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We compared clinical characteristics, management, and clinical outcomes of nonagenarian
acute myocardial infarction (AMI) patients (n = 270, 92.3 + 2.3 yr old) with octogenarian
AMI patients (n = 2,145, 83.5 + 2.7 yr old) enrolled in Korean AMI Registry (KAMIR).
Nonagenarians were less likely to have hypertension, diabetes and less likely to be
prescribed with beta-blockers, statins, and glycoprotein llb/llla inhibitors compared with
octogenarians. Although percutaneous coronary intervention (PCl) was preferred in
octogenarians than nonagenarians, the success rate of PCl between the two groups was
comparable. In-hospital mortality, the composite of in-hospital adverse outcomes and one
year mortality were higher in nonagenarians than in octogenarians. However, the
composite of the one year major adverse cardiac events (MACEs) was comparable between
the two groups without differences in Ml or re-PCl rate. PCl improved 1-yr mortality
(adjusted hazard ratio [HR], 0.50; 95% confidence interval [Cl], 0.36-0.69, P < 0.001)
and MACEs (adjusted HR, 0.47; 95% Cl, 0.37-0.61, P < 0.001) without significant
complications both in nonagenarians and octogenarians. In conclusion, nonagenarians
had similar 1-yr MACEs rates despite of higher in-hospital and 1-yr mortality compared
with octogenarian AMI patients. PCl in nonagenarian AMI patients was associated to
better 1-yr clinical outcomes.

Keywords: Aged, Eighty and over; Myocardial Infarction; Percutaneous Coronary
Intervention

INTRODUCTION

With increased life expectancy, the population of the elderly is increasing, and cardio-
vascular disease is the major cause of mortality and morbidity in this age group (1). Al-
though age itself is a definite high risk factor in cardiovascular disease adverse out-
comes (2), those of extreme chorological age are often excluded from clinical trials of
cardiovascular disease (3). Therefore, little is known about the management and out-
comes of acute myocardial infarction (AMI) in this age group. Percutaneous coronary
intervention (PCI) became pivotal step in the management of AMI. Also, recent ad-
vances in technology, procedural techniques, and medical therapy have resulted in im-
provement in PCI outcomes and enables for the elderly to have an opportunity of PCL
However, risk or benefit of PCI, and long term clinical outcomes in the nonagenarian
AMI patients is still controversial. Although current guidelines recommend early coro-
nary revascularization with PCI in patients with AMI, application to nonagenarian
AMI patients only might be extrapolated from the data which have analyzed younger
AMI patients, because of the paucity of data about nonagenarian AMI patients.

Under this circumstance, we investigated clinical characteristics, management and
clinical outcomes in the very elderly AMI patients, especially with nonagenarians com-
pared with relatively younger elderly AMI patients, octogenarians.
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MATERIALS AND METHODS

Study population
Consecutive 14,885 patients enrolled in the Korea Acute Myo-
cardial Infarction Registry (KAMIR; November 2005 to Decem-
ber 2007). A total of 2,415 AMI patients who were older than 80
yr old consisted of the study population. They were divided to
two groups according to age (Nonagenarians; n = 270, Octoge-
narians; n = 2,145). The eligible patients were > 80 yr old at ad-
mission (Nonagenarians, 90 to 99 yr old; octogenarians, 80 to
89 yr old), had suggestive symptoms with or without ST eleva-
tion >2 mm in > 2 precordial leads, ST elevation > 1 mm in
> 2 limb leads, or new left bundle branch block on the 12-lead
electrocardiogram with a concomitant increases of at least one
cardiac enzyme. The criteria for exclusion included malignant
neoplasm, leukemia, lymphoma, and metastatic solid tumors.
Clinical characteristics and in-hospital clinical outcomes were
analyzed in all 2,415 eligible AMI patients. One year clinical out-
comes were analyzed in 2,089 patients who survived at hospital
discharge.

The KAMIR, launched in November 2005, is a Korean pro-
spective multicenter data collection registry reflecting real-world
treatment practices and outcomes in Asian patients diagnosed
with AMI. The registry includes 50 community and teaching
hospitals with facilities for primary PCI and on-site cardiac sur-
gery. Data were collected by a trained study coordinator using a
standardized case report form and protocol. The study protocol
was approved by the ethics committee at each participating in-
stitution. All patients gave written informed consent.

