years and beyond. The pro-

portionality assumption was then satisfied for each time

band.
Results
Over 14 days, 721 patients with a medium age of 70 years

were admitted to a New Zealand Hospital with an ACS
[STEMI (14%), NSTEMI (40%), or UAP (46%)]. Female

patients were 42% of the cohort, and were 4 years older than

male patients (72 vs 68 years, p < 0.0001) (Table 1). Most

patients (81%) were of European ethnicity; 37% patients had

experienced a previous myocardial infarction (MI); 12% pre-

vious peripheral arterial disease (PAD); and 13% a prior

transient ischaemic attack (TIA) or stroke.

ACS Type
STEMI and NSTEMI patients were older than UAP patients

(72, 73 and 67 years, p < 0.0001) (Table 2). Fewer STEMI

patients had a history of a previous MI compared to NSTEMI

or UAP patients (24%, 45% and 33%, p < 0.0001). STEMI and

NSTEMI patients had a higher GRACE score than UAP

patients (140, 138 and 107, p < 0.0001).

All-Cause Mortality
For all ACS patients, 26 (3.6%) patients died in hospital, 38

(5.3%) by 30 days, 83 (12%) by 1 year, and 374 (52%)

patients by a median of 12.7 (IQR, 4.6-13.3, maximum

13.5) years of follow-up (Table 3). Significantly more STEMI

patients died in hospital compared to NSTEMI and UAP

patients (14%, 3.5% and 0.6%, p < 0.0001). However, after 6

months of follow-up, there was then no difference in the

mortality of STEMI and NSTEMI patients. However, UAP

patients had a consistently lower mortality throughout the

follow-up.

Mortality Curves by ACS Type
All-cause, unadjusted 12-year mortality from an ACS admis-

sion by ACS type was worse for STEMI patients (54%) and

NSTEMI patients (57%), compared to UAP patients (37%),

(p < 0.001) (Figure 1a). Compared to patients discharged

with unstable angina, the age/sex adjusted hazard of death

to 5 years, was 1.09 (95% CI 0.78, 1.54) for patients discharged

with a NSTEMI, and 2.63 (95% CI 1.68, 4.12) for patients

discharged with a STEMI (Figure 1b). However, the age and

sex adjusted hazard of death after 5 years following discharge

was similar: 1.45 (1.05, 2.00), NSTEMI patients, and 1.28 (95%

CI 0.81, 2.01) for STEMI patients, respectively, compared to

UAP patients after 5 years (Figure 1b).

Mortality Curves by Sex
For all ACS patients, all-cause unadjusted mortality from an

ACS admission by sex was the same (p = 0.81) (Figure 2a).

However, an age-adjusted Cox proportional hazard mortal-

ity curve over the median 12.7 years follow-up demonstrated

a 29% worse survival in males, with a hazard ratio of 1.29

(95% CI 1.04, 1.61, p = 0.019) compared to female patients

(Figure 2b).

Kaplan-Meier All-Cause ACS Mortality
vs a ‘Matched’ Population
The age, sex and Maori-ethnicity adjusted ‘matched’ popu-

lation had an overall mortality of 39% after 12 years. This

compared to patients presenting with an ACS who after 12

years had a 47% death rate, with a 50% median survival at

http://www.openepi.com
http://www.stats.govt.nz/browse_for_stats/health/life_expectancy/new-zealand-life-tables-2005-07.aspx
http://www.stats.govt.nz/browse_for_stats/health/life_expectancy/new-zealand-life-tables-2005-07.aspx
http://www.stats.govt.nz/browse_for_stats/health/life_expectancy/new-zealand-life-tables-2005-07.aspx
http://www.openepi.com/Menu/OE_Menu.htm


Table 1 ACS Patient demographics (n = 721).

