Long term survival after acute myocardial infarction in

Australia and New Zealand,

cohort study

Bora Nadlacki', Dennis Horton?, Sadia Hossain®, Saranya Hariharaputhiran®, Linh Ngo*®

2009-2015: a population

, Anna Ali?,

Bernadette Aliprandi-Costa®, Chris | Ellis’, Robert JT Adams', Renuka Visvanathan®®, Isuru Ranasinghe™®

The known: Advances in care for patients with acute myocardial
infarction (AMI) have reduced early mortality, but less is known
about long term survival.

The new: In the first population assessment of long term survival
in Australia and New Zealand, current AMI care was associated
with 7-year survival greater than 80% for patients under 65 years
of age and those who underwent revascularisation. It was poorer
for older patients with NSTEMI, for whom the revascularisation
rate is low.

The implications: Improving survival after AMI will require
multidisciplinary care of older patients, in whom multimorbidity is
common, carefully balancing the risks and benefits of therapy.
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dial infarction (STEMI) and non-ST elevation myocardial

infarction (NSTEMI) — is a frequent cause of hospitalisa-
tion. Care for patients has advanced substantially during the past
two decades, with highly sensitive biomarkers for rapid detection
of disease,' new antiplatelet and anticoagulant therapies,” rapid
access to coronary reperfusion and revascularisation facilitated
by AMI networks of care,”” and better use of secondary preven-
tive therapies® improving outcomes for patients. The short term
benefits of these interventions include lower early mortality.®”

Acute myocardial infarction (AMI) — ST elevation myocar-

In contrast, less is known about long term survival after AMI in
Australia and New Zealand; no national studies of survival have
been reported, apart from follow-ups of selected registry cohorts
and state-based evaluations.”"’ Population studies that provide
unbiased estimates of long term survival are also sparse over-
seas.'* Robust estimates of contemporary survival and assess-
ment of patient factors that may influence survival are critical for
prognosis and for informing clinical and public health efforts to
improve outcomes for patients. Accordingly, we assessed survival
for up to seven years after hospitalisation with AMI by analysing
national data from Australia and New Zealand, and evaluated a
range of patient factors that influence long term survival.

Methods

We analysed data from the admitted patient data collections of
each Australian state and territory and the New Zealand na-
tional minimum dataset (hospital events); these datasets record
inpatient admissions to all public and an estimated 80% of pri-
vate hospitals in the two countries. The datasets include data for
a standardised set of variables, including patient demographic
characteristics, primary and secondary diagnoses, procedures,
and patient status at discharge. Previous studies have reported
that management of AMI is broadly similar in the two coun-
tries."”'® Diagnoses are coded according to the International

Abstract

Objective: To assess long term survival and patient characteristics
associated with survival following acute myocardial infarction (AMI)
in Australia and New Zealand.

Design: Cohort study.

Setting, participants: All patients admitted with AMI (ICD-
10-AM codes 121.0-121.4) to all public and most private hospitals in
Australia and New Zealand during 2009-2015.

Main outcome measure: All-cause mortality up to seven years
after an AMI.

Results: 239 402 initial admissions with AMI were identified; the
mean age of the patients was 69.3 years (SD, 14.3 years), 154 287
were men (64.5%), and 64 335 had ST-elevation myocardial
infarction (STEMI; 26.9%). 7-year survival after AMI was 62.3%
(STEMI, 70.8%); non-ST-elevation myocardial infarction [NSTEMI],
59.2%); survival exceeded 85% for people under 65 years of age, but
was 17.4% for those aged 85 years or more. 120 155 patients (50.2%)
underwent revascularisation (STEMI, 72.2%; NSTEMI, 42.1%); 7-year
survival exceeded 80% for patients in each group who underwent
revascularisation, and was lower than 45% for those who did not.
Being older (85 years or older v18-54 years: adjusted hazard ratio
[aHR], 10.6; 95% Cl,10.1-11.1) or a woman (aHR, 1.15; 95% Cl, 113-1.17)
were each associated with greater long term mortality during the
study period, as was prior heart failure (@HR, 1.79; 95% Cl, 1.76-1.83).
Several non-cardiac conditions and geriatric syndromes common in
these patients were independently associated with lower long term
survival, including major and metastatic cancer, cirrhosis and end-
stage liver disease, and dementia.

