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ABSTRACT

Objective Advancement in healthcare provision has led to
increasing octogenarian ST elevation myocardial infarction
(STEMI) presentation to hospital for early revascularisation
therapies. Limited literature to date exists to suggest
octogenarian STEMI population; with majority of trials
excluding these age group patients. Due to an ageing
population, we expect increasing rates of STEMI in the
octogenarian and nonagenarian population in the future.
This study seeks to identify the outcomes of patients over
the age of 80 presenting with STEMI and determine the
factors associated with better or worse outcome.
Patients and methods This study is a single-centre
retrospective observational study involving patients’ age
80 or older presenting with STEMI between January 2014
and December 2019. Patient data were collected by chart
review and analysis of the local STEMI database. Standard
Bayesian statistics were employed for analysis.

Results 1301 patients presented with STEMI during this
period. 159/1301 (12.2%) were 80 years or older that
fulfilled STEMI criteria, 35/159 (22.1%) were medically
managed. 107/124 (86.29%) had angiographic evidence of
acute total or partial thrombotic occlusion, and 97/107 were
treated with primary percutaneous coronary intervention
(PPCI). The activation ECG most commonly exhibited an
anterior STEMI, while inferior STEMI ECGs had the strongest
positive predictive value. PPCI group had a 30-day mortality
rate of 20% (p=0.07) and 1-year mortality was 22.4%.
Highest mortality was observed with cardiogenic shock,

low ejection fraction, higher high sensitivity cardiac troponin
T and creatinine at presentation. Conservatively managed
patients had significant higher mortality rate (48% vs 22.4%,
p=0.005) at 1 year.

Conclusion Patients over the age of 80 who present

with STEMI and undergo PPCI have a significantly lower
mortality rate at 1year. These patients have a 77.6%
survival at 1year, with 92.4% likelihood of discharge to
home (without need for long-term nursing home care).
Cardiogenic shock in this group was associated with a
1-year mortality of 87.5%. Despite the advanced age, we
suggest favourable outcomes described in the absence of
patients presenting with cardiogenic shock.

Key questions

What is already known about this subject?

» Limited literature to date exists to suggest octoge-
narian ST elevation myocardial infarction (STEMI)
population with outcomes; with majority of trials ex-
cluding these age group patients. Poor outcomes are
associated with octogenarian and nonagenarian pa-
tients with STEMI compared to younger population.

What does this study add?

» This study is a real-world experience with modern
analysis that enlightened clinicians across the globe
of successful outcome of early coronary interven-
tion in this age group, along with survival benefit
and prognostic factors. To date, limited studies have
such in-depth modern analysis of all the possible
confounders in octogenarian population, as majority
of trials exclude these age group patients that we
included in this study. It also strengthens the point of
survival benefit in early intervention cases.

How might this impact on clinical practice?

» With increasing global age, our study will give clear
insight to cardiologist of early invasive strategies
in elderly patients with STEMI, complications in
this age group and confounding factors associated
with worse outcome. Primary percutaneous coro-
nary intervention in STEMI is a pivotal management
step that should not be biased on age factor only.
Advance frailty assessment scoring systems with
clarified resuscitation orders and narrative should
be made integral part for emergency octogenarian
and nonagenarians care.

INTRODUCTION

Progress in the delivery of modern health-
care has led to an improved life expectancy
worldwide,1 resulting in a larger population
of elderly people living with chronic illness.
Increasing age is a strong independent
predictor of coronary artery disease (CAD),
and when coupled with prolonged expo-
sure to various risk factors for CAD (such
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as smoking, diabetes and hypercholesterolaemia), has
contributed towards a substantial burden of CAD in the
octogenarian and nonagenarian population.2

An increasing population of elderly patients with risk
factors for CAD has resulted in an increase in the number
of elderly patients presenting with ST elevation myocar-
dial infarction (STEMI).> The acute management of
elderly patients with STEMI is fraught with difficulty due
to a higher risk of mortality associated with STEMI in this
age group alongside a higher risk of complications from
any treatment undertaken.* The increased incidence of
STEMI in the very elderly is likely to continue to rise and
delivery of care to this population will continue to prove
challenging.