Male Female p All

n 418 303 721

Median Age (IQR) 68 (55, 77) 72 (63, 80) <0.0001 70 (58, 78)

Ethnicity

European 337 (81%) 249 (82%) 0.63 586 (81%)

Maori 24 (5.7%) 20 (6.6%) 0.64 44 (6.1%)

Other 57 (14%) 34 (11%) 0.36 91 (13%)

Smoker

Current 99 (24%) 39 (13%) 0.0003 138 (19%)

Previous 205 (49%) 94 (31%) <0.0001 299 (41%)

Never 104 (25%) 159 (52%) 0.0009 263 (36%)

Not reported 10 (2.4%) 11 (3.6%) 0.37 21 (2.9%)

Major Risk Factors

Hypertension 172 (43%) 181 (60%) <0.0001 353 (50%)

Diabetes Mellitus 69 (17%) 58 (20%) 0.32 127 (18%)

Dyslipidaemia 145 (36%) 111 (39%) 0.58 256 (37%)

CVS History

Prior MI 152 (38%) 104 (35%) 0.58 256 (37%)

Prior PAD 48 (12%) 33 (11%) 0.81 81 (12%)

Prior TIA/Stroke 54 (13%) 40 (13%) 0.99 94 (13%)

Prior AF 55 (13%) 33 (11%) 0.42 88 (13%)

Prior Angiogram 123 (30%) 75 (25%) 0.15 198 (28%)

Prior PCI 53 (62%) 32 (11%) 0.48 85 (12%)

Prior CABG 49 (12%) 24 (8%) 0.10 73 (10%)

GRACE Score

GRACE Score 124 (44) 123 (44) 0.75 124 (44)

GRACE Score � 140 145 (57%) 237 (58%) 0.99 253 (58%)

Abbreviations: IQR: interquartile range, MI: Myocardial infarction, PAD: Peripheral arterial disease, TIA: Transient ischaemic attack, PCI: Percutaneous coronary

intervention. CABG: Coronary artery bypass graft, AF: Atrial fibrillation, GRACE: Global registry of acute coronary events, STEMI: ST-elevation myocardial

infarction, NSTEMI: Non-ST-elevation myocardial infarction, UAP: Unstable angina pectoris.
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12.8 years (Figure 3). This equates to a difference of eight ACS

patients per 100 not surviving to 12 years following an ACS,

compared to this matched population.

Univariate Analysis of All-Cause Death
We used a univariate analysis of variables thought likely to

be associated with all-cause death over the maximum 13.5

years of follow-up. We found that significant factors which

more than doubled the mortality risk were age: >75 years

(HR 8.3, 95% CI 6.0, 11.4); age 60–75 years (HR 2.6, 95% CI 1.9,

3.7); and the presence of previous vascular disease in other

arterial territories; history of PAD (HR 2.4, 95% CI 1.8, 3.1);

and a history of previous TIA or stroke (HR 2.1, 95% CI 1.6,

2.7) (Figure 4a).

Multivariate Analysis of All-Cause
Death
All variables from the univariate analysis were included in a

fully saturated multivariate analysis model of all-cause death
over the maximum 13.5 years of follow-up. We found that

the significant factors which more than doubled the risk were

now only age: >75 years (HR 7.1, 95% CI 4.7, 10.7) and age

60–75 years (HR 2.4, 95% CI 1.6, 3.6) (Figure 4b). Other factors

which significantly increased the risk were: a presentation

with a NSTEMI (HR 1.5); a history of MI (HR 1.3); TIA or

stroke (HR 1.5) or hypertension (HR 1.3).

Kaplan-Meier Mortality by Age Group
All-cause, unadjusted 12-year death from an ACS admission

by age group emphasised the importance of age on all-cause

patient mortality: 19% (<60 years), 41% (60–75 years) and

81% (>75 years), (p < 0.001) (Figure 5).

Cause of Death
Cause of death was available for 90% of deaths after dis-

charge from the index admission. Numerically, slightly more

deaths were primarily related to the cardiovascular system in

the first 5 years post discharge (98 [58%]) compared with



Table 2 Baseline demographics by STEMI, NSTEMI or UAP.

STEMI NSTEMI UAP p* p**

n 101 (14%) 287 (40%) 333 (46%)

