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ABSTRACT 

 

Background: Although the prognostic significance of CK and CK-MB after 

myocardial infarction has been established after thrombolysis or no reperfusion 

therapy, there is limited evidence of the prognostic importance after primary 

percutaneous coronary intervention (PCI). 

 

Methods: In this prospective, observational study, individual data from all patients 

who survived at least 2 days after primary PCI between 1991 and 2004 in our 

hospital were recorded. The association between enzymatic infarct size 

(examined by peak CK and peak CK-MB levels, each divided into tertiles) and 

both LV ejection fraction and one-year mortality was evaluated. 

 

Results: In the study group of 4670 patients, mean peak CK was 2327 U/L 

(SD±2008) and mean peak CK-MB was 244 U/L (SD±208). Both increased CK 

and CK-MB were associated with a lower LV ejection fraction. A total of 252 

patients (5.4%) died between 2 days and one year after admission. Both peak CK 

and peak CK-MB were higher in those who died. Particularly, patients in the 

highest tertile of either peak CK or peak CK-MB had increased mortality, whereas 

the differences between the lower tertiles were not significant. In 2738 patients, 

after multivariable analysis including LV ejection fraction, the hazard ratio for one-

year mortality in patients in the highest CK tertile was 2.28 (95% CI 1.32-3.91) 

and for CK-MB 1.91 (95% CI 1.11-3.26), compared to those in the other tertiles. 

 

Conclusion: According to this large-scale study, peak CK and peak CK-MB are 

comparable independent predictors of LV-function and one-year mortality in 

patients after primary PCI. 
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Introduction 

 

The adverse prognostic significance of biomarker elevations during myocardial 

infarction (MI) has been subject for many studies in the past decades. Peak levels 

of aspartate aminotransferase (ASAT), lactate dehydrogenase (LDH), creatine 

kinase (CK) and its muscle brain isomer (CK-MB) have been shown to be reliable 

predictors of infarct size and prognosis in patients suffering MI [1-7]. Furthermore, 

the cumulative CK and LDH curve areas are also well correlated with infarct size 

[8,9]. 

Over the past years, primary percutaneous coronary intervention (PCI) has 

become the preferred therapy for patients with ST-elevation myocardial infarction 

(STEMI) [10,11]. However, the above mentioned studies on biomarkers have 

been performed in patients receiving thrombolytics or no reperfusion therapy at 

all. Only two large-scale studies have been published in patients undergoing 

primary PCI for STEMI, one showing that the cumulative extent of LDH is an 

independent predictor of one-year mortality [12] and the other that peak CK level 

is associated with increased one-year mortality [13]. The latter study, however, 

did not assess the potential importance of CK-MB. 

To address this issue, we performed a prospective study on patients undergoing 

primary PCI for STEMI, focusing on both peak CK and CK-MB levels and their 

potential relation to left ventricular ejection fraction (LVEF) and mortality. 

 

 

Methods 

 

Population  

From January 1991 to December 2004, individual patient data from all patients 

with admission diagnosis of STEMI admitted for primary PCI at the Isala klinieken 

(Zwolle, the Netherlands) were prospectively recorded. Patients who died during 

the first 2 days were not included in this sub-study, because many of these 

patients died before peak CK was recorded. Furthermore, patients with peak CK 

values > 10.000 U/L were excluded, as these high elevations of CK were probably 

at least partly due to rhabdomyolysis. To avoid double inclusion of patients, only 

the first recorded admission for STEMI during the study period was used. Patients 

were diagnosed with STEMI if they had chest pain of > 30 minutes' duration and 

ECG changes with ST segment elevation > 2 mm in at least 2 precordials and > 1 

mm in the limb leads. Before the primary PCI procedure, all patients received 500 
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mg of aspirin and 5000 IU of heparin intravenously. Primary PCI was performed 

with standard techniques if the coronary anatomy was suitable for angioplasty. 

