
T
e
(
w
a
r
t

M

T
w
t
2
m
s
f
t
n
t
t
t

C
r

d
H

0
d

EuroSCORE as a Predictor of Death and Myocardial Infarction After
Unprotected Left Main Coronary Stenting

Young-Hak Kim, MD, PhD, Jung-Min Ahn, MD, Duk-Woo Park, MD, Bong-Ki Lee, MD,
Cheol Whan Lee, MD, PhD, Myeong-Ki Hong, MD, PhD, Jae-Joong Kim, MD, PhD,

Seong-Wook Park, MD, PhD, and Seung-Jung Park, MD, PhD*

This study aimed to identify the independent predictors of death and myocardial infarction
(MI) after unprotected left main coronary artery stenting with bare metal (n � 148) or
sirolimus-eluting (n � 176) stents between January 2000 and March 2005. To identify
independent predictors of death and nonfatal MI, all available parameters were evaluated.
Systemic surgical risk stratification systems such as the EuroSCORE and Parsonnet score
were included in the analysis. Clinical information at 9 months was available in 98% of
patients (median follow-up 26.3 months). During this period, death/MI occurred in 42
patients (13%). Of the 5 deaths, 4 were related to cardiac and 1 to noncardiac causes. By
multivariate Cox regression analysis, a high EuroSCORE (>6; hazard ratio 3.4, 95% confidence
interval 1.2 to 9.6, p � 0.023), number of stents used (hazard ratio 1.8, 95% confidence interval
1.0 to 3.1, p � 0.042), and treatment with a glycoprotein IIb/IIIa inhibitor (hazard ratio 8.6,
95% confidence interval 2.7 to 27.4, p <0.001) were independent predictors of death/MI. Areas
under the receiver-operating characteristic curve of EuroSCORE and number of stents were
0.61 (95% confidence interval 0.52 to 0.70, p � 0.023) and 0.61 (95% confidence interval 0.51
to 0.70, p � 0.028), respectively. In conclusion, high surgical risk estimated by systemic risk
stratification of the EuroSCORE appears to be associated with unfavorable outcomes of
unprotected left main coronary artery stenting. © 2006 Elsevier Inc. All rights reserved. (Am

J Cardiol 2006;98:1567–1570)
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o identify the predictive factors of serious adverse clinical
vents after elective unprotected left main coronary artery
LMCA) stenting, we analyzed the association of survival
ithout myocardial infarction (MI) with various clinical,

ngiographic, and procedural characteristics and systemic
isk evaluation systems in a relatively large cohort of pa-
ients.

ethods and Results

his study included 324 consecutive patients who under-
ent elective coronary stenting for the treatment of unpro-

ected LMCA stenoses between January 2000 and March
005. Inclusion criteria were symptomatic or documented
yocardial ischemia and significant stenosis (�50% steno-

is by visual estimate) of the unprotected LMCA suitable
or stent placement. Patients who had ST-elevation MI at
he unprotected LMCA and underwent emergency percuta-
eous coronary intervention (PCI) within 24 hours of symp-
om onset were excluded. LMCA was considered unpro-
ected if there were no patent coronary artery bypass grafts
o the left anterior descending or left circumflex arteries.
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nformed written consent was obtained from all patients in
ccordance with the Declaration of Helsinki.

The stenting technique at the unprotected LMCA has
een previously described.1,2 Bare metal stents were used in
48 patients and sirolimus-eluting stents in 176 patients.
ntra-aortic balloon pumps were used prophylactically or
herapeutically in selected unstable patients for hemody-
amic support. Glycoprotein IIb/IIIa inhibitors were admin-
stered to patients who had very complex lesions or im-
aired distal coronary flow. Aspirin was administered to all
atients indefinitely. Clopidogrel (75 mg/day) or ticlopidine
250 mg 2 times a day) was administered for 1 month after
are metal stent implantation or for �6 months after siroli-
us-eluting stent implantation. In addition, cilostazol (100
g 2 times a day) was administered to patients who re-

eived sirolimus-eluting stents.3 A loading dose of ticlopi-
ine (500 mg or 250 mg 2 times a day), clopidogrel (300
g), and cilostazol (200 mg) was administered �24 hours

efore the procedure. Total creatine kinase and creatine
inase-MB fraction levels were routinely measured at 4, 12,
nd 24 hours after the procedure.

