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INTRODUCTION

This study aimed to evaluate the effects of percutaneous coronary intervention (PCl) on
short- and long-term major adverse cardiac events (MACE) in elderly ( > 75 yr old) acute
myocardial infarction (AMI) patients with renal dysfunction. As part of Korea AMI Registry
(KAMIR), elderly patients with AMI and renal dysfunction (GFR < 60 mL/min) received
either medical (n = 439) or PCl (n = 1,019) therapy. Primary end point was in-hospital
death. Secondary end point was MACE during a T month and 1 yr follow-up. PCl group
showed a significantly lower incidence of in-hospital death (20.0% vs 14.3%, P = 0.006).
Short-term and long-term MACE rates were higher in medical therapy group (31.9% vs
19.0%; 57.7% vs 31.3%, P < 0.001), and this difference was mainly attributed to cardiac
death (29.3% vs 17.6%; 51.9% vs 25.0%, P < 0.001). MACE-free survival time after
adjustment was also higher in PCl group on short-term (hazard ratio, 0.67; confidence
interval, 0.45-0.98; P=0.037) and long-term follow-up (hazard ratio, 0.61, confidence
interval, 0.45-0.83; P=0.002). In elderly AMI patients with renal dysfunction, PCI
therapy yields favorable in-hospital and short-term and long-term MACE-free survival.

Key Words: Acute Myocardial Infarction; Renal Dysfunction; Elderly; Percutaneous
Coronary Intervention; Major Adverse Cardiac Event

to be an effective reperfusion strategy for patients with AMI, and
expands eligibility for reperfusion to many patients, including

In the modern world, the elderly population constitutes the most
rapidly growing population. Cardiovascular disease is the most
frequent disease and leading cause of death in elderly people.
The prevalence and severity of atherosclerosis and coronary ar-
tery disease increase with age. Moreover, elderly persons account
for the majority of deaths from acute myocardial infarction (AMI)
(1, 2). Percutaneous coronary intervention (PCI) has been shown
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the elderly, who would be considered ineligible for fibrinolytic
therapy.

Most randomized clinical trials have enrolled few elderly pa-
tients, despite the fact that elderly patients constitute a large
portion of the population. Elderly patients are often screened
by strict inclusion criteria, because they poorly represent the
average patient due to the presence of significant comorbid con-
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ditions (3, 4).

Renal dysfunction is a well-known poor prognostic factor af-
ter PCI (5-7). Previous studies have shown that PCI in patients
with renal dysfunction is associated with poor clinical outcomes,
such as lower procedural success rates, higher rates of in-hos-
pital major adverse cardiac events (MACE), and worse clinical
outcomes (8, 9). As a result, patients with renal dysfunction also
have been excluded in most clinical studies, and available data
from these clinical studies provides little information about el-
derly patients with renal dysfunction. Therefore, there are unre-
solved questions concerning benefits of PCI in elderly AMI pa-
tients with renal dysfunction.

The aims of this study were to evaluate the effects of PCI on
the incidence of short- and long-term MACE in elderly AMI pa-
tients with renal dysfunction.

MATERIALS AND METHODS

Korea Acute Myocardial Infarction Registry

The Korea Acute Myocardial Infarction Registry (KAMIR) is a
multicenter online registry designed to describe characteristics
and clinical outcomes of patients with acute MI and reflects
current management of patients with AMI in Korea. The regis-
try included 52 community and university hospitals with capa-
bility of primary PCI. Data was collected at each site by a trained
study coordinator based on standardized protocol retrospec-
tively.

Study design and sample

The registry included 13,901 consecutive patients who were ad-
mitted to the hospital between November 2005 and July 2008,
whose discharge diagnosis was AMI based on cardiac enzymes
and electrocardiographic findings. Patients who were lost to
follow-up within one year of AMI as well as those with missing
data were excluded. Overall, 12,636 patients (91% of the cohort)
had all data available for the calculation of eGFR and constitut-
ed the final study sample. We analyzed elderly 1,458 AMI pa-
tients with renal dysfunction (GFR < 60 mL/min) who received
either medical (n = 439) or PCI (n = 1,019) therapy based on
clinician discretion.

Definitions

AM], including both STEMI and non-STEMI was defined by
clinical signs or symptoms: Patients were diagnosed with STEMI
when they had new or presumed new ST-segment elevation of
at least 1 mm seen in any location or new left bundle-branch
block on the index or subsequent ECG with at least 1 positive
cardiac biochemical marker of necrosis (including creatine ki-
nase-MB and troponin I and T). Left ventricular ejection frac-
tion (LVEF) was checked by 2-dimensional echocardiography
at admission. Indices of global and segmental systolic and dia-
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stolic function were obtained. LVEF were determined using the
Teicholz method or modified biplane Simpson’s method (10).