Median Age (IQR) 72 (58, 81) 73 (62, 80) 67 (55, 76) <0.0001 0.57

Gender (male) 60 (59%) 178 (62%) 180 (54%) 0.13 0.64

Ethnicity

European 80 (79%) 236 (82%) 270 (81%) 0.79 0.55

Maori 8 (7.9%) 12 (4.2%) 24 (7.2%) 0.21 0.19

Other 13 (13%) 39 (14%) 39 (12%) 0.78 0.99

Smoker

Current 29 (29%) 52 (18%) 57 (17%) 0.037 0.03

Previous 35 (35%) 126 (44%) 138 (41%) 0.27 0.13

Never 33 (33%) 100 (35%) 130 (39%) 0.39 0.72

Not reported 4 (4.0%) 9 (3.1%) 8 (2.4%) 0.69 0.74

Major Risk Factors

Hypertension 41 (41%) 145 (51%) 167 (52%) 0.15 0.10

Diabetes Mellitus 10 (10%) 64 (23%) 53 (26%) 0.014 0.005

Dyslipidaemia 20 (21%) 93 (34%) 143 (45%) <0.0001 0.016

CVS History

Prior MI 24 (24%) 128 (45%) 104 (33%) <0.0001 0.0002

Prior PAD 9 (9.3%) 37 (13%) 35 (43%) 0.49 0.37

Prior TIA/Stroke 14 (14%) 37 (13%) 43 (12%0 0.95 0.86

Prior AF 7 (7.1%) 42 (15%) 39 (12%) 0.13 0.055

Prior Angiogram 12 (12%) 69 (25%) 117 (36%) <0.0001 0.01

Prior PCI 4 (4.1%) 23 (8.3%) 58 (18%) <0.0001 0.25

Prior CABG Surgery 4 (4.1%) 28 (9.8%) 41 (13%) 0.054 0.09

GRACE Score

GRACE Score 140 (46) 138 (42) 107 (38) <0.0001 0.86

GRACE Score > 140 47 (53%) 139 (52%) 67 (22%) <0.0001 0.82

Abbreviations: IQR: interquartile range, MI: Myocardial infarction, PAD: Peripheral arterial disease, TIA: Transient ischaemic attack, PCI: Percutaneous coronary

intervention. CABG: Coronary artery bypass graft, AF: Atrial fibrillation, GRACE: Global registry of acute coronary events, STEMI: ST-elevation myocardial

infarction, NSTEMI: Non-ST-elevation myocardial infarction, UAP: Unstable angina pectoris.
*To assess significant differences between all three groups.
**STEMI v NSTEMI.

12 Year Follow-up 2002 NZ ACS Audit 249
deaths after 5 years follow-up (86 [48%]), although this was a

non-significant finding (p = 0.083).
Discussion
This study has several important findings. We have shown

that, from a comprehensive New Zealand cohort of ACS

patients, by 12 years, there was an overall mortality of nearly

half (47%) of these patients. STEMI (54%) and NSTEMI (57%)

patients had a higher mortality compared to UAP (37%)

patients. Furthermore, we have calculated that there are eight

more deaths per 100 people than would be expected from a

matched age, sex and Maori-ethnicity population. These data

suggest there is a need to improve the long-term manage-

ment of ACS patients.
It is remarkable that accurate mortality data from a com-

plete ACS cohort are so uncommon.

There have been three broad categories of studies used to

assess mortality following an ACS. The first category origi-

nates from large-scale randomised controlled trials with

numerous inclusion and exclusion criteria. These provide

the most secure evidence for the impact of a specific treat-

ment, and help to understand predictors of early mortality

but, the trial population is selected, and not a representative

cohort. A trial will often exclude individuals who are at

higher risk who may be older, with additional co-morbidities

such as renal dysfunction, and those at higher risk of

complications of the drug or treatment. Trials may also

under-represent females or certain ethnicities, hence even

short-term prognostic data from these sources are of limited

value [13,14].



Table 3 Cumulative all-cause mortality: by type of myocardial infarction.

STEMI NSTEMI p* UAP p** All

n 101 287 333 721

Died in Hospital 14 (14%) 10 (3.5%) 0.0005 2 (0.6%) 0.011 26 (3.6%)

Dead by 30 days 16 (16%) 20 (7.0%) 0.015 2 (0.6%) <0.0001 38 (5.3%)

Dead 30 days–6 months 21 (21%) 34 (12%) 0.032 10 (3.0%) <0.0001 65 (9.0%)

Dead 6 months–1 year 23 (23%) 47 (16%) 0.18 13 (4.2%0 <0.0001 83 (12%)

Dead 1 year–18 months 24 (24%) 53 (18%) 0.25 19 (5.7%) <0.0001 96 (13%)

Dead 18 months–5 years 34 (34%) 96 (33%) 0.99 60 (18%0 <0.0001 190 (26%)

Dead 5 years–10 years 48 (48%) 146 (51%) 0.64 107 (32%) <0.0001 301 (42%)