PCI success was determined by the classification system of the Thrombolysis in 

Myocardial Infarction (TIMI) trial, in which a grade 3 blood flow indicates normal 

flow within the vessel, in combination with a myocardial blush grade 2 and 3 [14]. 

Additional treatment with GP IIb/IIIa-inhibitors or stents was to the discretion of 

the treating cardiologist. All patients were treated with optimized drug-therapy 

including angiotensin-converting enzyme inhibitors, β-blockers, aspirin and lipid-

lowering drugs where appropriate. 

 

Measurements 

Protocol-specified blood sampling for CK and CK-MB levels was performed at 

baseline and at 8 hours, 16 hours and 24 hours after PCI. Measurement of serum 

total CK and CK-MB levels was performed according to our local hospital 

standards, which did not change over the course of the study. LVEF was 

measured before discharge by radionuclide ventriculography or by 

echocardiography if the patient had atrial fibrillation. Radionuclide 

ventriculography was performed by using the multiple gated equilibrium method 

following the labelling of red blood cells of the patient with 99mTc-pertechnate. A 

General Electric 300 gamma camera with a low-energy all-purpose parallel-hole 

collimator was used. Global ejection fraction was calculated by a General Electric 

Star View computer using the fully automatic PAGE program. In patients with 

atrial fibrillation, standard 2-dimensional and Doppler imaging was performed and 

stored in cineloop format by well-trained echocardiographists and reviewed by 

experienced cardiologists. The LV end-diastolic volume (LVEDV) and end-systolic 

volume (LVESV) were measured [15] and the LV ejection fraction was calculated 

as (LVEDV-LVESV)/LVEDV x 100% (Simpson’s rule). A low LVEF was defined as 

an ejection fraction ≤ 30%. Ischemic time was defined as time from symptom 

onset to first balloon inflation. The definition of multivessel disease was a stenosis 

in at least one non-culprit coronary artery of more than 50%, as judged by 2 

experienced cardiologists or by quantitative coronary analysis. 

Follow-up information was obtained from the patient's general physician or by 

direct telephone interview with the patient or it’s relatives. Events were confirmed 

by reviewing the concerning letter to the general physician or patient’s clinical file 

if necessary, and all cause mortality was reported. Re-MI was defined as anginal 

complaints with new CK(-MB) elevation and/or new Q-waves on the 
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electrocardiogram in follow-up. Study approval was obtained from the medical 

ethic committee of our hospital. 

 

Statistical Analysis  

Statistical analysis was performed with the Statistical Package for the Social 

Sciences (SPSS Inc., Chicago, IL, USA) version 12.0.1. Outcomes were 

examined stratified by peak CK and peak CK-MB levels, divided into three equal 

tertiles. Univariate differences between groups were analyzed with one-way 

analysis of variance or by chi square test as appropriate, with Bonferroni 

correction for multiple comparisons. Cox proportional-hazards regression models 

were used to estimate the risk of mortality after one year. Separate analyses were 

performed in patients with known LV ejection fraction, since 41% of these data 

were missing. Multivariable analyses were performed with the Cox models for all 

cause mortality and with a logistic regression model to assess risk of low LV 

ejection fraction. In this analysis, patients in the highest tertile of CK or CK-MB 

were compared to those in the lower tertiles. Significant variables analysed are 

reported with their respective hazard ratios (HR) and 95% confidence intervals 

(CI). For all analyses, statistical significance was assumed when the two-tailed 

probability value was < 0.05.  

 

 

Results  

 

Baseline characteristics  

Of the 4670 included patients, mean age was 60.8 years (SD 11.8) and 1102 

patients (24%) were female. Data on peak CK and peak CK-MB were available in 

all patients. Mean peak CK was 2327 U/L (SD 2008) and mean CK-MB 244 (SD 

208). The range in the 3 tertiles was respectively <1080 U/L, 1080-2660 U/L and 

>2660 U/L for CK, and <120 U/L, 120-281 U/L and >281 U/L for CK-MB. 

