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coronary angiography (CAG) and PCI after AMI compared 
with younger patients. Only 32.2% of patients with STEMI 
aged ≥85 years received primary PCI compared with 52.1% 
of patients aged ≤55 years.12 Also, 38% of patients with 
NSTEMI who are aged ≥81 years received emergency 
CAG compared with 78% of those aged ≤60 years.13 
Although recent reports suggest that the use of primary 
PCI is improving and that treatment gap disparities are 
lessening in older adult patients with AMI,14–18 further 
studies of how to best triage octogenarians and nonage-
narians are warranted.

The care of older adult patients in AMI is also 
complicated by the complexity of geriatric syndrome. 
Frailty is best known as a geriatric syndrome of impaired 
resilience to stressors, which confers a high risk for adverse 

B ecause of the aging of society, very old adults with 
acute myocardial infarction (AMI) are a rapidly 
growing proportion of the population. According 

to intensive care unit registries, older adult patients aged ≥75 
years constitute approximately 30–40% of all hospitalized 
patients with AMI.1–3 Primary percutaneous coronary 
intervention (PCI) is currently the treatment of choice for 
patients presenting with ST-segment elevation myocardial 
infarction (STEMI)4–6 and for those with non-STEMI 
(NSTEMI).4,7 However, the value of an early invasive 
strategy in older adult patients is not well established 
because older patients, particularly octogenarians and nona-
genarians, have either been excluded or rarely enrolled in 
large clinical trials.8–11 Moreover, octogenarians and nona-
genarians are significantly less likely to undergo emergency 
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Background: Older adults with acute myocardial infarction (AMI) are currently a rapidly growing population. However, their clinical 
presentation and outcomes remain unresolved.

Methods and Results: A total of 268 consecutive AMI patients were analyzed for clinical characteristics and outcomes with major 
adverse cardiovascular events (MACE) and all-cause mortality within 1 year. Patients aged ≥80 years (Over-80; n=100) were 
compared with those aged ≤79 years (Under-79; n=168). (1) Primary percutaneous coronary intervention (PCI) was frequently and 
similarly performed in both the Over-80 group and the Under-79 group (86% vs. 89%; P=0.52). (2) Killip class III–IV (P<0.01), 
in-hospital mortality (P<0.01), MACE (P=0.03) and all-cause mortality (P<0.01) were more prevalent in the Over-80 group than in 
the Under-79 group. (3) In the Over-80 group, frail patients showed a significantly worse clinical outcome compared with non-frail 
patients. (4) Multivariate analysis revealed Killip class III–IV was associated with MACE (odds ratio [OR]=3.51; P=0.02) and all-cause 
mortality (OR=9.49; P<0.01) in the Over-80 group. PCI was inversely associated with all-cause mortality (OR=0.13; P=0.02) in the 
Over-80 group.

Conclusions: The rate of primary PCI did not decline with age. Although octogenarians/nonagenarians showed more severe clinical 
presentation and worse short-term outcomes compared with younger patients, particularly in those with frailty, the prognosis may be 
improved by early invasive strategy even in these very old patients.

Key Words: Acute myocardial infarction; Early invasive strategy; Frailty; Octogenarians/Nonagenarians; Outcomes

ORIGINAL ARTICLE
Ischemic Heart Disease



Circulation Reports Vol.6, July 2024

264 KOMATSU J et al.

(Over-80), and those aged ≤79 years (Under-79), and 
analyzed these AMI patients for clinical presentation and 
outcomes. The severity of heart failure (HF) was assessed 
at admission based on the Killip classification; Killip class 
III–IV was defined as severe HF. The severity of valvular 
heart disease was assessed using transthoracic echocar-
diogram performed on admission; only those with moderate 
or severe severity were defined as valvular heart disease. 
The severity of coronary artery disease was assessed using 
the number of coronary artery lesions and Thrombolysis 
in Myocardial Infarction (TIMI) flow grade of CAG 
findings performed at or after admission. To assess frailty, 
the Clinical Frailty Scale (CFS) was used as it provides a 
generally accepted clinical definition of frailty.21,22 The 
CFS ranged from 1 (very fit) to 9 (terminally ill). The CFS 
results were categorised into two groups: non-frail (CFS 
1–4), and frail (CFS 5–9).