Dead 10 years–13.5 years 59 (58%) 174 (61%) 0.72 141 (42%) <0.0001 374 (52%)

Years FU Median (IQR) 11.2 (1.8, 13.3) 9.4 (2.6, 13.3) 0.84 13.3 (7.9, 13.3) <0.0001 12.7 (4.6, 13.3)

Abbreviations: STEMI: ST-elevation myocardial infarction, NSTEMI: Non-ST-elevation myocardial infarction, UAP: Unstable angina pectoris.
*To assess significant differences between STEMI and NSTEMI.
**NSTEMI v UAP.
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The second category of studies come from registries based

on voluntarily reported cases. Prognostic data from these

large registries, may be hampered by selection and informa-

tion bias. However, there are certainly notable international

cohorts which have enrolled populations widely acknowl-

edged to be relatively representative of the entire cohort,

from which much of our current knowledge on prognosis

after an ACS is based [15,16].

The third category of studies rely on the use of electroni-

cally collected disease coding data. However, these tend to

supply a limited in-depth knowledge of each ACS case.

Nonetheless, identifying all ACS patients from data which

is routinely collected is intuitively correct, and has great promise

for understanding ACS patient management [17]. Subsequent

data matching for patient outcomes, particularly readmission

rates and mortality can then be undertaken [18,19], although

there will always be an inability to collect in-depth patient

treatment and management, from this approach.
International ACS Long-Term
Follow-Up Studies
The Global Registry of Acute Coronary Events (GRACE)

study is widely acknowledged to have significantly

increased our understanding of ACS populations [15]. In

2010, Fox and colleagues reported the GRACE ‘long-term’

study and emphasised how few long-term follow-up studies

of ACS cohorts were available in the literature, and stated

that the late consequences of an ACS were therefore poorly

defined [20]. Their ‘long-term’ follow-up was over 5 years of

3721 GRACE ACS patients recruited from the United King-

dom and Belgium. They found that less than a fifth of all

deaths occurred during the initial hospitalisation, with a

subsequent ‘‘under-estimated and under-recognized” on-

going patient mortality, which at 5 years they reported as

19% (STEMI), 22% (NSTEMI) and 11% (UAP) patients [20].
In comparison with the 2002 New Zealand cohort patients,

the GRACE long-term study patients were younger: STEMI

65 vs 72 years, NSTEMI 67 vs 73 years, UAP 66 vs 67 years,

and their mortality was less at 5 years: STEMI 19% vs 34%,

NSTEMI 22% vs 33%, UAP 11% vs 18%. It is possible that the

patients’ age difference was the result of some selection bias

of the GRACE patients, compared to the complete national

cohort obtained from the New Zealand cohort.

An increasingly recognised aspect of ACS patient manage-

ment and outcomes is the influence of sex [21]. We have

found that in a complete population of ACS patients, the

mortality at 12 years was the same for male and female

patients. However, female patients were older than male

patients (72 vs 68 years, p < 0.001), and with an adjustment

for age, there was a 29% increased mortality risk for male

patients.

In other studies of long-term outcomes, the evidence for a

difference in mortality between female and male patients

following ACS is conflicting. Bucholz and colleagues under-

took a major systematic review to evaluate the existing lit-

erature on sex differences in long-term mortality after ACS,

with follow-up periods of >5 years [22]. They assessed 39

studies, although most studies included less than one-third

women. Not surprisingly there was significant heterogeneity

between these study populations, but of 26 studies reporting

mortality at 5 to 9 years after an MI, 13 (50%) reported

significantly higher unadjusted mortality for women com-

pared with men, two (8%) reported higher mortality for men,

and seven (27%) found non-significant differences in mortal-

ity between men and women. However, many of the differ-

ences in mortality became attenuated after adjustment for

age. Further, although multivariate models varied between

studies, most reported a further reduction in sex differences

after covariates other than age were examined.

Hence, our finding that females have a better long-term

outcome, when adjustment for age is made, is of interest.

Again, it is possible that most previous cohorts were not of



Figure 1 (a) Kaplan-Meier All Cause unadjusted mor-
tality from an ACS admission, by ACS type. Number of
patients at risk at each time point is shown below the
figure. (b) Cox Proportional Hazard mortality from an
ACS admission, by ACS. Adjusted for age and sex.
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complete ACS populations, and our finding may be repro-

duced by others if complete ACS cohorts are studied in

future.
Australia and New Zealand ACS
Follow-Up Studies
No previous Australian or New Zealand study has described

a comprehensive ACS cohort with long-term survival data.

