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Abstract
Background: High survival rates are commonly reported following primary percutaneous coronary intervention for 
ST-elevation myocardial infarction, with most contemporary studies reporting overall survival.
Aims: The aim of this study was to describe survival following primary percutaneous coronary intervention for ST-
elevation myocardial infarction corrected for non-cardiovascular deaths by reporting relative survival and investigate 
clinically significant factors associated with poor long-term outcomes.
Methods and Results: Using the prospective UK Percutaneous Coronary Intervention registry, primary percutaneous 
coronary intervention cases (n=88,188; 2005–2013) were matched to mortality data for the UK populace. Crude five-
year relative survival was 87.1% for the patients undergoing primary percutaneous coronary intervention and 94.7% for 
patients <55 years. Increasing age was associated with excess mortality up to four years following primary percutaneous 
coronary intervention (56–65 years: excess mortality rate ratio 1.61, 95% confidence interval 1.46–1.79; 66-75 years: 
2.49, 2.26–2.75; >75 years: 4.69, 4.27–5.16). After four years, there was no excess mortality for ages 56–65 years 
(excess mortality rate ratio 1.27, 0.95–1.70), but persisting excess mortality for older groups (66–75 years: excess 
mortality rate ratio 1.72, 1.30–2.27; >75 years: 1.66, 1.15–2.41). Excess mortality was associated with cardiogenic shock 
(excess mortality rate ratio 6.10, 5.72–6.50), renal failure (2.52, 2.27–2.81), left main stem stenosis (1.67, 1.54–1.81), 
diabetes (1.58, 1.47–1.69), previous myocardial infarction (1.52, 1.40–1.65) and female sex (1.33, 1.26–1.41); whereas 
stent deployment (0.46, 0.42–0.50) especially drug eluting stents (0.27, 0.45–0.55), radial access (0.70, 0.63–0.71) and 
previous percutaneous coronary intervention (0.67, 0.60–0.75) were protective.
Conclusions: Following primary percutaneous coronary intervention for ST-elevation myocardial infarction, long-term 
cardiovascular survival is excellent. Failure to account for non-cardiovascular death may result in an underestimation of 
the efficacy of primary percutaneous coronary intervention.
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Introduction

The development of specialist heart attack centres, evolv-
ing pharmacology, second and third generation stent tech-
nology and increasing expertise has resulted in a decline in 
short-term mortality following ST-elevation myocardial 
infarction (STEMI) treated by primary percutaneous coro-
nary intervention (PPCI).1,2 However, in the longer term 
non-cardiovascular death following PPCI is common and 
failure to account for this may underestimate the impact of 
PPCI on survival. Reported rates of death following PPCI 
are incongruent, with randomised studies suggesting three 
year mortality rates of 3–8% and observational cohorts 
reporting one-year mortality rates of around 10%.3–6 Whilst 
variation in rates of death following PPCI may be due to 
unrepresentative cohorts, variable lengths of follow-up and 
different study designs, it has recently become apparent 
that the predominant cause of death following PCI may be 
non-cardiovascular and this may influence how mortality is 
attributed to PPCI.1

Conventionally, the majority of studies of PPCI report 
all-cause mortality as the primary outcome.7 Whilst this 
establishes the overall survival advantage it fails to esti-
mate or account for the underlying comorbidity in patients 
presenting with STEMI or to estimate the efficacy of treat-
ment with PPCI on cardiovascular outcomes. In turn, this 
has potential repercussions for the design and study of new 
treatments as well as informing patients of the risks and 
benefits of the intervention. To overcome the limitations of 
all-cause mortality some studies report cause-specific 
 mortality – addressing cardiac death rather than death due 
to any cause.8 However, these data may be difficult to 
obtain, or adjudicate on, and are subject to bias by misclas-
sification, for example, due to a lack of objectivity on death 
certificates or surmised cause of death without post-mor-
tem studies.9 An alternative method to estimate cause-spe-
cific outcomes is the technique of relative survival (RS), 
which compares outcomes between patients and an age and 
sex-matched comparator group of the overall population – 
this provides the advantage of being able to correct for non-
cardiac death and enables quantification of factors 
associated with excess deaths.10,11

Using data from the UK PCI register (British 
Cardiovascular Intervention Society (BCIS) database), 
which includes all cases of PPCI in England and Wales; we 
aimed to estimate the relative survival of patients following 
PPCI and investigate factors associated with their excess 
mortality.