Before the procedure, serum concentrations of C-reactive
rotein, lipoprotein(a), and total L-homocysteine were mea-
ured in 287 patients (89%) without acute or chronic infec-
ious disease or inflammatory states. C-reactive protein was
easured using a high-sensitivity turbidimetric assay (Co-

as Integra, Roche Diagnostics, Basel, Switzerland) and a
hreshold of detection of 0.0064 mg/dl.4 Lipoprotein(a) was

easured with a 1-step sandwich enzyme-linked immu-
osorbent assay using 2 monospecific polyclonal antiapoli-

oprotein(a) antibodies (ImmunoGMBH, Saarbroeken, Ger-
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any).5 Total L-homocysteine was measured by
olarization immunoassay with an IMX analyzer (Axis Bio-
hemicals ASA, Oslo, Norway).6 For systemic risk stratifi-
ation before the procedure, standard EuroSCORE7 and
arsonnet score8 were measured for all patients. The 2
coring methods are composed of groups of weighted pa-
ient-related, cardiac-related, and surgery-related risk
actors. A high EuroSCORE was defined as �6.7 With a
ontrast-filled injection catheter as the calibration source,
uantitative coronary angiograms were analyzed by 2
xperienced angiographers not involved in the stenting
rocedures who used computerized software (CASS II,
ie Medical, Maastricht, The Netherlands). Minimal lu-
en diameter was measured before and after intervention

rom diastolic frames in single, matched views. Diame-
ers of normal segments proximal and distal to the treated
rea were averaged to determine the reference diameter.
n ostial and bifurcation lesions, adjacent normal seg-
ents were used as references.
All patients were evaluated clinically by office visits or

elephone interviews at 1 month and 3 and 6 months after
tenting and then every 4 months. At each visit, evaluation
f electrocardiograms was routinely performed. The end
oint of this study was the composite of all-cause death and
I (death/MI). MI was defined as development of new

able 1
linical and angiographic characteristics in relation to occurrence of
eath and myocardial infarction

ariable Death/MI p
Value

Yes
(n � 42)

No
(n � 282)

ge (yrs) 60.6 � 11.4 58.5 � 12.0 0.309
en 30 (71.4%) 194 (68.8%) 0.730
iabetes mellitus 8 (19.0%) 72 (25.5%) 0.363
otal cholesterol �200

mg/dl
11 (26.2%) 61 (21.6%) 0.507

moker 15 (35.7%) 85 (30.1%) 0.466
ypertension 15 (35.7%) 123 (43.6%) 0.334
revious PCI 5 (11.9%) 44 (15.6%) 0.649
eft ventricular ejection

fraction (%)
62.0 (55.0–66.0) 62.0 (59.0–66.0) 0.456

cute coronary syndrome 26 (61.9%) 133 (47.2%) 0.075
enal failure 0 (0%) 4 (1.4%) 1.000
uroSCORE 3.0 (2.0–6.0) 2.0 (1.0–4.0) 0.022
arsonnet score 7.0 (6.0–13.0) 7.0 (6.0–8.3) 0.175
-reactive protein (mg/dl) 2.4 (1.1–3.9) 2.0 (0.9–4.0) 0.736
ipoprotein(a) (mg/L) 20.9 (12.1–35.4) 21.5 (9.4–37.2) 0.888
omocysteine (�mol/L) 12.7 (9.9–15.0) 12.4 (10.2–15.1) 0.778
ifurcation involvement 29 (69.0%) 157 (55.7%) 0.102
ultivessel coronary
(�2) involvement
except for left main
coronary artery

29 (69.0%) 137 (48.6%) 0.013

eference diameter (mm) 3.56 � 0.80 3.69 � 0.70 0.314
inimal lumen diameter
before procedure (mm)

1.28 � 0.61 1.48 � 0.66 0.066

inimal lumen diameter
after procedure (mm)

3.52 � 0.65 3.72 � 0.64 0.069

esion length (mm) 12.1 (9.1–35.4) 11.8 (8.0–18.4) 0.133
athologic Q waves in �2 contiguous electrocardiographic h
eads or an increase in creatine kinase-MB to �3 times the
pper limit of normal.