The primary outcomes of the study were in-hospital 
death and all-cause death within 1 year, as well as major 
adverse cardiac events (MACE), which included a composite 
of all-cause death, non-fatal myocardial infarction, and 
non-fatal stroke.

Statistical Analysis
Categorical variables are presented as frequencies and 
percentages. Continuous variables that were not normally 
distributed are presented as the median and interquartile 
range (IQR), whereas normally distributed values are 
presented as the mean ± SD. The significance of differences 
was analyzed using the 2-sample Mann-Whitney U test 
and Chi-squared test, as appropriate. Two-tailed P<0.05 
was considered significant. Survival curves were plotted 
using the Kaplan-Meier method for the primary composite 

outcomes.19,20 The prognostic value of frailty in older adult 
patients with AMI receiving primary PCI has not been well 
evaluated.

Therefore, the present study aimed to evaluate the rate 
of primary PCI in octogenarians and nonagenarians relative 
to their younger counterparts. We also sought to assess 
whether a short-term survival benefit can be achieved by 
early invasive management in these very old patients. In 
addition, the significance of frailty in octogenarians and 
nonagenarians receiving primary PCI was evaluated in 
relation to their outcomes.

Methods
Study Design and Patients
This study was a retrospective single-center observational 
study that consecutively enrolled 268 patients with AMI 
who were admitted to Chikamori Hospital between January 
2020 and August 2021. The inclusion criteria were: (1) 
STEMI, defined by persistent chest discomfort or other 
symptoms suggestive of ischemia and ST-segment elevation 
in at least 2 contiguous leads; (2) NSTEMI, defined by 
symptoms consistent with acute myocardial ischemia, 
absence of persistent ST-segment elevation, and elevation 
of high-sensitivity cardiac troponin T (>99th percentile 
upper reference limit; >0.014 ng/mL). The therapeutic 
strategy and the decision to perform coronary revascular-
ization and mechanical circulatory support (MCS) were 
at the discretion of the attending cardiologist according to 
the guidelines.

Definition and Endpoints
We assessed two groups of patients: those aged ≥80 years 

Table 1. Clinical Characteristics

All  
(n=268)

Over-80  
(n=100)

Under-79  
(n=168) P value

Age (years) 75 [65–83]　　 84 [82–90]　　 69 [61–73]　　 –

Male 194 (72) 55 (55) 139 (83) <0.01　
STEMI 167 (62) 61 (61) 106 (63) 0.73

Killip class III–IV   71 (26) 35 (35)   36 (21) <0.01　
CPA on arrival 16 (6) 5 (5) 11 (7) 0.61

Onset to door (min) 144 [74–277]　　 146 [74–266]　　 140 [70–275]　　 0.81

Door to balloon (min) 96 [64–237] 117 [62–221]　　 88 [62–245] 0.20

Laboratory findings

  Hb (g/dL)  13.7 [11.9–15.1]  12.7 [11.3–13.7]  14.6 [12.9–15.6] <0.01　
  Creatinine (mg/dL)  0.79 [0.67–1.09]  0.95 [0.66–1.29]  0.77 [0.67–0.94] 0.03

  AST (U/L) 35 [24–64]　　 42 [27–104] 31 [22–54]　　 <0.01　
  ALT (U/L) 24 [16–41]　　 22 [14–36]　　 25 [17–43]　　 0.13

  LDH (U/L) 247 [200–341] 288 [217–412] 229 [194–296] <0.01　
  hs-cTnT (ng/mL)  0.151 [0.043–0.69]    0.265 [0.112–0.935]    0.085 [0.003–0.466] <0.01　
  CPK (U/L) 164 [107–398] 188 [107–471] 158 [107–385] 0.47