Methods

Patients

We included all National Health Service (NHS) hospitals 
(n=111) in England and Wales which provided care for 
patients aged 18–100 years with STEMI and who received 

PPCI between 1 January 2005–30 June 2013 (n=88,188), 
(Figure 1). Patient-level data concerning demographics, 
cardiovascular risk factors, medical history and clinical and 
treatment characteristics at the time of hospitalisation were 
extracted from BCIS, whereby participation is mandated 
for all PCI operators and all NHS hospitals. Details of the 
BCIS registry have been described previously.12 For multi-
ple admissions, we used the earliest record, the diagnosis of 
STEMI was formulated by the attending clinician in line 
with the second (contemporary during the study period) 
universal definition of myocardial infarction (MI).13

Mortality and follow-up

All-cause mortality data were extracted through linkage to 
the UK Office for National Statistics using each patient’s 
unique anonymised NHS number. Patients were followed 

Figure 1. STROBE diagram. BCIS: British Cardiovascular 
Intervention Society; ECG: electrocardiogram; PCI: 
percutaneous coronary intervention; STEMI: ST-elevation 
myocardial infarction.
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for five years from date of PPCI, with censoring at the end 
of follow-up on 31 December 2013 (Appendix 1). Survival 
time was defined as the duration between the date of the 
procedure and the date of death or censoring.

Relative survival

Relative survival was defined as the observed survival of 
PPCI cases divided by the expected survival of the compa-
rable UK populace, and expressed as a relative survival rate 
(RSR). Observed survival was estimated using the actuarial 
method which calculates the survival in time intervals from 
the effective number of patients at risk in that particular 
interval. The expected survival was estimated by the Ederer 
II method.11 For expected survival, country-specific popu-
lation mortality rates of the UK were based on life tables 
from the Office for National Statistics and matched to the 
cohort by age, sex and year of procedure. A relative sur-
vival rate of 100% implies that cases of PPCI have survival 
rates equal to that of the matched, disease-free background 
population.

Excess mortality

Excess mortality provides a measure of the additional haz-
ard associated with a procedure or treatment and is 
expressed as a rate ratio (excess mortality rate ratio 
(EMRR)). For example, an EMRR of 1.5 for men/women 
indicates that men experience 50% higher excess mortality 
than women after accounting for the matched background 
rates of death. A multivariable model was built based on 
the following covariates: previous MI, diabetes, chronic 
renal impairment (creatinine >2.26 mg/dl or 200 
micromol/l), pre-procedural cardiogenic shock, flow in the 
infarct-related artery, use of mechanical ventilation, num-
ber of stents deployed, number of vessels attempted, previ-
ous PCI and family history of coronary artery disease. The 
statistical model used collapsed life table data and general-
ised linear regression with a Poisson error structure. We 
checked for time-dependency and non-proportional haz-
ards by fitting interaction terms between short-term fol-
low-up periods (<4 years and ≥4 years respectively) with 
age, which were significant (likelihood ratio test p=0.005). 
There was no evidence for non-proportional hazards for 
sex and calendar year by follow-up. Missing data were 
addressed using multiple imputation by chained equations 
to create 20 imputed datasets and model estimates pooled 
over each imputation. All tests were two-tailed with 5% 
significance level and performed using Stata IC version 
13.1 (StataCorp, Texas, USA).

Results

The PPCI cohort comprised 73.9% men, mean age 63.4 
(standard deviation (SD) 13.1) years; 41.1% were smokers 

and 13.4% had diabetes. Over half (56.1%) of cases were 
completed via radial access route, 7.4% presented with car-
diogenic shock, 9.3% received more than three stents, 4.5% 
had >50% left main stem disease and 0.9% had a history of 
renal disease (Table 1).

Relative survival

Over 216,846 person-years follow-up (median follow up 
2.5 years), in total 12,178 (13.8%) patients died. Overall 
(crude) relative survival was 92.8% (95% confidence inter-
val (CI), 92.6–93.0%) at three months, 92.5% (92.3–92.7%) 
at six months, 92.3% (92.1–92.5%) at one year and 87.1% 
(86.6–87.7%) at five years. One-year relative survival 
declined with increasing age such that survival estimates 
for patients aged <55, 56–65, 66–75 and >75 years were 
97.3%, 95.3%, 91.8% and 83.1% respectively (Figure 2). 
The corresponding five-year estimates were 95.4%, 92.8%, 
88.3% and 79.0%.

Excess mortality

Up to four years following PPCI, compared with those less 
than 55 years old there was excess mortality among patients 
aged 55–65 years (EMRR 1.61, 95% CI 1.46–1.79), 66–75 
years (2.49, 2.26–2.75) and >75 years (4.69, 4.27–5.16). 
After four years, there was no excess mortality for ages 
56–65 years (EMRR 1.27, 0.95–1.70), but ongoing excess 
mortality for ages 66–75 years (1.72, 1.30–2.27) and >75 
years (1.66, 1.15–2.41) (Figure 3). Excess mortality was a 
third higher amongst females than males (EMRR 1.33, 
1.26–1.41).