Study definition and end points

AMI was diagnosed by the presence of characteristic clinical
presentation, serial changes on electrocardiogram suggesting
infarction, and increases in cardiac enzymes. Cardiogenic shock
was as systolic blood pressure < 90 mmHg with the evidence of
tissue hypoperfusion. Atrioventricular (AV) block needing pac-
ing was defined as the case which demonstrated higher than
second degree AV bock needing temporary or permanent pac-
ing. Cerebrovascular accident (CVA) was defined as a new focal
neurologic defect with the proof of brain image. New onset heart
failure was defined as newly developed New Yolk Heart Associ-
ation class III/IV dyspnea, orthopnea, rales greater than one-
third lung fields, elevated jugular venous pressure, or pulmo-
nary congestion on chest radiograph thought to be related to
cardiac dysfunction. Major bleeding was defined as an absolute
hematocrit drop of > 15%, any intracranial bleeding, bleeding
events associated with causing death, the need for surgery, or
transfusion, or any clinically relevant bleeding, as judged by the
investigator. Minor bleeding was defined as any other bleeding
which did not meet the major bleeding criteria, including vas-
cular access complication.
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During the in-hospital period, patients received medical treat-
ment including beta blockers, angiotensin converting enzyme
inhibitors or angiotensin receptor blockers and statins. After
discharge, the patients continued receiving the same kinds of
medications that they received in hospital period except some
intravenous or temporary medications.

The composite of in-hospital adverse outcomes was defined
as the composite of death, cardiogenic shock, AV block needing
pacing, new onset atrial fibrillation, fatal arrhythmia, CVA, new
onset heart failure, major bleeding or minor bleeding. The pri-
mary end point was the composite of major adverse cardiac
events (MACEs) during the 12 months of clinical follow-up.
MACESs was defined as the composite of all-cause death, MI,
and repeated PCI or coronary artery bypass grafting (CABG).
All-cause deaths were considered cardiac death unless a non-
cardiac death could be defined clearly. Recurrent MI was de-
fined as recurrent symptoms with new electrocardiographic
changes compatible with MI or cardiac markers at least twice
the upper limit of normal. Target-vessel revascularization (TVR)
was defined as any repeated intervention driven by the lesions
located in the treated vessel within and beyond the target limits.

Statistical analysis

All statistical analyses were done with SPSS 18.0 (Statistical Pack-
age for the Social Sciences, SPSS-PC Inc., Chicago, IL, USA). For
continuous variables, differences between groups were evalu-
ated by an unpaired t-test or Mann-Whitney rank-sum test. For
discrete variables, differences were expressed as counts and
percentages, and were analyzed with a chi-square test (or Fish-
er’s extract) between groups as appropriate. We constructed
Kaplan-Meier curves to the composite of the primary end point,
as well as all cause death, cardiac death, and repeated PCI. The
differences between the groups were assessed by log-rank test.
A propensity score for performing PCI was calculated to adjust
potential confounders using a logistic regression model. All avail-
able variables considered potentially relevant were included:
gender, hypertension, diabetes mellitus, dyslipidemia, smok-
ing, family history of coronary heart disease, previous history of
angina, MI, PCI, CABG, chronic kidney disease (CKD), CVA,
peripheral vascular disease, heart failure, Killip class on presen-
tation, and left ventricular ejection fraction. Cox proportional
hazards regression was used to compute hazard ratio (HR) as
estimates for each end point. The HRs were adjusted for pro-
pensity score and concomitant medications. The predicted ac-
curacy of the logistic model was assessed using the area under
the receiver operating characteristic curve (c statistic), which
was 0.720. All analyses were 2-tailed, with clinical significance
defined as values of P < 0.05.

Ethics statements
The study was conducted according to the Declaration of Hel-
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sinki. The institutional review board of all paticipating centers
approved the study protocol. The approval number was I-2008-
-1-009 of Chonnam National University Hospital. Written in-
formed consent was obtained from all participating patients.

RESULTS

Baseline clinical characteristics

Mean age of nonagenarians were 92.3 + 2.3 yr old, whereas that
of octogenarians were 83.5 + 2.7 yr old. Vital sign at hospital ad-
mission were not different between the 2 groups. More octoge-

Table 1. Baseline clinical characteristics

narians complained typical chest pain (75.8% vs 68.9%, P = 0.013),
whereas more nonagenarians complained dyspnea (45.5% vs
38.9%, P = 0.038) and nonagenarians had higher Killip classifi-
cation (> 3 on presentation: 31.2% vs 21.6%, P = 0.001). Nona-
genarians were less likely to have hypertension (46.7% vs 57.5%,
P =0.001), diabetes (15.6% vs 27.9%, P < 0.001) compared with
octogenarians. No significant differences in other previous med-
ical history were found between the 2 groups except that nona-
genarians had higher incidence of past history of heart failure.
Also, left ventricular systolic function in nonagenarians was low-
er than that of octogenarian (45.0% vs 49.0%, P < 0.001). Labo-

