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Background and Objectives: The presence of elevated troponin after percutaneous coronary intervention (PCI) is
considered to reflect irreversible myocardial injury. However, its prognostic value remains unclear. The purpose of
this study was to investigate the incidence, risk factors, and clinical outcomes of troponin I (Tnl) elevation after the
implantation of drug-eluting stent (DES). Subjects and Methods: We performed a retrospective analysis of 335
patients who had undergone PCI with DES. Patients who had acute coronary syndrome with elevated Tnl levels
before PCI were excluded. Tnl levels were measured 6 and 24 hours after PCI. Results: Baseline clinical characte-
ristics were similar in the elevated Tnl and normal Tnl groups. Elevated postprocedural Tnl (> 1.5 ng/mL) occurred
in 52 patients (15.5%). Univariate analysis revealed that the clinically significant variables were multi-vessel disease
(p<0.001), multiple stent implantation (p=0.003), total stent length (p=0.001), side-branch occlusion (p<0.001),
and bifurcation lesion (p=0.003). Multivariate analysis indicated that the independent predictors of elevated Tnl
after DES implantation were multi-vessel disease (p=0.019), side-branch occlusion (p=0.001), and bifurcation (p=
0.011). There were no significant differences in major adverse cardiovascular events between the elevated Tnl and
normal Tnl groups (p=0.461). Conclusion: Multi-vessel disease, side-branch occlusion, and bifurcation were inde-
pendent predictors of elevated Tnl following DES implantation. The elevation of Tnl after successful PCI with

DES was not associated with worse 400-day clinical outcomes. (Korean Circ J 2008;38:12-16)
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Introduction

The elevation of troponin I (Tnl) after successful per-
cutaneous coronary intervention (PCI) is relatively com-
mon, and directly reflects the extent of irreversible myo-
cardial injury.”” The mechanisms responsible for the
elevation of Tnl after PCI have been identified as distal
embolization, side-branch occlusion, and prolonged bal-
loon inflation."® Several studies have shown varying
incidences and independent predictors of elevated Tnl
following PCL>®

Although it is widely accepted that the elevation of
creatine kinase (CK)-MB after PCI increases the inci-
dence of cardiac events and mortality,”® the prognostic
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significance of the elevation of troponin after PCI is less
well-established. Some studies have reported that post-
procedural troponin elevation is not associated with
worse clinical outcomes,?”® whereas other studies have
suggested that it has prognostic significance.'”*" However,
few studies have included cases of PCI with drug-eluting
stent (DES).

The aim of this study was to assess the incidence and
predictive factors of Tnl elevation after implantation of
DES, and to investigate whether the elevation of Tnl
after PCI using DES is associated with poor clinical
outcomes.

Subjects and Methods

Patients

The patient cohort included a consecutive series of
patients who had undergone PCI with DES between
October 2003 and April 2005 at KangNam St. Mary’s
Hospital. All patients had experienced ischemic chest
symptoms and coronary artery stenosis of more than



50% of the luminal diameter on coronary angiography.
Baseline clinical, procedural, and angiographic data were
collected for all patients.

Exclusion criteria were: 1) ST elevation with myocar-
dial infarction in the two weeks before PCI; 2) elevated
preprocedural Tnl levels; 3) serum creatinine levels >1.5
mg/dL; 4) left ventricular (LV) ejection fraction of <40%;
or 5) unavailable Tnl results. The study protocol was
approved by the institutional review board at our hospital,
and all of our patients gave their written informed con-
sent for the coronary procedure.

A total of 518 patients were initially considered for in-
clusion in the study, 335 of whom were considered eli-
gible. One hundred and eighty-three patients were ex-
cluded for the following reasons: myocardial infarction
with ST segment elevation on admission (n=52), ele-
vated preprocedural Tnl levels (n=106), renal insuffi-
ciency (n=9), significant LV systolic dysfunction (n=12),
and unavailable Tnl results at 6 or 24 hours after PCI
(n=4). Finally, 335 patients with 466 stented coronary
vessels were available for analysis.

