Int J Clin Exp Med 2016;9(12):23634-23641
www.ijcem.com /ISSN:1940-5901/IJCEM0021425

Original Article
Effects of simultaneous or elective percutaneous
coronary intervention for non-infarction related
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Abstract: Objective: To compare the effects of simultaneous or elective percutaneous coronary intervention (PCI) for
treatment of non-infarction related arteries (NIRA) on clinical outcome in over 70-year-old patients with ST-elevation
myocardial infarction (STEMI) combined with multi-vessel lesions. Methods: A total of 70 patients aged over 70 yeas
that had acute STEMI combined with multi-vessel lesions and received PCI between January 2010 and January
2015, were enrolled in this study. According to simultaneous emergency PCI or elective PCI for treatment of NIRA,
the 70 patients were divided into simultaneous PCI group and elective PCI group. Clinical outcomes were compared
between the both groups during one-year follow-up. Results: There were no statistical differences in sex, age, constituent ratio of diseases, risk factors of coronary artery disease (CAD), family history of CAD, heart function, cardiac
functional grading, hepato-renal function indices, medication, time interval from symptom onset to balloon dilatation, time interval from seeing doctors to balloon dilatation, and related data of emergency coronary angiography
and direct PCI between the both groups (all P > 0.05). During the follow-up of 1-3 months, 3-12 months and one
year, there were respectively no statistical differences in the incidences of major cardiovascular events including
recrudescent angina, re-hospitalization due to cardiovascular disease, heart failure, recurrent myocardial infarction, second revascularization, severe arrhythmia, all-cause mortality and cardiovascular mortality between the two
groups (all P > 0.05). Conclusion: For over 70-year-old patients who have acute STEMI combined with multi-vessel
lesions and receive emergency PCI for treatment of infarction-related arteries (IRA), we propose that simultaneous
emergency PCI for treatment of NIRA be adopted instead of elective PCI for treatment of NIRA because it fails to
increase heart-related events and also avoids another PCI.
Keywords: Acute ST-elevation myocardial infarction, multi-vessel lesions, percutaneous coronary intervention,
non-infarct-related artery, major cardiovascular events

Introduction
Acute myocardial infarction (AMI) is one of the
main diseases to threat human health in the
world [1-5], and acute ST-elevation myocardial
infarction (STEMI) is the most severe condition
in AMI. Emergency percutaneous coronary
intervention (PCI) has been become an important approach for AMI therapy and coronary
revascularization [6]. It is documented that the
incidence of multi-vessel lesions in the patients

with AMI is as high as 40-50% [7]. Moreover,
most of senile patients with AMI usually have
diabetes mellitus, hypertension, cerebrovascular disease and renal diseases; so multi-vessel
lesions are common, and coronary lesions are
also complex in senile patients with AMI.
Most of previous studies do not support the
viewpoint of simultaneous emergency PCI used
for treatment of non-infarction related artery
(NIRA) in acute STEMI combined with multi-ves-

Acute myocardial infarction
sel lesions, so many guidelines propose emergency PCI only be used for treatment of infarction-related arteries (IRA) except the specific
condition of cardiogenic shock [8-11]. However,
in recent years, there has been considerable
debate about whether emergency PCI is simultaneously used to treat NIRA for these patients,
because some studies have displayed that
emergency PCI used for treatment of NIRA is
also beneficial to acute STEMI combined with
multi-vessel lesions [12-17]. Therefore it is necessary to clarify this question.
In this study, according to simultaneous emergency PCI or elective PCI for treatment of
NIRA, the 70-year-old patients that had acute
STEMI combined with multi-vessel lesions and
received PCI, were divided into simultaneous
PCI group and elective PCI group. We retrospectively analyzed data of these patients and compared clinical outcomes between the both
groups in order to provide a basis for treatment
strategy.