Characteristics Nonagenarians (n = 270) Octogenarians (n = 2,145) Pvalue
Male gender, n (%)* 157 (58.7) 1,180 (65.1) 0.336
Age (yn! 923 +£23 835+ 2.7 < 0.001
Vital sign®
Systolic blood pressure (mmHg) 126.6 £ 30.1 126.0 £ 30.9 0.784
Diastolic blood pressure (mmHg) 76.2 £ 16.6 752 £ 175 0.981
Heart rate (/min) 819+ 227 79.7 £ 30.1 0.246
Subjective symptom*
Typical symptom 182 (68.9) 1,593 (75.8) 0.013
Dyspnea 121 (45.5) 822 (38.9) 0.038
Medical history, n (%)*
Hypertension 126 (46.7) 1,233 (57.5) 0.001
Diabetes mellitus 42 (15.6) 598 (27.9) < 0.001
Dyslipidemia 9.3 123 (5.7) 0.102
Smoking 98 (36.3) 759 (35.4) 0.768
Previous history of M| 16 (5.9) 114 (5.3) 0.675
Previous history of PCI 10 (3.7) 112 (5.2) 0.283
Previous CABG 0(0) 20 (0.9 0.156
Previous history of CVA 23 (8.5 236 (11.0) 0.214
Previous history of PVD 2(0.7) 41 (1.9) 0.224
Previous history of CKD 11(4.1) 59 (2.8) 0.222
Previous history of heart failure 25(9.3) 120 (5.6) 0.017
Killip class > lll on presentation* 79 (31.2) 442 (21.6) 0.001
Left ventricular ejection fraction (%)* 45,0 (35.3-55.0) 49.0 (40.0-58.0) < 0.001
Laboratory finding*
Peak troponin-I (ng/mL) 10.4 (2.5-36.7) 13.3 (3.1-43.2) 0.202
Low density lipoprotein-C (mg/dL) 95 0(74.0-129.0) 109 0 (86.0-132.0) 0.001
Serum creatinine (mg/dL) 1(0.9-1.4) .1(0.9-1.4) 0.085
High sensitivity C-reactive protein (mg/dL) 0(0.3-8.5) 5(0.3-7.0) 0.141
N-terminal pro-brain natriuretic peptide (pg/mL) 1, 667 0 (569.5-6,588.5) 1, 273 5(316.0-4,472.0) 0.056
Diagnosis, n (%)* 0.167
ST-segment elevation MI 155 (58.7) 1,150 (54.2)
Non-ST-segment elevation M 109 (41.3) 971 (45.8)
In-hospital medication, n (%)*
Aspirin 254 (94.1) 2,066 (96.3) 0.074
Clopidogrel 246 (91.1) 2,012 (93.8) 0.091
Beta-blocker 162 (60.0) 1,487 (69.3) 0.002
ACEI/ARB 215 (79.6) 1,750 (81.6) 0.437
Statin 177 (65.6) 1,538 (71.7) 0.036
Glycoprotein IIb/llla inhibitors 14 (5.2 233(10.9) 0.004
Discharge medication, n (%)* (n=225) (n=1,864)
Aspirin 218 (96.9) 1,840 (98.7) 0.057
Clopidogrel 210 (93.3) 1,799 (96.5) 0.019
Beta-blocker 151 (67.1) 1,398 (75.0) 0.011
ACEI/ARB 197 (87.6) 1,635 (87.7) 0.945
Statin 158 (70.2) 1,428 (76.6) 0.034

*Comparison made using chi-square test; Mean (standard deviation); comparison made using t-test; *Median (25% to 75% percentiles); comparison made using Mann-Whit-
ney test. CABG, coronary artery bypass grafting; CKD, chronic kidney disease; CVA, cerebrovascular accidents; MI, myocardial infarction; PCI, percutaneous coronary interven-

tion; PVD, peripheral vascular disease.
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ratory findings were comparable between the groups except
that serum level of low density lipoprotein-cholesterol was high-
er in octogenarians. The use beta-blockers, statins and glyco-
protein IIb/IIla inhibitors were lower in nonagenarians during
admission. The use of clopidogrel, beta-blockers, and statins
were lower in nonagenarians at discharge (Table 1).

Procedural characteristics
A total of 1,682 (70.1%) patients underwent PCI, which was
more commonly undergone in octogenarians than nonagenar-
ians (71.7% vs 57.2%, P < 0.001). However, the success rate of
PCI was comparable in both groups (96.7% vs 96.8%, P = 0.984).
Patients who underwent PCI presented more typical chest pain
(81.4% vs 60.2%, P < 0.001), and less dyspnea (34.3% vs 51.7%,
P < 0.001). Patients who did not undergo PCI had higher preva-
lence of past history of MI, PCI, CVA, CKD, heart failure, high
Killip class (= 3 on presentation), and more presented as non
ST-segment elevation MI (NSTEMI) (Table 2). In patients with
STEMI, 244 (18.8%) patients did not underwent PCIL. 19 (1.5%)
patients refused PCI, whereas 117 (9.0%) patients were not in-
dicated or poor candidate for PCI decided by physicians.
Analysis of angiographic findings showed no differences in
location of culprit lesions, prevalence of multi-vessel disease,
American College of Cardiology/American Heart Association
(ACC/AHA) lesion type, distribution of pre- and post-proce-

