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Background: The universal definition of myocardial infarction specifies creatine kinase–MB fraction (CKMB)
or troponin values more than 3 times the 99th percentile of the upper reference limit as diagnostic after percutaneous coronary intervention, with a preference for
the use of troponin.
Methods: Outcomes of 4930 patients with elective coro-

nary stent placement between July 1, 2004, and September 30, 2007, as part of the EVENT (Evaluation of Drug
Eluting Stents and Ischemic Events) registry were analyzed to test the association between 1-year mortality and
postprocedure elevation of either CKMB or troponin. All
values were normalized to the individual clinical center
myocardial infarction diagnostic levels.

as continuous values were associated with 1-year mortality. The mortality effect of a more than 3-fold increase was greater for CKMB (adjusted HR, 2.5; 95% CI,
1.5-4.1) than for troponin (adjusted HR, 1.7; 95% CI, 1.12.5). A troponin threshold more than 20 times the diagnostic level provided similar frequency (7.0%) and mortality risk (adjusted HR, 2.6; 95% CI, 1.6-4.3) as a 3-fold
increase in CKMB. A regression spline model of the relationship between troponin and 1-year mortality demonstrated that the hazard of mortality increased from 1.02
at 3-fold to 1.67 at 20-fold troponin elevation.
Conclusion: Troponin and CKMB elevations after per-

Results: Myocardial infarction occurred in 7.2% of pa-

cutaneous coronary intervention are associated with increased 1-year mortality rates, but thresholds for similar event frequency and mortality hazard are much higher
for troponin than for CKMB.

tients by the CKMB criteria and in 24.3% of patients by
the troponin criteria of greater than 3 times the diagnostic level. Both CKMB (hazard ratio [HR], 1.38; 95% CI,
1.22-1.55) and troponin (HR, 1.35; 95% CI, 1.18-1.54)
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M

YOCARDIAL INFARC tion (MI) after percutaneous coronary intervention (PCI) is an
important safety event,
and rates of periprocedural MI are included as a component of the primary end
point in clinical trials of coronary stents
and other device and pharmacologic therapies for coronary artery disease.1,2 There

See Invited Commentary
at end of article
is no longer debate about whether mild
elevations in creatine kinase (CK) or its
specific MB (CKMB) isoform after these
procedures represent myocardial necrosis3 or that levels of these enzymes that correlate with larger infarct size or occur after unsuccessful procedures are clearly
associated with increased early and late
mortality.4,5 There does remain controversy regarding the prognostic importance of lower-level biomarker eleva-
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tions, particularly after otherwise
successful procedures.6,7 Indeed, available data remain inadequate to establish
a definitive threshold for clinically important biomarker elevations. A recent global
task force report8 on the universal definition of MI suggested a threshold of 3 times
the 99th percentile of the upper reference limit for CKMB or troponin (I or T)
to define MI after PCI, with a preference
for the use of troponin.
Although the universal definition of MI
has been adopted by regulatory authorities
and industry sponsors of coronary stent
clinical trials,9 there has been concern that
troponin may be overly sensitive for periprocedural MI. Furthermore, most clinical
trials rely on individual clinical site laboratory diagnostic levels for MI according to
specific assays to establish the upper reference limit because few commercial assays
have conformed to the universal definition specifications of less than 10% coefficient of variation at the more sensitive 99th
percentile of the upper reference limit. Although there are abundant legacy data on
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CKMB levels after PCI from which to estimate expected
event rates and relative infarct size, the data are limited for
troponin,10-13 leaving uncertainty regarding the impact of
adopting a definition for periprocedural MI based solely
on troponin. The EVENT (Evaluation of Drug Eluting Stents
and Ischemic Events) registry is a multicenter observational study of unselected patients undergoing PCI with
planned implantation of Food and Drug Administration–
approved intracoronary stents in which assessment of serial CKMB mass and troponin (I or T) values was requested by study protocol before and after PCI.14 We sought
to examine the effect of a troponin-based definition for periprocedural MI compared with one based on CKMB for assessing event frequency and predicting 1-year mortality in
this population.