gency PCI or underwent unsuccessful emergency PCI (criteria for successful PCI is shown
below); ② a history of AMI; ③ left main coronary lesion; ④ chronic occlusive disease; ⑤
coronary multi-branch occlusion; ⑥ severe
coronary distortion and coronary calcification;
⑦ severe hepato-renal dysfunction; ⑧ malignant tumor; and ⑨ death occurring in the duration of hospital stay.
Grouping: According to simultaneous emergency PCI or elective PCI for treatment of NIRA,
patients enrolled in this study were divided into
simultaneous PCI group (22 patients) and elective PCI group (48 patients). In the elective PCI
group, PCI for treatment of NIRA was performed
within 1 to 4 weeks after emergency PCI for
treatment of IRA.
Pre-PCI preparation and PCI procedures

All study methods were approved by Institutional Review Board and Ethics Committee of the
First Affiliated Hospital of Soochow University.
All the subjects or their guardians enrolled into
the study gave written formal consent to
participate.

All patients chewed 300 mg of enteric coated
aspirin and 600 mg of clopidogrel once before
operation; were given intravenous heparin (5070 U/kg) during PCI; and then took aspirin (100
mg/d) and clopidogrel (75 mg/d), and were
given intravenous low molecular heparin (70100 U/kg, within 12 h) after operation for 3 to
5 days. IRA was identified by Judkins coronary
angiography, and then balloon dilatation and
stent implantation, or direct stent implantation
was performed on the IRA.

Subjects

Criteria for successful PCI

A total of 70 patients aged over 70 yeas that
had acute STEMI combined with multi-vessel
lesions for the first time and received PCI
between January 2010 and January 2015,
were enrolled in this study.

① diameters of residual stenosis < 20% on at
least two orthogonal projection postures of coronary angiography; ② blood stream of grade 2
to 3 tested by thrombolysis in myocardial infarction (TIMI) [18]; ③ during operation, no severe
cardiovascular events including death, apoplexy, tracheal cannula, emergency coronary
artery bypass grafting and severe PCI-related
complications such as coronary artery dissection, coronary laceration, coronary perforation,
coronary bleeding and cardiac rupture.

Subjects and methods

Inclusion criteria were: ① 70 to 85-year-old
patients of either sex; ② the patients who had
STEMI combined with multi-vessel lesions within 12 h after AMI onset and underwent successful emergency PCI. Diagnostic criteria for
STEMI: within 12 h of chest pain onset ①
ST-segment elevation ≥ 0.2 mV in at least two
adjacent chest leads or ST-segment elevation ≥
0.1 mV in limb lead; or ② new left bundle
branch block with or without elevation of myocardial injury markers.
Exclusion criteria: ① the patients who had no
indications for emergency PCI, or refused emer-
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Data collection and treatment after emergency
PCI
General data was immediately collected from
all patients after emergency admission. In the
elective PCI group, PCI for treatment of NIRA
was performed within 1 to 4 weeks after emergency PCI for treatment of IRA (during hospital
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Table 1. Comparison of general data between the simultaneous PCI group and elective PCI group
Simultaneous PCI
group (n=22)
Age (year)
61.62±10.17
Sex (male, %)
19 (79.1)
Hypertension (%)
20 (83.3)
Diabetes (%)
14 (58.3)
Smoking (%)
17 (70.8)
Coronary disease (%)
4 (16.7)
Blood glucose (mmol/L)
7.15±1.23
Cholesterol (mmol/L)
4.58±1.26
High density lipoproteins (mmol/L)
0.92±0.33
Low density lipoproteins (mmol/L)
3.20±1.07
Triglyceride (mmol/L)
1.82±1.04
Creatinine (umol/L)
73.13±43.15
CKMB (µg/L)
177.68±78.28
cTnI (ng/ml)
17.28±9.36
Left ventricular ejection fraction (%)
57.39±4.65
Cases with killip grading (III/V) on admission (n, %)
3 (12.5)
Statins (n, %)
22 (91.7)
ACEI (or ARB) (n, %)
19 (79.1)
BB-β (n, %)
19 (79.1)
ASA (n, %)
21 (87.5)
Clopidogrel (n, %)
22 (91.7)