Primary end point was death in hospital courses. Secondary
end point was MACE that included cardiogenic death, myocar-
dial infarction, and need for emergency or elective repeat re-
vascularization, coronary artery bypass graft (CABG) during
follow-up.

Assessment of renal function

The Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation was used to estimate GFR in milliliters per min-
ute per 1.73 m? (11). The serum creatinine concentration was
determined by the Jaffe method, which was calibrated to iso-
tope dilution mass spectrometry (IDMS).

Data collection

Baseline variables were age, sex, body mass index (BMI), coro-
nary risk factor which included hypertension (defined as history
of hypertension, admission blood pressure > 140 mmHg sys-
tolic or > 90 mmHg diastolic), current smoking, previous histo-
ry of ischemic heart disease (IHD), hyperlipidemia (defined as
history of hyperlipidemia, total cholesterol (TC) level of 240
mg/dL, or low density lipoprotein (LDL)-C level > 101 mg/dL)
and Killips class.

Use of certain medications was recorded on admission (aspi-
rin, angiotensin converting enzyme inhibitor [ACEi], diuretics,
statin, beta-blocker, nitrate or vasopressers). Surgical interven-
tions (CABG, thrombolysis, or PCI) and coronary care unit (CCU)
stay were recorded.

Clinical follow-up
The records of cardiovascular risk factors and past history (age,
sex, hypertension, hyperlipidemia, smoking, diabetes mellitus,
family history of coronary heart disease, prior IHD) were depen-
dent mainly on the patient’s self-report, but the final records
were left to the physician’s discretion after he or she comprehen-
sively considered the patient’s self-report and the in-hospital
examination results. All deaths were considered cardiac deaths
if non-cardiac death could be excluded. Recurrent myocardial
infarction was defined as recurrent symptoms with new ST-
segment elevation or re-elevation of cardiac markers to at least
twice the upper limit of normal. Target lesion revascularization
(TLR) was defined as ischemia-induced PCI of the target lesion
resulting from restenosis or reocclusion within the stent or in
the adjacent 5 mm of the distal or proximal segment. Total ma-
jor adverse cardiac events (MACEs) were defined as cardiogenic
death, myocardial infarction, and need for emergency or elec-
tive repeat revascularization, coronary artery bypass graft (CABG)
during follow-up.

Patients were required to visit the outpatient clinic of the car-
diology department at the end of the first month, every 6 months
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after the PCI procedure, and when angina-like symptoms oc-
curred. The various MACEs, in hospital and at 1-yr, were evalu-
ated between the medical and PCI groups.

Statistical analysis

For continuous variables, differences between groups were eval-
uated by unpaired t test or Mann-Whitney rank-sum test. For
discrete variables, differences were expressed as counts and
percentages and were analyzed with X* (or Fisher exact) test be-
tween groups as appropriate. To adjust for potential confound-
ers, a propensity score analysis was performed using the logistic
regression model, testing the propensity to receive PCI rather
than medical therapy. We tested all available variables that could
be of potential relevance: age, sex, Killip class on admission, car-
diovascular risk factors (hypertension, hyperlipidemia, smok-
ing, diabetes mellitus, family history of coronary heart disease),
prior myocardial infarction, number of diseased vessels, and
cardiovascular medications (aspirin, clopidogrel, cilostazol, gly-
coprotein IIb/IlTa receptor blockers, heparins, angiotensin- con-
verting enzyme inhibitors, angiotensin II receptor blockers, -
blockers, calcium channel blockers, nitrate and statins). The lo-
gistic model by which the propensity score was estimated showed
good predictive value (C statistic = 0.734). Multivariable Cox re-
gression analysis was then performed using the propensity score,
medical therapy versus PCI and the aforementioned variables
to determine the impact of the different therapies on short-term
and long-term clinical outcomes. All continuous variables were
described as mean + SD. All analyses were 2-tailed, with clini-
cal significance defined as values of P < 0.05. Statistical analysis
was done with the Statistical Package for Social Sciences (SPSS)

Table 1. Baseline characteristics

: Medical therapy PCI

Variables (n = 439) (n=1,019) P
Age (y) 814+ 438 80.4 + 41 0.000
Male (%) 191 (44) 466 (45.7) 0.534
Body mass index (kg/m?) 222 £30 22.7 £ 36 0.516
Risk factor (%)

