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Creatine kinase-MB (CK-MB) and troponin I elevations
after successful percutaneous coronary intervention (PCI)
are common, and different gradations have been corre-
lated with mortality. To establish which of these 2 mark-
ers of myonecrosis, CK-MB and troponin I, accurately
predicts mortality after successful PCI, we analyzed
2,873 patients without acute myocardial infarction who
underwent PCI for in-hospital events and mid-term mor-
tality. Patients were stratified into 4 groups based on
peak post-PCI cardiac markers values: group I: normal
CK-MB (<16 U/L) or troponin I (<2 ng/ml); group II:
CK-MB or troponin I levels 1 to 3 times normal; group III:
>3 to 5 times normal; and group IV: >5 times normal.
CK-MB elevation occurred in 16.1% of patients, with
12.2%, 2.3% , and 1.6% in groups II to IV, respectively.
Troponin I elevation was detected in 38.9% of patients,
with 16.4%, 8.4%, and 14.1% in groups II to IV, respec-
tively. There was poor correlation between postproce-
dural CK-MB and troponin I values (r � 0.10) and in

their individual subgroups. Kaplan-Meier estimates of
death for postprocedure CK-MB were 2.1%, 2.7%, 1.7%,
and 10.3% (p � 0.002) for groups I to IV, respectively;
for troponin I, these estimates were 2.2%, 2.3%, 2.9%,
and 2.1% for groups I to IV, respectively (p � 0.58). A
Cox proportional hazards model showed that CK-MB
>5 times normal was the strongest predictor of mortality
(hazard ratio 6.7, 95% confidence interval 1.9 to 22.9;
p � 0.002), although heart failure, peripheral vascular
disease, pre-PCI digoxin therapy, and post-PCI renal
failure also predicted mortality. However, neither tropo-
nin I peak elevation nor any subgroup predicted mor-
tality. Troponin I is frequently elevated after PCI, but
does not predict mortality. Periprocedural CK-MB eleva-
tion >5 times normal remains an independent predictor
of mid-term mortality and a valuable marker for PCI
prognosis in low-to-medium risk patients. �2003 by
Excerpta Medica, Inc.

(Am J Cardiol 2004;93:18–23)

Cardiac troponin I, a sensitive and specific marker
for detecting subtle myocardial damage, has been

detected in up to 50% of patients who have undergone
percutaneous coronary intervention (PCI), which is
considerably higher than creatine kinase-MB (CK-
MB) elevation after PCI.1–13 Preprocedure troponin I
elevation is now increasingly used for both prognostic
determination and to triage patients with non–ST-
elevation acute coronary syndrome,14 who may bene-
fit from aggressive antiplatelet therapy, with or with-
out PCI.15,16 Although studies have shown that post-
PCI CK-MB elevation �5 times normal is associated
with increased cardiac events and mortality,2,8,9 the
prognostic significance of post-PCI troponin I eleva-
tion has been less well characterized.1,3,7 Similarly, of
these 2 commonly used periprocedural markers of
myonecrosis, which 1 more accurately predicts mor-

tality at follow-up has not been well established. This
study evaluates the correlation between post-PCI
CK-MB release and troponin I release and their im-
pact on mid-term survival.

METHODS
Patients: Patients who underwent PCI at Mount

Sinai Hospital, New York, from July 1999 to Decem-
ber 2001 were analyzed. Data were maintained in an
interventional database approved by the institutional
review board. A total of 4,220 patients underwent PCI
during the study. Patients with acute myocardial in-
farction (n � 186), cardiogenic shock (n � 29), with
elevated preprocedure CK-MB/troponin I (n � 186),
incomplete pre- or post-PCI CK-MB/troponin I values
(n � 583), and incomplete clinical follow-up (n �
363) were excluded. Thus, of 4,220 patients who
underwent PCI, we analyzed 2,873 patients, represent-
ing 68% of the total population. All patients had a
12-lead electrocardiogram recorded before the proce-
dure and the morning after PCI. Cardiac markers
(CK-MB, troponin I) were measured at baseline be-
fore the procedure, at 6 to 8 and 12 to 24 hours afer the
procedure, and thereafter if still increasing. Patients
were followed for in-hospital cardiac and ischemic
events. All baseline clinical characteristics, procedural

From the Cardiac Catheterization Laboratory, Cardiovascular Institute,
Mount Sinai Hospital, New York, New York; the University of Toronto,
Toronto, Ontario, Canada; and the Department of Medicine, Division
of Cardiology, State University of New York Health Science Center at
Brooklyn, Brooklyn, New York. Manuscript received June 25, 2003;
revised manuscript received and accepted September 5, 2003.

