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Abstract: Elderly patients are at high risk of mortality when they present with ST-elevation myocardial infarction
(STEMI). However, the clinical outcomes of this sub-group undergoing primary percutaneous coronary intervention
(PPCI) have not been well established, despite recent advances in both devices and techniques. In the present ret-
rospective cohort study from a Chinese single center, we assessed the clinical outcomes and predictors of mortality
in elderly patients (=60 years) underwent with PPCI. The primary endpoints were immediate angiographic success
and in-hospital procedural success. The secondary endpoints were all-cause death in hospital. Between January
2011 and December 2013, a total of 184 consecutive patients with acute STEMI underwent PPCI were enrolled.
116 (63.04%) patients were in the elderly group. Despite the difference in lesion complexity between groups, the
immediate angiographic success rate was similar (93.97% in the elderly group, and 94.12% in the non-elderly
group, P=0.966). The procedural success rate were not significantly different between the two groups (90.52% in
the elderly group, and 94.12% in the non-elderly group, P=0.389). However, in-hospital mortality was statistically
higher in elderly group than in the non-elderly group (8.62% Vs 1.47%, P=0.048). The major causes of death were
cardiac shock and malignant arrhythmias (ventricular tachycardia and fibrillation). Our results indicate that PPCI in
the elderly is feasible and has a high likelihood of immediate angiographic and procedural success.

Keywords: Coronary artery disease, ST-elevation myocardial infarction, elderly, primary percutaneous coronary
intervention

Introduction

The population is progressively aging and car-
diovascular prevention is improving in China.
Thus, the age of patients suffered from ST-
elevation myocardial infarction (STEMI) is
expected to rise in the next decades. In elderly
patients, the outcome after STEMI is worse
than in younger people, but they are less likely
to receive reperfusion therapies [1-3]. Com-
pared to younger patients, the elderly patients
with acute STEMI have a heavier burden of
comorbid conditions [4-7], making the treat-
ment more difficult. As fibrinolytic therapy could
be associated with increased bleeding risk,
especially in the elderly [8-10], the advantages
of primary percutaneous coronary intervention
(PPCI) in elderly patients with acute STEMI are
apparent. In recent years, interventional tech-

niques [11, 12] and antithrombotic therapies
[13-15] made a lot of progress. PPCI is recom-
mended as the treatment of choice in patients
with STEMI when feasible, regardless of age
[16]. However, there is paucity of evidence-
based data about safety and efficacy of PPCI in
the elderly STEMI patients due to their exclu-
sion and under-representation in clinical trials
[17]. The Chinese data regarding clinical char-
acteristics and outcomes of elderly patients
undergoing PPCl have scarcely been well
established.

The present study is a retrospective cohort
report from a Chinese single center, presenting
the differences in baseline characteristics and
in-hospital outcomes after PPCI between elder-
ly and non-elderly acute STEMI patients in the
contemporary era. The aim of this study is to
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assess the outcomes and predictors of mortal-
ity in this subgroup in the real world.

Subjects and methods
Study subject

Between January 2011 and December 2013, a
total of 184 consecutive patients with acute
STEMI underwent PPCl admitted to our hospital
were enrolled. Diagnosis ofacute STEMI should
meet 2 below criteria or more [16]: (1) within 12
hours from the onset of chest pain, or 212 h
from symptom onset presenting evidence of
ongoing ischemia, or cardiac shock; (2) new ST
segment elevation at the J point in at least 2
contiguous leads of 0.2 mV in men or 0.15 mV
in women in leads V,-V, and/or of 0.1 mV in
other contiguous chest leads or the limb leads,
or New or presumably new left bundle-branch
block (LBBB); (3) release of biomarkers of myo-
cardial necrosis (such as Troponin |, creatine
Kinase, myoglobin). These patients were divid-
edinto the elderly group (age >60 years, n=116)
and the non-elderly group (age <60 years,
n=68). Current smoking, hypertension, and dia-
betes mellitus (DM) were defined according to
past literature reports [18-21]. Measurement
of leukocyte, platelet (PLT), creatinine (Cr), total
cholesterol (TC), high density lipoprotein-cho-
lesterol (HDL-C), low density lipoprotein-choles-
terol (LDL-C), and triglycerides (TG) was per-
formed as described previously [18-24]. Written
informed consent about interventional opera-
tion was obtained from all patients.

