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Background/Aims: The best revascularization strategy for patients with both
acute ST-elevation myocardial infarction (STEMI) and multivessel coronary dis-
ease (MVD) is still debatable. We aimed to compare the outcomes of multivessel
revascularization (MVR) with those of culprit-only revascularization (COR).
Methods: A cohort of 215 consecutive patients who had received primary angio-
plasty for STEMI and MVD were divided into two groups according to whether
angioplasty had been also performed for a stenotic nonculprit artery. The prima-
ry endpoint was one-year major adverse cardiac events defined as a composite of
cardiac death, recurrent myocardial infarction, or any repeat revascularization.
Results: One-year major adverse cardiac events were not significantly different
between MVR (n = 107) and COR (n = 108) groups. However, the one-year compos-
ite hard endpoint of cardiac death or recurrent myocardial infarction was notably
increased in the MVR group compared to the COR group (20.0% vs. 8.9%, p =
0.024). In subgroup analysis, the hard endpoint was significantly more frequent
in the immediate than in the staged MVR subgroup (26.6% vs. 9.8%, p = 0.030).
The propensity score-matched cohorts confirmed these findings.

Conclusions: In patients with STEMI and MVD, MVR, especially immediate
MVR with primary percutaneous intervention, was not beneficial and led to
worse outcomes. Therefore, we conclude that COR or staged MVR would be better
strategies for patients with STEMI and MVD.
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INTRODUCTION

Primary percutaneous coronary intervention (PCI) is
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the treatment of choice for reperfusion of patients with
acute ST-elevation myocardial infarction (STEMI) [1].
Among patients with STEMI who undergo primary PCI,
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up to 65% have multivessel coronary disease (MVD) and
suffer from increased morbidity and mortality [2,3]. For
patients with both STEMI and MVD, current guidelines
recommend that PCI be performed only in the culprit
artery at the time of primary PCI unless they are he-
modynamically compromised [4-7]. Despite consider-
able advances in PCI devices and physicians’ skill and
the explosive increase in the number of primary PCIs
performed in patients with STEMI, multivessel revascu-
larization (MVR) still remains challenging in real world
practice.

Results and recommendations are conflicting; some
authors reported that MVR was feasible and safe [8-11];
others stated that in patients with MVD, primary PCI
should be culprit-only revascularization (COR) [12]. Re-
cently, the large randomized PRAMI (PReventive Angio-
plasty in Myocardial Infarction) trial found MVR was
beneficial in terms of cardiac death and nonfatal myo-
cardial infarction (MI) as well as refractory angina or
repeat revascularization [13]. However, this study com-
pared an immediate PCI strategy for nonculprit lesions
with conservative strategy; the immediate strategy used
an extremely strict strategy that did not permit a staged
procedure. In the conservative group, only two patients
among 231 patients received PCI for nonculprit lesions.

Concerns remain about whether to treat nonculprit
lesions in patients with acute STEMI and when to treat,
immediately or staged. Therefore, the purpose of the
present study is to compare the efficacy and safety of
MVR with COR and immediate with staged MVR in pa-
tients with STEMI and MVD.

METHODS

Study population

Two hundred fifteen consecutive patients with STEMI
and MVD who underwent successful primary PCI in
either the culprit artery only or culprit and nonculprit
arteries in Seoul National University Bundang Hospital
between July 2003 and July 2007 were enrolled (Fig. 1).
Acute STEMI was defined as acute chest pain for more
than 20 minutes within 12 hours of onset and electro-
cardiograms showing either an ST-segment elevation
greater than o.1 mV in two or more contiguous leads
or a new left bundle branch block. MVD was defined as
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| 878 Acute myocardial infarction (2003-2007) |
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| 507 STEMI |

21 CABG
26 Medical treatment
3 Death during CAG
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v
457 Primary PCl for STEM

159 Single VD
83 Multi-VD with DS < 70%

v

v
215 Primary PCI for STEMI with multi-VD

Figure 1. Patient selection flow diagram. NSTEMI, non-ST-
segment elevation myocardial infarction; STEMI, ST-seg-
ment elevation myocardial infarction; CABG, coronary
artery bypass grafting; CAG, coronary angiography; PCI,
percutaneous coronary intervention; VD, vessel disease; DS,
diameter stenosis.

diameter stenosis of more than 70% estimated visually
in two or more major epicardial coronary arteries, in-
cluding the infarct-related artery. Patients with PCI that
was unsuccessful, based on angiography, or with con-
traindication to the administration of aspirin, heparin
or clopidogrel, were excluded. Patients with cardiogenic
shock at admission, or a previous history of PCI, coro-
nary artery bypass graft surgery or MI were all included.

Patients were categorized into two groups, the MVR
and COR group, according to the PCIs performed. In
the COR group, patients underwent PCI only in the cul-
prit artery, and nonculprit arteries remained untreated
until discharge. Nonculprit arteries were revascularized
based on clinical presentation during follow-up. In the
MVR group, patients underwent PCI in the culprit and
nonculprit arteries, either immediately at the time of
the primary PCI or as a staged procedure 3 or 4 days af-
ter primary PCI.

The study protocol was approved by the Institution-
al Review Board and all patients submitted written in-
formed consent, as specified by the ethical guidelines of
Declaration of Helsinki, 2008.

Coronary angiography and PCI procedure

All patients received 300 mg of aspirin (chewed) in the
emergency room and 300 to 6oo mg of clopidogrel in
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the emergency room or cardiac catheterization room
prior to the PCIL In the catheterization room just before
the PCI, a bolus of 100 IU/kg unfractionated heparin was
injected intravenously, and additional heparin was ad-
ministered, if necessary, to maintain an activated coagu-
lation time between 250 and 350 seconds.

Angiography and PCI were performed in the standard
manner. After primary PCI was completed, the decision
of whether to perform PCI in stenotic (> 70%) nonculprit
arteries was made by the on-duty interventional cardiol-
ogist. Platelet glycoprotein IIb/IIIa receptor antagonist
was given at the operator’s discretion.