Clinical factors significantly associated with increased 
excess mortality were diabetes (EMRR 1.58, 95% CI 1.47–
1.69), renal failure (2.52, 2.27–2.81), pre-procedural venti-
lation (3.82, 3.56–4.12), pre-procedural cardiogenic shock 
(6.10, 5.72–6.50), left main stem stenosis >50% (1.67, 
1.54–1.81) and previous MI (1.52, 1.40–1.65). This con-
trasted with previous PCI (EMRR 0.67, 0.60–0.75), a fam-
ily history of coronary artery disease (0.75, 0.69–0.81), the 
use of stents over balloon angioplasty (0.38, 0.34–0.41) and 
radial artery access (0.70, 0.63–0.71). The use of radial vs 
femoral access was associated with lower excess mortality 
in the elderly <75years (EMRR 0.70, 0.65–0.76) and ≥75 
years (0.64, 0.59–0.69) (Figure 3). The use of the bare 
metal stent (BMS) was associated with lower excess mor-
tality compared to balloon angioplasty alone (EMRR 0.49, 
0.45–0.55) and the drug eluting stent (DES) was superior to 
balloon angioplasty (0.27, 0.24–0.29).

Discussion

This study of nearly 90,000 patients over five years of fol-
low-up addresses a key limitation of real-world survival 
data for PPCI. For the first time in the literature, we report 
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Table 1. Primary percutaneous coronary intervention (PPCI) cohort baseline characteristics.

STEMI n=88,188 Missing (%)

Demographics
Mean age, years (SD) 63.4 (13.1) 76 (0.1)
Male (%) 65,178 (73.9) 285 (0.32)
IMD score, mean (SD) 21.2 (17.1) 2422 (2.7)
Medical history
Current smoker (%) 32,874 (41.1) 8198 (9.3)
Previous smoker (%) 20,996 (23.8)
Never smoked (%) 26,120 (29.6)
Diabetes mellitus (%) 11,839 (13.4) 3675 (4.2)
Hyperlipidaemia (%) 33,849 (38.4) 2366 (2.7)
Hypertension (%) 34,608 (39.2) 2366 (2.7)
Family history of CAD (%) 28,547 (32.4) 12,135 (13.8)
History of renal disease (%) 821 (0.9) 365 (0.4)
Previous MI (%) 11,048 (12.5) 3562 (4.0)
Previous PCI (%) 7747 (8.8) 1679 (1.9)
Previous CABG (%) 2405 (2.7) 2089 (2.4)
Pre-procedural medications
Aspirin (%) 72,035 (85.6) 4057 (4.6)
2nd Antiplatelet agenta (%) 66,917 (75.9) 4057 (4.6)
Procedural details
Bivalirudin at procedure (%) 11,250 (12.8) 4057 (4.6)
Radial access route (%) 49,452 (56.1) 1522 (1.7)
Femoral access route (%) 37,090 (42.1)
Others – brachial and unspecified (%) 124 (0.1)
Cardiogenic shock (%) 6496 (7.4) 645 (0.7)
LMS stenosis No or <50% (%) 71,384 (80.9) 12,860 (14.6)
 ≥50% (%) 3944 (4.5)
Flow in IRA pre-procedure TIMI 0 (%) 56,729 (64.3) 8451 (9.6)
 TIMI 1 (%) 6510 (7.4)
 TIMI 2 (%) 7645 (8.7)
 TIMI 3 (%) 8853 (10.0)
Vessels attempted None (%) 397 (0.5) 561 (0.6)
 Single (%) 78,229 (88.7)
 Multiple (%) 9001 (10.2)
Post-procedure LMS stenosis None or <50% 73,344 (83.2) 12,455 (14.1)
 ≥50% (%) 2389 (2.7)
Flow in IRA post-procedure TIMI 0 (%) 4549 (5.2) 8691(9.8)
 TIMI 1 (%) 1059 (1.2)
 TIMI 2 (%) 4079 (4.6)
 TIMI 3 (%) 69,810 (79.2)
Number of stents used 0 (%) 6691 (7.6) 642 (0.7)
 1 (%) 51,633 (58.5)
 2 (%) 21,058 (23.9)
 ≥3 (%) 8164 (9.3)

CABG: coronary artery bypass grafting; CAD: coronary artery disease; IMD: Index of Multiple Deprivation; IRA: infarct-related artery; LMS: left main 
stem coronary artery; MI: myocardial infarction; PCI: percutaneous coronary intervention; SD: standard deviation; STEMI: ST-elevation myocardial 
infarction; TIMI: Thrombolysis In Myocardial Infarction flow score.
aClopidogrel, ticlopidine, prasugrel or ticagrelor.
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Figure 2. Five-year relative survival following primary percutaneous coronary intervention (PPCI) for ST-elevation myocardial 
infarction (STEMI), stratified by age. CI: confidence interval.