Interventional procedure

Before PPCI, Aspirin (300 mg) and a P2Y12
receptor inhibitor (clopidogrel 300-600 mg, or
ticagrelor 180 mg) were orally administrated.
After the sheath was placed into radial or femo-
ral artery access, a bolus of unfractionated
heparin (70-100 IU/kg) was given. Standard
Judkin’s technique was used to perform coro-
nary angiography. Combining the selective cor-
onary angiography results with preoperative
ECG findings, the target lesion sites were deter-
mined. PPCI only on the infarct-related artery
was recommended, except the situation of
cardiac shock. After completion of PPCI, all
patients were treated with clopidogrel (75 mg
daily) or ticagrelor (90 mg twice per day) at
least 1 year, in addition to lifelong oral aspirin
(100-150 mg daily).
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Study endpoints and definitions

The primary endpoints were immediate angio-
graphic success and in-hospital procedural
success. The secondary endpoints were all-
cause death in hospital. Immediate angijo-
graphic success was defined as achievement
of culprit arterial lumen diameter reduction to
less than 20% with grade 3 Thrombolysis In
Myocardial Infarction (TIMI) flow [25]. Proce-
dural success was defined as achievement
of immediate angiographic success without
any complications during hospitalization [25].
Complications included all-cause death, recur-
rence of MI, stroke, major bleeding complica-
tions, worsened renal function, coronary artery
perforation, cardiac rupture. Coronary artery
disease (CAD) was defined as serious stenosis
(=70% reduction of lumen diameter) in major
coronary artery on coronary angiography.
Multivessel disease was defined as the pres-
ence of serious stenosis (=70% reduction of
lumen diameter) in >2 major coronary arteries.
Left main trunk (LMT) disease was defined as
the presence of 250% reduction of lumen diam-
eter, which was equalized to two vessels dis-
ease [19, 25].

Statistical analysis

All continuous variables are expressed as the
mean and standard deviation (SD), while cate-
gorical data are presented as numbers by
direct count. Differences between the two
groups were compared, using student’s t-test
for continuous variables and chi-squared test
for categorical data. All significant tests were
two-tailed and were considered statistically sig-
nificant at P<0.05. SPSS for Windows version
16.0 (SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses.

Results
Baseline characteristics

Table 1 summarizes the baseline characteris-
tics of all patients enrolled in the study. Of the
total 184 cases, 116 patients were >60 years,
accounting for 63.04%. No significant differ-
ences were seen between the two groups with
regard to prevalence of DM, leukocyte count,
PLT count, random plasma glucose, Cr, HDL-C,
and TG. Pre-hospital delay despite a longer
trend in the elderly group did not differ substan-
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Table 1. Baseline characteristics between two groups

Non-elderly

Elderly

Baseline characteristics (n=68) (n=116) P value
Age (years) 49.21+7.56 70.97+£7.23  0.000
Female (n, %) 2 (2.94%) 29 (25%) 0.000
Hypertension (n, %) 30 (44.12%) 81 (69.83%) 0.000
Diabetes mellitus (n, %) 10 (14.71%) 20 (17.24%) 0.653
Smoking (n, %) 46 (67.65%) 50 (43.10%) 0.001
Pre-hospital delay (hours) 5.97+3.17 6.47+4.09 0.384
Killip level 2-4 (n, %) 7 (10.29%) 38(32.76%) 0.001
Leukocyte count (10°/L) 11.06+3.66 10.45+3.15 0.233
Platelet count (10°/L) 201.13+53.65 190.19+51.49 0.172
Random glucose (mmol/L) 7.53+2.47 8.51+4.40 0.055
TC (mmol/L) 5.30+£1.22 4.87+1.00 0.009
LDL-C (mmol/L) 3.35+1.07 2.91+0.77 0.001
HDL-C (mmol/L) 1.14+0.28 1.16+£0.32 0.613
TG (mmol/L) 1.53+1.02 1.33+0.77 0.145
Creatinine (umol/L) 71.63+15.79 75.14+18.83 0.178
Mean in-hospital duration (days)  10.76+3.79 12.46+6.63 0.029