Accurate clinical histories, focused clinical assessment
with prompt recognition of ECG patterns, are widely used
ancillary tools for diagnosis of STEMI in all age groups.
The diversity of chest pain symptoms and the communi-
cation challenges secondary to subsequent delirium or
acute confusion in this population make the diagnosis
of STEMI a diagnostic dilemma for clinicians. Addition-
ally, there is higher prevalence of left ventricular hyper-
trophy and left bundle branch block patterns on ECGs
in elderly patients compared with young. Frailty and
age lead to decreased physiological reserve, with subse-
quent prolonged hospital stays and increased consump-
tion of healthcare resources.” Age itself is incorporated
into scoring systems like Global Registry for Acute Coro-
nary Event risk score and Thrombolysis In Myocardial
Infarction score used for risk assessment in patients with
coronary disease and is proportionally linked with worse
outcomes.® Thus, decisions on revascularisation and
reperfusion therapies in octogenarians STEMIs are more
challenging, with the incidence of octogenarians STEMIs
likely to rise in coming years.

Primary percutaneous coronary intervention (PPCI)
remains the optimal treatment approach towards STEMI”
and this should not be biased based on age, however,
interventionalists will need to take into account patient
suitability on a case-by case basis.® More real-world data
on the outcomes of STEMI in our ageing population are
essential. In this study, we therefore aimed to provide
a detailed modern analysis of real-world experience of
octogenarians and nonagenarians patients with STEMI
undergoing PPCI. We also sought to provide an insight
into the importance and association of both mortality at
30 days and at 1 year with baseline demographics, clinical
characteristics, laboratory parameters and procedural
outcomes.

METHODS

A single-centre retrospective cohort analysis was
conducted at the department of cardiology, University
Hospital Limerick (UHL); a 24/7 PPCI centre in the mid-
west of Ireland. The study centre covers alarge geographic
area in Ireland that includes triage and transfer from
other regional centres with various ethnicities and social

backgrounds. Ethical approval was obtained from local
ethical committee. Data were collected from electronic
patient records and the local STEMI database at UHL.
STEMI was defined as any patient with ECG changes
based on WHO-ST elevation criteria, along with any
symptom of cardiac ischemia (chest, shoulder, back, jaw
or upper abdominal discomfort). All patients presenting
with STEMI between January 2014 and December 2019
who were aged 80 years and above were included.

Baseline bloods at the time of admission and during
hospitalisation were recorded for all patients including
troponins and creatinine. Echocardiogram  was
performed for all patients and left ventricular ejection
fraction (LVEF) was measured at the time of presenta-
tion or after the catheterisation procedure during index
admission. The primary outcome of the study was all-cause
mortality at 30 days and at 1year. Patient demographics,
procedural characteristics and biochemical results were
also analysed. Statistical analysis was performed using
IBM SPSS V.20 and a p value of <0.05 was considered
significant. Mann-Whitney U, %* and Fisher exact tests
were used as appropriate.

Patient and public involvement

All octogenarian patients/guardians who presented to
our centre were involved. Direct involvement of the all
researcher group with the patient did not happen as it
was a retrospective study. Proactive cardiologist’s involved
all the patients/guardian in the decision making, giving
them education and empowerment of their symptoms,
thus improving self awareness and as of the community
of management of chronic cardiovascular illness. This
study helped us encouraging adaptive, coherent response
in the octogenarian patients with STEMI. The answer
to the question ‘Are we making the correct decision by
subjecting elderly patients with comorbidities to inter-
ventional procedures?’ leads us to make some necessary
quality improvement reforms/changes to our health
system to improve public and community health. We
think that the results of our study will disseminate glob-
ally impacting the cure and outcome of elderly STEMI
care.