Sample collection and analysis

Serum Tnl levels were measured before PCI (baseline),
and 6 and 24 hours after PCI, using Dimension equip-
ment (Dade Behring, Newark, DE, USA). Serum CK-
MB levels were measured in the same manners using
ADVIA Centaur (Bayer Corporation, Tarrytown, NY,
USA). The upper cutoff level for a diagnosis of elevated
troponin [ was 1.5 ng/mL, and that of elevated CK-MB
was 5 ng/mL.

The following parameters were recorded and analyzed:
baseline demographics, smoking history, presence of dia-
betes and/or hypertension, clinical syndromes that led
to PCI (stable or unstable angina), baseline hematology,
and blood chemistry. All cineangiograms were reviewed
by experienced operators to identify the morphological
characteristics of lesions, including bifurcation, irregu-
larity, calcification, angulation, ostial lesion, total occlu-
sion, and the presence of thrombus.

Angiographic dissection was based on the A to F clas-
sification of the National Heart, Lung and Blood Insti-
tute. Side-branch occlusion was considered to be a flow
grade of less than thrombolysis in myocardial infarction
(TIMD) 3 in a side branch with a diameter of more than
1.5 mm, with normal flow occurring before the procedure.

Angiographic success was defined as less than 30%
residual diameter stenosis, with TIMI 3 flow, at the end
of the procedure. Clinical success was defined as angi-
ographic success without in-hospital complications such
as death, Q-wave myocardial infarction, or urgent bypass
surgery.

Procedures and medications
Patients were selected for coronary stenting by the
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operator based on preintervention lesion characteristics.
All patients underwent PCI with Cypher (Cordis Corpo-
ration, Miami, FL, USA), Taxus (Boston Scientific, Na-
tick, MA, USA), or both. All patients received aspirin
(100 mg daily) before and after PCIL. Clopidogrel was
administered at a loading dose of 450 mg prior to PCIL.
Bolus intravenous heparin, with doses adjusted according
to body weight (100 U/kg), was given after the insertion
of the sheath, followed by the administration of addi-
tional boluses as needed. After the procedure, clopidogrel
(75 mg/day) or ticlopidine (500 mg/day) was adminis-
tered for at least six months in addition to lifelong aspirin
therapy. Other medications, including beta-blockers, ni-
trate, angiotensin-converting enzyme inhibitors, and
statins, were used as clinically indicated. Patients were
excluded from the analysis if they had received glyco-
protein IIb/IIla inhibitors.

Clinical follow-up

All patients were followed up for 400 days. Informa-
tion was obtained from a review of patient medical re-
cords and by telephone interviews with either the patient
or the family of the patient. Patient death was ascer-
tained from family members or hospital discharge sum-
maries.

The primary end object of the study was the composite
of death, acute myocardial infarction (AMI), subsequent
revascularization, coronary bypass surgery, and stroke.
AMI during follow-up was defined biochemically by a
minimum rise in CK-MB to three times the normal
upper limit, or electrocardiographically by the develop-
ment of new Q waves. Deaths were classified as being
of cardiac origin if they were associated with congestive
heart failure, arrhythmia, AMI, sudden death, or any
other cardiac disease.

Statistical analysis

Statistical analysis was performed using SPSS version
12.0 (SPSS Inc., Chicago, IL, USA). Continuous varia-
bles with normal distributions were expressed as means =
SD, and were compared using an unpaired Student’s t-test.
Categorical variables were compared with Fisher’s exact
test or the x’-test, where appropriate. All comparisons
were two-sided, and p of <0.05 were regarded as statis-
tically significant.

Logistic regression analysis was used to assess clinical,
angiographic, and procedural characteristics associated
with Tnl elevation. Variables with a significance level of
<0.25 in univariate analysis were considered to be can-
didate variables for inclusion in the multivariate analysis.
Variables included in the model were gender, diabetes,
diagnosis of unstable angina, high sensitivity C-reactive
protein (hsCRP), multi-vessel disease, multiple stent im-
plantation, total stent length, irregularity, calcification,
bifurcation, and the occurrence of dissection and side-
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Table 1. Baseline clinical characteristics