  CK-MB (U/L) 19 [12–38]　　 23 [15–37]　　 17 [11–38]　　 0.02

  Peak CPK (U/L) 1,007 [400–2,747]    885 [377–2,411] 1,201 [410–3,029] 0.17

  Peak CK-MB (U/L) 97 [38–265] 78 [38–247] 108 [34–266]　　 0.71

  BNP (pg/mL) 145 [43–578]　　 442 [120–907] 83 [24–266] <0.01　

Unless indicated otherwise, data are presented as median [interquartile range] or n (%). ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; BNP, brain natriuretic peptide; CK-MB, creatinine kinase-MB; CPA, cardiopulmonary 
arrest; CPK, creatine phosphokinase; Hb, hemoglobin; hs-cTnT, high-sensitivity cardiac troponin T; LDH, lactase 
dehydrogenase; Over-80, patients aged ≥80 years; STEMI, ST elevation myocardial infarction; Under-79, patients 
aged ≤79 years.
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Results
Clinical Characteristics of AMI Patients
Of the 268 AMI patients who were admitted to Chikamori 
Hospital, there were 100 (37%) patients in the Over-80 

endpoint. Adjusted survival analysis was performed by 
fitting Cox regression analysis to identity independent 
predictors of 1-year mortality and MACE. All analyses were 
performed using JMP® version 14.2 (SAS Institute, Cary, 
NC, USA).

Table 2. Baseline Patient Characteristics

All  
(n=268)

Over-80  
(n=100)

Under-79  
(n=168) P value

Coronary risk factors

  Hypertension 186 (69)　　 78 (78) 108 (64)　　 0.02

  Dyslipidemia 137 (51)　　 48 (48) 89 (53) 0.53

  Diabetes 99 (37) 33 (33) 66 (39) 0.36

  Smoker (current or past) 147 (55)　　 36 (36) 111 (66)　　 <0.01　
  Family history of CAD 29 (11) 6 (6) 23 (14) 0.07

Past medical history

  Prior MI 25 (9)　　 11 (11) 14 (8)　　 0.52

  Prior PCI 31 (12) 12 (12) 19 (11) 0.85

  Prior CABG 8 (3) 3 (3) 5 (3) –

Baseline medication

  Antiplatelet therapy 75 (28) 40 (40) 35 (21) <0.01　
  Anticoagulation therapy 23 (9)　　 11 (11) 12 (7)　　 0.27

  ACEI/ARB 100 (37)　　 41 (41) 59 (35) 0.36

  MRA 7 (3) 3 (3) 4 (2) 0.71 

  β-blocker 37 (14) 16 (16) 21 (13) 0.47

  Statins 74 (28) 37 (37) 37 (22) 0.01

  Oral antidiabetic agent 73 (27) 28 (28) 45 (27) 0.89

Valvular disease 25 (10) 22 (22) 3 (2) <0.01　
  AS 15 (6)　　 12 (12) 3 (2) <0.01　
  MR 8 (3) 7 (7) 1 (1) <0.01　

Unless indicated otherwise, data are presented as n (%). ACEI, angiotensin-converting enzyme inhibition; ARB, 
angiotensin receptor blocker; AS, aortic stenosis; CABG, coronary artery bypass grafting; CAD, coronary artery 
disease; MI, myocardial infarction; MR, mitral regurgitation; MRA, mineralocorticoid receptor antagonist; Over-80, 
patients aged ≥80 years; PCI, percutaneous coronary intervention; Under-79, patients aged ≤79 years.