Continuous variables are presented as mean � SD or
edian (interquartile range) and were compared with Stu-

ent’s t test or Mann-Whitney U statistic test. Categorical
ariables are presented as counts or proportions (percent-
ges) and were compared with chi-square test or Fisher’s
xact test. To determine the independent predictors of death/
I, Cox regression analysis was performed on all variables,

nd variables that were predictive at the 0.1 level by uni-
ariate analysis were entered into multivariate analysis. The
rea under the receiver-operating characteristic curve was
sed to assess the discriminate power of the independent
redictors.9 A p value �0.05 was considered statistically
ignificant.

During hospitalization, periprocedural MI, defined as a
reatine kinase-MB increase �3 times the normal level,
eveloped in 34 patients (10.5%). However, there were no
ncidents of death or stent thrombosis. Clinical information
t 9 months was available in 98% of patients (median
ollow-up 26.3 months). After discharge, 5 patients died, 4
rom cardiac-related causes and 1 from a noncardiac cause.
onfatal MI occurred in 4 patients. Angiographic stent

hrombosis did not occur in any patient during the follow-up
eriod. Overall, the combined incidence of death/MI after
he procedure and at follow-up was 13.0% (42 patients).
epeat revascularization was performed in 36 patients

11.1%), 16 of whom underwent repeat PCI and 20 of
hom underwent coronary artery bypass surgery.
Table 1 presents comparisons of clinical, angiographic,

nd laboratory characteristics between the 2 groups of pa-
ients. Eleven patients in the group with death/MI (26.2%)

able 2
rocedural characteristics in relation to occurrence of death and
yocardial infarction

ariable Death/MI p
Value

Yes
(n � 42)

No
(n � 282)

ultivessel PCI 23 (54.8%) 119 (42.2%) 0.126
ifurcation stenting (stent
in side branch)

9 (21.4%) 62 (22.0%) 0.935

otal contiguous stent
length (mm)

18.0 (13.0–42.8) 18.0 (12.0–23.0) 0.089

o. of used stents at left
main coronary artery

1.0 (1.0–1.3) 1.0 (1.0–1.0) 0.956

o. of total used stents 2.0 (1.0–3.0) 1.0 (1.0–2.0) 0.015
ebulking atherectomy 8 (19.0%) 53 (18.8%) 0.969
otablating atherectomy 0 (0%) 4 (1.4%) 1.000
utting balloon
angioplasty

2 (4.8%) 8 (2.8%) 0.501

irect stenting 10 (23.8%) 88 (31.2%) 0.330
aximal device diameter
(mm)

4.19 � 0.52 4.44 � 0.59 0.120

ntra-aortic balloon pump 8 (19.0%) 16 (5.7%) 0.002
lycoprotein IIb/IIIa
inhibitor

8 (19.0%) 13 (4.6%) �0.001

uidance of intravascular
ultrasound

30 (71.4%) 202 (71.6%) 0.978

irolimus-eluting stent 23 (54.8%) 153 (54.3%) 0.951
ad a high EuroSCORE (�6), a significantly higher per-
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entage than in the group without death/MI (34 patients,
2.1%, p � 0.013). Laboratory and angiographic character-
stics did not differ significantly between groups. Procedural
haracteristics of the 2 groups are presented in Table 2. By
ultivariate analysis, high EuroSCORE (�6), number of