Hypertension 276 (63.2) 658 (64.8) 0.452

Diabetes mellitus 159 (36.4) 308 (30.4) 0.025

Smoking 151 (34.7) 357 (35.6) 0.739

Hyperlipidemia 39 (8.9 61 (6.0) 0.044

IHD history 71(16.2) 115 (11.3) 0.010

Heart failure 60 (13.7) 53 (5.2) 0.000

Peripheral vascular disease 9(2.1) 27 (2.6) 0.499
Physical findings

SBP (mmHg) 128.2 £+ 33.2 119.3 £ 31.8 0.000

DBP (mmHg) 748 £ 185 722 £184 0.014
Killip class > 1 254 (59.3) 405 (41.5) 0.000
Killip class 4 48 (11.2) 98 (10.0) 0.503
Diagnosis

STEMI 132 (30.1) 654 (64.2) 0.000

NSTEMI 307 (69.9) 365 (35.8) 0.000

software version 17.0 for Windows (SPSS Inc. Chicago, USA).

Ethics statements

The study was conducted according to the Declaration of Hel-
sinki. The institutional review board of all participating 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

In all, 1,458 patients were included in the present study (439 in
the medical therapy group and 1019 in the PCI group; ST-seg-
ment elevation myocardial infarction [STEMI] = 53.9% and
non-STEMI = 46.1%). Table 1 lists the baseline characteristics
of the patients, and Table 2 presents a summary of the biochem-
ical parameters and left ventricular ejection fractions (LVEF) of
the patients. As shown in Table 1, age, history of heart failure,
and rate of ischemic heart disease (IHD) are higher in the med-
ical group. In addition, GFR and LVEF were lower in the medi-
cal group (Table 2). Angiographic findings showed that the pa-
tients in the medical group were more likely to have type C le-
sions and three vessel disease (Table 3).

The in-hospital medications that were administered are list-
ed in Table 4. Patients in the medical group were less likely to
receive aspirin, clopidogrel, cilostazol, glycoprotein IIb/Illa re-
ceptor blockers, and unfractionated heparin, and were more
likely to receive nitrate, calcium channel blockers, and diuretics
than those in the PCI group.

In-hospital clinical outcomes showed that the medical group
exhibited a significantly higher incidence of in-hospital death
than did the PCI group. In addition, short-term and long-term
cardiac death and MACE rates were higher in the medical group
than in the PCI group. In addition, the incidences of cardiac
death and MI were higher in the medical group (Table 5). Mul-

Table 2. Biochemical parameters and left ventricular ejection fraction (LVEF)

. Medical thera PCI

Variables (n = 439) Py (n=1019 P

GFR (mL/min) 37 3+139 422 +£13.0 0.000
Troponin T (ng/mL) .8(0.3,2.9) 2.7 (0.6,8.3) 0.007
Troponin | (ng/mL) 2(1.9,26.4) 19.4 (4.1,51.4) 0.000
CK-MB (U/L) 20 9(8.0,62.3) 68.1(18.7,191.5)  0.000
TC (mg/dL) 162 (133,194) 171 (145, 200) 0.041
TG (mg/dL) 85 (63, 117) 91 (66, 128) 0.029
HDL-C (mg/dL) 42 (35, 52) 42 (35, 50) 0.892
LDL-C (mg/dL) 101 (75,131) 107 (85, 131) 0.088
hs-CRP (mg/dL) 8(0.6,12.0) 1.8(0.3,8.8) 0.730
NT-proBNP (pg/mL) 6,194 (2,021,15,626) 2,578 (569, 7,616)  0.000
Glucose (mg/dL) 204 + 112 113 £ 91 0.005
LVEF (%) 437 + 14.3 48.6 £ 13.5 0.000

IHD, ischemic heart disease; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment
myocardial infarction.
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GFR, glomerular filtration rate; TC, total cholesterol; LDL, low density lipoprotein; hs-
CRP, high-sensitivity C-reactive protein; NT-proBNP, N-terminal pro B-type natriuretic
peptide; CK-MB, creatine kinase-MB; LVEF, left ventricular ejection fraction.
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tivariable Cox regression analysis using the propensity score
method showed higher odds ratios for MACE-free survival in
the PCI group, before and after adjustments using the propen-
sity score (Table 6, Fig. 1).

