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Background: Measuring cardiac markers in blood has been the main strategy for the diagnosis of acute myocardial infarction for nearly
50 years. Creatine kinase-MB (CK-MB) has been demonstrated to be a highly specific marker.

Objectives: The present study aimed to assess the role of CK-MB changes following percutaneous coronary intervention (PCI) to predict
one year outcomes of this procedure.

Patients and Methods: This cohort study was conducted on 138 patients diagnosed with coronary artery disease who underwent PCL
Sixty-nine patients who had a CK-MB elevation >3 times upper limit of normal (ULN) post procedurally were considered as group Iand 69
patients without cardiac enzyme rise after PCI were considered as the control group (group II). The composite end point of major adverse
cardiac events (MACE) during one year was assessed by telephone follow-up or presentation at clinical visiting, and compared between
the two groups. The MACE was defined as the appearance of at least one of the following events: mortality, repeated revascularization
procedures, myocardial infarction, or cerebrovascular events.

Results: Although one year mortality in the group I was 4 (5.8%), about two times greater than the other group 2 (2.9%), the difference was
not significantly discrepant (P = 0.57). Moreover, 8 (11.6%) of patients in group I experienced one year MACE, while this rate in the other
group was 4 (5.8%), with insignificant difference (P = 0.22). In group I, one case experienced coronary artery bypass surgery, one, exhibited
cerebrovascular disease and one reported ST segment elevation myocardial infarction (STEMI), while two patients in the other group were
suspicious of having non-ST segment elevation myocardial infarction (NSTEMI) and candidates for repeated PCI. Multivariate analysis
revealed that increased post-procedural CK-MB = 3 times UNL could not predict long-term MACE in patients who underwent selective
PCI. Area under the curve (AUC) for predicting one year MACE was 0.593 (95% CI: 0.397 - 0.788), indicating inappropriate accuracy for this
biomarker (P=0.290).

Conclusions: It seems that CK-MB > 3 times ULN within 24 hours after PCI cannot independently predict one year MACE in patients
undergoing PCL
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1. Background

Biochemical markers have been useful non-invasive di-  ciation with procedures on the coronary circulation,

agnostic tools in the diagnosis of both ischemic and non-
ischemic myocardial injury. Although ischemic events
can be easily identified on 12-lead electrocardiograms
(ECG), these specific biomarkers can increase diagnostic
accuracy. Measuring cardiac markers in blood has been
the main strategy for the diagnosis of acute myocardial
infarction (MI) for nearly 50 years. It has been demon-
strated that creatine kinase-MB (CK-MB) is a highly spe-
cific marker (1, 2). Myocardial injury may occur in asso-

including percutaneous coronary intervention (PCI) or
coronary artery bypass graft surgery. Since biomarker re-
lease in the setting of PCl is a reflection of increased base-
line risk in the patients, in which it occurs, considering
and assessing the trend of the changes of these biomark-
ers may be valuable to predict adverse outcomes (3). Al-
though after elective PCI, elevations of cardiac troponins
occur more frequently than elevations of CK-MB, one of
the independent variables which seem to be associated

Implication for health policy/practice/research/medical education:

Three times greater than normal creatine kinase-MB level may be considered as a predictor of long-term outcomes in patients undergoing selective
percutaneous coronary intervention.
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with an increased long-term mortality rate is CK eleva-
tion > 750 mg/dL (4). However, the role of CK-MB eleva-
tion in survival after non-surgical coronary interventions
is controversial.

2. Objectives

The present study aimed to assess the role of CK-MB
changes following PCI to predict one year outcomes of
this procedure.

3. Patients and Methods

This descriptive cohort study was conducted on 138 pa-
tients with a diagnosis of coronary artery disease who
underwent PCI between February 2011 and December
2012 at Tertiary Center of Iran University of Medical Sci-
ences, Tehran, Iran. The inclusion criteria were normal
pre-procedural cardiac troponin I (cTnl) and CK-MB lev-
els. Patients with a diagnosis of recent MI were excluded.
The diagnosis of a pre-procedural MI was based on either
the development of new pathological Q waves in at least
two continuous ECG leads or an elevation of CK-MB > five
times the upper limit of normal (ULN) or c¢Tnl > 0.06 ng/
mL. Sixty nine patients had CK-MB elevation >3 times ULN
post procedurally (5), which were considered as group I(n
=69) and 69 patients (group II) without cardiac enzyme
rising after PCI, considered as a control group. The com-
posite end point of major adverse cardiac events (MACE)
during one year was assessed by telephone follow-up or
presentation at clinical visiting, and compared between

groups. The MACE was defined as the appearance of at
least one of the following events: mortality, repeated
revascularization procedures, myocardial infarction or
cerebrovascular events. The standard PCI technology was
utilized. All patients provided written, informed consent
to study participation and the study protocol was ap-
proved by the Institutional Review Board and the Ethics
Committee of Iran University of Medical Sciences, Tehran,
Iran. For the statistical analysis, IBM SPSS Statistics® 19.0
for Windows® (IBM Corp, Armonk, NY, USA) was used. Re-
sults were reported as mean + standard deviation (SD for
the quantitative variables and count (percentage) for the
categorical ones. Two groups were compared using the
Student's t-test or Mann-Whitney U test for the continu-
ous variables and the chi-square test (or Fisher's exact
test, if required) for the categorical variables. The ROC
curve was used to identify the role of CK-MB for discrimi-
nating MACE. A P value < 0.05 was considered statistically
significant.