Kaplan-Meier method and were compared by the log-rank statistic. Multivariable analyses evaluating the association between
peak biomarker levels and mortality were performed by Cox proportional hazards regression using either MI as a dichotomous
variable (with variable cutoff points) or peak biomarker levels as
continuous variables (using log transformation to limit the effect of extreme observations). Multivariable models considered
the following covariates: age, sex, diabetes mellitus, history of congestive heart failure, previous MI, previous coronary artery bypass graft surgery, estimated glomerular filtration rate (⬍30, 3060, ⬎60-90, and ⬎90 mL/min), lesion location, saphenous vein
graft lesion, number of diseased vessels, number of vessels treated,
number of lesions treated, maximum balloon diameter, and total
stent length. The discriminatory ability of CKMB and troponin
was assessed using receiver operating characteristic curves. To
assess the relationship between troponin levels and 1-year mortality without imposing a prespecified functional form, a flexible
modeling technique with regression splines was used.18

METHODS
RESULTS

PATIENT POPULATION
The design of the EVENT registry has been described previously.14,15 Briefly, the registry was designed to include consecutive, unselected patients undergoing nonemergency PCI at multiple centers in the United States. Enrollment occurred in 4
discrete intervals (“waves”) of approximately 2500 patients each
to assess changes in interventional practice over time. Between July 1, 2004, and September 30, 2007, 10 148 patients
were enrolled. The present analysis plan excludes 595 patients enrolled with ST elevation MI, 2784 patients with baseline elevated or missing CKMB values, and 1839 patients missing either CKMB or troponin values after the procedure, leaving
a study population of 4930. The study was approved by the institutional review board at each participating clinical center,
and all the patients provided informed consent.

DEFINITIONS
For this analysis, periprocedural MI was defined according to
the peak values of CKMB and troponin (I or T) obtained 6 to
24 hours after PCI. These peak values were normalized to the
individual clinical center diagnostic level for MI, determined
to be the upper limit of normal (ULN), and are reported as a
ratio of the ULN. Results greater than 3 times the ULN for CKMB
alone or troponin alone were classified as CKMB MI or troponin MI, respectively. Patients with neither CKMB nor troponin greater than 3 times the ULN were classified as no MI.
The CKMB MI and troponin MI groups were not mutually exclusive as patients could have met both criteria.

STATISTICAL ANALYSIS
Discrete variables are reported as percentages and were compared using the 2 test. Continuous variables are reported as mean
(SD) or as median (interquartile range) and were compared using
the t test or the Wilcoxon rank sum test as appropriate. Agreement between CKMB and troponin levels was assessed using the
Pearson correlation for continuous data and the  statistic for categorical data. Kappa is a measure of agreement between 2 ranking schemes and is calculated as the standardized difference between probabilities of actual and random agreement.16 Values
greater than 0.75 are characterized as excellent, 0.40 to 0.75 as
fair or good, and less than 0.40 as poor.17
The association between periprocedural MI and 1-year allcause mortality was also assessed for alternative definitions of MI.
For univariable analyses, event rates were calculated using the