During hospitalization, cardiac enzyme levels were
measured every 6 hours for the first 48 hours and then
daily until discharge. Transthoracic echocardiography
was performed 3 or 4 days after admission.

Procedural success was defined as Thrombolysis in
Myocardial Infarction (TIMI) flow grade III with final
stenosis less than 20% without death, recurrent MI, or
emergent coronary artery bypass graft surgery.

Primary and secondary outcomes
The primary endpoint was 1-year major adverse cardiac
events (MACEs), defined as a composite of cardiac death,
recurrent MI, or any repeat revascularization. Any repeat
revascularization included culprit artery target vessel
revascularization (TVR), nonculprit artery target lesion
revascularization, or nonculprit artery nontarget lesion
revascularization. Nonculprit artery target lesion revas-
cularization was in lesions that underwent PCI in non-
culprit arteries during index hospitalization and non-
culprit artery nontarget lesion revascularization was in
lesions in nonculprit arteries that were not treated with
PCI initially. Revascularization during the follow-up pe-
riod, whether it was for previous target lesions or not,
was performed if physicians believed that those lesions
were responsible for recurrent angina or myocardi-
al ischemia that had progressed angiographically even
without angina, based on noninvasive or invasive study.
Recurrent MI was defined as cardiac troponin or cre-
atinine kinase-MB isoenzyme (CK-MB) levels greater
than three times the upper normal limit in association
with ischemic chest pain or new ischemic electrocar-
diographic findings after normalization from an initial
increase in the index STEMI [14]. It included periproce-
dural MI as well as spontaneous MI during follow-up
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period after the primary PCI.

Secondary endpoints were cardiac death, recurrent
MI, the hard endpoint of cardiac death or recurrent MI
as a composite, or any repeat revascularization during
the 1-year follow-up period. Patient follow-up data were
obtained primarily from medical records. For a few pa-
tients, who did not visit an outpatient clinic during the
1-year follow-up period, data were obtained from tele-
phone interviews.

Statistical analysis

All values were expressed as mean + standard devia-
tion for continuous variables and as percentage for
categorical variables. The baseline characteristics of
the two groups were compared using Student t test
for continuous variables and chi-square test for cate-
gorical variables. The cumulative incidences of events
were calculated using the Kaplan-Meier method and
were compared using the log-rank test. Cox regression
analyses were applied to examine predictors of events.
Multivariate logistic models included gender, age, and
variables that were associated with outcomes based on a
univariate analysis p value of < o.1. The strengths of the
association with survival were presented as hazard ratios
and 95% confidence interval (CI).

Because the comparison groups were assigned to
treatment non-randomly, to reduce selection bias, a 1:1
matched analysis without replacement was performed
using a propensity score. The propensity score was gen-
erated using logistic regression multivariate modeling.
Propensity score matching based on the TIMI risk score
for STEMI was applied. To balance the two treatment
groups in terms of clinical risk in STEMI, the individual
components of the TIMI risk score was used to calculate
the propensity score. The TIMI risk score is a 14-point
scale that includes eight factors: age = 75 or 65 to 74 (3 or
2 points); history of diabetes, hypertension, or angina (1
point); systolic blood pressure < 100 mmHg (3 points);
heart rate > 100/min (2 points); Killip class II to IV (2
points); weight < 67 kg (1 point); anterior ST elevation
or left bundle-branch block (1 point); and time to reper-
fusion therapy > 4 hours (1 point) [15]. Nearest neighbor
matching with a caliper width of 0.2 standard deviation
was used because this value has been shown to eliminate
over 9o% of the bias in the observed confounders [16].
Baseline clinical characteristics and the 1-year outcomes
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of the propensity score matched group were compared
using paired t test for continuous variables or McNemar
test for categorical variables.

All statistical analyses were performed using SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA), R programming
language version 2.151 (R Foundation for Statistical
Computing, Vienna, Austria)and a p < 0.05 was consid-
ered statistically significant.

RESULTS

Baseline clinical and procedural characteristics

The MVR and COR groups included 107 and 108 pa-
tients, respectively. The enrolled patients had a mean
age of 63.6 + 13.0 years and 73% were male. The base-
line clinical characteristics of the MVR and COR groups
did not differ, except for a slightly higher peak CK-MB
in the COR group. Based on angiography, PCI was per-
formed in a mean of 2.3 and 1.1 lesions in the MVR and
COR groups, respectively. The mean procedure time
was 15 minutes longer in the MVR group. Intra-aortic
counterpulsation balloon pump and glycoprotein IIb/
IITa receptor antagonist were used with similar frequen-
cy in the two groups.

Drug-eluting stents (DES) were implanted in 175 pa-
tients, bare metal stents were implanted in 24 patients,
and both DES and bare metal stents were implanted in
15 patients. Balloon angioplasty was performed in only
one patient. Culprit lesion stents diameter and the to-
tal stent length were not different between the groups
(Table 1). In the MVR group, only 20 patients were treat-
ed based on noninvasive assessment of ischemia of the
nonculprit lesions.

In-hospital and 6-month outcomes

The median duration of hospitalization was 7 days in
the MVR group and 6 days in the COR group; this differ-
ence was not significant. The composite hard endpoint
of cardiac death or recurrent MI had a tendency toward
greater frequency in the MVR group (11.2% vs. 5.6%, p =
0.13). The 6-month left ventricular ejection fraction did
not differ between the two groups (52.4% + 11.8% in the
MVR group vs. 50.5% + 11.3% in the COR group, p = 031).
The 6-month N-terminal-pro B-type natriuretic pep-
tide level was also similar (434 + 1,132 pg/mL in the MVR
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group vs. 418 + 608 pg/mL in the COR group, p = 0.92).
The normal range of N-terminal pro-B-type natriuretic
peptide level was defined as < 0.88 pg/mL.