4.Results

Clinical characteristics of the study population and
procedural findings are shown in Table 1. The two groups
were matched in terms of gender, as well as general car-
diac risk factors. However, the patients in group I were
slightly older. There were no considerable changes re-
garding stent characteristics regarding the number and
type of the applied stents between the two groups. Al-
though 1-year mortality in group I was 4 (5.8%) -about two
times greater than the other group 2 (2.9%), the difference
was not significantly discrepant (P = 0.57).

Table 1. Baseline Clinical and Procedural Characteristics of the Patients According to Post PCI CK-MB Status @

Characteristics CK-MBP>3 times, n =69 CKMBP<3 times, n =69 Pvalue
Male 47(68.1) 46(66.7) 0.856
Age,y 60.72+10.31 57.19 £10.46 0.048
Smoking cigarettes 13(18.8) 20(29.0) 0.162
Diabetes mellitus 22(32.4) 15 (21.7) 0.162
Family history of CAD ¢ 9(13.0) 14 (20.3) 0.253
Hypertension 26(37.7) 34(493) 0.170
Hyperlipidemia 31(44.9) 37(53.6) 0.170
Stent number 0.987

1 44(63.8) 44(63.8)

2 20(29.0) 19 (27.5)

3 4(5.8) 5(7.2)

4 1(1.4) 1(1.4)
Type of stent 0.492

Bare-metal stents 41(59.4) 28(40.6)

Drug-eluting stents 37(53.6) 32(46.4)

4 Data are presented as No (%) or mean = SD.

Abbreviations: CAD, coronary artery disease; CK-MB, creatine kinase-MB.
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In addition, 8 (11.6%) of patients in the group I experi-
enced one year MACE, while this rate in group Il was 5.8%,
with insignificant difference (P = 0.227). In the group
with post procedural CK-MB > 3 times ULN, one case ex-
perienced coronary artery bypass surgery, one exhib-
ited cerebrovascular disease and one was reported with
STEMI. However, two patients in the other group were
suspicious of having non-ST segment elevation myocar-
dial infarction (NSTEMI) and candidates for repeating
PCI. Multivariable analysis after adjustment for different
independent variables, which are mentioned in Table 1,
showed that increased post-procedural CK-MB > 3 times
UNL could not predict long-term MACE in patients who
underwent selective PCL The accuracy of post procedural
CK-MB in predicting one year MACE was examined us-
ing ROC curve analyses (Figure 1). Area under the curve
(AUC) for predicting one year MACE was 0.593 (95% CI:
0.397 - 0.788), indicating inappropriate accuracy for this
biomarker (P=0.290).

5. Discussion

The goal of the present study was to assess the ability
of CK-MB biomarker in predicting long term outcome
following selective PCI. This observation, that there is an
association between elevated biomarkers after PCI and
worsened long term outcomes, was first made regarding
CK-MB (6). It has been reported that CK or CK-MB eleva-
tion occurs in 25% of patients undergoing PCI (7). We con-
sidered an increased level of this biomarker higher than
three times of normal range within 24 hours after pro-
cedure as the target criterion. Although this is the most
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Figure 1. Receiver Operative Characteristics (ROC) Curves for Determining
the Accuracy of CK-MB Enzyme to Discriminate Major Adverse Cardiac
Events
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common definition of periprocedural MI, it obviously
seems to be an arbitrary cutoff. In our study, we could not
finally demonstrate the efficacy of CK-MB for predicting
long-term MACE in affected patients. According to Cutlip
and Kuntz (7), a variety of cutoff points for the definition
of increased level of CK-MB may be considered. Although
even a CK elevation of 1.5 to 3 times the ULN is associated
with increased mortality, each 100 U/L increase of CK is
associated with 1.05 times enhanced relative risk of car-
diac mortality. It is important to note that some authors
even considered CK elevations more than 5 or 8 times the
ULN to find any association with poor adverse outcomes.
Furthermore, other indicators, like the time of biomark-
er measurement (before and within, as well as early and
late after PCI) and follow-up period can also be effective
in the efficacy of cardiac-specific markers for predicting
adverse outcomes following PCI (7).