PATIENT CHARACTERISTICS
There were 357 patients (7.2%) who experienced a CKMB
MI, 1198 (24.3%) who experienced a troponin MI, and
3683 (74.7%) who did not experience MI by either criterion. Baseline characteristics are given in Table 1. Patients with MI by either definition were older; were more
likely to have a history of heart failure, MI, or chronic
kidney disease; had an increased number of coronary lesions treated; and had longer stents.
ASSESSMENT AND DISTRIBUTION
OF POSTPROCEDURAL CKMB
AND TROPONIN LEVELS
Two or more values of CKMB and troponin were obtained
after PCI in 4623 of the 4930 patients (93.8%) with matching CKMB and troponin data. The first biomarker assessment was at 8 hours (interquartile range, 7-9 hours) and the
second biomarker assessment was at 16 hours (interquartile range, 15-17 hours) after PCI. Figure 1 presents the
distribution of peak postprocedural CKMB and troponin values. Of 1198 patients with troponin MI, 890 (74.3%) had
CKMB levels less than 3 times the ULN. Conversely, only
49 of 357 patients with CKMB MI (13.7%) had troponin valueslessthan3timestheULN.BothCKMBandtroponinwere
greater than 3 times the ULN in 308 patients (6.2%), and
either CKMB or troponin were greater than 3 times the ULN
in 1247 patients (25.3%). The correlation was modest, as
evidenced by a correlation coefficient of 0.445 and the agreement between the 2 definitions of MI of =0.32. Not until
a troponin threshold of 20 times the ULN was there a similar proportion of patients classified as having had a periprocedural MI as when a CKMB threshold of 3 times the ULN
was used (7.0% vs 7.2%); with these thresholds, 92% of patients were concordant as having experienced or not experienced an MI by both criteria.
1-YEAR MORTALITY OUTCOMES
One-year mortality was 2.6% in the study population and
was significantly higher in patients with CKMB MI (5.8%)
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Table 1. Baseline Characteristics of the Patient Population According to MI Classification
Patients a
Covariate
Age, mean (SD), y
Male sex, No. (%)
Diabetes, No. (%)
Congestive heart failure, No. (%)
Previous MI, No. (%)
Previous CABG surgery, No. (%)
Chronic kidney disease, No. (%)
eGFR ⬎90 mL/min
60⬍eGFRⱕ90 mL/min
30⬍eGFRⱕ60 mL/min
Dialysis or eGFR ⬍30 mL/min
Lesion location in LAD, No. (%)
Lesion location in SVG, No. (%)
Diseased vessels, mean (SD), No.
Vessels treated, mean (SD), No.
Lesions treated, mean (SD) No.
Maximum balloon diameter, mean (SD), mm
Total stent length, mean (SD), mm

P Value

No MI
(n = 3683)

CKMB MI
(n = 357)

Troponin MI
(n = 1198)

No MI
vs CKMB MI

No MI
vs Troponin MI

64.1 (11.2)
2520 (68.4)
1343 (36.6)
354 (9.7)
1083 (29.8)
867 (23.6)

65.5 (11.6)
247 (69.2)
106 (29.7)
36 (10.1)
127 (35.9)
85 (23.8)

65.3 (11.5)
831 (69.4)
420 (35.1)
(12.8)
513 (43.3)
287 (24.0)

.02
.77
.01
.79
.02
.94

⬍.001
.54
.35
.002
⬍.001
.80

1570 (44.3)
1209 (34.1)
667 (18.8)
96 (2.7)
1530 (41.6)
297 (8.1)
1.7 (0.8)
1.1 (0.4)
1.3 (0.6)
3.1 (0.6)
27.9 (18.4)

121 (34.8)
131 (37.6)
87 (25.0)
9 (2.6)
159 (44.7)
43 (12.1)
1.9 (0.8)
1.2 (0.5)
1.6 (0.9)
3.3 (0.6)
40.5 (24.2)

440 (37.8)
379 (32.5)
282 (24.2)
64 (5.5)
522 (43.6)
126 (10.5)
1.9 (0.8)
1.2 (0.4)
1.6 (0.8)
3.2 (0.6)
36.8 (23.5)

⬍.001
.19
.01
.89
.26
.01
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001