Positive Tnl Negative Tnl
(n=52) (n=283) P

Age (years) 63199 63+10.0 0.994
Male (%) 64.7 53.8 0.138
Smoking (%) 329 30.8 0.767
Diabetes (%) 55.1 46.2 0.233
Hypertension (%) 56.2 55.8 0.956
Unstable angina (%) 42.4 53.8 0.127
LDL-C (mg/dL) 109.3£26.9 114.2£32.2 0.319
hsCRP (mg/dL) 092£1.78 0.60£1.29 0.133

Tnl: troponin [, LDL-C: low-density lipoprotein cholesterol, hsCRP:
high sensitivity C-reactive protein

Table 2. Angiographic and procedural characteristics

Positive Tnl Negative Tnl

sl (n=52) (=283 P

Number of intervened vessels

1 (%) 40.4 69.3 <0.001

2 or more (%) 59.6 30.7
Coronary artery

LAD (%) 57.1 61.8 0.339

LCX (%) 59.6 35.0 0.001

RCA (%) 44.2 38.2 0.250

Left Main (%) 1.9 2.8 0.580
Stent number

1 (%) 34.6 51.2 0.003

2 or more (%) 65.4 42.8
Total stent length (mm) 41.7+18.8 32.5*+175 0.001
Bifurcation (%) 34.6 16.3 0.003
Side branch occlusion (%) 17.3 2.5 <0.001
Irregularity (%) 65.4 57.6 0.186
Calcification (%) 19.2 12.7 0.150
Thrombus (%) 1.9 1.4 0.572
In-stent restenosis (%) 3.8 6.4 0.373
Angulation (%) 1.9 0.7 0.398
Ostial lesion (%) 7.7 1.4 0.564
Total occlusion (%) 11.5 13.8 0.430
Dissection (%) 7.7 4.2 0.225

Tnl: troponin I, LAD: left anterior descending coronary artery, LCX:
left circumflex coronary artery, RCA! right coronary artery

branch occlusion during PCI. Multivariate logistic re-
gression analysis was performed to identify independent
predictors of Tnl elevation after DES implantation.

Event rates at 400 days were estimated using the
Kaplan-Meier method.

Results

Clinical characteristics

Tnl was elevated in 52 (15.5%) of the 335 patients
after DES implantation. Table 1 lists the baseline clinical
characteristics of these patients. No statistically significant
differences between the Tnl-positive and Tnl-negative
groups were detected. There was a non-significant trend
toward a greater number of male patients and higher
hsCRP levels in the Tnl-positive group.

Table 3. Multivariate predictors of positive cardiac troponin | after
implantation of drug-eluting stents

Odd ratio 95% CI p

Sex 0.542 0.275-1.068 0.077
Diabetes 1.484 0.753-2.925 0.254
Unstable angina 1.198 0.607-2.367 0.603
hsCRP 1.162 0.946-1.427 0.152
Multi-vessel disease 3.326 1.216-9.096 0.019
Multiple stents 0.555 0.162-1.904 0.349
Total stent length 1.008 0.983-1.033 0.549
[rregularity 1.042 0.509-2.132 0911
Calcification 1.090 0.427-2.185 0.857
Bifurcation 2.615 1.244-5.496 0.011
Dissection 1.209 0.286-5.103 0.797
Side branch occlusion 8.117 2.482-26.539 0.001

CI: confidence interval, hsCRP: high sensitivity C-reactive protein

Angiographic and procedural characteristics
Angiographic and procedural characteristics of the
Tnl-positive and Tnl-negative groups are shown in Table
2. After univariate analysis, the significant predictors
(p<0.05) of elevated Tnl after DES implantation were
as follows: multi-vessel disease (two or more), left cir-
cumflex artery involvement, multiple stent implantation,
total stent length, bifurcation, and side-branch occlusion.
Other characteristics that were associated with the Tnl-
positive group but not the Tnl-negative group were

irregularity, calcification, and the occurrence of dissection
during PCIL.

Multivariate analysis

Logistic regression analysis (enter method) was used
to identify independent predictors of elevated Tnl after
DES implantation. The significant independent predic-
tors of elevated Tnl after DES implantation were multi-

vessel disease, side-branch occlusion, and bifurcation
lesion (Table 3).