RESULTS
A total of 159 patients were referred to cardiology
services as emergency STEMI calls that met the electro-
cardiographic (WHO) criteria for STEMI and were age
80 or above. One hundred and twenty-four out of 159
(77.9%) patients were deemed to be suitable candidates
for transfer to the cardiac catheterisation laboratory,
whereas 35 were managed conservatively due to unstable
clinical status and/or burden of comorbidity (figure 1).
The median age for all octogenarian and nonagenarian
patients (159/1301) was 85 years (range 80-97 years).
All patients deemed suitable for transfer to the cardiac
catheterisation laboratory (n=124) were loaded with both
aspirin 300 mg and a P2Y12 antagonist such as clopidogrel
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Figure 1 Flow chart showing the breakdown of
octogenarian and nonagenarian patients into groups for
analysis. STEMI, ST elevation myocardial infarction.

or ticagrelor. Radial access was the most common access
site (76.2%), followed by femoral access (13.9%), and
both radial and femoral access routes were required
in 8.9% of cases (see table 1). There was no significant
difference in 30-day mortality with regards to access
site (p=0.07). Of 124 patients who were brought to the
cath lab, there was high proportion who had impaired
LVEF (84.6%); 51/124 (40.3%) had an EF of 35%-50%,
43/124 (34.6%) had an LVEF of 20%-35% and 11/124
(8.87%) had an LVEF of <20%. The activation ECG most
commonly exhibited an anterior infarct (50%), followed
by inferior infarction (38.7%) and lateral infarction
(8.8%). A bundle branch infarction was identified in
7/124 (5.6%) of patients (see table 1).

Of the 124 patient brought to the catheterisation labo-
ratory, 107 (62.2%) patients had angiographic evidence
of acute total or partial thrombotic coronary occlusion.

The conservatively managed patients were older
compared with those undergoing angiography (median
(IQR), 85 (82.5-91) vs 83 (81-85), p=0.01) (see table 2).
Also, patients presenting from a nursing home were
more likely to be treated medically and not undergo
angiography (22.9% vs 4.8%, p=0.001) (table 2). There
were a number of other factors identified that were asso-
ciated with the decision not to bring the patient to the
catheterisation laboratory (see table 2). These included
previous myocardial infarction (MI) (31.4% vs 15.3%,
p=0.03), previous percutaneous coronary intervention
(PCI) (22.9% vs 12.1%, p=0.012), a previous cerebro-
vascular accident (CVA) (14.3% vs 4%, p=0.04) and the
presence of peripheral vascular disease (PVD) (14.3% vs
2.4%, p=0.01) along with their other comorbidities.

Overall mortality at lyear was 26.4% (42/159), and
patients in the PPCI group had numerically lower 30-day
mortality compared with the conservative group (20.6%

Table 1 Detailed procedural characteristics of patients
who received coronary angiography for a STEMI
presentation

Characteristics n=124 (% population)

Route
Radial 95/124 (76.2)
Femoral 18/124 (13.9)
Both routes 11/124 (8.9)
Presenting blood pressure
BP >180/110 10/124 (8.1)
BP <90/60 11/124 (8.9)
LVEF
>55% 03/124 (3.2)
50%-55% 16/124 (12.1)
35%-50% 51/124 (40.3)
20%-35% 43/124 (34.6)
<20% 11/124 (8.87)
Presenting ECG
Inferior STEMI 48/124 (38.7)
Anterior STEMI 62/124 (50)
Posterior STEMI 2/124 (1.6)
Lateral STEMI 04/124 (3.8)
BBB STEMI 07/124 (5.6)
No culprit vessel 17/124 (13.7)
Emergency CABG 03/124 (2.4)
Culprit vessel 107/124 (86.3)
LMS 04/107 (3.7)
LAD 46/107 (42)
LCX 11/107 (10.2)
RCA 36/107 (33.6)
Multi vessel 10/107 (9.3)
Use of stents during PCI 97/107 (78.9)
IABP 09/107 (8.4)
Postprocedural TIMI flow
TIMI O 09/107 (8.4)
TIMI| 05/107 (4.6)
TIMINI 04/107 (3.7)
TIMIT 89/107 (83.5)

BBB, bundle branch block; BP, blood pressure; CABG, coronary
artery bypass grafting; IABP, intra-aortic balloon pump; LAD,
left anterior descending; LCX, left circumflex; LMS, left main
stem; LVEF, left ventricular ejection fraction; PCI, percutaneous
coronary intervention; RCA, right coronary artery; STEMI,

ST elevation myocardial infarction; TIMI, Thrombolysis In
Myocardial Infarction.