⬍.001
.32
⬍.001
⬍.001
.22
.01
⬍.001
⬍.001
⬍.001
.002
⬍.001

Abbreviations: CABG, coronary artery bypass graft; CHF, congestive heart failure; eGFR, estimated glomerular filtration rate; LAD, left anterior descending artery;
MI, myocardial infarction; SVG, saphenous vein graft.
a No MI was defined as peak CKMB and troponin 3 times upper limit of normal or less. Troponin MI was defined as postprocedural troponin greater than 3 times
the upper limit of normal. CKMB MI was defined as postprocedural CKMB greater than 3 times the upper limit of normal.
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Figure 1. Scatterplot of peak troponin and peak creatine kinase–MB fraction
(CKMB) normalized to the individual clinical center upper limit of normal for
each patient. Dashed lines represent values of troponin greater than 3 and
greater than 20 times the upper limit of normal.

or troponin MI (4.3%) compared with patients without
MI by either criterion (2.1%) (P ⬍ .001 for both)
(Figure 2). Figure 3 depicts mortality rates in progressive intervals of CKMB and troponin elevation. An
increase in CKMB greater than 10 times the ULN was associated with a marked and progressive increase in the
1-year mortality rate, whereas the 1-year mortality rate
was stable for troponin intervals through 20 to 40 times
the ULN. In a regression spline model with knots at 3,

Figure 2. Estimates of 1-year mortality rates based on the Kaplan-Meier
method. Creatine kinase–MB fraction myocardial infarction (CKMB MI) was
defined as CKMB greater than 3 times the upper limit of normal. Troponin MI
was defined as troponin greater than 3 times the upper limit of normal.
No MI was defined as CKMB and troponin of 3 times normal or less.

20, and 40 times the ULN, the test for nonlinearity in the
relationship between troponin and 1-year mortality rate
was negative (P=.57) (Figure 4). The hazard ratio increased from 1.02 at 3 times the ULN to 1.67 at 20 times
the ULN and to 2.12 at 40 times the ULN vs a reference
level at 1 times the ULN.
After adjustment for differences in baseline characteristics, CKMB and troponin, analyzed as continuous variables, remained significant correlates of 1-year mortality with hazard ratios per 1-SD increase in log
(biomarker ⫹1) of 1.38 (95% CI, 1.22-1.55) for CKMB
and 1.35 (95% CI, 1.18-1.54) for troponin. The discriminatory ability of troponin was intermediate as evidenced by an area under the receiver operating charac-
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Figure 3. One-year mortality rates associated with specified ranges of peak troponin and peak creatine kinase–MB fraction (CKMB) normalized to the Individual
clinical center upper limit of normal. Numbers in parentheses indicate the number of patients in each biomarker group for the specified range and with complete
1-year follow-up.

COMMENT

In the EVENT registry, postprocedure CKMB and troponin values were obtained by protocol in nearly 5000
patients undergoing stent placement. Using a threshold
of greater than 3 times the ULN based on the current universal definition of MI, there were substantial differences in MI frequency between CKMB and troponin. At
this threshold for troponin, almost 25% of patients were
classified as having experienced a periprocedural MI. Only
when the troponin threshold for MI was greater than 20
times the ULN were a similar number of patients classified as having had an MI as when MI was diagnosed using
a CKMB threshold of more than 3 times the ULN. Even
then, the concordance was not perfect, with 8% of patients remaining misclassified by one or the other definitions. Both CKMB and troponin elevation were associated with increased risk of 1-year mortality. Using
dichotomous cutoff points, however, the hazard ratio for
mortality associated with troponin level elevation remained relatively constant up to greater than 20 times
the ULN, at which point the 1-year mortality rate approximated that of patients with CKMB levels greater than
3 times the ULN.
Previous studies have also noted frequent elevation
of troponin after PCI and have reported variable association of troponin elevation with mortality. In a pooled
analysis of 481 patients undergoing PCI for acute coronary syndrome in the SYMPHONY (Sibrafiban vs Aspi-