Table 2. Baseline clinical characteristics according to PCI

Non-PCl group PCl group
Parameters (n=718) (n=1,682) Pvalue
Nonagenarians, n (%)* 115 (16.0) 154 (9.2) < 0.001
Male gender, n (%)* 415 (57.9) 914 (54.3) 0.110
Vital sign®
Systolic blood pressure (mmHg) ~ 129.1 £32.0 124.8 £ 30.2 0.002
Diastolic blood pressure (mmHg) 761 +£178 750+ 17.2 0.149
Subjective symptom*
Typical symptom 415 (60.2) 1,355 (81.4) < 0.001
Dyspnea 365 (51.7) 570 (34.3) < 0.001
Medical history, n (%)*
Hypertension 411 (57.2) 942 (56.0) 0.576
Diabetes mellitus 203 (28.3) 436 (25.9) 0.233
Dyslipidemia 48 (6.7) 84 (5.0) 0.096
Smoking 243 (33.9) 613 (36.4) 0.223
Previous history of M 62 (8.6) 66 (3.9) < 0.001
Previous history of PCI 47 (6.5) 75 (4.5) 0.033
Previous CABG 2(1.7) 8(0.5) 0.003
Previous history of CVA 99 (13.9) 157 (9.3 0.001
Previous history of PVD 3(1.8) 30 (1.8) 0.964
Previous history of CKD 35 (4.9 34 (2.0) < 0.001
Previous history of heart failure 81 (11.3) 63 (3.7) < 0.001
Killip class > Il on presentation* 226 (33.7) 293 (18.1) < 0.001
Left ventricular ejection fraction (%)  45.9 £ 13.9 496 £ 128 <0.001
Diagnosis, n (%)* < 0.001
ST-segment elevation MI 244 (18.8) 1,057 (81.2)
Non-ST-segment elevation Ml 465 (43.1) 614 (56.9)

*Comparison made using chi-square test; "Mean (standard deviation), comparison
made using t-test. CABG, coronary artery bypass grafting; CKD, chronic kidney dis-
ease; CVA, cerebrovascular accidents; MI, myocardial infarction; PCI, percutaneous
coronary intervention; PVD, peripheral vascular disease.
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dural Thrombolysis In Myocardial Infarction (TIMI) flow grade,
stent type, length, and stent diameter between the nonagenari-
ans and octogenarians (Table 3).

In-hospital outcomes

Compared with octogenarians, nonagenarians had higher death
rate during hospitalization (15.7% vs 11.4%, P = 0.041), and the
composite of in-hospital adverse outcomes (26.3% vs 20.0%, P =
0.017). These differences were persisted even after adjustment
for potential confounding factors with adjusted hazard ratio
(HR) of 1.68 (95% confidence interval [CI], 1.11-2.52; P = 0.013)
for death, and 1.56 (95% CI, 1.13-2.15; P = 0.007) for the com-
posite of in-hospital averse outcomes. However, the individual
risk for cardiogenic shock, AV block needing pacing, fatal arrhy-
thmia, new onset CVA, new onset heart failure, minor bleeding,
major bleeding were compatible between the 2 groups, and
also similar between the 2 groups after adjustment (Table 4).
PCI did not reduce in-hospital mortality and the composite of
in-hospital adverse outcomes both in nonagenarians and octo-
genarians (Fig. 1).

One year clinical outcomes
During the 12 month follow-up period, a primary end point
event occurred in 24.6% of nonagenarians and 22.2% of octoge-

Table 3. Procedural characteristics

Nonagenarians  Octogenarians

Procedures (n = 270) (n = 2,145) Pvalue
Location of culprit lesion, n (%)
Left anterior descending artery 83 (50.0) 778 (46.0) 0.328
Left circumflex artery 14 (8.4) 257 (15.2) 0.018
Right coronary artery 63 (38.0) 615 (36.4) 0.690
Left main coronary artery 6(3.6) 40 (2.4 0.324
Multi-vessel disease, n (%) 107 (63.7) 1,110 (65.5) 0.641
ACC/AHA Lesion types, n (%)
A 7(4.5) 65 (4.2) 0.846
B1 20 (12.9) 267 (17.1) 0.173
B2 39 (25.0) 418 (26.9) 0.635
C 90 (57.7) 812 (52.0) 0.173
B2/C 129 (82.7) 1,230 (78.7) 0.248
Preprocedural TIMI flow grade, n (%)
0 88 (54.3) 696 (43.3) 0.007
1 13 (8.0) 212 (13.2) 0.060
2 19 (11.7) 258 (16.1) 0.149
8 42 (25.9) 441 (27.4) 0.680
Stent type 0.029
Bare-metal stents 21(15.2) 129 (9.4)
Drug-eluting stents 117 (84.8) 1,246 (90.6)
Stent length (mm) 251 £6.3 250 £ 6.0 0799
Stent diameter (mm) 31+04 31+04 035
No. of stents 1.6 £09 15+£08 0.358
Postprocedural TIMI flow grade, n (%)
0 5(3.3) 49 (3.2 0.974
1 6(3.9 24 (1.6) 0.049
2 14(9.2) 114 (7.5) 0.461
2 128 (83.7) 1,335(87.7) 0.151