vs 37.1%, respectively, p=0.07) (see table 3). At l-year
follow-up, there was a significantly higher mortality
observed in the conservative group versus the PPCI
group (48.6% vs 22.4%, respectively, p=0.005) (table 3)
(figure 2). Average length of stay for patients brought to
catheterisation laboratory was 5.53+8.2 days.
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Table 2 Factors influencing the decision to bring the patient for primary coronary angiography

Characteristic Cathlab (n=124) Conservative/medical management only (n=35) P value
Age, years, median (IQR) 83 (81-36) 85 (82.5-91) 0.016
Male gender, % (n) 52.4 (65/124) 45.7 (16/35) 0.44
Admitted from nursing home, % (n) .8 (6/124) 22.9 (8/35) 0.001
Hypertension, % (n) 57.3 (71/124) 71.4 (25/35) 0.17
Diabetes, % (n) 9 (11/124) 11.4 (4/35) 0.57
Previous MI, % (n) 15.3 (19/124) 31.4 (11/35) 0.019
Hypercholesterolaemia, % (n) 50 (62/124) 60 (21/35) 0.62
Never smoked, % (n) 47.6 (59/124) 68.6 (24/35) 0.003
Previous CABG, % (n) .6 (7/124) 5.7 (2/35) 0.7
Previous PCI, % (n) 12.1 (15/124) 22.9 (8/35) 0.012
Previous CVA, % (n) 4 (5/124) 14.3 (5/35) 0.04
Previous PVD, % (n) 4 (3/124) 14.3 (5/35) 0.005
Cardiogenic shock, % (n) 13.7 (17/124) 20 (7/35) 0.25
Tachycardia on admission, % (n) 14.5 (18/124) 21.5 (11/48) 0.007
Bradycardia on admission, % (n) 13.9 (17/124) 14.5 (07/48) 0.019
Median hs-cTnT (IQR) 3232 (1319-7721) 1305 (1145-7385) <0.001
Median creatinine (IQR) 86.5(59.8-113) 98 (78-120) 0.245

CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; hs-cTnT, high sensitivity cardiac troponin T; MI, myocardial infarction;
PCI, percutaneous coronary intervention; PVD, peripheral vascular disease.

In the conservative managed group, both 30-day and
l-year mortality were high among patients who had
history of hypertension (28% vs 44%), diabetes mellitus
(50% vs 75%), previous PCI (75% vs 75%) and coro-
nary artery bypass grafting (CABG) (50% vs 100%) (see
table 4).

Of the patients brought to the cardiac catheterisation
laboratory (n=124), 16 patients (12.9%) exhibited cardio-
genic shock, with 9 of these (56.25%) requiring intra-
aortic balloon pump insertion; 2.4% (3/124) required
emergency CABG, 1.6% (2/124) patient had confirmed
ischaemic CVA on index admission, 2.4% (3/124) had

Table 3 Comparison of patients presenting with STEMI (conservative vs revascularised)

Characteristic PPCI (n=107) Conservative (n=35) P value
Age, years, median (IQR) 83 (81-85) 85 (82.5-91) 0.01
Male gender, % (n) 53.3 (57/107) 45.7 (16/35) 0.44
Admitted from nursing home, % (n) .8 (3/107) 22.9 (8/35) 0.001
Hypertension, % (n) 59.8 (64/107) 71.4 (25/35) 0.22
Diabetes mellitus, % (n) 10.3 (11/107) 11.4 (4/35) 0.99
Hypercholesterolaemia, % (n) 51.4 (55/107) 60 (21/35) 0.38
Never smoked, % (n) 43 (46/107) 68.6 (24/35) 0.01
Previous CABG, % (n) .5(7107) 5.7 (2/35) 0.99
Previous PCl, % (n) 12.1 (13/107) 22.9 (8/35) 0.12
Previous CVA, % (n) .7 (5/107) 14.3 (5/35) 0.07
Previous PVD, % (n) .8(3/107) 14.3 (5/35) 0.02
Previous MI, % (n) 5 (16/107) 31.4 (11/35) 0.05
Cardiogenic shock on admission, % (n) 15 (16/107) 20 (7/35) 0.6
30-day mortality, % (n) 20.6 (22/107) 37.1(13/35) 0.07
One-year mortality, % (n) 22.4 (24/107) 48.6 (17/35) 0.005

CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; MI, myocardial infarction; PCI, percutaneous coronary intervention;