Previous studies have been of short or medium-term
duration and have described registry patient data or patient

data from disease coding.

Registry Studies
The local GRACE cohort was from nine centres from

Australia and two from New Zealand [20]. Management

and outcomes from 5615 ACS patients over 8 years (2000

to 2007) has been published. This paper described short-term

mortality at 6 months, which, in four consecutive 2-year

groups, was 8.9% to 12.2% (STEMI patients) and 4.2% to

7.6% (NSTEACS patients) [23].

In comparison, the 2002 New Zealand cohort had worse

mortality at 6 months of 21% (STEMI patients) and 12%

(NSTEMI patients). The comparison is limited by the differ-

ent definitions of UAP and NSTEMI patients [24] in the New

Zealand ACS cohort [10,11] and the GRACE cohort [23], but

the GRACE cohort was younger: 63 vs 72 years for STEMI

patients and 64 vs 73/67 years for NSTEACS vs NSTEMI/

UAP patients, which might suggest an incomplete ACS

population was described by the GRACE study.

The Australian Acute Coronary Syndrome Prospective

Audit (ACA-CIA) was conducted between November 2005

and May 2006 and was a registry which included 3402

patients from 39 hospitals across all states and territories

of Australia [25]. Patients enrolled were younger than the

2002 New Zealand cohort: 62 vs 73 years (STEMI patients),

68 vs 73 years (NSTEACS-High Risk vs NSTEMI patients)

and 61 vs 67 years (NSTEACS Intermediate Risk vs UAP

patients).

A comparison of the 2002 New Zealand data with the

ACA-CIA 12-month overall mortality [26], again with some

limitations due to a difference in definition of the patient

groups, demonstrates a worse prognosis in the New Zealand

cohort: 23% vs 8.0% (STEMI patients), 16% vs 10.5%

(NSTEMI patients), 4.2% vs 3.3% (UAP patients). This might

again suggest that an incomplete ACS population was

described by the ACA-CIA study.

It might be considered that there is an actual difference in

outcomes for Australian ACS patients, compared to New

Zealand ACS patients, for a variety of social and health care

related issues. This has been previously reported from the

Long-Term Intervention with Pravastatin in Ischaemic Dis-

ease (LIPID) study [27,28], which enrolled 5949 Australians

and 2784 New Zealanders with a history of myocardial

infarction or hospitalisation with unstable angina within

the previous 3 months to 3 years. During a median follow-

up period of 7.8 years, cardiovascular mortality was higher in

New Zealand patients compared to Australian patients (HR

1.42, 95% CI: 1.25–1.61). Possible causes included fewer per-

cutaneous coronary intervention (PCI) and coronary artery

bypass graft (CABG) revascularisation procedures in New

Zealand patients, and a higher average serum total to high

density lipoprotein (HDL) cholesterol ratio in New Zealand

patients, from a relative lack of statin medication availability

in the New Zealand health care environment at the time.

However, an in-depth comparison of the more recent

SNAPSHOT 2012 cohort found virtually identical in-hospital



Figure 2 (a) Kaplan-Meier All Cause unadjusted mortality from an ACS admission, by sex. Number of patients at risk at each
time point is shown below the figure. (b) Cox Proportional Hazard All-Cause mortality from an ACS admission, by sex:
adjustedfor age.
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management and mortality between Australia and New

Zealand ACS patients [29]. It seems more likely that the

mortality differences seen between the ACA-CIA cohort

and the 2002 New Zealand cohort are due to a more selected

ACS population in ACA-CIA being compared to a more

complete, older 2002 New Zealand ACS population.

The Otago-Southland Registry has published several

reports from two centres in New Zealand (Dunedin and

Invercargill) from 2000 to 2002. This cohort is a more

pertinent group to compare to our national cohort. With a
follow-up of 1143 consecutive ACS patients (STEMI: 39%,

NSTEMI: 39%, UAP: 22%), with a mean age of 65 years, the

Otago-Southland patients had an overall mortality of 15% at

1 year, and 39% at 4 years of follow-up [30]. This is much

closer to the findings from the National 2002 New Zealand

cohort mortality of 12% at 1 year, and 30% at 4 years of

follow-up, although there is a difference in the percentages

of ACS patient type, with more STEMI (39% vs 14%) and

fewer UAP (22% vs 46%) patients in the Otago-Southland

group, in comparison to the national group.