ACC/AHA, American College of Cardiology/American Heart Association; TIMI, Throm-
bolysis In Myocardial Infarction.
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Table 4. In-hospital outcomes

Outcomes Nonagenarians (n = 270)  Octogenarians (n = 2,145) Unadjusted HR (95% Cl) Pvalue Adjusted HR (95% Cl) Pvalue
All cause Death (%) 15.7 1.4 1.45 (1.02-2.07) 0.041 1.68 (1.11-2.52) 0.013

Cardiac death (%) 124 9.1 1.42 (0.96-2.10) 0.083 1.51 (0.95-2.40) 0.083
Cardiogenic Shock (%) 1.5 8.4 1.42 (0.95-2.12) 0.092 1.32 (0.82-2.13) 0.255
AV block* (%) 3.7 2.9 1.29 (0.65-2.55) 0.460 1.34 (0.64-2.77) 0.437
Fatal arrhythmia (%) 4.8 4.7 1.03 (0.57-1.87) 0.911 1.12 (0.57-2.23) 0.742
CVA (%) 0.7 0.9 0.79(0.18-3.41) 0.755 0.87 (0.20-3.87) 0.859
New onset HF (%) 1.1 14 0.82 (0.25-2.71) 0.745 0.62 (0.14-2.64) 0.513
Minor bleeding (%) 0.7 0.3 2.28(0.47-11.03) 0.306 4.28 (0.78-23.37) 0.093
Major Bleeding (%) 0.7 0.7 1.14 (0.26-5.03) 0.867 1.67 (0.35-7.89) 0.517
Any adverse outcomes (%)" 26.3 20.0 1.42 (1.06-1.90) 0.017 1.56 (1.13-2.15) 0.007

*AV block, atrioventricular block needing pacing; fany adverse outcomes, death, cardiogenic shock, AV block needing pacing, new onset atrial fibrillation, fatal arrhythmia, cere-
brovascular accidents, new onset heart failure, minor bleeding, or major bleeding. Cl, confidence interval; CVA, cerebrovascular accidents; HF, heart failure; HR, hazard ratio.

Patients (No.) PCl Non-PCl  Adjusted Pvalue for
group  group  hazard ratio homogeneity
In-hospital clinical outcomes (95% Cl)

In-hospital death - 104% 15.6% 076 (0.58-1.00)  0.456
Nonagenarians 266 —— 15.0% 16.8% 0.92 (0.46-1.85)
Octogenarians 2,099 = 9.9% 15.3% 0.73 (0.55-0.99)

Major bleeding - 06% 0.8% 0.70(0.25-1.94)  0.996
Nonagenarians 269 % 1.7%

Octogenarians 2,131 A E— 0.7%  0.7% 0.96 (0.30-3.07)

Minor bleeding —_— 0.4%  0.4% 0.97 (0.18-5.20) 0.965
Nonagenarians 269 0.6%  0.9% 0.97(0.05-18.12)
Octogenarians 2,131 — 0.3%  0.3% 0.99(0.19-5.14)

Any in-hospital adverse outcomes - 20.6% 21.3% 1.15(0.92-1.45) 0.471
Nonagenarians 269 - 27.9% 24.3% 1.29(0.72-2.30)
Octogenarians 2,131 - 19.9% 20.7% 1.16(0.90-1.49)

1 yr clinical outcomes

All cause death i 10.1% 22.4% 0.50 (0.36-0.69) 0.274
Nonagenarians 118 — 11.7% 36.6% 0.28 (0.12-0.68)
Octogenarians 1,124 —— 10.0% 20.1% 0.56 (0.39-0.80)

Major adverse clinical outcomes - 18.2% 35.9% 0.47(0.37-0.61)  0.799
Nonagenarians 118 —. 18.2% 36.6% 0.39 (0.18-0.86)
Octogenarians 1,124 - 18.2% 35.7% 0.48(0.37-0.63)

01

10 10
Hazard ratio (95% Cl)
Favor PCI Favor conservative treatment

Fig. 1. Estimates of the clinical outcomes according to percutaneous coronary inter-
vention (PCI).