Figure 3. Factors associated with excess mortality following primary percutaneous coronary intervention (PPCI) for ST-elevation 
myocardial infarction (STEMI). CAD: coronary artery disease; CI: confidence interval; LMS: left main stem coronary artery; MI: 
myocardial infarction; PCI: percutaneous coronary intervention.
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the long-term relative survival for PPCI and investigate 
factors attributable to death from index STEMI and its 
treatment with PPCI.

The methods employed here are relevant in the current 
era of high cardiovascular survival when the majority of 
deaths are remote from the date of intervention, not cardio-
vascular in origin and relate to the background risk of the 
population.8 In particular, when studying the efficacy of an 
intervention amongst older age groups, lack of adjustment 
for increasing mortality amongst the general population can 
lead to underestimation of the intervention’s efficacy. This 
study provides evidence for very high rates of five-year 
relative survival – between 2005 and 2013 survival was 
90% for the cohort and approached 96% for patients aged 
<55 years. After adjustment for baseline clinical character-
istics and death with the matched general population, evi-
dence for excess mortality was associated with increasing 
age, renal failure, pre-procedural cardiogenic shock, 
mechanical ventilation, presence of left main stem disease, 
previous MI and femoral access.

Overall, relative survival rates were lower early after 
PPCI, after which the hazards then decreased, this effect 
was most notably in the elderly. The survival for those 
younger than 65 years old, four years after PPCI was the 
same as that of the age, sex, year and country matched 
background population. Previous studies report worse out-
comes for the elderly at one (13.9% mortality), three 
(43.0%) and five years (53.6%) with increasing age being 
an independent risk factor.14–16 In our study, we found that 
the five-year survival rate among patients over 75 years 
was 53%, and 79% when adjusted for the age, sex, year and 
country-specific background rates of death. These data sug-
gest that despite the survival advantage conferred with 
PPCI for STEMI, the elderly fail to reach rates of survival 
comparable with their matched counterparts in the general 
population. We speculate that this may be due to a greater 
evidence-to-practice gap in secondary preventative care 
after hospital discharge among the elderly compared with 
the young.2,17,18 The database does not record recognised 
measures of co-morbidity such as the Charlson score, 
adherence or other determinants such as participation in 
cardiac rehabilitation or post-discharge management.19

We found that females had a third higher risk of excess 
mortality, consistent with other studies that have also shown 
that the femoral approach is associated with early mortality 
in this group.20–22 Females also had an ongoing disadvan-
tage, suggesting that although femoral access may be unfa-
vourable in the short–term, other sex-specific factors 
including multimorbidity, mode of presentation and medi-
cations prescribed may influence longer-term outcome.

Other factors associated with excess mortality were major 
pre-existing medical conditions such as diabetes and renal 
failure as well as the presence of acute STEMI-related sce-
narios including cardiogenic shock and mechanical ventila-
tion.23 Cardiogenic shock conferred a six-fold increased risk 

of death relative to the general population which persisted up 
to five years from the date of the procedure. This is likely 
related to the degree of acute myocardial necrosis which per-
sists even after successful revascularisation and its long term 
counterpart – chronic left ventricular dysfunction.24 Our 
study cohort included those who had PPCI for STEMI but 
did not include those having facilitated or rescue PCI.

Previous MI was associated with a 50% increase excess 
mortality. It is probable that this is a marker of infarction-
mediated left ventricular dysfunction and/or pre-existent 
multi vessel coronary artery disease – each is known to 
impact upon survival.25 We found that a family history of 
coronary artery disease and previous PCI were each associ-
ated with improved outcomes. Whilst we cannot fully 
explain this, it may represent a healthy user bias – with 
those with a family history of cardiovascular disease and 
previous PCI being targeted for pharmacotherapeutic inter-
vention or having healthier behaviour.26

To date, there are a number of trials which have reported 
long-term mortality after PPCI.27–29 Even though these 
studies demonstrate favourable outcomes, their interpreta-
tion is challenging because none have accounted for non-
cardiovascular deaths or the greater background mortality 
rates among older patients.1,7 So far, studies which have 
reported short- and medium-term outcomes are limited 
because they are historic,28,30,31 from small cohorts32 or 
have been derived from trials which may not be generalis-
able.27 Furthermore, cohort studies may have underesti-
mated the benefits of PPCI through not considering the 
impact of an ageing and increasingly co-morbid popula-
tion. We respond to this by analysing national registry data 
within a relative survival framework to provide an alterna-
tive, objective and up-to-date measure of the proportion of 
patients dying following PPCI for STEMI.