Table 3. Management and Outcomes

All  
(n=268)

Over-80  
(n=100)

Under-79  
(n=168) P value

CAG findings and treatment

  CAG 258 (96)　　 92 (92) 166 (99)　　 <0.01　
  No. coronary lesions 1.97±1.00 2.09±1.03 1.90±0.97 0.19

  Final TIMI flow grade 2.91±0.46 2.88±0.56 2.92±0.40 0.55

  PCI 235 (88)　　 86 (86) 149 (89)　　 0.52

  CABG 27 (10) 7 (7) 20 (12) 0.20

  IABP 51 (19) 21 (21) 30 (18) 0.50

  Impella 18 (7)　　 4 (4) 14 (8)　　 0.18

  ECMO 19 (7)　　 4 (4) 15 (9)　　 0.13

Duration of DAT (days) 136±139 111±133 151±144 0.02

Bleeding event 78 (29) 34 (34) 44 (26) 0.2　　
Length of hospital stay (days) 14 [9–20] 18 [11–27] 12 [9–16] <0.01　
In-hospital death 28 (10) 17 (17) 11 (7)　　 <0.01　
MACE 56 (21) 28 (28) 28 (17) 0.03

All-cause death 35 (13) 22 (22) 13 (8)　　 <0.01　

Unless indicated otherwise, data are presented as median [interquartile range], mean }SD, or n (%). CAG, coronary 
angiography; DAT, dual antithrombotic therapy; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic 
balloon pumping; MACE, major adverse cardiovascular events; Over-80, patients aged ≥80 years; PCI, percutaneous 
coronary intervention; TIMI, Thrombolysis in Myocardial Infarction; Under-79, patients aged ≤79 years.
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of myocardial infarction to arrival at the hospital (P=0.81), 
and door-to-balloon time; the time from arrival at the 
hospital to coronary revascularization (P=0.20).

With respect to laboratory findings, there was no differ-
ence in creatine phosphokinase between the two groups. 
However, creatinine kinase-MB (CK-MB), high-sensitivity 
cardiac troponin T (hs-cTnT), B-type natriuretic peptide 
(BNP), aspartate aminotransferase and lactase dehydro-
genase were all significantly higher in the Over-80 group.

Baseline Patient Characteristics
Coronary Risk Factors and Past Medical History  Hyper-

tension was significantly more prevalent in the Over-80 
group (78% [n=78]) than in the Under-79 group (64% 
[n=108]; P=0.02; Table 2). Smoking history (current or past) 
was significantly more frequent in the Under-79 group 
(P<0.01). There were no differences between the two groups 
in history of myocardial infarction and previous history of 
PCI or coronary artery bypass grafting (CABG).

Baseline Medication  Antiplatelet drugs and statins 
were taken more frequently in patients in the Over-80 
group with a significant difference (P<0.01 and P=0.01, 
respectively).

Valvular Heart Diseases  The valvular heart diseases, 
which were defined as moderate or severe severity, were 
mostly aortic stenosis (6% [n=15]) and mitral regurgitation 
(3% [n=8]), and they were significantly more prevalent in 
the Over-80 group (22% [n=22]) than in the Under-79 
group (2% [n=3]; P<0.01).

Management and Outcomes
CAG Findings and Treatment  Although the percentage 

of CAG performed was significantly lower in the Over-80 
group (92% [n=92]) than in the Under-79 group (99% 
[n=166]; P<0.01), it is noticeable that CAG was performed 

group and 168 (63%) patients in the Under-79 group 
(Table 1). The proportion of male patients was 55% (n=55) 
in the Over-80 group and 83% (n=139) in the Under-79 
group (P<0.01). There was no difference in STEMI rates 
between the two groups; 61% (n=61) in the Over-80 group 
and 63% (n=106) in the Under-79 group (P=0.73). Severe 
HF, which was defined as Killip class III–IV, was more 
prevalent in the Over-80 group (35% [n=35]) than in the 
Under-79 group (21% [n=36]) with a significant difference 
(P<0.01). There was no difference in patients with cardio-
pulmonary arrest on arrival at the hospital between the 
two groups (P=0.61). There were no differences between 
the two groups in onset-to-door time; the time from onset 

Figure 1.  Cumulative incidence of major adverse cardiac events (MACE) and cumulative survival within 1 year in patients aged 
≥80 years (Over-80) and those aged ≤79 years (Under-79).