Address for reprints: Samin K. Sharma, MD, Mount Sinai Hospital,
Box 1030, One Gustave Levy Place, New York, New York 10029-
6574. E-mail: samin.sharma@msnyuhealth.org.

18 ©2003 by Excerpta Medica, Inc. All rights reserved. 0002-9149/04/$–see front matter
The American Journal of Cardiology Vol. 93 January 1, 2004 doi:10.1016/j.amjcard.2003.09.006



details, postprocedural events, and in-hospital events
were prospectively entered into an interventional da-
tabase; analysis was performed by an independent
physician. All patients were followed clinically by a
telephone call to the patient or a family member, or to
the private physician by personnel blinded to the pa-
tients’ clinical course during the index hospitalization,
using a standardized format about repeat hospital ad-
missions, myocardial infarction, revascularization, or
death. Patients’ deaths were also confirmed using the
Social Security Death Index.

Definitions: CK MB-isoenzymes (measured by im-
munoinhibition assay and confirmed by Mass tech-
nique) were considered normal if �16 U/L (group I)
and elevated (�16 U/L) if levels were 1 to 3 times
normal (16 to 48 U/L; group II), �3 to 5 times normal
(�48 to 80 U/L; group III), and �5 times normal
(�81 U/L; group IV). Troponin I was measured by
Abbott Axsym microparticle enzyme immunoassay
method (Abbott Laboratories Inc., Chicago, Illinois)
and considered normal if �2.0 ng/ml (group I) and
elevated (�2 ng/ml) if levels were 1 to 3 times normal
(2 to 6 ng/ml; group II), �3 to 5 times normal (�6 to
10 ng/ml; group III), and �5 times normal (�10
ng/ml; group IV).

Procedural events: Angiographic dissection was
based on the National Heart, Lung and Blood Insti-
tute’s A to F classification. Side branch closure was
considered to be Thrombolysis In Myocardial Infarc-
tion (TIMI) �3 flow in a side branch �1.5 mm
diameter with normal flow before the procedure. Dis-
tal thromboembolism was considered present when
thrombus with abrupt cutoff was noted distally. Slow-
flow was delayed distal clearance of contrast material
in the absence of proximal dissection or spasm. Spasm
was considered present when vessel narrowing im-
proved after administration of vasodilators. Persistent
chest pain was pain that lasted for �30 minutes after

the procedure. Angiographic success was considered
�30% diameter obstruction after the procedure with
TIMI 3 flow at the end of the procedure. Clinical
success was angiographic success of �1 lesion with-
out any major complications (urgent bypass surgery,
myocardial infarction, or in-hospital death). Post-PCI
acute renal failure was an increase in serum creatinine
of �0.5 mg/dl after the procedure from the preproce-
dure baseline value. Major complications included
death, permanent neurologic deficit, urgent bypass
surgery, Q-wave myocardial infarction, or non–Q-
wave myocardial infarction with CK-MB levels �5
times normal.

Statistical analysis: The data were entered into a
Microsoft Excel (Microsoft, Inc., Redmond, Washing-
ton) database and transferred to JMP 5.0 (SAS Insti-
tute, Cary, North Carolina) and SPSS 11.0 (SPSS Inc.,
Chicago, Illinois) for analysis. Multiple group com-
parisons for categorical variables were performed us-
ing Pearson’s chi-square test. Comparisons for con-
tinuous variables, which do not violate the normality
assumption, were performed using analysis of vari-
ance. Post hoc comparison was performed using
Tukey’s honestly significant differences test. The
Kruskal-Wallis test was employed for comparison of
continuous variables not normally distributed.
Kaplan-Meier analysis of mortality data (right cen-
sored) was performed using the log-rank test. Predic-
tors for survival time and/or mortality were obtained
using Cox’s proportional hazard model and expressed
as odds (OR) or hazard ratios (HR) and 95% confi-
dence intervals (CI). Covariates for the multivariable
proportional hazard model were selected with the
stepwise method with entry and removal p values set
at 0.5 and 0.8 in the initial stage and ultimately nar-
rowed using p �0.15, as suggested by Hosmer and
Lemeshow.17 All data are expressed as mean � SD (if
normally distributed) or median 25% and 75% quar-
tiles (if not normally distributed). A p value �0.05
was considered significant.