Elective PCI
group (n=48)
62.82±10.38
41 (82)
42 (84)
30 (60)
36 (72)
8 (16)
7.23±1.35
4.60±1.35
0.94±0.22
3.19±1.04
1.81±1.06
72.12±43.23
178.56±78.34
17.15±9.22
57.23±4.59
6 (12)
45 (90)
41 (82)
40 (80)
46 (92)
48 (96)

χ2 or t

P

1.12﹡
0.06
0.36
0.02
0.82
0.04
-0.74﹡
2.23﹡
-0.42﹡
0.77﹡
1.69﹡
3.57﹡
-2.26﹡
1.56﹡
-2.85﹡
0.07
0.29
1.15
0.14
0.16
0.06

0.765
0.823
0.565
0.931
0.378
0.848
0.736
0.157
0.149
0.333
0.282
0.978
0.958
0.698
0.697
0.797
0.611
0.286
0.687
0.688
0.803

Notes: ﹡indicates t value and others are χ2 value. PCI: percutaneous coronary intervention; CKMB: MB isoenzyme of creatine
kinase; cTnI: cardiac troponin; ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker (ARB); BB-β:
β-receptor blocker; ASA: aspirin.

stay or after being discharged). In both groups,
patients were given dual anti-platelet drugs,
statins, angiotensin converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker (ARB)
and β receptor blocker if they did not have
contraindication.
Follow-up
All patients were routinely followed up for oneyear or until death. Major cardiovascular events
were recorded, including recrudescent angina,
re-hospitalization due to cardiovascular disease, recurrent myocardial infarction, second
revascularization for the target vessel, severe
arrhythmia, heart failure, all-cause death and
cardiovascular death. Cardiovascular death
was caused by heart failure, lethal myocardial
infarction or sudden death. Major adverse cardiovascular events (MACEs) included recurrent
myocardial infarction, second revascularization
for the target vessel, all-cause death and cardiovascular death.
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Statistical analysis
Statistical treament was performed with SPSS
18.0 software. Measurement data were expressed as x±S, and then t test and one-way
ANOVA was used in the comparison between
two groups. For numeration data, χ2 test was
used in the comparison between two groups.
Sstatistical significance was established at P <
0.05.
Results
Comparison of data between both groups
A total of 70 patients were enrolled in this
study. Simultaneous PCI group contained 22
patients and elective PCI group contained 48
patients. Between both groups, there were no
significant differences in general data (Table
1), time interval from symptom onset to balloon
dilatation, time interval from seeing doctors to
balloon dilatation, conditions of emergency coronary lesions and stent implantation, pre- and
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Table 2. Comparisons of emergency coronary lesions between the
simultaneous PCI group and elective PCI group

Lesion in 2 vessels (n, %)
Lesion in 3 vessels (n, %)
Site of IRA (n, %)
LAD (n, %)
LCX (n, %)
RCA (n, %)
Complete occlusion of IRA (n, %)
Site of NIRA (n, %)
LAD (n, %)
LCX (n, %)
RCA (n, %)
SOTB (h, x±s)
SDTB (min, x±s)
Pre-PCI TIMI (n, %)
Grade 0-1
Grade 2
Grade 3
Post-PCI TIMI (n, %)
Grade 2
Grade 3

Simultaneous Elective
PCI group
PCI group χ2 or t
P
(n=22)
(n=48)
12 (54.5)
27 (56.2) 0.35 0.555
10 (45.5)
21 (43.8) 0.47 0.586
7 (29.1)
7 (29.1)
10 (41.7)
18 (75)

17 (34)
19 (38)
22 (44)
37 (74)

0.15
1.29
0.37
0.23

0.721
0.256
0.575
0.755

9 (37.5)
11 (45.8)
12 (50)
8.8±7.4
85.0±29.4

18 (36)
23 (46)
24 (48)
8.9±7.5
85.0±31.5

0.50
0.75
0.18
1.88*
-0.55*

0.398
0.382
0.597
0.465
0.412

18 (75)
5 (20.8)
1 (4.2)