Strengths and limitations

The strengths of this study include a national dataset with 
consecutive cases, the depth of detail, robust mortality 
tracking and the ability to match cases to the background 
national population by age, sex, and year of procedure. 
Survival analysis using relative survival and excess mortal-
ity are novel concepts in cardiovascular outcome evalua-
tion and provide additional insight compared to the 
conventional Cox model or Kaplan Meier analysis.33 
However, biased estimates could be produced if the condi-
tion of interest is common and therefore mortality from the 
condition will also be represented in the background popu-
lation. If the condition of interest is common this may affect 
the relative survival analysis, however, bias is negligible 
when assessing EMRR.10 Rates of STEMI are around 100–
400 per 100,000 population, our sensitivity analyses dem-
onstrated that the estimates derived from standard survival 
techniques were aligned with those from the relative sur-
vival modelling, except among the elderly where the 
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relative survival estimates were attenuated reflecting the 
background population rates of death associated with age-
ing (Appendix 2).

A lack of information in the national life tables about 
co-morbidities directly related to PPCI may have intro-
duced bias to the estimates because we could only match 
cases by age, sex, year of procedure and country. The BCIS 
dataset comprises data at intervention and does not include 
validated measures of frailty such as the Charlson model, 
likewise it does not record post-discharge management or 
adherence to therapy. Whilst there were missing data we 
mitigated against potential bias using multiple imputation.

Conclusion

This nationwide study of survival following PPCI for 
STEMI standardised mortality to matched background pop-
ulation death data found that five-year relative survival was 
very high. Among the elderly, however, there was evidence 
for significant persisting excess mortality which contrasted 
with younger age groups where survival rates approached 
those of the background population. Cardiogenic shock, 
pre-procedural ventilation, renal failure and the femoral 
vascular access route were associated with the highest long-
term excess mortality after PPCI for STEMI.

Impact on daily practice

Primary PCI for STEMI is an effective treatment and most 
patients have excellent long-term outcomes. High-risk 
groups have persisting excess mortality and require appro-
priate secondary prevention therapy and a targeted approach 
to reducing their risk of STEMI-related death. Further stud-
ies are required to elucidate the underlying mechanism of 
ongoing risk.

Acknowledgements

The extract from the British Cardiovascular Intervention Society 
(BCIS) registry was provided through the BCIS/National Institute 
for Cardiovascular Outcomes Research (NICOR). The authors 
gratefully acknowledge all the hospitals in England and Wales for 
their contribution of data to BCIS.

Conflict of interest

RAB, OA, MH, SA, TBD, MM, PDB, PB, MdB, and PFL have no 
conflicts of interest. CPG has received consultancy and speaker 
bureau fees from AstraZeneca and Novartis. NC has received 
unrestricted research grants from Medtronic, Haemonetics, 
Boston Scientific, St Jude Medical, Heartflow; honoraria from St 
Jude Medical, Heartflow; unrestricted education grant from 
Volcano.

Funding

TBD and MH are funded by the British Heart Foundation as a 
research assistant and research fellow, respectively (Project Grant 
PG/13/81/30474).

References

 1. Pedersen F, Butrymovich V, Kelbaek H, et al. Short- and 
long-term cause of death in patients treated with primary PCI 
for STEMI. J Am Coll Cardiol 2014; 64: 2101–2108.

 2. Gale CP, Cattle BA, Woolston A, et al. Resolving inequalities 
in care? Reduced mortality in the elderly after acute coro-
nary syndromes. The Myocardial Ischaemia National Audit 
Project 2003–2010. Eur Heart J 2012; 33: 630–639.

 3. Gale CP, Allan V, Cattle BA, et al. Trends in hospital 
treatments, including revascularisation, following acute 
myocardial infarction, 2003–2010: A multilevel and 
relative survival analysis for the National Institute for 
Cardiovascular Outcomes Research (NICOR). Heart 2014; 
100: 582–589.