RESULTS
A total of 2,873 patients were available for analy-

sis, and, based on postprocedure CK-MB and troponin
I levels, they were divided into 4 groups: group I:
normal CK-MB (n � 2,045, 83.9%) or troponin I (n �
1,752, 61.1%), group II: 1 to 3 times normal CK-MB
(n � 353, 12.2%) or troponin I (n � 472, 16.4%);

FIGURE 1. Correlation of CK-MB and troponin I (TNI) after PCI.
pk � peak.

TABLE 1 Patients in Various Troponin I Groups in Relation to
Creatine Kinase-MB Group*

CK-MB Groups

Patients in Troponin I Groups

I
(n � 1,752)

II
(n � 472)

III
(n � 243)

IV
(n � 406)

I (n � 2,405) 74.8% 16.4% 6.2% 2.6%
II (n � 353) 16.1% 10.3% 12.6% 61.0%
III (n � 68) 25.9% 3.4% 1.7% 69.0%
IV (n � 47) 59.0% 0 2.5% 38.5%

*Numbers in each horizontal row for troponin I groups add to 100%.
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group III: �3 to 5 times normal CK-MB (n � 63,
2.3%) or troponin I (n � 243, 8.4%); and group IV:
�5 times normal CK-MB (n � 47, 1.6%) or troponin
I (n � 406, 14.1%). The overall incidence of CK-MB
and troponin I elevation was 16.1% and 38.9%, re-
spectively. There was poor correlation between post-
procedure CK-MB and troponin I levels (r � 0.10, p
� NS), and the individual subgroups (Figure 1 and
Table 1). The lack of correlation between troponin I
and CK-MB subgroups held true, even when troponin
I elevation was regrouped as 1 to 5 times (24.8%), 5 to
10 times (10.1%), and �10 times (4.0%) normal.
Major complications occurred in 1.2% of the entire
group.

Creatine kinase-MB groups: Baseline clinical char-
acteristics, procedural variables, and in-hospital
events are shown in Table 2. There were more women
in groups III and IV (p � 0.05). Patients in all sub-
groups had similar ages (mean 65.5 � 11.8 years; p �
0.14), incidences of hypertension (�90%; p � 0.24)
and hyperlipidemia (�84%; p � 0.82), or were cur-
rent smokers (�15%; p � 0.92). Although the inci-
dence of diabetes mellitus was not different among the
various subgroups (�41%; p � 0.25), insulin-depen-
dent diabetes was significantly higher in group IV
(10% vs 9% vs 16% vs 21% in groups I to IV,
respectively; p �0.03). Left ventricular ejection frac-
tion was lower in groups III and IV (p � 0.07). The
treated vessel was not different in the various groups.
Pre- and postprocedure TIMI flow was similar in the 4
groups. The reference vessel size (3.21 � 1.22 mm, p
� 0.8), preprocedure minimum lumen diameter (0.82
� 0.42 mm), postprocedure minimum lumen diameter
(3.02 � 0.91 mm), and lesion length (13.2 � 6.3 mm,
p � 0.5) were similar in all groups. The incidence of
minor procedural events was significantly higher in
groups III and IV (p �0.001), with similar glycopro-
tein inhibitor use (�83%) and clinical success rates

(�96%; p � 0.21) in all 4 groups. The overall length
of stay was significantly higher in group IV (p
�0.001). Multivariate predictors of CK-MB elevation
were age (OR 1.18, p � 0.008), female gender (OR
1.67, p � 0.04), left ventricular ejection fraction (OR
1.99, p � 0.06), lesion length (OR 2.04, p � 0.0001),
lesion thrombus (OR 3.53, p � 0.0001), and proce-
dural complications (OR 4.10, p � 0.006). The mul-
tivariate predictor of �5 times CK-MB elevation was
the only procedural complication (OR 3.10, p �
0.001).