6
5

Hazard Ratio

teristic curve of 0.636. Adding CKMB data increased the
area under the curve only slightly to 0.650.
Table 2 provides the clinical impact of threshold selection for CKMB at more than 3 times the ULN and for
troponin at more than 3 times and more than 20 times
the ULN. We observed that 1-year event rates and hazard ratios for troponin greater than 20 times the ULN are
similar to those obtained for CKMB greater than 3 times
the ULN.
One-year mortality was 3.3% in patients excluded due
to missing baseline biomarker data and 2.9% in patients
excluded due to missing post-PCI biomarker data.
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Figure 4. Plot of the association of 1-year mortality and the natural log of
peak troponin levels normalized to the individual clinical center upper limit of
normal using a regression spline model. Dashed lines represent 95% CIs.
Knots (circles) correspond to peak troponin values of 3, 20, and 40 times the
upper limit of normal. Results of the test for nonlinearity were negative
(P = .57).

rin to Yield Maximum Protection From Ischemic Heart
Events Post-acute Coronary Syndromes) trials, troponin elevation was noted in 48% and was associated with
increased risk of 90-day death in patients with post-PCI
elevation (5.2% vs 0%, P =.02).11 Similar to the present
study, an increased mortality rate was observed only with
higher troponin elevations, defined as the fourth quartile in this study. In a study of 2893 patients with PCI,
Kini et al10 observed a CKMB value greater than 3 times
normal in 3.9% of patients and a troponin value greater
than 3 times normal in 22.5%. A CKMB value greater than
5 times normal was a predictor of 1-year mortality, but
1-year mortality rates for troponin elevation were similar to those with troponin up to 5 times normal, and even
elevation more than 10 times normal was not a predictor of excess mortality. Similarly, in a series of 1128 patients, Natarajan et al19 reported troponin elevation in the
absence of CK level elevation in 17% of patients and no
association with outcome after hospital discharge even
for troponin greater than 5 times the ULN.
Other studies have examined the impact of isolated
troponin elevations. Prasad et al12 reported that any elevation in troponin, observed in 19.6% of 1949 patients
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Table 2. One-Year All-Cause Mortality Risk as a Function of Periprocedural CKMB and Troponin
Normalized Ratio
⬍1

Variable

1-3

⬎3

Patients, No. (%)
1-y mortality, K-M estimate, %
Unadjusted HR (95% CI)
Adjusted HR (95% CI)

CKMB Elevation and Universal Definition Threshold
3845 (78.0)
728 (14.8)
2.2
3.8
1 [Reference]
1.8 (1.4-2.7)
1 [Reference]
1.5 (0.9-2.3)

357 (7.2)
5.8
2.8 (1.7-4.5)
2.5 (1.5-4.1)

Patients, No. (%)
1-y mortality, K-M estimate, %
Unadjusted HR (95% CI)
Adjusted HR (95% CI)

Troponin Elevation and Universal Definition Threshold
2754 (55.9)
978 (19.8)
1.9
2.7
1 [Reference]
1.5 (0.9-2.3)
1 [Reference]
1.2 (0.8-2.0)

1198 (24.3)
4.5
2.4 (1.6-3.6)
1.7 (1.1-2.5)

Normalized Ratio
⬍1

Variable

1-20

Troponin Elevation and Alternative MI Threshold
2754 (55.9)
1831 (37.1)
1.9
3.1
1 [Reference]
1.7 (1.1-2.4)
1 [Reference]
1.3 (0.9-1.9)

Patients, No. (%)
1-y mortality, K-M estimate, %
Unadjusted HR (95% CI)
Adjusted HR (95% CI)

⬎20
345 (7.0)
6.8
3.8 (2.3-6.2)
2.6 (1.6-4.3)

Abbreviations: HR, hazard ratio; K-M, Kaplan-Meier survival method; MI, myocardial infarction.