PPCI, primary percutaneous coronary intervention; PVD, peripheral vascular disease; STEMI, ST elevation myocardial infarction.
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Figure 2 Kaplan-Meier curve showing survival for the
PPCI and conservative management groups. PPCI, primary
percutaneous coronary intervention.

intracranial bleed during hospitalisation (one patient out
of which was on anticoagulation), while 1.6% (2/124)
patients had significant bleeding (haemoglobin drop
23 g) requiring blood transfusion during inpatient stay.
The presence of cardiogenic shock was associated with
87.5% mortality in those who were brought to the cath-
eterisation laboratory. In those who were brought for
intervention, patients presenting in cardiogenic shock
were associated with the strongest risk of mortality at
lyear (OR=63.1 (95% CI 16.1 to 336.6, p<0.001)) and
possess higher peak high sensitivity cardiac troponin T
(2103 vs 6717, p=0.010) and creatinine levels (92.0 vs
120, p=0.001), while a baseline LVEF 240% was associated
with a reduced likelihood of mortality at 1year (OR=0.33
(95% CI 0.13 to 0.82, p=0.05)). Cardiogenic shock at
presentation was a strong discriminator for predicting

Table 5 ORs of variables associated with mortality at
1year

Variable OR 95% Cl P value
LVEF >40% 0.33 0.13100.82 0.05
Systolic blood pressure 0.99 097101 0.1
Cardiogenic shock 63.1 16.1 to 336.6 <0.001
Baseline creatinine 1.02 1.01t0 1.03 0.001
Log troponin 1.7 1t03.7 0.1

LVEF, left ventricular ejection fraction.

mortality at lyear (area under the curve=0.84, 95% CI
0.75 to 0.94) and outperformed all other predictors. The
independent variables with a significant association with
mortality at 1year are outlined in table 5.

At discharge, a relatively small proportion of patients
6/105 (5.7%) admitted from home required discharge
to a long-term nursing home placement. Patients trans-
ferred to the catheterisation laboratory in comparison to
medically managed showed a long survival at 1year time
(figure 2).

DISCUSSION

One hundred and fifty-nine patients over the age of 80
were referred as a ‘code STEMI’, representing 12.2%
(159/1268) of all STEMIs during the 5-year study period.
This proportion of octogenarians is similar to other
published data elsewhere®™' and is reflective of the
increasing trend of an ageing global population. This
study included a large cohort of patients with STEMI that
were brought either directly to a PCI centre or alterna-
tively transferred after assessment in a regional hospital
without facilities for PPCI. The decision to bring an

Table 4 Characteristics with subgroup 30-day and 1-year mortality for the conservative management group

30-day mortality 1-year mortality

Characteristic n=35

Age, years, median (IQR) 85 (82.5-91)
Male gender, % (n) 45.7 (16/35)
Admitted from nursing home, % (n) 22.9 (8/35)
Hypertension, % (n) 71.4 (25/35)
Diabetes, % (n) 11.4 (4/35)
Previous MI, % (n) 31.4 (11/35)
Hypercholesterolaemia, % (n) 60 (21/35)
Never smoked, % (n) 68.6 (24/35)
Previous CABG, % (n) .7 (2/35)
Previous PCI, % (n) 22.9 (8/35)
Previous CVA, % (n) 14.3 (5/35)
Previous PVD, % (n) 14.3 (5/35)
Cardiogenic shock an admission, % (n) 20 (7/35)

37.5 (6/16) 43.8 (7/16)
25 (2/8) 37.5 (3/8)
28 (7/25) 44 (11/25)
50 (2/4) 75 (3/4)

36.4 (4/11) 45.5 (5/11)

28.6 (6/21) 42.9 (9/21)

33.3 (8/24) 45.8 (11/24)
50 (1/2) 100 (2/2)
75 (6/8) 75 (6/8)

11.4 (4/35) 14.3 (5/35)
40 (2/5) 40 (2/5)

14.3 (1/7) 28.6 (2/7)

CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; MI, myocardial infarction; PCI, percutaneous coronary intervention;

PVD, peripheral vascular disease.
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elderly patient to the catheterisation laboratory can be a
difficult one.