One-year clinical outcomes

Two patients in the MVR group and seven patients
in the COR group were lost to 1-year follow-up. Thus,
1-year clinical follow-up rates were 98.1% and 93.5%, re-
spectively. The frequency of 1-year MACE (composite of
cardiac death, recurrent MI, or any repeat revasculariza-
tion), the primary outcome, did not differ significantly
between the two groups (30.5% vs. 25.7%, p = 0.45). How-
ever, the hard endpoint composite, one of the secondary
outcomes, was significantly more frequent in the MVR
group than in the COR group (20.0% vs. 8.9%, p = 0.024).
Each component of the hard endpoint, cardiac death
and recurrent MI, also occurred more frequently in
MVR group. The frequency of any repeat revasculariza-
tion and culprit artery TVR were not significantly differ-
ent between the groups (17.1% vs. 19.8%, p = 0.62; 8.6% vs.
10.9%, p = 0.57, respectively). Among 38 patients who un-
derwent any repeat revascularization, functional studies
were performed in six patients (15.8%). In five patients,
myocardial SPECT (single-photon emission computed
tomography) was performed, and in one patient, frac-
tional flow reserve (FFR)-guided PCI was performed. The
frequency of repeat nonculprit artery revascularization,
including target lesions and nontarget lesions, was also
similar (12.4% vs. 14.9%, p = 0.61). Among 18 repeat revas-
cularization procedures performed in the MVR group,
eight were in nonculprit artery target lesions, which was
comparable to the frequency of culprit artery TVR (nine
cases). In the COR group, nonculprit artery nontarget
lesion revascularization was performed in only 14.9% of
patients (Table 2).

In the MVR group, PCI of nonculprit arteries was
performed either immediately or as a staged procedure
during the index hospitalization. The MVR group was
categorized into two subgroups according to the timing
of the PCI in nonculprit arteries during the index hos-
pitalization. Subgroup analysis compared immediate (n
= 66) and staged (n = 41) MVR to determine which sub-
group contributed more to the worse outcome experi-
enced in the entire MVR group.

Baseline characteristics of the immediate and staged
MVR subgroups were similar. In-hospital MACE and
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Table 1. Baseline characteristics

Characteristic MVR (n =107) COR (n =108) pvalue

Clinical characteristic
Age, yr 63 +13 64 +13 0.55
Male sex 77 (72.0) 80 (74.1) 0.73
Diabetes mellitus 41(383) 34 (31.5) 0.29
Hypertension 58 (54.2) 64(59.3) 0.46
Smoking, current 43 (40.2) 51 (47.2) 038
Dyslipidemia 61 (57.5) 61(58.1) 0.94
Prior CABG 2(1.9) o 0.16
Prior PCI 7(6.5) 6 (5.6) 0.78
Prior MI 6 (5.6) 9(83) 0.43
Peak CK-MB, IU/L 217.5 + 215.2 293.6 £316.3 0.04
Echocardiographic LV ejection fraction, % 4813 49 £11 0.56
Hemoglobin at admission, g/dL 13.0 £ 2.4 13.2+2.4 0.51
Creatinine at admission, mg/dL 13+0.7 1.2+ 05 0.24
eGFR at admission?, mL/min/1.73 m* 64 £ 22 66+ 20 0.57
Killip class, I/II/III/IV, % 72.0/3.7/4.7/19.6 77.8/5.6/5.6/11.1 036
Cardiogenic shock 21(19.6) 12 (11.1) 0.09
Door-to-balloon time, min (median) 207 £335 (122) 175 % 251 (100) 0.47
TIMI risk score 4.6+3.1 4.5+2.9 0.88

Angiographic and procedural characteristic
Culprit artery, LAD/LCX/RCA/LM, % 54.2/3.7/40.2/1.9 51.9/13.9/34.3/0 0.03
Location of culprit lesion, proximal/mid/distal, % 51.4/31.8/16.8 49.1/31.5/19.4 0.88
Culprit lesion at LAD or LCX ostium o 2 (11.1) 0.50
Nonculprit stenotic (> 70%) artery’, LAD/LCX/RCA/LM, % 34.6/36.4/27.1/1.9 28.7/35.2/36.1/0 0.26
No. of diseased vessels per patient 2.5+ 0.5 2.5+ 0.5 031
No. of diseased lesions per patient 33+1.1 3.0+1.1 0.02
No. of treated vessels per patient 21+03 1.0%0 <o0.01
No. of treated lesions per patient 23+0.6 1.1+0.4 <o.01
CTO in nonculprit lesion 19 (17.8) 21 (19.4) 0.75
Procedure time, min (median) 98 +50(85) 83 40 (72) 0.02
TABP use 17 (15.9) 20 (18.5) 0.61
IVUS use 18 (16.8) 19 (17.6) 0.88
Patients using drug eluting stents 98(91.6) 92 (85.2) 0.14
Stent diameter, mm 3.05 * 0.40 3.08 £ 0.43 0.70
Stent length, mm 30.04 +11.09 30.09 +13.96 0.97
Glycoprotein IIb/IITa inhibitor use 24 (22.4) 18 (16.7) 0.29
Clopidogrel loading, 300/600 mg, % 53/54 (49-5/50.5) 50/58 (46.3/53.7) 0.64
Final TIMI flow, culprit artery, o/1/2/3, % 1.0/2.9/9.6/86.5 0/1.9/10.4/87.7 0.734

Values are presented as mean + SD or number (%).

MVR, multivessel revascularization; COR, culprit-only revascularization; CABG, coronary artery bypass graft surgery; PCI,
percutaneous coronary intervention; MI, myocardial infarction; CK-MB, creatinine kinase-MB isoenzyme; LV, left ventricu-
lar; eGFR, estimated glomerular filtration rate; TIMI, Thrombolysis in Myocardial Infarction; LAD, left anterior descending
coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery; LM, left main coronary artery; CTO, chron-
ic total occlusion; IABP, intra-aortic counterpulsation balloon pump; IVUS, intravascular ultrasound.