TC, total cholesterol; LDL-C, lower density lipoprotein cholesterol; HDL-C, high density

lipoprotein cholesterol; TG, triglyceride.

Table 2. Angiographic characteristics between two groups

Angiographic characteristics ch:fg;rly (Efﬂg) P value
Procedure access (n, %)

Transradial approach 65 (95.59%) 107(92.24%)

Transfemoral approach 3(4.41%) 9 (7.76%) 0.375
Culprit artery (n, %)

LMT 0 3 (2.59%)

LAD 36 (52.94%) 57 (49.14%)

LCX 9 (13.24%) 10 (8.62%)

RCA 23 (33.82%) 46 (39.65%) 0.368
Number of vessels affected (n, %)

Single-vessel 33(48.53%) 36 (31.03%)

Multi-vessel 35(51.47%) 80 (68.97%) 0.018
Preoperative flow level (n, %)

TIMI flow O/1 52 (76.47%) 95 (81.90%)

TIMI flow 2/3 16 (23.53%) 21(18.10%) 0.375

Bifurcation lesion (n, %) 20(29.41%) 31(26.72%) 0.694

Calcified lesion (n, %) 9 (13.24%) 32 (27.59%) 0.024

LMT, Left main trunk; LAD, left anterior descending artery; LCX, left circumflex coro-
nary artery; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.

tially in the two groups. However, compared
with the non-elderly group, the elderly patients
had significantly older ages, more cardiac dys-
function, longer mean in-hospital duration,
higher percentage of female and presence
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of hypertension, but lower
smoking status, TC, and TC
levels.

Angiographic characteristics

Angiographic characteristics
between two groups are
shown in Table 2. The major-
ity of patients underwent
catheterization through a
transradial approach (92.24
% in the elderly group, and
95.59% in the non-elderly
group). The culprit lesion
was most often found in
the left anterior descending
artery (LAD) in both the eld-
erly group (49.14%) and the
non-elderly group (52.94%).
There were no statistically
differences in the constitu-
tion of culprit arteries, pre-
operative flow level, and
bifurcation lesions between
the two groups. However,
more number of vessels
affected and calcified les-
ions were found in the elder-
ly group than in the non-
elderly group.

Immediate angiographic
success and in-hospital pro-
cedural success

As shown in Table 3, proce-
dure time was longer in the
elderly group than in the
non-elderly group. However,
no significant differences
were found in such aspects
between the two groups,
including bare metal stent
(BMS) proportion, drug-elut-
ing stent (DES) proportion,
intra-aortic balloon pump
(IABP) utilization, temporary
pacemaker utilization, aver-

age stent diameter and length, incidence of
ventricular tachycardia (VT) and ventricular
fibrillation (VF) during PPCI procedure. There
were 4 patients failed during the PPCI proce-
dure in the non-elderly group (coronary perfora-
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Table 3. Procedural characteristics between two groups

Procedural characteristics Non-elderly (n=68) Elderly (n=116) P value
Number of stents (n, %)

BMS 12 (15.38%) 23 (14.20%)

DES 66 (84.62%) 139 (85.80%) 0.807
Average stent diameter (mm) 3.19+0.40 3.09+0.42 0.080
Average stent length (mm) 24.23+7.11 24.85+6.72 0.511
VT/VF during PCI (n, %) 4 (5.88%) 15 (12.93%) 0.129
Use of IABP (n, %) 1(1.47%) 2 (1.72%) 0.896
Aspiration thrombectomy (n, %) 5 (7.35%) 9 (7.76%) 0.920
Temporary pacemaker 6 (8.82%) 14 (12.07%) 0.495
Immediate angiographic success (n, %) 64 (94.12%) 109 (93.97%) 0.966
In-hospital procedural success (n, %) 64 (94.12%) 105 (90.52%) 0.389
Procedure time (minutes) 55.85+16.08 62.84+22.57 0.016

BMS, bare metal stent; DES, drug-eluting stent; VT, ventricular tachycardia; VF, ventricular fibrillation; PCI, percutaneous coro-

nary intervention; IABP, intra-aortic balloon pump.