Troponin I groups: Baseline clinical characteristics,
procedural variables, and in-hospital events are listed
in Table 3. Patients in groups III and IV were older
(mean age 66.9 � 11.8 years, p � 0.14) compared
with groups I and II (65.6 � 11.4 years, p �0.003).
Patients in all subgroups had similar incidences of
hypertension (�90%, p � 0.22), diabetes mellitus
(�41%, p � 0.12), hyperlipidemia (�84%, p � 0.72),
or were current smokers (�15%, p � 0.84). Left
ventricular ejection fraction was not different in the 4
groups. There were more patients with multivessel
disease in groups III and IV (p �0.0002). The inci-
dence of American College of Cardiology/American
Heart Association B2/C lesions was significantly
higher in groups III and IV (p �0.001). Reference
vessel size, pre- and postprocedure minimum lumen
diameters, lesion length, and distal blood flow were
similar in all groups. Minor procedural events were
significantly higher in groups III and IV (p �0.001),
with similar glycoprotein inhibitor use and clinical
success rates (�96%, p � 0.21) in all 4 groups. The
overall length of stay was significantly higher in group
IV (p �0.001). Multivariate troponin I elevation pre-
dictors were age (OR 1.38, p � 0.009), angina at rest
(OR 2.12, p � 0.001), lesion thrombus (OR 5.62, p
�0.0001), and procedural complications (OR 6.12, p
�0.0001).

TABLE 2 Baseline, Procedural Characteristics, and In-hospital Events in Creatine Kinase-MB (CK-MB) Groups

Variable
Group I

(n � 2405)
Group II

(n � 353)
Group III
(n � 68)

Group IV
(n � 47) p Value

CK-MB values (CU � 2) (range) 6 (0–10) 23 (18–30) 57 (52–64) 118 (100–147) —
Men 70% 69% 56% 62% 0.05
CCS angina III–IV 30% 29% 28% 26% 0.92
Peripheral vascular disease 10% 10% 13% 17% 0.44
Coronary bypass 19% 16% 15% 23% 0.34
Prior intervention 28% 28% 26% 26% 0.32
Left ventricular ejection fraction (%) 53.2 � 10.6 52.8 � 10.2 54.2 � 8.2 48.5 � 11.1 0.07
Prior myocardial infarction 30% 30% 29% 36% 0.82
Prior aspirin use 93% 92% 97% 87% 0.13
Prior statin use 64% 62% 57% 68% 0.57
Multivessel coronary disease 26% 23% 28% 24% 0.22
Multivessel coronary intervention 12% 11% 9% 6% 0.06
Glycoprotein inhibitor use 82% 82% 88% 81% 0.5
ACC/AHA type B2/C lesion 85% 85% 93% 87% 0.02
Moderate–severe coronary calcium 31% 32% 36% 39% 0.09
Coronary thrombus 1.2% 2.2% 3.4% 3.5% 0.04
Angiographic success 98% 97% 97% 96% 0.32
Minor procedural events 9.6% 14.5% 28.0% 26.0% �0.001
Stent use 87% 87% 88% 89% 0.2
Total length of stay (d) 2.1 � 3.7 2.8 � 4.1 3.0 � 2.9 4.7 � 4.6 �0.001