In this regard, our study revealed that the determina-
tion of the post PCI CK-MB changes within 24 hours after
the procedure could not predict one year MACE. The re-
sults of some previous studies agree with our observa-
tion, whereas others are inconsistent with our survey.
Chia et al. (8) have demonstrated that in a study on 378
patients undergoing PCI, among three markers of CK,
CK-MB, and troponin [, only the last one could potentially
predict mid-term MACE in these patients. Byrne et al. (9)
showed that both CK-MB and troponin I could indicate
long term adverse events, yet the predictive value of tro-
ponin was considerably higher than what was reported.
Meanwhile, in their study, only two parameters of MACE;
mortality and occurrence of myocardial infarction, were
considered as study endpoints. In another research by
Roe et al. (10), which only included NSTEMI patients, the
peakrange of CK-MB was determined as a main predictor
of six-month mortality. Although in univariate analysis,
raised CK-MB could be associated with long-term MACE
like in the present study, considering increased CK-MB
more than 3 times of ULN within 24 hours after PCI, in a
multivariable model however, only stent size and diam-
eter could markedly predict long-term MACE (11).

Acknowledgements

We would like to thank Dr. Hooman Bakhshandeh for
methodological consultation. We also wish to thank
Cardiac Electrophysiology Research Center for their
support in preparing this manuscript.

Authors’ Contribution

Mohsen Maadani developed the original data and pro-
tocol and also conducted and supervised the project.
Sepideh Parchami Ghazaee cooperated in data analysis
and scientific writing of the manuscript. Ghodratollah
Barati provided the study material and patients. He also
conducted the project. Monireh Soltani provided the
study material and patients and collaborated in data col-



Maadani M et al.

lection. Elahe Amiri approved the final manuscript and
helped in data collection. Mona Heidarali carried out the
writing of the manuscript. Behshid Ghadrdost carried
out the statistical consultation.

Financial Disclosure

The authors declare that there are no conflicts of interest.

Funding/Support

This project was supported by Iran University of Medical
Sciences, Tehran, Iran.

References

1

Archan §, Fleisher LA. From creatine kinase-MB to troponin: the
adoption of a new standard. Anesthesiology. 2010;112(4):1005-12.
Morrow DA, Cannon CP, Jesse RL, Newby LK, Ravkilde ], Storrow
AB, et al. National Academy of Clinical Biochemistry Laboratory
Medicine Practice Guidelines: Clinical characteristics and utili-
zation of biochemical markers in acute coronary syndromes.
Circulation. 2007;115(13):e356-75.

Antman EM, Morrow DA. Biomarker release after percutaneous
coronary intervention: a message from the heart. Circ Cardiovasc
Interv. 2008;1(1):3-6.

Ghazzal Z, Ashfaq S, Morris DC, Douglas ]S, Marshall J], King SB,
et al. Prognostic implication of creatine kinase release after elec-
tive percutaneous coronary intervention in the pre-IIb/Illa an-

10.

tagonist era. Am heart J. 2003;145(6):1006-12.

Leonardi S, Thomas L, Neely ML, Tricoci P, Lopes RD, White HD, et
al. Comparison of the prognosis of spontaneous and percutane-
ous coronary intervention-related myocardial infarction. | Am
Coll Cardiol. 2012;60(22):2296-304.

Uretsky BE. Should serum troponin after PCI be used to predict
long-term outcomes?......Not quite yet! Catheter Cardiovasc Interv.
2011;77(7):1031-2.

Cutlip DE, Kuntz RE. Does creatinine kinase-MB elevation after
percutaneous coronary intervention predict outcomes in 2005?
Cardiac enzyme elevation after successful percutaneous coro-
nary intervention is not an independent predictor of adverse
outcomes. Circulation. 2005;112(6):916-22.

Chia S, Senatore F, Raffel OC, Lee H, Wackers FJ, Jang IK. Utility
of cardiac biomarkers in predicting infarct size, left ventricular
function, and clinical outcome after primary percutaneous cor-
onary intervention for ST-segment elevation myocardial infarc-
tion. JACC Cardiovasc Interv. 2008;1(4):415-23.

Byrne RA, Ndrepepa G, Braun S, Tiroch K, Mehilli ], Schulz S, et al.
Peak cardiac troponin-T level, scintigraphic myocardial infarct
size and one-year prognosis in patients undergoing primary
percutaneous coronary intervention for acute myocardial in-
farction. AmJ Cardiol. 2010;106(9):1212-7.

Roe MT, Mahaffey KW, Kilaru R, Alexander JH, Akkerhuis KM, Si-
moons ML, et al. Creatine kinase-MB elevation after percutane-
ous coronary intervention predicts adverse outcomes in patients
with acute coronary syndromes. Eur Heart J. 2004;25(4):313-21.
Javaid A, Buch AN, Steinberg DH, Pinto Slottow T, Roy P, Pichard
AD, et al. Does creatine kinase-MB (CK-MB) isoenzyme elevation
following percutaneous coronary intervention with drug-elut-
ing stents impact late clinical outcome? Catheter Cardiovasc In-
terv.2007;70(6):826-31.

Res Cardiovasc Med. 2014;3(1):e11738