Differences of the baseline characteristics between the tertiles of CK are 

summarised in table 1 and of CK-MB in table 2. Patients with higher peak CK and 

peak CK-MB values were more likely to be younger and smoker, but were less 

likely to have previous history of coronary bypass surgery, PCI or MI. Patients 

with higher peak CK (-MB) values also had more often anterior infarction, higher 

Killip class on presentation, TIMI 0 flow pre-PCI and less often TIMI 3 flow post-

PCI. 

 



CK and CK-MB after primary PCI 

100 

 

Outcome 

Data on LVEF were available in 2738 patients (59%). Patients in the medium and 

highest tertile of CK and CK-MB had significantly lower LVEF and a longer 

hospital stay compared to patients in the lowest tertile, as shown in table 3 and 

table 4. Prevalence of a low LVEF in the tertiles of CK and CK MB are shown in 

figure 1. 

 

 

 

 

Table 1. Baseline characteristics according to tertiles of peak CK in 4670 pts who survived at 
least 2 days after primary PCI for ST-elevation MI. 

Variables    Lowest   Medium  Highest       

     n = 1554  n = 1560  n = 1556   
 
Age, yr±sd   62.2±11.5  61.6±11.9   59.4±12.0 #  

Female gender  429 (28%)  377 (24%)  296 (19%) ^  

History of 
 MI   225 (15%)  185 (12%)  154 (10%) #  
 CABG   62 (4%)  48 (3%)  29 (2%) #  
 PCI   116 (8%)  104 (7%)   65 (4%) #  
 Stroke   57 (4%)  40 (3%)  55 (4%)  
 Hypertension  477 (31%)  424 (28%)  431 (28%)  
 Diabetes  190 (12%)  138 (9%) *  167 (11%)  
 Hyperlipidemia 338 (23%)  333 (23%)  287 (20%)  
 Family  CVD  639 (43%)  648 (43%)  651 (43%)  
 Smoke   674 (44%)  715 (47%)  849 (56%) #  

Killip class > 1   88 (6%)  123 (8%)  217 (14%) # 

Ischemic time, hr±sd  4.6±5.7  5.0±6.8  4.7±4.6 

Anterior MI   668 (44%)   617 (40%)  984 (63%) #   

Multivessel disease  771 (51%)  853 (56%) $  805 (52%)  

TIMI 0 flow pre-PCI  536 (39%)  1010 (68%) #  1161 (78%) #  

Stent implantation  749 (54%)  789 (53%)  907 (60%) ^ 

TIMI 3 flow post-PCI  1250 (91%)  1295 (87%) $     1284 (86%) # 
  

$ p < 0.05; * p < 0.01; ^ p < 0.005; # p < 0.001 compared to lowest tertile 
p-values adjusted for multiple comparisons 
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Table 2. Baseline characteristics according to tertiles of peak CK- MB in 4670 pts who 
survived at least 2 days after primary PCI for ST-elevation MI.  
 

Variables    Lowest   Medium  Highest       
     n = 1541  n = 1554  n = 1575   
 

Age, yr±sd   61.6±11.6  61.3±11.9  60.4±12.1 $  

Female gender  385 (25%)  365 (24%)  352 (22%)  

History of 
 MI   236 (15%)  185 (12%) $  143 (9%) #  
 CABG   61 (4%)  49 (3%)  29 (2%) #  
 PCI   119 (8%)  101 (7%)  65 (4%) #  
 Stroke   56 (4%)  34 (2%)  62 (4%)  
 Hypertension  469 (31%)  434 (28%)  429 (28%)  
 Diabetes  174 (11%)  163 (11%)  157 (10%)  
 Hyperlipidemia 346 (24%)  332 (23%)  280 (19%) ^  
 Family  CVD  633 (43%)  664 (44%)  640 (42%)  
 Smoke   671 (44%)  729 (48%)  837 (55%) #  

Killip class > 1   99 (7%)  121 (8%)   207 (13%) # 

Ischemic time, hr±sd  4.7±6.4  4.5±4.2  5.1±2.9  

Anterior MI   668 (44%)   624 (40%)   976 (62%) #   

Multivessel disease  767 (51%)  840 (55%)   821 (53%)  