40 (80)
8 (16)
2 (4)

0.15 0.150
0.67 0.687
0.28 0.594

cular events, respectively
(all P > 0.05) (Tables 4 and
5).
Discussion
Although there is difficulty
in the treatment of AMI for
senile patients due to poor
heart function and low physiological reserve [19, 20],
PCI has proved to be beneficial to senile patients with
AMI [21]. However, it is
tough to determine whether
PCI is used for senile patients with AMI, so it is more
difficult to determine whether emergency PCI is also
used in treatment of NIRA
for the senile patients who
have AMI combined with
multi-vessel lesions [22,
23].

Compared with the patients
with single-vessel lesion,
*
2
the patients with multi-vesNotes: indicates t value and others are χ value. PCI: percutaneous coronary intervention; IRA: infarction-relative arteries; NIRA: non-infarction related artery; LAD: left
sel lesions readily have a
anterior descending; LCX: left circumflex artery; RCA: right coronary artery; SOTB: time
longer history of coronary
interval from symptom onset to balloon dilatation; SDTB: time interval from seeing
disease, and higher incidedoctors to balloon dilatation; TIMI: thrombolysis in myocardial infarction.
nces of hypertension, diabetes mellitus and hyperpost-PCI TIMI blood-stream grades, and prelipidemia; so clinical symptoms caused by myocardial ischemia is more severe, post-PCI comand post- PCI minimal lumen diameters (all P >
plications and fatality rate are higher, and prog0.05) (Table 2).
nosis is poorer in the patients with multi-vessel
Comparison of major cardiovascular events
lesions than in the patients with single-vessel
between both groups
lesion [24-26]. There has been considerable
debate on the therapeutic strategy for AMI
All patients were followed up for 360±17 days.
combined with multi-vessel lesions, and simulDuring the whole follow-up, one patient died of
taneous use of emergency PCI in the treatment
heart failure in simultaneous PCI group; while in
of NIRA for the patients with STEMI has become
elective PCI group, one patient died of maligthe focus of much interest and debate. A
nant tumor and two patients died of heart failHORIZONS-AMI study displayed that emergenure. There were no significant differences in
cy PCI simultaneously used in the treatment of
recrudescent angina, re-hospitalization due to
NIRA for the patients with STEMI patients
cardiovascular disease, recurrent myocardial
increased mortality, and incidences of chronic
infarction, second revascularization for the tarheart failure, stent thrombosis and shock [27].
get vessel, severe arrhythmia, heart failure, allSome studies also showed that emergency PCI
cause mortality and cardiovascular mortality
simultaneously used in the treatment of NIRA
(all P > 0.05) (Table 3). During the follow-up of
failed to improve prognosis and to decrease the
incidence of MACE [28-31]. Moreover, multi1-3 months and 3-12 months, there were also
variate regression analyses indicated that emno significant differences in all major cardiovas-
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4 (16.7)
20 (83.3)

6 (12)
44 (88)

0.02 0.889
0.03 0.856
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Table 3. Comparisons of major cardiovascular events between the
simultaneous PCI group and elective PCI group during whole one-year
follow-up
Simultaneous Elective
PCI group
PCI group
(n=22)
(n=48)
1 (4.2)
3 (6)
1 (4.2)
2 (4)
1 (4.2)
2 (4)
3 (12.5)
8 (16)
3 (12.5)
6 (12)
2 (8.3)
5 (10)
1 (4.2)
2 (4)
0 (0)
1 (2)
1 (4.2)
2 (4)
1 (4.2)
1 (2)
4 (16.7)
7 (14)
1 (4.2)
1 (2)
4 (16.7)
6 (12)
5 (20.8)
11 (22)

χ2

support the viewpoint of
emergency PCI simultaneously used in the treatment of NIRA.