ACC/AHA � American College of Cardiology � American Heart Association; CCS � Canadian Cardiovascular Society.
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Mid-term follow-up: Follow-up at a mean of 12 � 6
months (range 6 to 34) was available for the study
population. There were 57 deaths (2.0%) at a mean
follow-up of 12 � 6 months. All-cause mortality by
Kaplan-Meier estimate was significantly higher
among patients with �5 times normal postprocedural
CK-MB elevation compared with �5 times troponin I
elevation (10.3% vs 2.1%, p �0.001). A Cox propor-
tional hazard model (forward likelihood-ratio method)
showed, using univariate analysis, that predictors of
mortality were age, left main PCI, vein graft PCI, use
of pre-PCI angiotensin-converting enzyme inhibitors,
and left ventricular ejection fraction �30%. Multivar-
iate analysis using the Cox hazard model (Table 4)
revealed CK-MB �5 times normal (HR 6.7, 95% CI
1.9 to 22.9, p � 0.002) to be a strong independent
predictor of mortality at follow-up, but not troponin I
(or any subgroup) elevation. Further subanalyses of
patients with positive troponin and CK-MB elevations
in each subgroup did not change (increase or decrease)
the predictive value of CK-MB elevation on mortality.
Symptomatic heart failure (HR 2.9, 95% CI 1.5 to
5.6), peripheral vascular disease (HR 2.9, 95% CI 1.5
to 5.5), pre-PCI digoxin therapy (HR 2.0., 95% CI 0.9
to 4.5), pre-PCI heparin use (HR 1.8, 95% CI 1.0 to
3.3), and post-PCI acute renal failure (HR 2.7, 95% CI
1.2 to 6.1) were independent predictors of mortality.
However, other important predictors, such as diabetes
mellitus, mean left ventricular ejection fraction, use of
any glycoprotein IIb/IIIa inhibitor before and during
PCI, and prior statin use did not predict mortality.
Kaplan-Meier estimates of death for groups I to IV of
postprocedure CK-MB (Figure 2) were 2.1% versus
2.7% versus 1.7% versus 10.3% (p � 0.002), and
2.2% versus 2.3% versus 2.9% versus 2.1% (p �
0.58) for troponin I (Figure 3), respectively. Likewise,
analysis stratified by type of device used, with or

without any glycoprotein IIb/IIIa inhibitor use, did not
predict mortality in any group.

DISCUSSION
This study evaluated the prognostic significance,

with respect to mid-term mortality, of myocardial
damage defined and stratified by the degree of
CK-MB and troponin I release after successful PCI.
To our knowledge, this is the first study to evaluate
prognosis of the same patients in a large cohort, using
both markers of myocardial necrosis after PCI. The
results indicate that in elective PCI, periprocedural
CK-MB elevation of �5 times normal, but not any
level of troponin I elevation, predicted mortality at

TABLE 3 Baseline, Procedural Characteristics, and In-hospital Events in Troponin I Groups

Variable
Group I

(n � 1,752)
Group II

(n � 472)
Group III
(n � 243)

Group IV
(n � 406) p Value

Troponin I values (mg/ml) (range) 0.2 (0.01–0.8) 3 (2.5–3.7) 6.7 (5.8–8) 20.8 (13.8–31.5) —
Men 69% 72% 70% 71% 0.54
CCS angina III–IV 30% 30% 32% 29% 0.94
Peripheral vascular disease 10% 10% 13% 12% 0.44
Coronary bypass 19% 18% 18% 18% 0.82
Prior intervention 28% 27% 28% 29% 0.32
Left ventricular ejection fraction (%) 53.5 � 10.4 53.0 � 11.1 52.0 � 10.9 52.5 � 10.4 0.24
Prior myocardial infarction 30% 29% 34% 30% 0.55
Prior aspirin use 93% 91% 93% 93% 0.55
Prior statin use 65% 61% 61% 61% 0.17
Multivessel coronary disease 22% 25% 26% 26% 0.002
Multivessel coronary intervention 13% 11% 9% 8% 0.04
Glycoprotein inhibitor use 82% 83% 82% 82% 0.94
ACC/AHA type B2/C lesion 84% 85% 87% 87% 0.003
Moderate–severe coronary calcium 31% 31% 36% 39% 0.09
Coronary thrombus 1.2% 1.6% 4.2% 4.3% 0.05
Angiographic success 99% 98% 96% 96% 0.12
Minor procedural events 9.8% 8.3% 12.0% 17.5% �0.001
Stent use 86% 88% 87% 88% 0.12
Total length of stay (d) 2.1 � 4.0 2.1 � 2.9 2.5 � 4.1 3.1 � 3.7 �0.001

Abbreviations as in Table 2.