with normal preprocedure levels and normal postprocedure CKMB, was associated with increased late mortality. In a larger later study20 including 5487 patients of
whom 3457 had normal baseline troponin, they noted
that postprocedural elevation with normal baseline levels was associated with increased 30-day mortality but
not with late mortality. Cavallini et al13 reported 2-year
mortality rates in 2363 patients undergoing elective PCI
with documented normal baseline CKMB and troponin
and absent CKMB elevation after PCI. Troponin elevation greater than 3 times the ULN was present in 19.7%
of patients and was associated with increased mortality
(HR, 1.68; 95% CI, 1.01-2.40) in crude analyses, but the
association was no longer statistically significant after adjustment for baseline risk factors. Further concerns regarding the clinical relevance of troponin elevation come
from a study21 of 32 patients undergoing late gadoliniumenhanced cardiac magnetic resonance imaging after PCI
in which only 3 of 26 patients meeting the universal definition of MI by the troponin criteria had imaging evidence of myocardial necrosis.
The present results have implications for defining end
points for clinical trials and for the clinical care of individual patients. As a safety measure in clinical trials of
coronary artery disease management, any definition of
periprocedural MI should discriminate between therapies with higher or lower rates of the event. Historically, clinical trials22,23 of PCI devices have defined MI
as total CK levels greater than 2 times normal with any
elevation in CKMB levels and have reported rates of 4%
to 5% in contemporary studies of patients treated in routine practice. The present results demonstrate similar rates
using the universal definition based on CKMB levels
greater than 3 times the ULN but a rate approximately 4
times higher when the definition is based on troponin
levels greater than 3 times the ULN. Although the tro-

ponin definition increases sensitivity for the detection of
myocardial injury, it is likely that the higher overall rate
decreases the ability to detect meaningful differences between treatments or patient populations.
Regardingclinicalcare,thereisuncertaintyaboutthemanagementofindividualpatientsundergoingPCIwhoarenoted
tohavepostproceduretroponinelevation.Althoughtroponin
elevation greater than 3 times the ULN in the present study
was associated with a small increase in 1-year mortality rates,
the limited ability for risk stratification at this level raises concern for appropriate counseling and management, whereas
a diagnosis based on a threshold that is more likely to be associated with myocardial necrosis and captures most of the
mortality increase may specify a smaller population at highestriskandforwhomfutureresearchshouldaddressdirected
therapies.
The present results indicate that either CKMB or troponin may be used as a predictor of increased late mortality, but the degree of elevation that is discriminatory
for a similar absolute increase in mortality differs substantially for the 2 biomarkers. Given the move toward
troponin and away from CKMB as a standard method by
most clinical laboratories and the continued importance of a universal definition, it is critical that revisions
of these criteria incorporate the differences between these
biomarkers in diagnosis and clinical implications.
This study has several limitations to consider. First,
biomarker data were analyzed at individual centers using
a variety of assays and normalized to each center’s diagnostic level rather than by a standardized method using
a central laboratory or documentation of the 99th percentile of the upper reference limit at each center. This
study also did not incorporate highly sensitive troponin
assays now in use at some centers. Each of these would
likely have resulted in increased detection of troponin
MI and further exaggerated the discordance between
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CKMB and troponin thresholds. Second, follow-up was
limited to 1 year, and we cannot exclude the possibility
that a larger difference in outcomes based on a 3-fold elevation in troponin might have emerged over a longer
period. Finally, although we excluded patients with CKMB
elevation at baseline or with ST elevation MI, it is possible that some patients in this study may have had an
evolving non-ST elevation MI at the time of PCI such that
their post-PCI prognosis may have reflected the impact
of injury due to spontaneous MI rather than procedurerelated MI. It is also possible that inclusion of these patients may have resulted in inflated rates of post-PCI MI
with a larger effect for troponin.
In conclusion, in the EVENT registry, which included 4930 patients with routine assessment of CKMB
and troponin before and after elective coronary stenting, the suggested threshold of more than 3 times the diagnostic level for either CKMB or troponin to define MI
after PCI resulted in marked differences between biomarkers in frequency of MI diagnosis and association with
1-year mortality risk. A peak troponin value greater than
20 times the diagnostic level approximates the frequency and hazard for late death associated with CKMB
values greater than 3 times the diagnostic level.
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INVITED COMMENTARY