95.00% P=0.966

94.12%

93.97% H.12%

94.00%

93.00%

92.00%

91.00%

90.00%

89.00%

83.00%
Immediate Angiographic Success

Figure 1. Immediate angiographic success and in-hospital procedural success

rates between two groups.

tion in 1 case, slow reflow and final TIMI flow <2
in 1 case, wires failed to run through occluded
lesions in 2 cases); while 7 cases in the elderly
group (death in 2 cases, dissection in 1 case,
slow reflow and final TIMI flow <2 in 1 case,
wires failed to run through occluded lesions in
1 cases, choosing coronary artery bypass graft-
ing (CABQG) in 1 case, given up by family mem-
bers in 1 case). Despite the difference in lesion
complexity between groups, the immediate
angiographic success rate was similar (93.97%
in the elderly group, and 94.12% in the non-
elderly group, P=0.966).

11247

P=0.389

90.52%

In-Hospital Procedural Success

In the patients with angio-
graphic success, 4 cases
died in the elderly group dur-
ing hospitalization, while
none in the non-elderly
group. Nevertheless, the
procedural success rate
were not significantly differ-
ent between the two groups
(90.52% in the elderly group,
and 94.12% in the non-
elderly group, P=0.389).
Seen in Figure 1.

B Non-elderly
B Elderly

In-hospital mortality

The total in-hospital mortali-
ty was 5.98% in 184 STEMI
patients, which was statisti-
cally higher in elderly group
than in the non-elderly group
(8.62% Vs 1.47%, P=0.048).

Discussion

The present retrospective study from a single
center was conducted in a cohort of 116
patients’ age >60 years undergoing PPCl and
outlines a real-world experience for invasive
treatment of STEMI in the elderly. Our results
confirm that these patients account for a sig-
nificant proportion of patients with acute Ml
[16, 26].

Population aging process in China is gradually

accelerating. Aging is an independent predictor
of atherosclerosis and cardiovascular events.
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Compared with non-elderly patients, elderly
patients with STEMI have more complications
and severe coronary lesions. It is of note that
the prevalence of smoking status and hyperlip-
idemia was significantly higher in the non-elder-
ly, suggesting that patients with hyperlipidemia
and smoking tend to suffer from STEMI earlier.
Thus, healthy lifestyles and control of tradition-
al risk factors are important to these patients,
in order to control the occurrence and develop-
ment of CAD.

Our center’s data show that more number of
vessels affected and calcified lesions were
found in the elderly group than in the non-elder-
ly group, presenting heavier plaque burden in
the elderly. These angiographic lesion charac-
teristics limit the application of fibrinolytic ther-
apy and reduce the treatment effect in the
elderly. Thus, PPCI technique benefits the
elderly patients with acute STEM apparently,
but put forward stricter requirements.