Conclusion: AMI care in Australia and New Zealand is associated

with high rates of long term survival; 7-year rates exceed 80%

for patients under 65 years of age and for those who undergo

revascularisation. Efforts to further improve survival should target

patients with NSTEMI, who are often older and have several

comorbid conditions, for whom revascularisation rates are low and
Eurvival after AMI poor.

Classification of Diseases, tenth revision, Australian modifica-
tion (ICD-10-AM) and procedures according to the Australian
Classification of Health Interventions (ACHI);! the accuracy
of administrative coding exceeding 85%.'® Data for New South
Wales and the Australian Capital Territory, and for South
Australia and the Northern Territory, were cross-linked and
treated as deriving from single regions.

Study population

We included adults (18 years or older) admitted to hospital with
primary diagnoses of AMI (ICD-10-AM codes 121.0-21.3 for
STEMI, 121.4 for NSTEMI) during 1 January 2009 — 31 December
2015. We excluded second and subsequent hospitalisations with
AMI during the study period, patients with hospital lengths of
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stay of less than one day unless they had died or were trans-
ferred to another hospital (as they were unlikely to have had an
AMI), and patients who discharged themselves against medical
advice. Patients were stratified by AMI type (STEMI, NSTEMI),
whether they underwent revascularisation, and by age group.

Outcome

The study outcome was all-cause mortality, including in-hospital
death, measured from the date of the AMI. In Australia, AMI
hospitalisations were linked to jurisdictional deaths registries
to track mortality after discharge. In New Zealand, hospital en-
counters are linked nationally by unique National Health Index
numbers, and all deaths are recorded in the National Health
Index socio-demographic profile. Vital status was confirmed to
31 December 2015 for all patients, providing maximum follow-
up of seven years; data for patients still living at 31 December
2015 were censored.

Statistical analysis

Categorical variables are summarised as frequencies and propor-
tions, continuous variables as means with standard deviations
(SDs) if the data were normally distributed and as medians with
interquartile ranges (IQRs) if they were not. Unadjusted event-
free survival curves were estimated by Kaplan—Meier analysis.
The influence of patient factors on long term survival was ex-
amined in a stratified Cox regression model; the proportional
hazards assumption was met for all variables except AMI type
(the effect of which varied with time). Patient factors included
age, sex, presenting region, AMI type, revascularisation, and
comorbid conditions (candidate variables for modelling: online
Supporting Information, table 1). Comorbid conditions were de-
fined according to the Condition Category classification, which
groups ICD-10 codes into 180 clinically meaningful conditions
by selected secondary diagnosis codes for the index admission
and primary and secondary diagnosis codes for hospitalisations
during the preceding 12 months."” Coronary revascularisation
was defined as percutaneous coronary intervention (PCI) or cor-
onary artery bypass grafting (CABG) within three months of an
AM]I, capturing all procedures related to the index event. All in-
dependent effects are reported as adjusted hazard ratios (aHRs)
with 95% confidence intervals (CIs). Analyses were performed
in SAS 94.

Ethics approval

Our study was approved by the NSW Population and Health
Services Research Ethics Committee (2015/06/591) and the
human research ethics committees (HRECs) of the ACT Health
Department (ETH.7.15.143), ACT Calvary Hospital (20-2015), the
SA Department of Health and Ageing (HREC/15/SAH/102),
the Western Australian Department of Health (2016/47), the
Tasmanian Department of Health (H0016011), and the Northern
Territory Department of Health and Menzies School of Health
Research (2017-2944). Queensland Health (Public Health Act ap-
proval no. RD008025) and the Victorian Department of Health ac-
cepted the NSW Population and Health Services Research Ethics
Committee approval. New Zealand data were included under
a data user agreement with the Ministry of Health. Waivers of
informed consent for analysing de-identified patient data were
granted by all Australian human research ethics committees.