Calculated by using the MDRD (Modification of Diet in Renal Disease) formula: 175 x serum creatinine™"* x age™** (x 0.742,
if woman).

°In the case of more than one significantly stenotic (> 70%) nonculprit artery, the one with the severer stenosis was counted.

492 www.kjim.org http://dx.doi.org/10.3904/kjim.2014.119



Chung WY, et al. Multivessel revascularization in myocardial infarction

Table 2. One-year clinical outcomes of the study patients

Variable MVR (n = 105) COR (n=101) p value
Major adverse cardiac events 32(30.5) 26 (257 0.45
All death 19 (18.1) 8(7.9) 0.03
Cardiac death 19 (18.1) 8(7.9) 0.03
Recurrent MI 9(8.6) 2(2.0) 0.04
Hard endpoint (cardiac death and recurrent MI) 21(20.0) 9(8.9) 0.02
Any repeat revascularization 18 (17.1) 20 (19.8) 0.62
Culprit artery TVR 9(8.6) 11 (10.9) 0.57
Nonculprit artery TLR 8(7.6) o 0.01
Nonculprit artery nontarget lesion revascularization 5(4.8) 15 (14.9) 0.01
Definite stent thrombosis 4(3.8) 1(1.0) 0.19

Values are presented as number (%).
MVR, multivessel revascularization; COR, culprit-only revascularization; MI, myocardial infarction; TVR, target vessel revas-
cularization; TLR, target lesion revascularization.

Table 3. Subgroup analysis: baseline characteristics and outcomes of patients with immediate versus staged MVR

Characteristic Immediate MVR Staged MVR pvalue
Baseline characteristics 66 41
Age, yr 64 +13 62 +13 0.40
Male sex, % 68.2 78.0 0.27
Peak CK-MB, IU/L 224.0 + 213.1 207.2 +220.8 0.70
LV ejection fraction at admission, % 48 14 49 £11 0.56
Door-to-balloon time, min (median) 206 + 288 (130) 208 399 (116) 0.98
Culprit artery, LAD/LCX/RCA/LM, % 59.1/6.1/31.8/3.0 46.3/0/53.7/0 0.06
Nonculprit stenotic artery, LAD/LCX/RCA/LM, % 28.8/42.4/27.3/1.5 43.9/26.8/26.8/2.4 0.32
One-year outcomes 64 4
All death 16 (25.0) 3(7.3) 0.02
Cardiac death 16 (25.0) 3(7.3) 0.02
Recurrent MI 6(9.4) 3(7.3) 0.71
Hard endpoint 17 (26.6) 4(9.8) 0.04
Any repeat revascularization 9 (14.1) 9 (22.0) 0.30
Culprit artery TVR 6(9.4) 3(7.3) o1
Nonculprit artery TLR 5(7.8) 3(7.3) 0.93
Nonculprit artery nontarget lesion revascularization 1(1.6) 4(9.8) 0.05
Major adverse cardiac events 22(34.4) 10 (24.4) 0.28

Values are presented as mean + SD or number (%).

MVR, multivessel revascularization; CK-MB, creatinine kinase-MB isoenzyme; LV, left ventricle; LAD, left anterior descend-
ing coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery; LM, left main coronary artery; MI, myo-
cardial infarction; TVR, target vessel revascularization; TLR, target lesion revascularization.

the hard endpoint were more common in the immedi- Among the 1-year outcomes, the hard endpoint oc-
ate MVR subgroup, although not significantly different

(both MACE and hard endpoint, 15.2% vs. 4.9%, p = 0.10).

curred significantly more often in the immediate MVR
subgroup than in the staged MVR subgroup (Table 3).
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Figure 2. Comparison of 1-year event-free survival curves between multivessel revascularization (MVR) and culprit-only re-
vascularization (COR) groups, Kaplan-Meier method. (A) The 1-year major adverse cardiac events (MACE)-free survival was not
significantly different between the groups. (B) However, the survival free from the hard endpoint of cardiac death or recurrent
myocardial infarction was significantly lower in the MVR group than in the COR group.
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Figure 3. Comparison of the 1-year event-free survival curves among culprit-only revascularization (COR), immediate and
staged multivessel revascularization (MVR) subgroups, Kaplan-Meier method. (A) One-year major adverse cardiac events
(MACE)-free survival was not significantly different among the three groups. (B) However, hard endpoint-free survival of the
immediate MVR subgroup was significantly lower than that of the staged MVR subgroup. The staged MVR subgroup had

hard endpoint-free survival similar to the COR group.

This difference was mainly attributable to greater 1-year
cardiac mortality in the immediate MVR subgroup
(25.0% vs. 7.3%, p = 0.02).

Survival analysis showed that 1-year MACE-free sur-
vival was not significantly different between the COR
and MVR groups (Fig. 2A); between the COR group and
immediate MVR subgroup; or between the COR group
and staged MVR subgroup (Fig. 3A). However, 1-year

494 www.kjim.org

hard endpoint-free survival was significantly lower in
the MVR group than in the COR group (Fig. 2B). This
difference was explained primarily by the lower hard
endpoint-free survival of the immediate MVR subgroup
compared with the staged MVR subgroup (Fig. 3B). In
our institution, 6-month follow-up angiography was
recommended to all patients, and repeat revasculariza-
tion was performed if clinically indicated. The superior
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Table 4. Multivariate analysis for hard endpoint

KJIM™

Variable Adjusted HR 95% CI pvalue
Immediate MVR vs. COR 4.310 1.192-15.592 0.03
Staged MVR vs. COR 2.814 0.654-12.105 0.17
Age, by 1yr 1.113 1.057-1.173 <o0.01
Male sex 4.664 0.925—23.512 0.06
LV dysfunction (EF < 40%) 4.967 1.756—14.049 0.01
Diabetes mellitus 1.155 0.382-3.493 0.80
Smoking, current 0.570 0.159—2.040 0.39
Cardiogenic shock 2.426 0.794~7.412 0.12
Culprit artery of LM 12.807 0.678—-241.727 0.09
Procedure time by 1 min 1.003 0.993-1.014 0.56
TABP use 1.735 0.592—5.088 0.32
Low Hb at admission (< 11.1 g/dL) 1.695 0.253-11.354 0.59

HR, hazard ratio; CI, confidence interval; MVR, multivessel revascularization; COR, culprit only revascularization; LV, left

ventricular; EF, ejection fraction; LM, left main; IABP, intra-aortic counterpulsation balloon pump; Hb, hemoglobin.