ONLINE FIRST

Interpreting Biomarkers During Percutaneous
Coronary Intervention
The Need to Reevaluate Our Approach

C

ardiac biomarkers are biologically active proteins usually measured in blood. Interpretation of elevated cardiac biomarker values should
always be conducted in relation to the clinical context
and never in isolation. Biomarkers are, thus, complementary tools to be used along with the health care provider’s clinical skills. There are many cardiac biomarkers, but they can be subdivided into 4 broad categories:
those related to cardiac injury, inflammation, hemodynamic stress, and thrombosis. Their usefulness depends
on the accuracy and reproducibility of the measurements, the discriminatory limits separating pathologic abnormalities from normal findings, their sensitivity and
specificity for specific organ damage and disease processes, and the clinical consequences of an elevated biomarker value.1 Release of cardiac biomarkers indicates a
pathologic process involving the heart.
Detection of elevated blood levels of the cardiac biomarker troponin is a sign of cardiac injury with resultant myocardial cell death. When an elevated blood troponin level is detected, the physician must determine the
most probable etiology, the proper therapeutic measures to be undertaken, and the subsequent risk to the
patient that is implied by the pathologic process. Cardiac troponins (I and T) are the preferred biomarkers for
the diagnosis of myocardial injury since troponins have
nearly absolute myocardial tissue specificity and high sensitivity, reflecting even small microscopic zones of myocardial necrosis.2 A high-sensitivity assay for troponin is
widely used in most of the world outside of the United
States and is capable of detecting even more minute quantities of myocardial cell injury than are current assays.3
In the present issue of the Archives of Internal Medicine, Novack et al4 determined hazard ratios for negative outcomes related to 2 biomarkers—troponin and creatine kinase–MB fraction (CKMB)—in patients after PCI.
They found higher hazard ratios using CKMB vs troponin, using the universal definition of MI cutoff point
of 3 times the upper limit of normal. Similar hazard ratios were observed for troponin when 20 times the upper limit of normal was used as the decision limit. The

authors imply that CKMB is more useful because of the
higher hazard ratio.4 We disagree.
There are several possible explanations that deserve
consideration. First, as these investigators have shown,
troponin detects myocardial injuries much smaller than
those detected by CKMB. It may be that the adverse clinical events at 1 year were greater for CKMB because of
the larger size of the injuries. The 1-year follow-up time
may have been inadequate to determine potential negative effects of smaller amounts of myocardial injury detected by troponin. The small-moderate troponin injuries may be related to the instability of atherosclerotic
plaques during PCI, a fact that might have affected the
prognosis in these patients had they been observed for a
longer period.
Novack et al4 pooled data from multiple medical
centers using different assays for troponin and CKMB.
This, in and of itself, can result in considerable error
when these results are combined despite extensive and
sophisticated statistical manipulation. Important, and
often unrecognized, is the critical role of the baseline
troponin value. The authors assumed that the baseline
values were normal before the procedure. That is often
the case for CKMB, which is relatively insensitive
compared with troponin, but many centers use cutoff
values substantially higher than the guidelinerecommended 99th percentile of the upper reference
limit. Indeed, in a recent meta-analysis5 of post-PCI
troponin level elevations, no study used a contemporary assay at the recommended cutoff value. When
that occurs, the prognostic value of the baseline value
is minimized, and its significance is reduced. Indeed,
recent data suggest that when one uses the guidelinesuggested cutoff values for the baseline, there is limited to no short- or long-term prognostic value to
either troponin or CKMB values after the procedure.6
The marginal short-term significance reported was due
largely to noncardiac events. 6 It seems that all the
prognostic information is contained in the baseline
value, probably as a reflection of the underlying coronary anatomy.6,7 Furthermore, when the baseline value
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