P

However, it is reported
that the incidence of
All-cause mortality (n, %)
0.11 0.744
MACE and hospital morCardiogenic mortality (n, %)
0.00 0.973
tality were significantly
Recurrent myocardial infarction (n, %)
0.00 0.973
lower in both IRA and
Recrudescent angina (n, %)
0.32 0.368
NIRA PCI group than in
Second revascularization (n, %)
0.06 0.834
only IRA PCI group [13].
Second PCI
0.05 0.833
Navarese et al [14] also
Second PCI for IRA
0.00 0.973
found that emergency
Second PCI for NIRA
0.49 0.485
PCI simultaneously used
in the treatment of NIRA
Second PCI for other arteries
0.00 0.973
significantly reduced the
Coronary artery bypass grafting
0.29 0.591
incidence of second reHeart failure (n, %)
0.27 0.652
vascularization, but failed
Severe arrhythmia (n, %)
0.29 0.591
to decrease rates of deRe-hospitalization due to CD (n, %)
0.30 0.583
ath and recurrent myoMACEs (n, %)
0.01 0.909
cardial infarction. A PRNotes: PCI: percutaneous coronary intervention; IRA: infarction-relative arteries; NIRA:
AMI study of 23-month
non-infarction related artery; CD: cardiogenic disease; MACEs: major adverse cardiovasfollow-up indicated that
cular events.
the incidence of MACE
decreased by 65% in
Table 4. Comparisons of major cardiovascular events between the siboth IRA and NIRA PCI
multaneous PCI group and elective PCI group during one to three-month
group as compared to
follow-up
only IRA PCI group [15].
Simultaneous Elective
A CvLPRIT study exhibitPCI group
PCI group χ2
P
ed that the total inci(n=22)
(n=48)
dence of MACEs (all-caAll-cause mortality (n, %)
1 (4.2)
1 (2)
0.29 0.591
use death, recurrent myCardiogenic mortality (n, %)
1 (4.2)
0 (0)
2.11 0.146
ocardial infarction, heart
Recurrent myocardial infarction (n, %)
1 (4.2)
0 (0)
2.11 0.146
failure and second vascularization) dropped by
Recrudescent angina (n, %)
2 (8.3)
4 (8)
0.00 0.961
55% (10.0% vs. 21.2%,
Second revascularization (n, %)
1 (4.2)
2 (4)
0.00 0.973
P=0.009) in both IRA
Second PCI
1 (4.2)
2 (4)
0.00 0.973
and NIRA PCI group as
Second PCI for IRA
1 (4.2)
0 (0)
2.11 0.146
compared to only IRA PCI
Second PCI for NIRA
0 (0)
1 (2)
0.49 0.485
group one-year after PCI
Second PCI for other arteries
0 (0)
1 (2)
0.49 0.485
[16]. In 2015, a PRAGUE
Coronary artery bypass grafting
0 (0)
0 (0)
trial included 214 patiHeart failure (n, %)
2 (8.6)
4 (8)
0.00 0.961
ents with STEMI and
Severe arrhythmia (n, %)
1 (4.2)
0 (0)
2.11 0.146
multi-vessel lesions who
Re-hospitalization due to CD (n, %)
2 (8.3)
2 (4)
0.60 0.440
were randomly divided
MACEs (n, %)
3 (12.5)
3 (6)
0.92 0.338
into both IRA and NIRA
Notes: PCI: percutaneous coronary intervention; IRA: infarction-relative arteries; NIRA:
PCI group (n=106) and
non-infarction related artery; CD: cardiogenic disease; MACEs: major adverse cardiovasonly IRA PCI group (n=
cular events.
108), and were followed
up for 38 weeks with allergency PCI simultaneously used in the treatcause death, nonfatal myocardial infarction
ment of NIRA was an independent risk factor of
and cerebral apoplexy as main outcomes and
MACE, and most meta-analyses also didn’t
with re-hospitalization due to unstable angina,
23638
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severe arrhythmia, all-cause
mortality and cardiovascular
mortality between the two
groups (all P > 0.05), sugSimultaneous Elective
gesting that simultaneous
2
PCI group PCI group χ
P
emergency PCI for treatment
(n=22)
(n=48)
of NIRA is safe for over-70All-cause mortality (n, %)
0 (0)
2 (4) 0.99 0.321
year-old patients with STEMI