MACE-free survival of the COR group appears to decline
at approximately 6 months. Follow-up angiography was
performed at 6 months in 73.8% and 72.2% (p = 0.79) of
the MVR and COR groups, respectively.

Predictors of the hard endpoint

Based on univariate regression analysis, the immediate
MVR group appeared to be one of the significant pre-
dictors of the hard endpoint (hazard ratio, 3.145; 95% CI,
1390 to 7.121). Other determinants of the hard endpoint
were left ventricular dysfunction (ejection fraction <
40%), cardiogenic shock, culprit artery located in the left
main trunk, duration of the procedure, use of intra-aor-
tic counterpulsation balloon pump, and low hemoglo-
bin level at admission. Multivariate analysis, adjusted
for the likely predictors identified in univariate analy-
sis, found immediate MVR, left ventricular dysfunction,
and age to be independent predictors of the hard end-
point (Table 4).

Causes of deaths

In the COR group, heart failure was the most common
cause of in-hospital death, which could explain three
of the six deaths. There were one in-hospital fatal stent
thrombosis and one sudden cardiac death during fol-
low-up. In contrast, in the MVR group, and especially
in the immediate MVR subgroup, definite stent throm-
bosis and cardiogenic shock were the prominent caus-
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es of in-hospital death, which occurred in three of 10
deaths. Among three definite stent thrombotic deaths
in the immediate MVR subgroup, one was an acute stent
thrombosis that occurred immediately after prima-
ry PCI, and the other two deaths were due to subacute
stent thromboses. During the period between discharge
and the 1-year follow-up, sudden death was the most
remarkable cause of death in the immediate MVR sub-
group (three of six deaths). However, there was no sig-
nificant difference in cause of death between the MVR
and COR groups or between the immediate and staged
MVR subgroups.

Outcomes of the propensity score-matched cohorts
To control potential differences in baseline character-
istics between the two groups in this non-randomized
study, we constructed cohorts matched on a propensi-
ty score using the variables in the TIMI risk score for
STEMLI. This yielded 9o matched pairs of patients for
the two treatment groups; the baseline characteristics
of the matched pairs were comparable. At 1-year, there
was no significant difference in the incidence of MACE
between the two groups. However, the incidence of the
hard endpoint, either cardiac death or recurrent MI, was
still significantly higher in the MVR group than in the
COR group (18.0% vs. 7.9%, p = 0.044) (Table 5).
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Table 5. Baseline characteristics and 1-year outcomes of the propensity score-matched cohorts

Characteristic MVR COR pvalue
Baseline characteristic 90 90
Age, yr 62 +13 63 +13 0.66
Male sex 64 (71.1) 69 (76.7) 0.40
Diabetes mellitus 33(36.7) 27 (30.0) 034
Hypertension 45 (50.0) 55 (61.1) 0.13
Smoking, current- or ex- 38 (42.2) 40 (44.4) 0.48
Dyslipidemia 51(57.3) 48 (54.5) 0.71
Prior CABG 2(2.2) o 0.16
Prior PCI 7(7.8) 5(5.6) 0.55
Prior MI 5(5.6) 7(7.8) 0.55
Peak CK-MB, IU/L 239.8 £ 220.9 292.8 £316.5 0.20
LV ejection fraction at admission, % 48 +13 49 £11 0.46
Hb at admission, g/dL 13.0+2.2 13.4%23 0.33
Killip class, I/II/III/IV, % 72.2/3.3/5.6/18.9 83.3/3.3/3.3/10.0 0.30
Door-to-balloon time, min (median) 207 £ 335 (122) 183 + 263 (100) 0.60
Procedure time, min (median) 97 £ 52 (85) 83 41 (70) 0.04
TABP use 13 (14.4) 15 (16.7) 0.68
Glycoprotein IIb/IITa inhibitor use 19 (21.1) 17 (18.9) 0.71
One-year outcomes 89 89
Major adverse cardiac events 25 (28.1) 24 (27.0) 0.87
All death 14 (15.7) 6(6.7) 0.06
Cardiac death 14 (15.7) 6(6.7) 0.06
Recurrent M1 6(6.7) 1(1.1) 0.05
Hard endpoint 16 (18.0) 7(7.9) 0.04
Any repeat revascularization 13 (14.6) 19 (21.3) 0.24
Culprit artery TVR 5(5.6 10 (11.2) 018
Nonculprit artery TLR, % 6(6.7) o 0.01
Nonculprit artery nontarget lesion revascularization 4(4-5) 15 (16.9) 0.01
Definite stent thrombosis 3(3.4) o 0.08

Values are presented as mean + SD or number (%).

MVR, multivessel revascularization; COR, culprit-only revascularization; CABG, coronary artery bypass graft surgery; PCI,

percutaneous coronary intervention; MI, myocardial infarction; CK-MB, creatinine kinase-MB isoenzyme; LV, left ventricle;

Hb, hemoglobin; IABP, intra-aortic counterpulsation balloon pump; TVR, target vessel revascularization; TLR, target lesion

revascularization.