 4. Stone GW, Witzenbichler B, Guagliumi G, et al. Heparin 
plus a glycoprotein IIb/IIIa inhibitor versus bivalirudin 
monotherapy and paclitaxel-eluting stents versus bare-metal 
stents in acute myocardial infarction (HORIZONS-AMI): 
Final 3-year results from a multicentre, randomised con-
trolled trial. Lancet 2011; 377: 2193–2204.

 5. Kaltoft A, Kelbæk H, Thuesen L, et al. Long-term outcome 
after drug-eluting versus bare-metal stent implantation in 
patients with st-segment elevation myocardial infarction: 
3-Year follow-up of the randomized DEDICATION (Drug 
Elution and Distal Protection in Acute Myocardial Infarction) 
Trial. J Am Coll Cardiol 2010; 56: 641–645.

 6. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and 
stroke statistics–2015 update: A report from the American 
Heart Association. Circulation 2015; 131: e29–e322.

 7. Keeley EC, Boura JA and Grines CL. Primary angioplasty 
versus intravenous thrombolytic therapy for acute myocar-
dial infarction: A quantitative review of 23 randomised trials. 
Lancet 2003; 361: 13–20.

 8. Spoon DB, Psaltis PJ, Singh M, et al. Trends in cause of 
death after percutaneous coronary intervention. Circulation 
2014; 129: 1286–1294.

 9. Schaffar R, Rachet B, Belot A, et al. Cause-specific or rela-
tive survival setting to estimate population-based net survival 
from cancer? An empirical evaluation using women diag-
nosed with breast cancer in Geneva between 1981 and 1991 
and followed for 20 years after diagnosis. Cancer Epidemiol 
2015; 39: 465–472.

 10. Nelson CP, Lambert PC, Squire IB, et al. Relative survival: 
What can cardiovascular disease learn from cancer? Eur 
Heart J 2008; 29: 941–947.

 11. Dickman PW, Sloggett A, Hills M, et al. Regression models 
for relative survival. Stat Med 2004; 23: 51–64.

 12. Ludman PF. British Cardiovascular Intervention Society 
Registry for audit and quality assessment of percutaneous 
coronary interventions in the United Kingdom. Heart 2011; 
97: 1293–1297.

 13. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal 
definition of myocardial infarction. Eur Heart J 2012; 33: 
2551–2567.

 14. Ielasi A, Brugaletta S, Silvestro A, et al. Everolimus-eluting 
stent versus bare-metal stent in elderly (>/=75 years) versus 
non-elderly (<75 years) patients with ST-elevation myo-
cardial infarction undergoing primary percutaneous coro-
nary intervention: Insights from the examination trial. Int J 
Cardiol 2015; 179: 73–78.



Brogan et al. 75

 15. Shelton RJ, Crean AM, Somers K, et al. Real-world outcome 
from ST elevation myocardial infarction in the very elderly 
before and after the introduction of a 24/7 primary percuta-
neous coronary intervention service. Am Heart J 2010; 159: 
956–963.

 16. Antonsen L, Jensen LO, Terkelsen CJ, et al. Outcomes after 
primary percutaneous coronary intervention in octogenar-
ians and nonagenarians with ST-segment elevation myocar-
dial infarction: From the Western Denmark heart registry. 
Catheter Cardiovasc Interv 2013; 81: 912–919.

 17. Simms A, Weston C, West R, et al. Mortality and missed 
opportunities along the pathway of care for ST-elevation 
myocardial infarction: A national cohort study. Eur Heart J 
Acute Cardiovasc Care 2014; 4(3): 241–253.

 18. Gale CP, Cattle BA, Baxter PD, et al. Age-dependent ine-
qualities in improvements in mortality occur early after acute 
myocardial infarction in 478,242 patients in the Myocardial 
Ischaemia National Audit Project (MINAP) registry. Int J 
Cardiol 2013; 168: 881–887.

 19. Mamas MA, Fath-Ordoubadi F, Danzi GB, et al. Prevalence 
and impact of co-morbidity burden as defined by the Charlson 
Co-morbidity Index on 30-day and 1- and 5-year outcomes 
after coronary stent implantation (from the Nobori-2 Study). 
Am J Cardiol 2015; 116: 364–371.

 20. Kwok CS, Kontopantelis E, Kunadian V, et al. Effect of 
access site, gender, and indication on clinical outcomes 
after percutaneous coronary intervention: Insights from the 
British Cardiovascular Intervention Society (BCIS). Am 
Heart J 2015; 170: 164–172, 72 e1–e5.

 21. Mehta SR, Jolly SS, Cairns J, et al. Effects of radial versus 
femoral artery access in patients with acute coronary syn-
dromes with or without ST-segment elevation. J Am Coll 
Cardiol 2012; 60: 2490–2499.