The present study demonstrates that PPCI in
the elderly is feasible and has a high likelihood
of immediate angiographic and procedural suc-
cess, which is consistent with previous studies
of elderly patients [5, 26, 27]. However, the
elderly group had a longer duration of hospital-
ization, and a higher rate of in-hospital mortali-
ty than the non-elderly group. Considering the
serious non-criminal vascular stenosis still
leads to myocardial ischemia, change of PPCI
strategy in multivessel diseased patients, who
are frequent in aged group, may be reasonable.
The PRAMI [28] research enrolled 465 patients
with acute STEMI, who were randomly divided
into preventive PCI (234 patients) or non-pre-
ventive PCl (231 patients, only treating the
artery responsible for the infarct during PPCI).
During an average follow-up of 23 months, the
primary outcome (death from cardiac causes,
nonfatal myocardial infarction, refractory angi-
na) occurred in 21 (9%) patients assigned
to preventive PCl and in 53 (23%) patients
assigned to non-preventive PCl, hazard ratio in
the preventive-PCl group was 0.35 (95% confi-
dence interval [Cl], 0.21 to 0.58; P<0.001). The
PRAMI study suggest that, compared with PPCI
limited to the infarct-related artery in STEMI
patients with multivessel disease, prevent-
ive PCl in non-criminal coronary arteries with
major stenosis significantly reduced the risk
of adverse cardiovascular events. However, in

11248

PRAMI study, subsequent PCI for angina was
recommended only for refractory angina with
objective evidence of ischemia. In our center,
PPCI only on the infarct-related artery was rec-
ommended, except the situation of cardiac
shock [16]. But subsequent PCl in non-criminal
coronary arteries with major stenosis were
operated conventionally, also obtaining satisfy-
ing clinical effect.

Time for acute STEMI patients means myocar-
dium and survival. Nowadays guidelines
emphasize shortening Door-to-Balloon time.
The GRACE [29] study showed marked geo-
graphic differences in extent of pre-hospital
delay in patients with acute STEMI. The short-
est duration of pre-hospital delay was observed
from Australia/New Zealand (median 2.2
hours), whereas patients from Argentina and
Brazil delayed the longest (median 4.0 hours).
However, our center’s local data presented
even significantly longer duration of pre-hospi-
tal delay in both elderly (6.47+4.09 hours) and
non-elderly group (5.97+3.17 hours). Pre-
hospital delay in acute STEMI patients should
be paid enough attention in China. Popularizing
knowledge of STEMI and improving emergency
medical services (EMS) [30, 31], could help to
shorten the duration of pre-hospital delay, dra-
matically improve the prognosis.

Consensus document on the transradial appro-
ach in percutaneous cardiovascular interven-
tions was published in 2013 [32]. Our data
showed that 90.52% in the elderly group, and
94.12% in the non-elderly group underwent
PCI through transradial access. Compared to
transfemoral access, transradial approach has
more attractive advantages, including fewer
vascular complications, more rapid ambula-
tion, and greater post-procedural comfort. The
OCTOPLUS study [33] showed that, compared
to femoral access, radial access in 80 elderly
patients can obviously reduce the incidence of
vascular complications (1.6% vs 6.5%, P=0.03).
Achenbach at al [34] also observed similar
results in elderly patients aged over 75 years.
Regarding puncture of radial artery, our experi-
ences include: (1) Choosing puncture site
exactly, not too close to the wrist crease, other-
wise it would increase the difficulty of inserting
sheath. (2) Injection of too much anesthetic
drug will affect the judgment of the radial pulse,
after successful puncture, we could add dos-
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age of anesthetics. (3) Radial artery is relatively
slim, often occurs spasm. Thus, success in first
time is very important. (4) Variations in radial
anatomy are frequent. Sometimes, putting
through wires and inserting the sheath under
X-ray may be necessary.

Study limitations

Our study has some potential limitations.
Firstly, a retrospective, single center cohort
study has its inherent limitation. Secondly, the
size of the enrolled participants is relatively
small, which may weaken statistical conclu-
sions. Thirdly, our study did not evaluate long-
term outcomes, and data regarding post-dis-
charge treatment were also not collected.

Conclusions

In conclusion, elderly patients with acute STEMI
tend to have more severe complex lesions (mul-
tivessels, calcifications, in particular). However,
despite the higher mortality in the elderly group
during hospitalization, PPCI in the elderly is fea-
sible and has a high likelihood of immediate
angiographic and procedural success. Progress
in interventional techniques, shortening the
duration of pre-hospital delay and changes
related to PPCI strategy may improve the prog-
nosis further.
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