Table 4. Logistic Regression Analysis

OR 95% CI P value

MACE

  Male 1.35 0.48–3.82 0.57

  CPA on arrival 1.49 0.092–24.16 0.78

  Killip class III–IV 3.51   1.21–10.19 0.02

  PCI 0.28 0.54–4.50 0.07

  Multivessel disease 0.52 0.17–1.59 0.26

All-cause death

  Male 1.93 0.52–7.14 0.32

  CPA on arrival 1.09 0.041–28.56 0.96

  Killip class III–IV 9.49   2.50–36.02 <0.01　
  PCI 0.13 0.025–0.69　　 0.02

  Multivessel disease 0.35 0.081–1.48　　 0.15

CI, confidence interval; CPA, cardiopulmonary arrest; MACE, major 
adverse cardiovascular events; OR, odds ratio; PCI, percutaneous 
coronary intervention.
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the Under-79 group (7%; P<0.01). MACE and all-cause 
death within 1 year were also more prevalent in the Over-80 
group than in the Under-79 group (Figure 1). Logistic 
regression analysis performed for MACE and all-cause 
death within 1 year showed that Killip class III–IV was 
associated with MACE (odds ratio [OR] 3.51; P=0.02) 
and all-cause death (OR 9.49; P<0.01) in the Over-80 group. 
In contrast, and more importantly, PCI was inversely 
associated with all-cause death in the over-80 group (OR 
0.13; P=0.02).

We also analysed the difference in outcomes of the 
patients with STEMI and those with NSTEMI. In the 
patients with STEMI, there was no difference in event-free 
survival between the Over-80 and the Under-79 groups, 
whereas in those with NSTEMI, all-cause death was more 
common in the Over-80 group (Figure 2).

With respect to frailty in the Over-80 group, 30 patients 
were assumed to be frail. These frail octogenarians and 
nonagenarians showed significantly worse clinical outcomes 
compared with the non-frail older patients and younger 
patients (Figure 3).

in more than 90% of patients in the Over-80 group 
(Tables 3,4). There was no difference in the number of 
coronary lesions between the two groups (P=0.19), but there 
was a significant difference in TIMI flow grade among the 
two groups (P<0.01). Primary PCI was frequently and 
similarly performed in both the Over-80 group (86%) and 
the Under-79 group (89%; P=0.52), as was CABG 
(P=0.20). There was no difference between the two groups 
in the use of MCS, including intra-aortic balloon pumping 
(IABP), Impella and veno-arterial extracorporeal membrane 
oxygenation (VA-ECMO).

Outcomes  The duration of dual antithrombotic therapy 
(DAT) after PCI was slightly shorter in the Over-80 group 
(111±133 days) than in the Under-79 group (151±144 
days). The incidence of a bleeding event was not different 
between the two groups. There was no patients who died 
from a bleeding event. The length of hospitalization was 
significantly longer in the Over-80 group (18 days [IQR 
11–27]) than in the Under-79 group (12 days [IQR 9–16]; 
P<0.01). The prevalence of in-hospital deaths was signifi-
cantly higher in the Over-80 group (17%) compared with 

Figure 2.  Outcomes of patients with ST-elevation myocardial infarction (STEMI) and non-ST-elevation myocardial infarction 
(NSTEMI). Over-80, patients aged ≥80 years; Under-79, patients aged ≤79 years.
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adult patients in the acute phase, and also shown a positive 
association of this invasive approach with improved 
outcomes in older adult patients.1,14,16,17 In contrast, it is 
important to be aware of the fact that older adult patients 
with AMI are at increased risk of complications such as 
bleeding,18 although in the present study there was no 
difference in the incidence of a bleeding event between the 
very old patients and their younger counterparts. Also, 
they are often complicated by the complexity of geriatric 
syndrome including frailty, multimorbidity, impaired 
cognitive and physical function, and polypharmacy.23 Thus, 
it is necessary to carefully consider the risk and benefit of 
an invasive approach in these very old adult patients with 
AMI.