DISCUSSION

The main findings of this study are that in patients
treated with primary PCI, MVR did not decrease MACE
and was associated with higher rates of cardiac death,
recurrent MI than in COR, and immediate MVR was
the main predictor of the poorer outcome in the MVR
group, based on multivariate analysis. Therefore, the
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current study does not support MVR, especially imme-
diate MVR, as a strategy for primary PCL.

MVR in STEMI patients is supported by several re-
ports of the importance of noninfarct zone function,
nonculprit artery flow, and multiple coronary plaques
in patients with acute MI. Grines et al. [17] reported that
in-hospital mortality was closely related to function in
the noninfarct zone, and that the absence of MVD was
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the clinical factor most strongly associated with en-
hanced function in the noninfarct zone. In another re-
port, Gibson et al. [18] showed that in patients with acute
MI, nonculprit artery flow was 45% slower than normal
flow and that the presence of nonculprit artery stenosis
was one of the factors associated with slower nonculprit
artery flow. Moreover, Goldstein et al. [19] reported that
multiple coronary plaques were observed in 40% of pa-
tients with acute MI and were associated with adverse
clinical outcomes. Thus, the presence of additional ath-
erosclerotic plaques may contribute to future cardiovas-
cular events.

Early studies of MVR were promising. One single-arm
study showed a 95% to 97% success rate and acceptable
rates of 2-year survival or MACE [20]. In their study of
120 patients with MI and MVD, Qarawani et al. [10] re-
vealed that the in-hospital composite endpoint, recur-
rent ischemia, reinfarction, acute heart failure, or mor-
tality, occurred significantly less often in the MVR group
than in the COR group. However, the treatment group
sizes were unbalanced (95 in the MVR group and 25 in
the COR group), and the benefit was limited to in-hos-
pital outcomes. In their study, a tendency toward greater
1-year mortality was found in the MVR group (9.4% in
the MVR group vs. 8% in the COR group, p = 0.06).

Politi et al. [11] randomly allocated 214 patients to im-
mediate MVR, staged MVR, or COR groups and report-
ed that the COR group had worse outcomes than did the
immediate or staged MVR groups in terms of re-hos-
pitalization, repeat revascularization, and repeated PCL
However, the patient numbers were not well balanced
among the three groups despite random allocation.

Although a few reports have shown no benefit from
MVR [8,9,21] or supported COR [12,22,23], some possi-
bility of reducing MACE with MVR remains because the
use of DES can markedly decrease repeated procedure
without affecting mortality. The present study revealed
that the unfavorable outcomes of MVR in STEMI pa-
tients persisted, even in the DES era. No significant
differences in the 1-year MACE were observed between
MVR and COR groups in the present study. These find-
ings were consistent after propensity score matching.

It is necessary to discuss why the MVR group expe-
rienced the hard endpoint more often in this study.
The finding of worse outcomes in the immediate MVR
subgroup is relevant to this question. Only two previ-
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ous studies compared the outcomes of immediate MVR,
staged MVR, and COR groups. In one of them, patients
undergoing immediate MVR had a higher mortality rate
at both 30 days and 1 year [12]. In the other, the imme-
diate and staged MVR groups experienced similar fre-
quencies of cardiac death, reinfarction, and repeat revas-
cularization [11]. However, in the later study, the patient
population had relatively less risk, glycoprotein IIb/
IITa receptor antagonist was used more frequently, and
implantation of DES, which could be potentially more
thrombogenic in MI patients, was used less often than
in our study. Notably, the immediate MVR subgroup
was an independent poor prognostic factor after poten-
tial confounders were controlled by multivariate analy-
sis. Our finding that fatal stent thrombosis and sudden
cardiac death (three cases of each) occurred more fre-
quently in the immediate MVR subgroup than in the
COR group (one case of each) suggests that stent throm-
bosis could be a cause of the more frequent hard end-
point observed in the immediate MVR subgroup. In the
clinical setting of primary PCI, mechanical factors that
might favor stent thrombosis (such as, stent underex-
pansion, inadequate lesion preparation, and incomplete
apposition) are remarkably more likely to occur than
with conventional procedures and are directly related to
the number of inserted stents. Although the PRAMI trial
revealed that immediate MVR could be better than COR
for acute STEM], it neither reported the illness severity
of the study groups nor compared immediate MVR with
staged MVR, which might be a safer and more effective
strategy.

It is not surprising MVR did not result in any clini-
cal benefit for the hard endpoint in the present study
considering the results of the Fractional Flow Reserve
Versus Angiography for Multivessel Evaluation (FAME)
trial and Ntalianis et al.’s study [24-26], which showed
FFR-guided PCI was also reliable in nonculprit lesions
during the acute phase of acute coronary syndrome. The
study proved that angiography-guided PCI was not ben-
eficial in patients with multivessel disease in terms of
repeat revascularization as well as cardiac death and ML
In the present study, the majority of patients in the MVR
group underwent angiography-guided PCI for their
nonculprit artery, so our results are consistent with the
FAME study, if confined to the strategy for noninfarcted
multivessel disease. A portion of the nonculprit lesions
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that were revascularized may not be responsible for
ischemia. Tonino et al. [27] showed that 46% of the an-
giography-guided decisions incorrectly predicted isch-
emia. For these nonischemic lesions, PCI can produce
worse outcomes than optimal medical therapy alone, ac-
cording to Legalery et al.’s findings [28]. Similarly, revas-
cularization of nonculprit lesions that lack evidence of
ischemia in STEMI patients might be unnecessary and
contribute to poorer results in the MVR group, such as
more frequent hard endpoints observed in the present
study. In the setting of primary PCI for STEMI patients
with MVD except for cardiogenic shock, it is now evi-
dent that in nonculprit lesions ‘to leave it alone’ is cur-
rently a better strategy than ‘to do something.’