Table 3. Baseline coronary angiographic findings of PCI group

: Medical therapy PCI
Variables (n = 129) (n=1019) P
Target lesion, n (%)
Left anterior descending artery 51 (39.5) 416 (41.9) 0.774
Left circumflex artery 22(17.1) 139 (14.0) 0.347
Right coronary artery 41 (31.8) 409 (41.2) 0.055
Left main stem 15(11.6) 29 (2.9 0.000
Lesion type, n (%)
Type A 9(7.0) 28 (3.1) 0.026
Type B1 17 (13.2) 168 (18.4) 0.087
Type B2 24 (18.6) 235 (25.8) 0.051
Type C 79 (61.2 481 (52.7) 0.010
Number of involved vessels, n (%)
1 26 (20.2) 272 (27.4) 0.008
2 25 (19.4) 330 (33.3) 0.000
& 78 (60.5) 350 (35.3) 0.000
Multivessel 103 (79.8) 719 (72.6) 0.008
Preprocedure TIMI flow 0 45 (34.9) 445 (46.9) 0.085
Postprocedure TIMI flow 3 N/A 827 (88.6) N/A
Balloon angioplasty N/A 121 (11.5) N/A
PCI N/A 902 (88.5) N/A
BMS N/A 84 (9.3 N/A
DES N/A 818 (90.7) N/A
Stent length (mm) N/A 252 6.5 N/A
Stent diameter (mm) N/A 31104 N/A
Total stents per patient (n) N/A 1.5+08 N/A

ACC/AHA, American College of Cardiology/American Heart Association; TIMI, Throm-
bolysis In Myocardial Infarction; PCl, percutaneous coronary intervention; N/A, not
available.

Table 4. In-hospital medication

Medical therapy PCI

Variables (n = 439) (n=1019 P

Aspirin 412 (93.8) 1001 (98.2) 0.000
Clopidogrel 379 (86.3) 987 (96.9) 0.000
Cilostazol 23(5.2) 275 (27.0) 0.000
Glycoprotein lIb/llla receptor 8 (4.1) 129 (12.7) 0.000

blocker*

Low-molecular-weight heparin® 143 (32.6) 331 (32.5) 0.973
Unfractionated heparin* 218 (49.7) 565 (55.4) 0.042
B-blockers 272 (62.0) 621 (60.9) 0.715
ACEI/ARB 339 (77.2) 747 (73.3) 0.116
Nitrate 308 (70.2) 619 (60.7) 0.001
Calcium channel blockers 91 (20.7) 131 (12.9) 0.000
Statins 267 (60.8) 674 (66.1) 0.051
Diuretics 308 (70.2) 518 (50.8) 0.000

*Used only during in-hospital period.

DISCUSSION

The main findings of this study were that PCI effectively reduced
in-hospital, short-term, and long-term MACE rates in elderly
AMI patients with renal dysfunction. The MACE rate in elderly
patients was not significantly higher if successful reperfusion
was achieved.

Prior studies reported that PCI achieved favorable outcomes
in patients not suited for thrombolysis (12-15). Our findings
corroborated these reports, demonstrating that PCI could de-
crease cardiac mortality in elderly AMI patients with renal dys-
function. The fact that 1-month and 12-month MACE rates in
the PCI group were significantly lower highlights the impact of
primary PCI even in older patients with AMI and even in renal
dysfunction. We suggest that aggressive PCI, even in older pa-
tients with renal dysfunction, can improve prognosis, and sup-
port the view that primary PCI should not be withheld because
of age and renal function.

There are several possible reasons why older patients contin-
ue to experience high mortality rates. First, older patients have
a higher incidence of comorbid conditions, such as hyperten-
sion, diabetes, atherosclerosis, prior stroke, and renal dysfunc-
tion. Renal dysfunction, in particular, has negatively affected
outcomes of patients with AMI (16). Moreover, a number of
other comorbid conditions, such as prior stroke, may have an
additional role in poor prognosis. Second, elderly patients tend
to have a greater delay in door-to-balloon time (17) which is
significantly associated with increased mortality. A strong rela-

Table 5. Cumulative clinical outcomes

: Medical therapy PCI
Variables (n = 439) (n=1019) P
CCU day 6.0 +6.2 48+ 44 0.000
In-hospital death 88 (20.0) 146 (14.3) 0.006
Out-hospital outcome
1-month MACE 112 (31.9) 166 (19.0) 0.000
Cardiac death 103 (29.3) 154 (17.6) 0.000
MI 6(1.7) 4(0.5) 0.021
Re-PCl 2(0.6) 7(0.8) 0.725
CABG 1(0.3) 1(0.1) 0.474
12-month MACE 138 (57.5) 221 (31.3) 0.000
Cardiac death 124 (51.9) 177 (25.0) 0.000
MI 10 (4.2 7(1.0) 0.002
Re-PCl 3(1.3) 34 (4.8) 0.010
CABG 1(0.4) 3(0.4) 0.942

CCU, coronary care unit; MACE, major adverse cardiac event; PCI, percutaneous cor-
onary intervention; MI, myocardial infarction.