Results

Of 373 829 hospitalisations of adults with primary diagnoses
of AMI during 2009-2015, 239 402 were initial admissions with
AMI during the study period: 64 335 with STEMI, 175 067 with
NSTEMI (Box 1; Supporting Information, table 2). The mean
age of the patients was 69.3 years (SD, 14.3 years), 154 287 were
men (64.5%), and 64 335 had STEMI (26.9%). Large numbers
of patients had risk factors for cardiovascular disease, includ-
ing ischaemic heart disease (136 546 patients, 57.0%), heart fail-
ure (44 112, 18.4%), hypertension (140 221, 58.6%), and diabetes
(51 186, 21.4%). The mean age of patients with STEMI (65.3 years;
SD, 14.4 years) was lower than for those with NSTEMI (70.7
years; SD, 14.0 years), and larger proportions of people with
STEMI were men (45 511, 70.7% v 108 776, 62.1%) or had prior
ischaemic heart disease (45 780, 71.1% v 90 766, 51.9%). However,
rates of non-cardiovascular comorbid conditions were higher for
patients with NSTEMI (Box 2).

Coronary angiography was performed in 165 475 patients (69.1%;
STEMI, 82.0%, NSTEMI, 64.4%), and 120 155 patients (50.2%) un-
derwent revascularisation. A larger proportion of patients with
STEMI underwent revascularisation (46 421, 72.2%) than of those
with NSTEMI (73 734, 42.1%). Angiography and revascularisa-
tion rates declined with age; 8686 patients over 85 years of age

(22.9%) underwent angiography and 5485 revas-

Australia and New Zealand, 2009-2015

Eligible population
Adults hospitalised with primary diagnoses of
acute myocardial infarction (AMI),
Australia and New Zealand, 2009-2015:
373 829 patients

1 Admissions to hospital of patients with acute myocardial infarction,

cularisation (14.5%) (Box 3). For both AMI types,
the mean ages of patients who did not undergo
revascularisation were higher than for those who
did, and the proportions with comorbid condi-
tions, including prior heart failure, renal failure,
and dementia, were larger (Box 2).

Long term survival
A total of 62 567 patients (26.1%) died during the

during study period: 107 172

or transferred): 28 896

Excluded (not mutually exclusive): 134 427
« Second or subsequent AMI hospitalisation

« Length of stay less than one day (unless died

« Discharged against medical advice: 2881

follow-up period (STEMI, 20.7%; NSTEMI, 28.1%;
full data not shown). When survival time was
considered, probability of survival declined most
rapidly during the year after an AMI; survival

Study population:

239 402 patients
STEMI: 64 335 patients (26.9%)
NSTEMI: 175 067 patients (73.1%)

at three months was 91.4%, 89.2% at six months,
and 85.9% at 12 months. The subsequent decline
was more gradual, with overall 7-year survival of
62.3% (Box 4, Box 5, A).

Survival during the first six months was lower

STEMI = ST elevation myocardial infarction; NSTEMI = non-ST elevation myocardial infarction. 4

among patients with STEMI than those with
NSTEMI, but 7-year survival was higher (70.8% v
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New Zealand, 2009-2015
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3 Coronary angiography and revascularisation for 239 042 patients hospitalised with acute myocardial infarction, Australia and

B Catheterisation

W Revascularisation (all)

I Percutaneous coronary intervention
Coronary artery bypass grafting

All patients STEMI NSTEMI 18-54

55-64 65-74 75-84 85 or more

Acute myocardial
infarction type

Age (years)

STEMI = ST elevation myocardial infarction; NSTEMI = non-ST elevation myocardial infarction. 4

59.2%). In both groups, 7-year survival was higher for patients
who underwent revascularisation (STEMI: with revascularisa-
tion, 82.4%; without revascularisation, 43.3%; NSTEMI: with re-
vascularisation, 80.7%; without revascularisation, 44.4%). Most
deaths of patients who did not undergo revascularisation oc-
curred during the first two years after hospitalisation with AMI
(Box 4, Box 5, B).