Our study differs from previous studies regarding
propensity score matching. Propensity scores have been
used to reduce bias in observational studies in many
fields and is widely used in cardiovascular research [29].
Our cohorts were matched on their TIMI risk score. The
TIMI risk score is a risk scoring system for predicting
mortality in patients with STEMI, represents the sum
of independent predictors of mortality, is based on
the result of the Intravenous nPA for the Treatment of
Infarcting Myocardium Early II trial [15] and was well
validated in large-scale registries that included patients
treated with pharmacological reperfusion or primary
angioplasty [30-32].

There are a few limitations in this study. First, this
study used a retrospective cohort design and the treat-
ment was non-randomized. The assignment to MVR
or COR was solely determined by the on-duty inter-
ventional cardiologist. Therefore, it is still possible
that higher risk patients underwent MVR although we
tried to overcome this intrinsic limitation by propensity
score matching.

Second, the lack of myocardial ischemia assessment
for nonculprit arteries might be another shortcoming
of this study. However, there is no well-standardized
method for assessing ischemia of nonculprit lesions
during primary PCI in patients with STEML. That is also
a reason why we should be cautious about treatment of
nonculprit arteries in STEMI.

Third, how many patients in each group became com-
pletely revascularized was not evaluated. In STEMI pa-
tients with multivessel disease, complete revasculariza-
tion may result in a benefit [33]. However, in our study it
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is unlikely that non-revascularized lesions affected the
hard endpoint unfavorably only in MVR group because
comparable lesions in the COR group were also left
non-revascularized.

Fourth, the relatively high frequency of angiography,
performed at 6 months of follow-up, could bias the
MACE, especially repeat revascularization. However,
this bias is unlikely, because the two groups had sim-
ilar frequencies of follow-up angiography and because
repeat intervention was guided by symptoms or signs of
ischemia not by the oculostenotic reflex.

KEY MESSAGE

1. In patients with ST-elevation myocardial infarc-
tion (STEMI) and multivessel coronary disease
(MVD), multivessel revascularization (MVR) was
not beneficial regarding major adverse cardiac
event and was worse than culprit-only revascu-
larization (COR) in terms of cardiac death and
recurrent myocardial infarction during 1-year
follow-up.

2. COR or staged MVR would be better treatment
options than immediate MVR for patients with
STEMI and MVD undergoing primary percuta-
neous coronary intervention.

Conflict of interest
No potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Keeley EC, Grines CL. Primary coronary intervention for
acute myocardial infarction. JAMA 2004;291:736-739.

2. Muller DW, Topol EJ, Ellis SG, Sigmon KN, Lee K, Califf
RM. Multivessel coronary artery disease: a key predictor
of short-term prognosis after reperfusion therapy for
acute myocardial infarction. Thrombolysis and Angio-
plasty in Myocardial Infarction (TAMI) Study Group. Am
Heart ] 1991;121(4 Pt 1):1042-1049.

3. Jaski BE, Cohen JD, Trausch J, et al. Outcome of urgent
percutaneous transluminal coronary angioplasty in

acute myocardial infarction: comparison of single-vessel

http://dx.doi.org/10.3904/kjim.2014.119



Chung WY, et al. Multivessel revascularization in myocardial infarction

10.

11.

versus multivessel coronary artery disease. Am Heart ]
1992;124:1427-1433.

Task Force on the management of ST-segment elevation
acute myocardial infarction of the European Society of
Cardiology (ESC), Steg PG, James SK, et al. ESC guidelines
for the management of acute myocardial infarction in
patients presenting with ST-segment elevation. Eur Heart
J 2012;33:2569-2619.

O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/
AHA guideline for the management of ST-elevation
myocardial infarction: a report of the American Col-
lege of Cardiology Foundation/American Heart Asso-
ciation Task Force on Practice Guidelines. Circulation
2013;127:€362-€425.

Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK, Spertus
JA. ACCF/SCAI/STS/AATS/AHA/ASNC 2009 appropriate-
ness criteria for coronary revascularization: a report of’
the American College of Cardiology Foundation Appro-
priateness Criteria Task Force, Society for Cardiovascu-
lar Angiography and Interventions, Society of Thoracic
Surgeons, American Association for Thoracic Surgery,
American Heart Association, and the American Society of
Nuclear Cardiology: Endorsed by the American Society of
Echocardiography, the Heart Failure Society of America,
and the Society of Cardiovascular Computed Tomogra-
phy. Circulation 2009;119:1330-1352.

Widimsky P, Wijns W, Fajadet J, et al. Reperfusion therapy
for ST elevation acute myocardial infarction in Europe:
description of the current situation in 30 countries. Eur
Heart ] 2010;31:943-957.

Di Mario C, Mara S, Flavio A, et al. Single vs multivessel
treatment during primary angioplasty: results of the
multicentre randomised HEpacoat for cuLPrit or mul-
tivessel stenting for Acute Myocardial Infarction (HELP
AMI) Study. Int J Cardiovasc Intervent 2004;6:128-133.
Khattab AA, Abdel-Wahab M, Rother C, et al. Multi-vessel
stenting during primary percutaneous coronary inter-
vention for acute myocardial infarction: a single-center
experience. Clin Res Cardiol 2008;97:32-38.

Qarawani D, Nahir M, Abboud M, Hazanov Y, Hasin Y.
Culprit only versus complete coronary revascularization
during primary PCIL Int ] Cardiol 2008;123:288-292.

Politi L, Sgura F, Rossi R, et al. A randomised trial of
target-vessel versus multi-vessel revascularisation in
ST-elevation myocardial infarction: major adverse cardiac

events during long-term follow-up. Heart 2010;96:662-

http://dx.doi.org/10.3904/kjim.2014.119

12.

13.

14.

15.

16.

17.

18.

19.

KJIM™

667.

Corpus RA, House JA, Marso SP, et al. Multivessel percu-
taneous coronary intervention in patients with multives-
sel disease and acute myocardial infarction. Am Heart J
2004;148:493-500.

Wald DS, Morris JK, Wald N7, et al. Randomized trial of
preventive angioplasty in myocardial infarction. N Engl J
Med 2013;369:1115-1123.