narians (log-rank P = 0.759; Fig. 2A). Adjustment for propensity
score, and treatment parameters also showed no difference in
the primary end point between the 2 groups (HR, 1.25; 95% CI,
0.62-2.51; P = 0.528; Table 5). Outcomes for the selected end
points are shown in Table 5. Compared with octogenarians, no-
nagenarians had significantly higher all cause death rate (20.3%
vs 12.2%, log-rank P = 0.032; Fig. 2B). However, this difference
disappeared after adjustment. Cardiac death occurred in 13.6%
of nonagenarians, and in 8.1% of octogenarians (Fig. 2C). MI
occurred in 0.8% of nonagenarians, and in 3.0% of octogenari-
ans. Repeated PCI occurred in 4.2% of nonagenarians, and in
5.7% of octogenarians (Fig. 2D). Adjusted HR for cardiac death,
M, repeated PCI were not different between the 2 groups. PCI
reduced the primary end point (HR, 0.47; 95% CI, 0.37-0.61; P <

0.001) and 1-yr all cause death (HR, 0.50; 95% CI, 0.36-0.69; P <

0.001) both in nonagenarians and octogenarians (Fig. 1).
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Clinical outcomes according to the diagnosis of ST-segment
elevation myocardial infarction and non ST-segment
elevation myocardial infarction

In nonagenarians, patients with STEMI had significantly higher
in-hospital cardiac death rate than patients with NSTEMI (16.1%
vs 7.3%, P = 0.033) without differences in the rates of in-hospi-
tal all-cause death, and 1-yr all-cause death, MI, repeated PCI,
CABG and MACEs.

In octogenarians, patients with STEMI had significantly high-
er in-hospital cardiac (11.8% vs 5.7%, P < 0.001) and all-cause
death rate (14.4% vs 7.8%, P < 0.001) than patients with NSTE-
ML In 1-yr clinical outcomes, patients with NSTEMI had signif-
icantly higher MI (1.7% vs 4.6%, log-rank P = 0.002) and total
MACE rates (19.7% vs 25.0%, log-rank P = 0.019) than patients
with STEMI without differences in the rates of all-cause death,
repeated PCI and CABG (Table 6).

DISCUSSION

The elderly constitute an increasing segment of the population
and cardiovascular disease is highly prevalent among them, ac-
counting for most of their morbidity and mortality (1). The el-
derly carries higher prevalence of cardiovascular morbidities
such as diabetes mellitus, hypertension and mortalities, which
rank the leading cause of death among them (4-7). Approxi-
mately one third of the elderly die as a direct consequence of
coronary atherosclerosis (8). Especially, AMI in the elderly might
be quite lethal to them. However, there is little known about the
management, clinical outcomes according to the initial man-
agement in the very elderly AMI patients, because most of clini-
cal trials were based on relatively younger patients, and the po-
pulation of the very elderly AMI patients constitute very small
portion. Furthermore, there have been few reports regarding
nonagenarian AMI patients. Although both octogenarian and
nonagenarian AMI patients were considered as the very elderly
population, there might be differences between the two groups,
and even physicians might approach to them with different treat-
ment attitude. Therefore, the present study compared clinical
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Fig. 2. Estimates of the clinical outcomes according to age group. (A) Cumulative incidence of major adverse cardiac events (MACES). (B) Cumulative incidence of all cause death.
(C) Cumulative incidence of cardiac death. (D) Cumulative incidence of repeated percutaneous coronary intervention (PCI).

Table 5. Estimated hazard ratio for individual components of the primary endpoints

Adverse events Nonagenarians (n = 118) Octogenarians (n = 1,124)  Unadjusted HR (95% Cl) Pvalue Adjusted HR (95% Cl) Pvalue
Total MACES (%) 24.6 222 1.06 (0.72-1.57) 0.760 1.25 (0.62-2.51) 0.528
All cause death (%) 20.3 12.2 1.61 (1.04-2.51) 0.034 1.26 (0.61-2.58) 0.535
Cardiac death (%) 13.6 8.1 1.58 (0.92-2.73) 0.100 1.57 (0.68-3.58) 0.288
MI (%) 0.8 3.0 0.28 (0.04-2.04) 0.208 0.57 (0.07-4.51) 0.596
Repeated PCI (%) 4.2 5.7 0.73(0.30-1.82) 0.503 0.62 (0.22-1.75) 0.360
TVR (%) 3.4 35 0.96 (0.34-2.69) 0.939 0.75(0.22-2.51) 0.640
CABG (%) 0 2.2 0.04 (0.00-15.22) 0.293 0 0.980

CABG, coronary artery bypass grafting; Cl, confidence interval; HR, hazard ratio; MACE, major adverse cardiac events; MI, myocardial infarction; PCI, percutaneous coronary in-

tervention; TVR, target vessel revascularization.

characteristics, management, and long term outcomes between
nonagenarian and octogenarian AMI patients in the contem-
porary PCl era.