Long term survival declined with age at the time of the AML
Seven-year survival was 90.5% for patients aged 18-54 years and
85.5% for those aged 55—64 years, but 17.4% for patients aged 85
years or more (median survival time, 2.0 years) (Box 5, C). Long
term survival also differed by region (Box 5, D).

Patient characteristics that influence long term survival

Being older (for example: > 85 years v 18-54 years: aHR, 10.6;
95% CI, 10.1-11.1) or a woman (aHR, 1.15; 95% CI, 1.13-1.17) were
each associated with greater long term mortality. Mortality was
higher for patients admitted to hospital in Tasmania (v NSW/
ACT: aHR, 1.24; 95% CI, 1.17-1.31) or New Zealand (aHR, 1.21,
95% (I, 1.18-1.24), and lower for those who presented in Victoria
(@HR, 0.87; 95% CI, 0.85-0.89). Undergoing PCI (aHR, 0.46; 95%
CI, 0.45-0.47) or CABG (aHR, 0.41; 95% CI, 0.40—0.43) was associ-
ated with better long term survival (Box 6).

Previous heart failure (@aHR, 1.79; 95% CI, 1.76-1.83), vascular dis-
ease (aHR, 1.24; 95% CI, 1.19-1.28), and valvular and rheumatic
heart disease (aHR, 1.20; 95% CI, 1.17-1.24) were each associated
with greater risk of death. Several non-cardiac comorbid condi-
tions and age-related factors also influenced survival, including
major and metastatic cancer (aHR, 3.04; 95% CI, 2.94-3.15), cir-
rhosis and end-stage liver disease (aHR, 2.32; 95% CI, 2.14-2.51),
and dementia (HR, 1.63; 95% CI, 1.58-1.67) (Box 6).

Discussion

Overall 7-year survival for people hospitalised for the first
time with AMI in Australia and New Zealand during 2009-
2015 was 62.3%. The prognosis for patients under 65 years of
age (38% of AMI hospitalisations) was excellent: 7-year sur-
vival exceeded 85%. Long term survival was greater than 80%
for patients with AMI who had undergone revascularisation,
but was lower than 50% for patients who had not (a group
that included 58% of patients with NSTEMI). Prognosis was
poorer for older people; median survival for patients over 85
years of age was two years, considerably less than the general
life expectancy for 85-year-old men (6.3 years in New Zealand,
6.4 years in Australia) and women (7.2 years in New Zealand,
7.5 years in Australia).””?' Improving survival after AMI will
require multidisciplinary care of older patients, in whom
multimorbidity is common, carefully balancing the risks and
benefits of therapy.

Our findings are based on the first population assessment of
long term survival after AMI in Australia or New Zealand.
There have been few population studies of long term survival
after AML In the United States, 3-year mortality among patients
aged 65 years or more with NSTEMI was reported to be 40.3%
during 2003-2006."* In more recent data from England (2004-
2010), 7-year mortality was 31% for men and 47% for women (all
ages) after a first AMI; overall mortality was probably higher,
as patients who died within 28 days of an AMI (14% of the
sample) were excluded.” The best reported survival rates were
for Sweden (2013-2014), where 7-year survival was about 70%
for patients with STEMI and 60% for those with NSTEML"""*
The survival rates we report (76.2% at three years, 68.6% at five
years, and 62.3% at seven years) exceed those reported in the