TABLE 4 Predictors for Postpercutaneous Coronary
Intervention Mortality at 1 Year in Patients Without
Myocardial Infarction

Variables HR 95% CI p Value

Peak CK-MB groups
1–3 � normal 1.07 0.47–2.44 0.875
3–5 � normal 0.98 0.13–7.26 0.982
�5 � normal 6.72 1.97–22.97 0.002

Peak troponin I groups
1–3 � normal 1.03 0.43–2.43 0.951
3–5 � normal 1.10 0.39–3.09 0.858
�5 � normal 1.40 0.43–4.59 0.579

Age 0.98 0.96–1.00 0.098
Diabetes mellitus 1.47 0.87–2.47 0.40
Symptomatic heart failure 2.91 1.51–5.62 0.001
Peripheral vascular disease 2.98 1.59–5.55 0.001
Preprocedure aspirin 0.35 0.17–0.69 0.003
Preprocedure digoxin 2.07 0.95–4.50 0.067
Preprocedure heparin 1.86 1.03–3.34 0.038
Prior statin use 0.97 0.57–1.66 0.92
Any glycoprotein IIb/IIIa inhibitors 0.83 0.41–1.52 0.75
Acute renal failure postintervention 2.72 1.21–6.13 0.016
Left ventricular ejection fraction 2.39 0.29–19.39 0.41
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follow-up, which correlates with earlier reports.1–5,8,9,11

Our study also highlighted the poor correlation be-
tween various gradations of CK-MB and troponin
levels after intervention, which is a unique observa-
tion. This observation was noted despite very high
intraprocedural glycoprotein IIb/IIIa use, which has
been shown to reduce short- and long-term events
after PCI.

Troponin I is increasingly being used for risk strat-

ification and subsequent manage-
ment of patients with acute coronary
syndrome. However, the troponin I
levels used for this purpose were the
values obtained at presentation; in
this noninvasive setting, elevated tro-
ponin I has been found to be an in-
dependent predictor of early and late
adverse cardiac events.14 Our study
showed that periprocedural troponin
I levels after successful PCI are com-
monly elevated but do not predict
mortality at follow-up.1,4 Although
different gradations of the 2 markers
of myonecrosis have been individu-
ally correlated with mortality in
some studies, our study revealed that
only CK-MB �5 times normal pre-
dicted mortality after successful PCI,
and troponin I elevation did not.
Even post-PCI troponin I elevation
�10 times normal did not correlate
with mortality in the present study.
Minor procedural events, mainly in-
volving side branch closure (6%),
slow flow (3%), and distal thrombo-
embolism (1.2%) were more com-
mon with higher CK-MB and tropo-
nin I levels, reflecting more complex
lesion subsets.

In contrast to our findings, Cantor
et al6 from the Sibrafiban vs aspirin for
Yield Maximum Protection from Isch-
emic Heart events Post-acute Coronary
Syndromes (SYMPHONY) trial re-
ported that patients with acute coro-
nary syndrome with elevated troponin
I after PCI had a higher event rate at 90
days. This could be because the SYM-
PHONY trial enrolled high-risk pa-
tients with acute coronary syndrome,
used oral glycoprotein inhibitors (Si-
brafiban, Hoffmann-LaRoche Ltd.,
Basel, Switzerland), and had a higher
overall event rate. Similarly, Fuchs et
al7 showed that in patients with acute
coronary syndrome, postprocedure tro-
ponin reelevation was associated with
increased mortality. This study in-
cluded high-risk patients, many of
whom had elevated troponin I at base-
line with associated higher short- and
long-term adverse cardiac events.14

Our study excluded patients with elevated baseline tro-
ponin I values; therefore, our findings may be more
applicable to a low- to medium- (acute coronary syn-
drome) risk population. Additional differences in these
studies can be attributed to the greater sensitivity of
troponin I assays in these trials, compared with the tro-
ponin assay used in the present analysis. Therefore, with
respect to periprocedural cardiac markers elevations,
there is increasing evidence that only �5 times CK-MB

FIGURE 2. Kaplan-Meier curves for survival in all CK-MB groups.

FIGURE 3. Kaplan-Meier curves for survival in all troponin I groups.
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elevations (and not any level of troponin I elevation) are
associated with a higher mortality at follow-up, whereas
mild (1 to 5 times normal) CK-MB elevation is increas-
ingly regarded as a common procedure-related event
with little prognostic relevance.2,8,9,11 Consequently,
these patients may have myocardial infarction and
should be treated with � blockers and statins.
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