Nonagenarians or centenarians present different clinical char-
acteristics compared with younger elderly populations (9). In
the present study, nonagenarian AMI patients were less likely
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to have hypertension and diabetes compared with octogenari-
an AMI patients. This may partially explain successful aging in
nonagenarians. However, in-hospital mortality and adverse
clinical outcomes were higher in nonagenarian AMI patients
compared with octogenarian AMI patients. These might be at-
tributable to the special physiologic and functional status of
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Table 6. Clinical outcomes according to the diagnosis of ST-segment elevation myocardial infarction and non ST-segment elevation myocardial infarction

Nonagenarian Octogenarian
Outcomes

STEMI NSTEMI Pvalue STEMI NSTEMI Pvalue

In-hospital clinical outcomes (n=155) (n=109) (n=1,150) (n=971)
In-hospital death (%) 19.5 1.0 0.065* 14.4 7.8 <0.001*
In-hospital cardiac death (%) 16.1 7.3 0.033* 1.8 5.7 <0.001*

1-yr clinical outcomes (n=124) (n=297) (n=973) (n=884)
Total MACEs (%) 214 29.8 0.217* 19.7 25.0 0.0197
All cause death (%) 17.1 255 0.178t 10.9 13.7 0.131°
Cardiac death (%) 1.4 17.0 0.245" 7.0 9.4 0.110"
MI (%) 14 0 0.430" 1.7 4.6 0.0021
Repeated PCI (%) 43 4.3 0.905" 6.3 5.0 0.5541
TVR (%) 4.3 2.1 0.602" 3.8 3.1 0.6941
CABG (%) 0 0 1.5 3.1 0.069"

*Comparison made using chi-square test; *Comparison made using log-rank test. CABG, coronary artery bypass grafting; MACE, major adverse cardiac events; MI, myocardial
infarction; NSTEMI, non ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; TVR, target

vessel revascularization.

very old people. With increasing age, they have weaker physio-
logic and functional status, and are prone to develop complica-
tions by cardiovascular medications. This might limit clinicians
to use all recommended cardiovascular medications in nona-
genarian AMI patients.

Although advanced age is not the contraindication of PCI in
patients with AMI, current guidelines describe that the elderly
are at increased risk from coronary revascularization procedures,
and that is usually quite challengeable to interventionists be-
cause of peri-procedural comorbidities and complications ac-
companying with extreme old age (10). In the present study,
PCI did not increase any in-hospital adverse outcomes includ-
ing minor bleeding, and major bleeding both in nonagenarians
and octogenarians. Also, PCI success rate was 96.7% in octoge-
narians, 96.8% in nonagenarians, which were similar to that of
previous reports in Korea which analyzed AMI patients in all
range of age (11-14). That was even higher than previous reports
(15-19). From et al. reported nonagenarian PCI success rate as
91% in 2008 (19). The growing interest in PCI, advances in tech-
nology and procedural techniques might contribute to the im-
proved PCI success rate in the contemporary era. Also, repeated
PClI rate were not different between nonagenarian and octoge-
narians AMI patients. Nonetheless, in patients with STEMI, 244
(18.8%) patients did not undergo PCI in the present study. Fur-
thermore, 117 (9.0%) patients were frustrated PCI by physicians’
decision, while 19 (1.5%) patients refused PCI, 51 (3.9%) patients
were planned to perform CABG, and 57 (4.4%) patients under-
went thrombolysis. It might involve physicians’ bias or patient
preference, and exaggerated perceived bleeding risk by extreme
old age. The present study showed that the elderly could get
comparable PCI success rate, if they did not have contraindica-
tion undergoing PCI. These findings suggest that PCI should
not be frustrated only because of old age.

The elderly have known to have more complex coronary le-
sions (20-22). In the present study, almost 80% of both nonage-
narians and octogenarians have ACC/AHA lesion type B2 or C.
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Also, almost 65% of both nonagenarians and octogenarians
have multivessel disease. However, there were no significant
differences in angiographic findings between nonagenarians
and octogenarians. Furthermore, PCI success rate and achiev-
ing post-procedural TIMI flow grade 3 were similar. These result
might suggest that PCI in nonagenarian AMI patients is not much
difficult technically compared with PCI in octogenarian AMI
patients.

The present study showed that PCI both in nonagenarian and
octogenarian AMI patients was associated to better outcomes.
Although PCI improved in-hospital death only in octogenari-
ans, it improved 1 yr MACEs without increasing complications
both in octogenarians and nonagenarians. Major or minor bleed-
ing rate of PCI group was also comparable with that of non-PCI
group. This was consistent with the CRUSADE trial which re-
ported that early coronary revascularization improved in-hos-
pital mortality over more than 5,000 nonagenarian NSTEMI-
acute coronary syndrome patients (10). From et al. also report-
ed PCI in nonagenarian patients improved in-hospital mortali-
ty and MACEs (19). Long term survival of nonagenarians was
similar to age- and gender-matched control subjects during
median 3.6 yr follow-up. However, none of the previous studies
analyzed the efficacy of PCI in nonagenarian AMI patients more
than 1 yr follow-up duration. The present study added the evi-
dence of beneficial effect of PCI in the management of elderly
AMI patients.