4 Proportional survival (with 95% confidence intervals) after acute myocardial infarction, by infarction type and revascularisation
ST elevation myocardial infarction Non-ST elevation myocardial infarction
Time since Not Not
infarction All patients All Revascularised revascularised All Revascularised revascularised
3 months 91.4% 89.3% 95.7% 731% 921% 98.2% 88.8%
(91.3-91.5%) (89.1-89.6%) (95.6-95.8%) (72.4-74.7%) (92.0-92.3%) (98.1-98.3%) (88.6-89.0%)
6 months 89.2% 88.1% 95.0% 70.4% 89.5% 97.5% 83.8%
(89.0-89.3%) (87.9-88.4%) (94.8-95.2%) (69.7-711%) (89.4-89.7%) (97.4-97.6%) (83.6-84.0%)
Tyear 85.9% 86.4% 94.0% 66.9% 85.7% 96.3% 781%
(85.8-86.0%) (86.1-86.7%) (93.8-94.2%) (66.2-67.5%) (85.6-86.0%) (96.1-96.4%) (77.9-78.3%)
2 years 80.7% 83.6% 92.2% 61.7% 79.7% 93.9% 69.4%
(80.6-80.9%) (83.3-83.9%) (91.9-92.4%) (61.0-62.4%) (79.5-79.8%) (93.7-94.0%) (69.1-69.7%)
3years 76.2% 811% 90.5% 57.3% 74.5% 91.3% 62.4%
(76.1-76.4%) (80.8-81.4%) (90.2-90.7%) (56.6-581%) (74.3-74.7%) (911-91.6%) (621-62.7%)
5years 68.6% 76.2% 86.6% 50.4% 65.8% 85.5% 51.9%
(68.4-68.8%) (75.8-76.6%) (86.2-87.0%) (49.6-51.2%) (65.5-66.1%) (85.2-85.9%) (51.5-52.3%)
7 years 62.3% 70.8% 82.4% 43.3% 59.2% 80.7% 44.4%
(61.9-62.8%) (69.8-71.7%) (81.4-83.4%) (£1.7-44.9%) (58.7-59.7%) (80.2-81.3%) (43.8-451%)

5 Survival after hospitalisation with acute myocardial infarction: Kaplan-Meier analyses

A, All patients B. By revascularisation for patients with STEMI or NSTEMI
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C. All patients, by age group D. All patients, by region
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STEMI = ST-elevation myocardial infarction; NSTEMI = non-ST elevation myocardial infarction.
* The numbers at risk for each analysis are provided in the online Supporting Information, table 3. ¢
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United States and England, and are similar to the high rates in of secondary preventive therapies (statins, angiotensin-
Sweden. converting enzyme inhibitors/angiotensin II receptor block-

ers, thienopyridine antiplatelet medications) has increased
Improved, evidence-based care is likely to explain the higher substantially since 2000.°”**** During 1999-2016, primary PCI
survival rates in Australia and New Zealand, where the use rates for patients with STEMI in Australia rose from 43% to
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regression model stratified by acute myocardial infarction type*

Characteristic Hazard ratio

Age group (v 18—-54 years)

55-64 years - 1.85
65-74 years - 331
75-84 years - 6.23
85 and over - 10.6
Sex (women v men) * 115
Region (v NSW/ACT)
Queensland 1 100
South Australia and Northern Territory i* 1.07
Tasmania * 124
Victoria * 087
Western Australia . 1.07
New Zealand ® 12
Coronary revascularisation
Percutaneous coronary intervention * 0.46
Coronary artery bypass grafting - 0.41
Comorbid conditions: cardiac
Congestive heart failure * 179
Vascular disease * 124
Valvular and rehumatic heart disease * 1.20
Acute coronary syndrome * 094
Ischaemic heart disease * 0.84
Comorbid conditions: non-cardiac
Major and metastatic cancer * 3.04
Cirrhosis and end stage liver disease o 232
Chronic lung disease . 145
Dialysis or renal failure L4 148
Pneumonia ® 123
Diabetes . 125
Psychiatric disorders . 121
Seizure disorders and convulsions B 153
Dementia and senility . 1.63
Functional disability . 132
Polyneuropathy - 1.48
Protein-calorie malnutrition . 123
Organ transplant status - 125
Osteoarthritis of hip or knee - 0.79

025 05 1 2 4 8

Hazard ratio

6 Patient characteristics associated with long term mortality: multivariate Cox

Cl = confidence interval.