 22. Rao SV, Hess CN, Barham B, et al. A registry-based ran-
domized trial comparing radial and femoral approaches 
in women undergoing percutaneous coronary interven-
tion: The SAFE-PCI for Women (Study of Access Site for 
Enhancement of PCI for Women) trial. JACC: Cardiovasc 
Interv 2014; 7: 857–867.

 23. Alabas OA, Hall M, Dondo TB, et al. Long-term excess 
mortality associated with diabetes following acute myocar-
dial infarction: A population-based cohort study. J Epidemiol 
Community Health 2017; 71: 25–32.

 24. Kolte D, Khera S, Aronow WS, et al. Trends in inci- 
dence, management, and outcomes of cardiogenic shock 

complicating ST-elevation myocardial infarction in the 
United States. J Am Heart Assoc 2014; 3: e000590.

 25. Hueb W, Lopes N, Gersh BJ, et al. Ten-year follow-up sur-
vival of the Medicine, Angioplasty, or Surgery Study (MASS 
II): A randomized controlled clinical trial of 3 therapeutic 
strategies for multivessel coronary artery disease. Circulation 
2010; 122: 949–957.

 26. Simpson SH, Eurich DT, Majumdar SR, et al. A meta-analy-
sis of the association between adherence to drug therapy and 
mortality. BMJ 2006; 333: 15.

 27. Vink MA, Dirksen MT, Suttorp MJ, et al. 5-Year follow-up after 
primary percutaneous coronary intervention with a paclitaxel-
eluting stent versus a bare-metal stent in acute ST-segment 
elevation myocardial infarction: A follow-up study of the 
PASSION (Paclitaxel-Eluting Versus Conventional Stent 
in Myocardial Infarction with ST-Segment Elevation) trial. 
JACC Cardiovasc Interv 2011; 4: 24–29.

 28. Busk M, Maeng M, Rasmussen K, et al. The Danish multi-
centre randomized study of fibrinolytic therapy vs. primary 
angioplasty in acute myocardial infarction (the DANAMI-2 
trial): Outcome after 3 years follow-up. Eur Heart J 2008; 
29: 1259–1266.

 29. Widimsky P, Bilkova D, Penicka M, et al. Long-term out-
comes of patients with acute myocardial infarction presenting 
to hospitals without catheterization laboratory and rand-
omized to immediate thrombolysis or interhospital transport 
for primary percutaneous coronary intervention. Five years’ 
follow-up of the PRAGUE-2 Trial. Eur Heart J 2007; 28: 
679–684.

 30. Widimsky P, Budesinsky T, Vorac D, et al. Long distance 
transport for primary angioplasty vs immediate thromboly-
sis in acute myocardial infarction. Final results of the rand-
omized national multicentre trial–PRAGUE-2. Eur Heart J 
2003; 24: 94–104.

 31. Andersen HR, Nielsen TT, Rasmussen K, et al. A compari-
son of coronary angioplasty with fibrinolytic therapy in acute 
myocardial infarction. N Engl J Med 2003; 349: 733–742.

 32. Stone GW, Brodie BR, Griffin JJ, et al. Prospective, multi-
center study of the safety and feasibility of primary stenting in 
acute myocardial infarction: In-hospital and 30-day results of 
the PAMI stent pilot trial. J Am Coll Cardiol 1998; 31: 23–30.

 33. Hall M, Alabas OA, Dondo TB, et al. Use of relative survival 
to evaluate non-ST-elevation myocardial infarction quality 
of care and clinical outcomes. Eur Heart J Qual Care Clin 
Outcomes 2015; 1: 85–91.

Appendix 1

Life table

Population mortality estimates derived from life tables 
for England and Wales were used to calculate expected 
survival. The latest published life table data available 

were for 2012; therefore 2012 population data were 
matched to 2013 patient data without extrapolation  
(Table 2).
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Appendix 2

Sensitivity analysis

We matched cases by age, sex, year of procedure and 
country, and not comorbidity. The latter was not matched 
because there is a lack of information concerning comor-
bidities in the general population as recorded in the UK life 
tables. Not matching to these additinoal factors may have 
introduced bias to the estimates. This was addressed this 

by running a baseline model which included covariates 
available both in the cohort and general population groups 
(Table 3). Poisson regression found no difference in esti-
mates between the relative survival technique (excess mor-
tality rate ratio (EMRR) and observed all-cause mortality 
(mortality rate ratio (MRR)) (Table 4).

Table 2. Calendar year of procedure and years of follow-up included in the calculations of five-year relative survival for the years 
2005–2013.