Clinical outcomes

Fig. 1 shows freedom from clinical events during the
400-day follow-up period. There were three cases of
stroke, one case of death, and 19 cases of subsequent
revascularization in the Tnl-negative group. One case of
death and five cases of subsequent revascularization were
observed in the Tnl-positive group. These findings were
not clinically significant (p=0.461). Myocardial infarction
did not occur in either group. In addition, CK-MB ele-
vation did not affect adverse clinical outcomes (p=0.547)

(Fig. 2).
Discussion

This study investigated the incidence, predictive factors,
and prognostic significance of elevated Tnl after success-
ful DES implantation. In this study, the incidence of
elevated post-PCI troponin (15.5%) was similar to those
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Fig. 1. Kaplan-Meier curves for event-free survival in troponin |
(TnI)-positive and Tnl-negative groups after implantation of drug-
eluting stents.
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Fig. 2. Kaplan-Meier curves for event-free survival in creatinine
kinase (CK)-MB-positive and CK-MB-negative groups after im-
plantation of drug-eluting stents.

reported by previous studies, which have indicated inci-
dences ranging from 13.6% to 44.29.7101 10220 The
wide variation in the findings of these reports can be
explained by differences in clinical syndromes, procedural
characteristics, troponin type, assay methods, and cutoff
levels used in each study.

The predictive factors associated with the elevation of
postprocedural troponin in the present study correspond
to those reported in earlier studies. Most studies have
shown that multi-vessel disease, total lesion length, stent
length, and side-branch occlusion are independent pre-
dictors of troponin elevation after PCL"”"% Contrary
to our results, some studies have demonstrated that
thrombus formation is an important predictor.””*® The
thrombus burden increases with the total length of a

lesion, and is probably associated with distal embolization.

We found that the elevation of Tnl after successful
PCI was not associated with recognizable adverse clinical
outcomes. Recent large clinical trials and meta-analyses
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have shown that the elevation of Tnl after PCI does not
influence long-term mortality.””'®"® Some studies have
suggested that the elevation of Tnl after PCI is associated
with in-hospital complications. However, they observed
that Tnl elevation did not result in worse late-term
clinical outcomes.””™ In contrast to our findings, some
reports have demonstrated that postprocedural troponin
elevation is predictive of increased cardiac events.
Ricciardi et al.?® reported that a three-fold elevation of
Tnl after successful elective PCI is predictive of future
cardiac events. However, the major adverse cardiac event
that occurred was not cardiovascular death or myocardial
infarction, but the need for revascularization. In that
study, most patients were treated with balloon angio-
plasty or a bare metal stent. Our study included patients
treated with DES only, which could play a significant
role in lowering the need for revascularization. Other
studies that have shown significant differences in mor-
tality included high-risk patients, some of whom had
elevated troponin levels at baseline, renal insufficiency,
and left ventricular systolic dysfunction.”*? Such high-
risk patients were excluded from our study. Therefore,
our findings may be more applicable to very low-risk
populations. Natarajan et al.?? showed that isolated Tnl
elevation without concomitant CK-MB elevation after
PCI had no significant prognostic value in a series of
1128 patients, and showed similarity to our results.

The limitations of the present study are related to its
small sample size. Because we aimed to include low-risk
patients, our study population is relatively small, and this
is reflected by the low incidence of clinical events. In
addition, the length of follow-up was relatively short with
regard to the low-risk study population. Because of both
of these issues, the power of this study to detect signifi-
cant differences in clinical outcome might have been
limited. However, our findings could provide baseline
data for larger prospective evaluations in patients under-
going successful PCI with DES. Further investigations
should determine whether the release of Tnl after DES
implantation in patients, including those in high-risk
groups, is correlated with adverse clinical outcomes.

In conclusion, our observations indicate that the sig-
nificant predictors of elevated Tnl after successful im-
plantation of DES were multi-vessel disease, left circum-
flex artery involvement, multiple stent implantation,
total stent length, bifurcation lesion, and side-branch
occlusion. The independent predictors of elevated Tnl
following DES implantation were multi-vessel disease,
side-branch occlusion, and bifurcation. The elevation of
Tnl after PCI with DES had no significant prognostic
value in terms of 400-day adverse clinical events.
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