*The hazard ratio for infarction type (STEMI vNSTEMI) is not reported as it varied with time. @

We found that one-third of patients with NSTEMI
did not undergo coronary angiography, although
these patients have an absolute risk profile (14%
95%Cl mortality during the first year) that indicates high
risk, and guidelines recommend an invasive ap-
176-1.94 proach as the standard of care.” Patients who did
o not undergo coronary angiography were generally
13?_—]111; older than those who did, and comorbid condi-
o tions and age-related syndromes associated with
0.909-102 increased hazard of death were also more com-
103411 o .
1173 mon in this group. These factors may explain the
0.85-0.89 reluctance of clinicians to pursue an early invasive
]]‘?;_'1];2 approach. However, the potential for absolute risk
reduction with therapy is greatest for these pa-
045-0.47 tients. In an American study, for example, frail pa-
0:40-043 tients who underwent PCI or CABG were less likely
o e to die in hospital than those who did not;* longer
119-1.28 term mortality was not assessed. The treatment of
7124 older people with AMI may therefore be subop-
092-096 ) o ) . .
0.82-0.85 timal. Pragmatic trials in frail older patients with
multiple comorbid conditions are needed to test
294815 approaches to improving outcomes and to study
214-251 ) . ;
141148 the effectiveness of conventional AMI therapies.
1.44-151
120-1.26 S
155198 Limitations
116-1.25 . . s
s Administrative data are less specific than data
1.58-167 collected for research purposes, but admitted pa-
:‘Zéj“;z tient data collections comprise the only source of
1204127 national data in Australia and New Zealand. We
119-1.31 could not include data from all private hospitals,
074-0.84 . . ) .
but acute AMI care is rarely provided in private
hospitals. Certain patient and presentation char-
acteristics that may affect long term survival, such
as the site and cause of infarct (type 1 or 2), left
ventricular ejection fraction, thrombolysis, feasi-

71%,” and a similar increase was reported in New Zealand.”*
We found that 50% of patients with AMI had undergone revas-
cularisation (PCI or CABG), a larger proportion than reported
in England (20.4%)" or the United States (43.3%),"* and similar
to more recent revascularisation rates in Sweden."'* AMI net-
works of care, frequent inter-hospital transfer,” and high levels
of access to timely reperfusion (over 90%)” may explain our
higher revascularisation rates. Nevertheless, fewer than one
in two patients in Australia and New Zealand are referred to
cardiac rehabilitation,? suggesting an opportunity for further
improving post-AMI outcomes. Survival was poorer among
women, a finding consistent with previous reports.”® We also
found regional variation in survival, suggesting differences in
AMI care.

The survival benefit of revascularisation was greater than
determined by randomised clinical trials”’ and should not
be attributed to differences in revascularisation rates alone.
Revascularisation is often not undertaken in very ill patients, in
whom multimorbidity is common. Non-cardiovascular comor-
bid conditions have rarely been fully considered by previous in-
vestigations, but we found that chronic diseases and age-related
factors, such as dementia and functional disability, influenced
survival; the hazard ratios were often larger than for comorbid
cardiovascular conditions. About one in five older people with
AMI may be clinically frail,®® and frail patients are often ex-
| cluded from clinical trials, receive less guideline-based care, and

./ experience more adverse therapy-related events.

bility of revascularisation, secondary preventive
therapies, body mass index, and other lifestyle
factors (including smoking) are not recorded in administrative
data. We did not examine the influence of socio-economic status,
ethnic background, or remoteness on survival.

Conclusion

In our population study of outcomes for patients with AMI in
Australia and New Zealand, 7-year survival was 62%. Survival
was particularly good for patients under 65 years of age, and
for those who had undergone revascularisation, for whom 7-
year survival exceeded 80%. Efforts to improve AMI care should
target older patients with NSTEMI, who often have multiple co-
morbid conditions, and for whom revascularisation rates are low
and the prognosis after AMI poor.
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