Year of 
procedure

Year of follow-up

2005 2006 2007 2008 2009 2010 2011 2012 2013

2005 1 1/2 2/3 3/4 4/5 5/6 6/7 7/8 8/9
2006 1 1/2 2/3 3/4 4/5 5/6 6/7 7/8
2007 1 1/2 2/3 3/4 4/5 5/6 6/7
2008 1 1/2 2/3 3/4 4/5 5/6
2009 1 1/2 2/3 3/4 4/5
2010 1 1/2 2/3 3/4
2011 1 1/2 2/3
2012 1 1/2
2013 1

The numbers within the cells indicate the number of years following procedure.

Table 3. Excess mortality and observed mortality using imputed data (baseline model).

Full model EMRR MRR

Age by follow-up interaction
≤55 years (reference) 1.00 1.00
Up to 4 years post primary PCI
Age 56–65 1.71 (1.54–1.90)a 1.81 (1.66–1.99)a

Age 66–75 3.01 (2.74–3.32)a 3.39 (3.10–3.69)a

Age >75 6.40 (5.84–7.01)a 8.26 (7.62–8.96)a

More than 4 years post primary PCI
Age 56–65 1.40 (1.07–1.83)a 2.03 (1.77–2.32)a

Age 66–75 1.90 (1.43–2.52)a 4.02 (3.55–4.55)a

Age>75 2.60 (1.86–3.65)a 11.56 (10.29–12.99)a

Sex
Male (reference) 1.00 1.00
Female 1.29 (1.22–1.36)a 1.11 (1.07–1.15)a

Calendar year
2005–2007 (reference) 1.00 1.00
2008–2010 0.91 (0.82–1.01) 0.95 (0.89–1.02)
2011–2013 0.98 (0.88–1.08) 1.04 (0.97–1.11)

EMRR: excess mortality rate ratio; MRR: mortality rate ratio; PCI: percutaneous coronary intervention.
aSignificance at 5% level.
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Table 4. Excess mortality and observed all-cause mortality using imputed data (full model).

Full model EMRR MRR

Age by follow-up interaction
≤55 years (reference) 1.00 1.00
Up to 4 years post primary PCI
Age 56–65 1.61 (1.46–1.79)a 1.73 (1.57–1.90)a

Age 66–75 2.49 (2.26–2.75)a 2.96 (2.71–3.23)a

Age >75 4.69 (4.27–5.16)a 6.63 (6.11–7.20)a

More than 4 years post primary PCI
Age 56–65 1.27 (0.95–1.70) 1.95 (1.71–2.24)a

Age 66–75 1.72 (1.30–2.27)a 3.60 (3.18–4.08)a

Age>75 1.66 (1.15–2.41)a 9.73 (8.65–10.94)a

Sex
Male (reference) 1.00 1.00
Female 1.33 (1.26–1.41)a 1.16 (1.12–1.21)a

Calendar year
2005–2007 (reference) 1.00 1.00
2008–2010 1.00 (0.89–1.10) 1.02 (0.96–1.10)
2011–2013 1.03 (0.93–1.15) 1.11 (1.03–1.19)
Medical history
Diabetes 1.58 (1.47–1.69)a 1.45 (1.38–1.52)a

Renal Failure 2.52 (2.27–2.81)a 2.25 (2.07–2.45)a

Pre procedural ventilation 3.82 (3.56–4.12)a 3.36 (3.15–3.58)a

Pre procedural cardiogenic shock 6.10 (5.72–6.50)a 3.73 (3.55–3.91)a

Presence of LMS stenosis (>50%) 1.67 (1.54–1.81)a 0.50 (0.47–0.52)a

Previous MI 1.52 (1.40–1.65)a 1.50 (1.42–1.58)a

Previous PCI 0.67 (0.60–0.75)a 0.75 (0.70–0.81)a

Family history of CAD 0.75 (0.69–0.81)a 0.78 (0.74–0.816)a

Number of stents
No stents (reference) 1.00 1.00
 1 0.38 (0.35–0.41)a 0.50 (0.47–0.52)a

 2 0.41 (0.38–0.45)a 0.51 (0.48–0.54)a

 3 0.46 (0.42–0.50)a 0.56 (0.52–0.60)a

Arterial access
Femoral (reference) 1.00 1.00
Radial 0.70 (0.63–0.71)a 0.78 (0.75–0.82)a

CAD: coronary artery disease; EMRR: excess mortality rate ratio; LMS: left main stem; MI: myocardial infarction; MRR: mortality rate ratio; PCI: 
percutaneous coronary intervention.
aSignificance at 5% level.