Table 6. Adjusted cumulative clinical outcomes at 1-month and 12-month of percutaneous coronary intervention compared with medical therapy (Cox regression analysis using

propensity score)

Variables Unadjusted OR (95% Cl) P Adjusted OR (95% Cl) P
1-month MACE 0.53 (0.42-0.66) 0.000 0.67 (0.45-0.98) 0.037
12-month MACE 0.52 (0.43-0.63) 0.000 0.61 (0.45-0.83) 0.002

MACE, major adverse cardiac event; OR, odd ratio; Cl, confidential interval.
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Fig. 1. Adjusted MACE-free survival at 1-month (A) and 12-month (B).

tionship has been reported between door-to-balloon time and
in-hospital mortality (18-21). The relationship between door-
to-balloon time and prognosis elucidates the need for a process
specifically aimed at reducing the delay in rapid initiation of
primary PCI. Third, elderly patients with renal dysfunction have
been shown to have an increased incidence of PCI-related com-
plications. In the case of cardiogenic shock, both increased age
and renal dysfunction were important prognostic factors (22,
23). There was a higher incidence of contrast-induced (24) and
bleeding complications in elderly patients with renal dysfunc-
tion (25).

In our study, the medical therapy group exhibited higher
mean age, and significantly higher incidences of diabetes, hy-
petrlipidemia, IHD history, and non-ST-segment elevation myo-
cardial infarction. Coronary angiographic findings revealed sig-
nificantly higher incidences of left main stem involvement, com-
plex disease, and multivessel disease in the medical therapy
group. In hospital medication, there was significantly lower us-
age of aspirin, clopidogrel, unfractionated heparin, and glyco-
protein IIb/IIla receptor blocker in the medical therapy group.
These characteristics of the medical therapy group may increase
poor outcomes in in-hospital death, and 1-month and 12-month
MACE, and the rate of poor outcomes did not change after Cox
regression analysis using the propensity score method. Com-
pared with the medical therapy group, PCI decreased 1-month
MACE by 33% and 12-month MACE by 39% in elderly patients
with renal dysfunction.

In practice, PCI effectively decreased mortality and morbidi-
ty in AMI settings and improved short-term and long-term prog-
nosis. However, the beneficial effect of PCI has been limited to
younger people, because primary PCI in elderly patients with
renal dysfunction carries an increased procedural risk. Physi-
cians tend to hesitate when deciding whether to reperfuse by
PCI or treat medically, especially in cases involving elderly AMI
patients with renal dysfunction. However, our result demon-
strated a beneficial effect of PCI even in elderly patients with

http://dx.doi.org/10.3346/jkms.2013.28.7.1027
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renal dysfunction. Although PCI carries an increased procedur-
al risk in elderly patients with renal dysfunction, the benefits af-
ter PCI can outweigh the procedural hazards in most patients
with AMI, owing to improvements in PCI technology.

The present study has some limitations. First, although this
study included a large number of subjects, there were baseline
differences in several important prognostic factors between the
primary comparison groups. These differences can be attribut-
ed to the fact that the study was not a prospective, randomized
study. Although most confounders were included in the multi-
variable Cox regression model, including propensity scores to
control baseline bias, some potential confounders may have
been overlooked. Since we cannot fully understand why a phy-
sician would select a particular treatment strategy, we may have
overlooked specific reasons based on which the physicians
chose PCI or medical therapy. Second, in the KAMIR registry,
there is no written information about hemodialysis, contrast-
induced nephropathy, or postprocedural bleeding. Therefore,
we could not evaluate the effect of these factors on the incidence
of MACE. Third, clinical follow-up data were available for only
1 yr; a longer evaluation period will be needed to confirm our
findings.

In conclusion, in elderly patients with AMI and renal dys-
function, PCI therapy yielded favorable in-hospital, short-term,
and long-term MACE-free survival rates. Thus, even in very old
patients with renal dysfunction, PCI should be considered in
appropriate clinical settings.
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