Those who were deemed not appropriate for cathe-
terisation laboratory transfer were more likely to exhibit
a higher rate of comorbidities (such as previous MI,
dementia, PVD, CVA) and surrogates thereof (such as
transfer from nursing home). Patients that were deemed
appropriate for angiography and who had a lesion
requiring revascularisation had lower mortality at 1year
than those treated conservatively.

The benefits of reperfusion therapy to restore coronary
flow have been investigated previously, and it has been
reported that there is no difference in relative risk reduc-
tion of PPCI in elderly compared with non-elderly patients.'?
Regarding overall benefit, the increased risk of angiographic
complications in the very elderly is offset by the fact that
elderly patients have higher rates of morbidity and mortality
when presenting with STEMI. Successful restoration of coro-
nary flow is associated with increased survival'® and this was
shown at lyear in this cohort. Across all-comers with STEMI
over the age of 80, the rate of mortality was 26.41%. Mortality
was 20.6% among patients with angiographic evidence of a
coronary occlusion.

The majority of patients who were transferred for
cardiac catheterisation and who died within 30 days
presented with cardiogenic shock (14/22, 63.63%).
Coincidently, those who were brought to the cardiac cath-
eterisation laboratory and had cardiogenic shock exhib-
ited an extremely high mortality at 30 days (87.5%). Of
those who were brought to the catheterisation laboratory,
the presence of cardiogenic shock was associated with a
significantly higher rate of death at 30 days (HR 9.95 (95%
CI 5.0061 to 19.7888, p=<0.00001)). Excluding those
with cardiogenic shock, the observed 30-day mortality
was 8.7% (8/91). This data highlights the high mortality
associated with cardiogenic shock in patients over the
age of 80years. Overall levels of mortality exhibited in
this cohort were similar to other previously reported
cohorts,"™® and the 30-day and 1-year mortality in our
study are very similar to any other study reports in octo-
genarian and nonagenarian populations.S"11

Few studies have reported the impact of procedural
characteristics on the outcome in patients over 80
years.'” ' In this cohort, successful radial access was
attained in 76.2% of cases. The prevalence of cardiogenic
shock was 14.9% in those brought to the catheterisation
laboratory and was associated with a very high rate of
mortality (87.5%).

This study was a retrospective cohort analysis, and
as such is at inherent risk of recall bias, reporting bias
and incomplete/inaccurate patientlevel metrics. The
data collected in this study, however, were from a highly
functioning prospective local STEMI database, thus
improving the integrity of the data and allowing for accu-
rate outcome tracking.

Our study enrolled all-comers over the age of 80 presenting
with STEMI, including those with cardiogenic shock. We
did not have any frailty assessment scoring system for acute

elderly patients with STEMI but the interventionalists in the
study centre are proactive in revascularising patients over
the age of 80 who exhibit good baseline and no contrain-
dication to either angiography or PCIL. These features of
the programme served to highlight patients in whom bad
outcomes are likely in an interventional strategy (ie, those
presenting with cardiogenic shock).

We consider this study to be quite representative of
modern practice and provides an insight into the diffi-
culties faced when dealing with an ageing population.
Advance frailty assessment scoring systems with clarified
resuscitation orders and care narrative should be made
integral part for emergency octogenarian and nonage-
narians STEMI care. This data shows that patients over
the age of 80 who are selected to go to the catheterisa-
tion laboratory with STEMI exhibit good outcomes. In
patients who have cardiogenic shock on presentation,
however, have a high rate of mortality at 30 days.

CONCLUSION

This study demonstrates that there is a high mortality rate
with STEMI in those aged 80 years or above (~1 out 4
at lyear), however, patients who are treated with PPCI
have a significantly lower mortality rate at 1 year. The inci-
dence of STEMI in patients over the age of 80 is likely
to continue to rise and this may prove challenging. PPCI
remains the optimal treatment approach towards STEMI
and this should not be biased based on age, however,
interventionalists will need to take into account patient
suitability on a case-by case basis.

Octogenarians who undergo angiography and PPCI as
required have 77.6% survival at 1year and a 92.4% likeli-
hood of discharge to home; without need for long-term
nursing home care. Despite the advanced age-profile of this
cohort, we suggest favourable outcomes in the absence of
cardiogenic shock and left ventricular pump failure.
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