tents used, and treatment with a glycoprotein IIb/IIIa in-
ibitor were independent predictors of death/MI (Table 3).
igure 1 shows the receiver-operating characteristic curves
f EuroSCORE and number of stents used for predicting
eath/MI. Areas under the receiver-operating characteristic
urves for EuroSCORE and number of stents used indicate
ess discriminatory ability.9

iscussion

nprotected LMCA lesions have been candidates for coro-
ary artery bypass surgery due to the potential risk of
erious periprocedural and long-term complications, such as
eath or MI.1,2,10–16 Even when drug-eluting stents were
sed, the incidence of death or MI did not improve signif-
cantly.2,15,16 Therefore, efforts have been made to identify
redictors of adverse outcomes after unprotected LMCA
tenting. Identification of prognostic markers is valuable in

able 3
ultivariate predictors of death and myocardial infarction

ariable Hazard
Ratio

95% Confidence
Interval

p
Value

igh EuroSCORE (�6) 3.362 1.181–9.574 0.023
o. of total used stents 1.792 1.021–3.146 0.042
se of glycoprotein IIb/IIIa
inhibitor

8.640 2.722–27.418 �0.001

igure 1. Areas under the receiver-operating characteristic curves for death
nd MI with respect to EuroSCORE; the number of total used stents was
.61 (95% confidence interval 0.52 to 0.70, p � 0.023) and 0.61 (95%
onfidence interval 0.51 to 0.70, p � 0.028), respectively.
electing good candidates and modifying the prognosis.
ecreased left ventricular function, significant mitral regur-
itation, cardiogenic shock, renal failure, multivessel coro-
ary disease, and stent diameter after procedures have been
eported to be independent predictors of mortality.11,12 In
ddition, it has been recently suggested that the preproce-
ural level of high-sensitivity C-reactive protein can be used
n evaluating the risk of unprotected LMCA stenting.17

owever, these studies had limitations, including small
tudy populations, enrollment of high-risk inoperable pa-
ients, and inclusion of emergency procedures. We therefore
estricted the study population to those who underwent
lective procedures. Due to this selection, the incidence of
eath/MI after the procedure was relatively low.

The EuroSCORE is an assessment system for the preop-
rational risk stratification of cardiac surgery.7 This risk
valuation system has been shown to be useful in predicting
he preprocedural risk of PCI in high-risk interventions15,16

n addition to procedural and long-term outcomes after
ardiac surgery.7,18–21 However, to date, no large cohort
tudy has shown a clear association between EuroSCORE
nd adverse outcomes of elective unprotected LMCA stent-
ng. The present study associated EuroSCORE with occur-
ence of death/MI independently of traditional risk factors
f unprotected LMCA stenting. This finding suggests that
ystemic evaluation of a patient’s characteristics may be
elpful in weighing the risks and benefits of PCI for unpro-
ected LMCA.

Despite the independent association of EuroSCORE and
eath/MI, the former has limitations to its use in PCI.
ecause the EuroSCORE was originally designed to assess

urgical risk, some of its parameters could not be applied to
he evaluation of risk before PCI. This limitation may partly
xplain why the discriminatory power, estimated by an area
nder the receiver-operating characteristic curve of 0.61,
as less predictive.9 Thus, no variable was strongly predic-

ive in assessing the risk of death/MI in PCI for LMCA
tenting. This finding suggests the need to develop a new
ystemic risk stratification system that can be applied to
CI.

The limitations of this study should be addressed. It was
ased on experience in a single center with patients at
elatively low surgical risk. For example, 14% of our pa-
ients had a high EuroSCORE (�6), a fraction lower than
hat in studies including more high-risk patients.15 In addi-
ion, the clinical importance of this study could be chal-
enged because 63% (31 patients) of all events were related
o the periprocedural MI. However, because previous stud-
es22–24 have reported an association between periprocedural

I and long-term clinical outcomes, our study may be
linically relevant and suggest further study to develop and
ssess a new systemic risk stratification system for a large
ohort of patients with unprotected LMCA stenting treated
ith PCI.
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