Cardiogenic mortality (n, %)
0 (0)
2 (4) 0.99 0.321
and multi-vessel lesions beRecurrent myocardial infarction (n, %)
0 (0)
2 (4) 0.99 0.321
cause it failed to increase
Recrudescent angina (n, %)
1 (4.2)
4 (8) 0.38 0.539
major cardiovascular events.
Second revascularization (n, %)
2 (8.3)
4 (8) 0.00 0.961
Our findings are similar to
Second PCI
1 (4.2)
3 (6) 0.11 0.744
those in PRAMI [15], CVLSecond PCI for IRA
0 (0)
2 (4) 0.99 0.321
PRIT [16] and PEAGUE [17]
studies. However, in this
Second PCI for NIRA
0 (0)
0 (0)
study, we neither found the
Second PCI for other arteries
1 (4.2)
1 (2) 0.29 0.591
result that simultaneous
Coronary artery bypass grafting
1 (4.2)
1 (2) 0.29 0.591
PCI for treatment of NIRA
Heart failure (n, %)
2 (8.3)
3 (6) 0.14 0.708
decreased the incidences
Severe arrhythmia (n, %)
0 (0)
1 (2) 0.49 0.485
of cardiovascular death,
Re-hospitalization due to CD (n, %)
2 (8.3)
4 (8) 0.00 0.961
non-fatal myocardial infarcMACEs (n, %)
2 (8.3)
8 (16) 0.41 0.523
tion and recrudescent angiNotes: PCI: percutaneous coronary intervention; IRA: infarction-relative arteries;
na in PRAMI study, nor found
NIRA: non-infarction related artery; CD: cardiogenic disease; MACEs: major adverse
the result that simultaneous
cardiovascular events.
PCI for treatment of NIRA
decreased the incidences of
therapeutic schedule change, treatment for
all-cause death, recurrent myocardial infarcNIRA, death due to cardiovascular disease and
tion, heart failure and second revascularization
re-hospitalization due to heart failure as secin CVLPRIT study. Only in PEAGUE study, the
ondary outcomes. The results of this trial indiresult is the same as that in this study, namely
cated that there were no significant differences
that simultaneous emergency PCI for treatment
in all-cause death, non-fatal myocardial infarcof NIRA had neither positive nor negative
tion and cerebral apoplexy between the two
effects on clinical outcomes. The comparability
groups [17].
between PEAGUE study and this study is worth
discussing because in PEAGUE study, complete
In this study, there were no significant differrevascularizations was performed on most
ences in general data including sex, age, conpatients 3 to 40 days after emergency PCI,
stituent ratio of diseases, risk factors of corosimultaneous emergency PCI for treatment of
nary hear disease, family history of coronary
NIRA was performed on a few patients.
heart disease, cardiac functional grading, hepTable 5. Comparisons of major cardiovascular events between
the simultaneous PCI group and elective PCI group during three to
twelve-month follow-up

ato-renal function indices, medication, time
interval from symptom onset to balloon dilatation, time interval from seeing doctors to balloon dilatation, emergency coronary angiography and direct PCI-related data between the
two groups (all P > 0.05). This study is comparable.
During the follow-up of 1-3 months, 3-12
months and one year, there were respectively
no statistical differences in the incidences of
major cardiovascular events including recrudescent angina, re-hospitalization due to cardiovascular disease, heart failure, recurrent
myocardial infarction, second revascularization,
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Our study also has several limitations such
as small sample and a retrospective study.
Therefore, our results remain to be further confirmed by large-sample, prospective and randomized studies.
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