The present study has several limitations. First, management
strategy was left to the discretion of the operators. They might
regard the general physiologic status as the higher risk profiles
than chronogical age. Therefore, there might be a selection bias
for PCI in favor of lower risk rather than chronological age. Sec-
ond, the present study did not compare the relatively elderly
AMI patients (i.e. septuagenarians) and the extreme old age
AMI patients (i.e. octogenarians or nonagenarians). Therefore,
it was hard to evaluate risk/benefit ratio of PCI according to se-
lected age group. Third, all-cause death was defined as cardiac
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death a non-cardiac death could be defined clearly. Lots of mor-
tality causes of very old patients include frailty, terminal dis-
ease, and organ failures, and sudden death. Therefore, some
patients designated as having cardiac death might have non-
cardiac cause of death actually. Fourth, the present study was
analyzed retrospectively. The non-randomized nature of the
registry data could have resulted in selection bias. Although
most confounders were included in the multivariate regression
analysis, it is possible that some potential bias were included.
Large scale prospective randomized study is needed to clarify
the benefits of PCI in the verly elderly AMI patients. Nonethe-
less, the present study have strengths in that non-randomized
design of this study included many patients who would not
have been enrolled in randomized trials, including those with
severe comorbidities. Also the present study had strengths in
that the study represented real world management trends in
the very elderly AMI patients, not limited to the patients under-
going PCl like as most of other studies.
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APPENDIX

The Korea Acute Myocardial Infarction Registry (KAMIR) Study
Group of the Korean Circulation Society was as follows: Myung
Ho Jeong, Chonnam National University Hospital, Gwangju;
Young Jo Kim, Yeungnam University Hospital, Daegu; Chong
Jin Kim, East West Neo Medical Center, Seoul; Myeong Chan
Cho, Chungbuk National University Hospital, Chungju; Young-
keun Ahn, Chonnam National University Hospital, Gwangju;
Jong Hyun Kim, Hanseo Hospital, Busan; Shung Chull Chae,
Kyungbook National University Hospital, Daegu; Seung Ho Hur,
Keimyung University Dongsan Medical Center, Daegu; In Whan
Seong, Chungnam National University Hospital, Daejeon; Taek
Jong Hong, Pusan National University Hospital, Busan; Dong
Hoon Choi, Yonsei Cardiovascular center, Seoul; Jei Keon Chae,
Chonbuk National University Hospital, Jeonju; Jae Young Rhew,
Presbyterian Medical Center, Jeonju; Doo Il Kim, Inje University
Busan Paik Hospital, Busan; In Ho Chae, Seoul National Uni-
versity Bundang Hospital, Seoul; Jung Han Yoon, Wonju Sever-
ance Christian Hospital, Wonju; Bon Kwon Koo, Seoul National
University Hospital, Seoul; Byung Ok Kim, Inje University Sang-
gye Paik Hospital, Seoul; Myoung Yong Lee, Dankook Universi-
ty Hospital, Cheonan; Kee Sik Kim, Daegu Catholic University
Medical Center, Daegu; Jin Yong Hwang, Gyeongsang National
University Hospital, Jinju; Seok Kyu Oh, Wonkwang University
Hospital, Iksan; Nae Hee Lee, Soon Chun Hyang University Hos-
pital, Bucheon; Kyoung Tae Jeong, Eulji University Hospital,
Daejeon; Seung Jea Tahk, Ajou University Hospital, Suwon;
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Jang Ho Bae, Konyang University Hospital, Daejeon; Seung
Woon Rha, Korea University Guro Hospital, Seoul; Keum Soo
Park, Inha University Hospital, Incheon; Kyoo Rok Han, Hallym
University Kangdong Medical Center, Seoul; Tae Hoon Ahn,
Gachon University Gil Medical Center, Incheon; Moo Hyun
Kim, Dong-A University Hospital, Busan; Joo Young Yang, Na-
tional Health Insurance Service Ilsan Hospital, Goyang; Chong
Yun Rhim, Hallym University Medical Center, Seoul; Hyeon
Cheol Gwon, Samsung Medical Center, Seoul; Seong Wook
Park, Asan Medical Center, Seoul; Young Youp Koh, Chosun
University Hospital, Gwangju; Seung Jae Joo, Jeju National Uni-
versity Hospital, Jeju; Soo Joong Kim, Kyunghee University Med-
ical Center, Seoul; Dong Kyu Jin, Soon Chun Hyang University
Hospital, Cheonan; Jin Man Cho, Kyunghee University Hospi-
tal, Seoul; Wook Sung Chung, Catholic University Hospital, Seoul;
Yang Soo Jang, Yonsei Cardiovascular Centet, Seoul; Jeong Gwan
Cho, Chonnam National University Hospital, Gwangju; Ki Bae
Seung, Catholic University Hospital, Seoul; and Seung Jung Park,
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