Figure 3 Kaplan-Meier All Cause mortality (n = 721), Compared to an age, sex, Maori ethnicity-matched population.
Number of patients at risk at each time point is shown below the figure.
All-cause survival solid line; 95% confidence interval dashed line. Numbers (solid circle) below the line are percentage dying
at each time point for an age/sex/Maori-ethnicity matched population. Numbers above the line are the percentage dying
(95% CI) for the ACS cohort (open circles).
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There have also been older 3- and 12-year follow-up stud-

ies of the MONICA (MONitoring of trends and determinants

in CArdiovascular disease) registry from New Zealand [31]

and Australia [32] However, as the registry was only of

patients aged 35 to 64 years, with follow-up only of those

who survived to 28 days after a myocardial infarction, there is

a limited applicability to contemporary ACS cohorts.

Disease Coding Studies
A disease coding study using the ICD-10-AM classification

and the national hospitalisation and mortality datasets from

New Zealand has reported on a 1-year follow-up of ACS

patients hospitalised from 2007 to 2009 [33]. Over 3 years,

42,920 New Zealand residents with their first ACS hospital-

isation were data linked with ACS type recorded as STEMI:

18%; NSTEMI: 56%; UAP: 22%; and ‘unspecified’ MI: 4%.

Overall 21% of ACS patients were reported to have died at

1 year of follow-up, which is a worse prognosis than the 2002

New Zealand cohort with a 12% ACS mortality at 1 year.

The differences may be related to the fact that while disease

coding studies with subsequent data linking can provide

very useful information by the use of large numbers of

patients, data accuracy is dependent on the accuracy of

individual discharge summary records. One of many poten-

tial problems is that these studies may include patients

whose outcome was a terminal MI following hospitalisation,

or an MI during hospitalisation for an unrelated cause, which

is a different cohort of patients compared to those who

present with an ACS admission.
A disease coding study from New South Wales (NSW) has

used hospital admissions data to identify patients aged

>18 years admitted to a NSW hospital with a principle diag-

nosis of AMI (ICD10 codes: 121.0 to 121.4) between 1 July

2004 and 30 June 2008 [34]. A total of 39,798 patients were

linked with the NSW deaths registry to obtain mortality data.

At a median follow-up of 2.8 years, overall mortality was

26.6%. The comparative figure from the 2002 New Zealand

cohort was a similar overall mortality after a MI (STEMI and

NSTEMI) of 26% (95% CI, 25.1 to 30.4) at a median follow up

of 2.8 years.
Study Limitations
The 2002 ACS data was estimated to have missed 4% of ACS

patients across New Zealand, at the time of the audit [10,11].

The 2002 ACS cohort definition of UAP patients relied on less

sensitive troponin assays, which were available in 2002, and

has probably resulted in a higher proportion of UAP patients

in this study, than would be found in more modern cohorts

[6]. The follow-up data are reliant on patients dying in New

Zealand; any who had emigrated and then died will not be

counted, so the mortality rate could potentially be worse. The

age, sex and Maori ethnicity matched population also

includes patients with ACS, and hence a matched population

excluding ACS patients would have a better prognosis than

described. Hence the estimate of eight lives per 100 who die

at a younger age, following an ACS, may be something of an

under-estimate.



Figure 4 (a) Hazard of all-cause death following an ACS Admission: Forest plot of univariate analysis (median follow-up is
12.7 years, maximum follow-up is 13.5 years). (b) Hazard of all-cause death following an ACS Admission: Forest plot of
multivariable adjusted hazard of all cause death (median follow-up is 12.7 years, maximum follow-up is 13.5 years).
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Figure 5 Kaplan-Meier All Cause unadjusted mortality from an ACS admission, by age. Number of patients at risk at each
time point is shown below the figure.
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Conclusion
Studies which report complete ACS patient cohorts are rare,

as methods to collect these cohorts are limited in design. This

unique study in a complete national cohort of ACS patients

demonstrates that, by 12 years after an ACS hospitalisation in

2002, approximately 50% of patients have died. These figures

emphasise the need to focus on optimal ACS patient man-

agement, both from the initial hospitalisation but also with

long-term patient management and systematic follow-up.
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