Anderson JL, Adams CD, Antman EM, et al. ACC/AHA
2007 guidelines for the management of patients with
unstable angina/non-ST-Elevation myocardial infarction:
a report of the American College of Cardiology/Ameri-
can Heart Association Task Force on Practice Guidelines
(Writing Committee to Revise the 2002 Guidelines for
the Management of Patients With Unstable Angina/
Non-ST-Elevation Myocardial Infarction) developed in
collaboration with the American College of Emergency
Physicians, the Society for Cardiovascular Angiography
and Interventions, and the Society of Thoracic Surgeons
endorsed by the American Association of Cardiovas-
cular and Pulmonary Rehabilitation and the Society
for Academic Emergency Medicine. ] Am Coll Cardiol
2007;50:€1-€157.

Morrow DA, Antman EM, Charlesworth A, et al. TIMI
risk score for ST-elevation myocardial infarction: a con-
venient, bedside, clinical score for risk assessment at
presentation: an intravenous nPA for treatment of in-
farcting myocardium early II trial substudy. Circulation
2000;102:2031-2037.

Austin PC. Optimal caliper widths for propensity-score
matching when estimating differences in means and dif-
ferences in proportions in observational studies. Pharm
Stat 2011;10:150-161.

Grines CL, Topol EJ, Califf RM, et al. Prognostic implica-
tions and predictors of enhanced regional wall motion of
the noninfarct zone after thrombolysis and angioplasty
therapy of acute myocardial infarction: the TAMI Study
Groups. Circulation 1989;80:245-253.

Gibson CM, Ryan KA, Murphy SA, et al. Impaired cor-
onary blood flow in nonculprit arteries in the setting
of acute myocardial infarction: the TIMI Study Group.
Thrombolysis in myocardial infarction. ] Am Coll Cardi-
0l 1999734:974-982.

Goldstein JA, Demetriou D, Grines CL, Pica M, Shoukfeh
M, O'Neill WW. Multiple complex coronary plaques in
patients with acute myocardial infarction. N Engl ] Med

www.Kjim.org 499



KJ

20.

21.

22.

23.

24.

25.

20.

500

M

2000;343:915-922.
Nath A, DiSciascio G, Kelly KM, et al. Multivessel coro-
nary angioplasty early after acute myocardial infarction. J
Am Coll Cardiol 1990;16:545-550.

Chen LY, Lennon R]J, Grantham JA, et al. In-hospital and
long-term outcomes of multivessel percutaneous coro-
nary revascularization after acute myocardial infarction.
Am J Cardiol 2005;95:349-354.

Cavender MA, Milford-Beland S, Roe MT, Peterson
ED, Weintraub WS, Rao SV. Prevalence, predictors, and
in-hospital outcomes of non-infarct artery intervention
during primary percutaneous coronary intervention for
ST-segment elevation myocardial infarction (from the
National Cardiovascular Data Registry). Am ] Cardiol
2000;104:507-513.

Toma M, Buller CE, Westerhout CM, et al. Non-culprit
coronary artery percutaneous coronary intervention
during acute ST-segment elevation myocardial infarc-
tion: insights from the APEX-AMI trial. Eur Heart J
2010;31:1701-1707.

Pijls NH, Fearon WF, Tonino PA, et al. Fractional flow re-
serve versus angiography for guiding percutaneous cor-
onary intervention in patients with multivessel coronary
artery disease: 2-year follow-up of the FAME (Fractional
Flow Reserve Versus Angiography for Multivessel Evalua-
tion) study. ] Am Coll Cardiol 2010;56:177-184.

Tonino PA, De Bruyne B, Pijls NH, et al. Fractional flow
reserve versus angiography for guiding percutaneous
coronary intervention. N Engl ] Med 2009;360:213-224.
Ntalianis A, Sels JW, Davidavicius G, et al. Fractional flow
reserve for the assessment of nonculprit coronary artery

stenoses in patients with acute myocardial infarction.

www.kjim.org

The Korean Journal of Internal Medicine Vol. 31, No. 3, May 2016

27.

28.

29.

30.

31

32.

33

JACC Cardiovasc Interv 2010;3:1274-1281.

Tonino PA, Fearon WF, De Bruyne B, et al. Angiographic
versus functional severity of coronary artery stenoses
in the FAME study fractional flow reserve versus angi-
ography in multivessel evaluation. ] Am Coll Cardiol
2010;55:2816-2821.

Legalery P, Schiele F, Seronde MF, et al. One-year out-
come of patients submitted to routine fractional flow re-
serve assessment to determine the need for angioplasty.
Eur Heart ] 2005;26:2623-2629.

D’Agostino RB Jr. Propensity score methods for bias
reduction in the comparison of a treatment to a non-ran-
domized control group. Stat Med 1998;17:2265-2281.
Brener SJ, Lincoff AM, Bates ER, et al. The relationship
between baseline risk and mortality in ST-elevation acute
myocardial infarction treated with pharmacological
reperfusion: insights from the Global Utilization of Strat-
egies To open Occluded arteries (GUSTO) V trial. Am
Heart ] 2005;150:89-93.

Morrow DA, Antman EM, Parsons L, et al. Application of
the TIMI risk score for ST-elevation MI in the National
Registry of Myocardial Infarction 3. JAMA 2001;286:1356-
1359.

Thune JJ, Hoefsten DE, Lindholm MG, et al. Simple risk
stratification at admission to identify patients with re-
duced mortality from primary angioplasty. Circulation
2005;112:2017-2021.

Jo HS, Park JS, Sohn JW, et al. Culprit-lesion-only versus
multivessel revascularization using drug-eluting stents
in patients with ST-segment elevation myocardial infarc-
tion: a Korean acute myocardial infarction registry-based

analysis. Korean Circ J 2011;41:718-725.

http://dx.doi.org/10.3904/kjim.2014.119