Mortality in AMI increases with age.24 Mortality rates 
in older patients with STEMI have ranged from 13% to 
30% at 30 days, and as high as 52% at 3 years.25–27 Regarding 
NSTEMI, 30-day mortality rates of patients aged ≥80 years 
have ranged between 12% and 16%, and 1-year mortality 
rates exceeding 25% have been reported.28,29 Complications 
of AMI, such as HF, stroke, and cardiogenic shock, also 
increase in frequency with age.25,30 In the present study, 
octogenarians and nonagenarians showed a more severe 
clinical presentation and a worse short-term prognosis 
compared with their younger counterparts. Killip class 
III–IV was more frequently found in octogenarians and 
nonagenarians than in younger patients. The level of 
biomarkers, such as BNP, hs-cTnT, and CK-MB, was 
found to be higher in octogenarians and nonagenarians 
than in younger patients. These clinical features resulted in 
a longer hospital stay and higher in-hospital death, as well 
as MACE and all-cause death within 1 year. These results 
are consistent with many previous reports, which showed 
that older patients with AMI have a more severe clinical 
presentation and are at higher risk of short-term and 

Discussion
The main findings of the present study are as follows: (1) 
the rate of primary PCI did not decline with age (i.e., 
primary PCI was performed similarly and frequently in 
both octogenarians and nonagenarians [86%] and younger 
patients [89%]); (2) octogenarians and nonagenarians 
showed more severe clinical presentation and worse 
short-term prognosis compared with younger patients; 
moreover, frail octogenarians and nonagenarians showed 
significantly worse outcomes compared with non-frail 
older patients; and (3) primary PCI in the acute phase was 
associated with a short-term reduced all-cause mortality 
even in the very old patients.

Older patients aged ≥80 years represent a growing 
proportion of the population presenting with AMI, but 
these patients are much less likely to receive invasive 
management. Data from the National Impatient Sample 
database in the USA showed that emergency CAG was 
performed in only 38% of patients with NSTEMI aged ≥81 
years compared with 78% of patients aged ≤60 years.13 
The SENIOR-NSTEMI (Invasive Versus Non-invasive 
Management of Older Patients With Non-ST Elevation 
Myocardial Infarction) cohort study also showed that 49% 
of patients aged ≥80 years underwent invasive management.7 
Regarding STEMI, the Myocardial Ischemia National 
Audit Project (MINAP) reported that 32.2% of patients 
aged ≥85 years received primary PCI compared with 52.1% 
of those aged ≤55 years.12 In contrast, the present study 
showed that 86% of octogenarians and nonagenarians 
received primary PCI during the acute phase, which was 
similar to the rate of primary PCI in the younger patients 
(89%). The results of the present study are remarkable and 
in line with temporal trends over the past decade, which 
have shown a growing use of invasive management in older 

Figure 3.  Significance of frailty in the incidence of major adverse cardiac events (MACE) and all-cause death. CI, confidence 
interval; HR, hazard ratio; Over-80, patients aged ≥80 years; Under-79, patients aged ≤79 years.
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Study Limitations
Several limitations merit being acknowledged. First, because 
this is a retrospective observational study, we cannot 
exclude a certain selection bias and the potential effect of 
unmeasured confounding. Second, the number of study 
patients was relatively small compared with many multi-
center registries, because this is a study from a single 
institution. Further studies are needed to confirm our 
observations. Third, the significance of additional PCI of 
the nonculprit lesions compared with culprit lesion-only 
PCI was not discussed, partly because of the small number 
of patients in the study. Fourth, although very old patients 
with AMI are often complicated by the complexity of 
geriatric syndrome, including frailty, multimorbidity, 
impaired cognitive function and polypharmacy, only an 
evaluation of frailty was performed in the present study.

Conclusions
The rate of primary PCI did not decline with age. Primary 
PCI was performed frequently and similarly in both 
octogenarians and nonagenarians (86%) and younger 
counterparts (89%), which is not only remarkable but also 
in line with recent temporal trends of the growing use of 
acute invasive management in very old patients. Although 
octogenarians and nonagenarians showed more severe 
clinical presentation and worse short-term outcome 
compared with younger patients, particularly in those with 
frailty, the prognosis might be improved by an early invasive 
strategy, even in very old adult patients.
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