TIMI 0 flow pre-PCI  522 (39%)  983 (66%) #  1201 (79%) #  

Stent implantation  720 (52%)  790 (53%)  935 (61%) # 

TIMI 3 flow post-PCI  1220 (91%)  1315 (88%)  1293 (85%) #  
  

$ p < 0.05; ^ p < 0.005; # p < 0.001 compared to lowest tertile 
p-values adjusted for multiple comparisons 

 

 

 

Table 3. Prognosis according to tertiles of peak CK in 4670 pts who survived at least 2 days 
after primary PCI for ST-elevation MI. 
 

Variables    Lowest   Medium  Highest       
     n = 1554  n = 1560  n = 1556  
 

Mean LVEF (%)  50.5±10.9  46.8±10.3 #  38.5±11.1 # 

Mean hospital stay (days) 4.7±7.0  5.2±5.7 $  5.5±6.4 # 

Outcome after one-year: 

Death   57 (4%)   63 (4%)  132 (9%) #   

Death/re-MI  118 (8%)  132 (8%)  195 (13%) #  

Stroke   12 (1%)  18 (1%)  15 (1%)  

CABG   200 (13%)  219 (14%)  186 (12%)  

PCI   218 (14%)  248 (16%)  237 (15%) 

re-MI   66 (4%)  75 (5%)  82 (5%) 
 

$ p < 0.05; # p < 0.001 compared to lowest tertile 
p-values adjusted for multiple comparisons 
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Table 4. Prognosis according to tertiles of peak CK-MB in 4670 pts who survived at least 2 
days after primary PCI for ST-elevation MI.  
 

Variables    Lowest   Medium  Highest       
     n = 1541  n = 1554  n = 1575 
 

Mean LVEF (%)  50.8±10.7  46.5±10.4 #  38.4±11.1 # 

Mean hospital stay (days) 4.7±6.6  5.5±6.3 ^  5.3±6.3 $ 

Outcome after one-year: 

Death   57 (4%)   58 (4%)  137 (9%) #   

 Death/re-MI  114 (7%)  131 (8%)  200 (13%) #  

Stroke   12 (1%)  12 (1%)  21 (1%)  

CABG   211 (14%)  211 (14%)  183 (12%) 

PCI   216 (14%)  261 (17%) $  225 (14%) 

re-MI   62 (4%)  81 (5%)  80 (5%) 
 

$ p < 0.05; ^ p < 0.005; # p < 0.001 compared to lowest tertile 
p-values adjusted for multiple comparisons 
 

 

 

 

 
 

Figure 1. Prevalence of a low LVEF (< 30%) in tertiles of peak CK and peak CK-MB. 
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As no patients were lost to follow-up, data on one-year mortality were available in 

all 4670 patients. A total of 252 patients (5.4%) died between 2 days and one 

year after admission. Mean CK in patients who died within one-year was 3268 

U/L (SD 2461) compared to 2273 U/L (SD 1966) in those who survived (p 

<0.001). Mean CK-MB was 359 U/L (SD 268) in those who died within one year, 

compared to 238 U/L (SD 202) in patients who were alive after one year (p 

<0.001). Survival curves of patients in the different CK or CK-MB tertiles are 

depicted in figure 2 and figure 3. Patients in the highest tertile of CK had an 

increased risk of one-year mortality, HR 2.3 (95% CI 1.77-2.90) compared to 

those in the other tertiles. However, one-year mortality was not different between 

patients in the two lower tertiles of CK (p=0.59). Patients in the highest tertile of 

CK-MB had also an increased one-year mortality, HR 2.41 (95% CI 1.88–3.09). In 

the two lower tertiles of CK-MB, there was also no significant difference in one-

year mortality (p=0.97). 

 

 

 

Figure 2. One-year mortality according to tertiles of peak CK in 4670 pts who survived at 

least 2 days after primary PCI for ST-elevation MI, p <0.001 for the highest tertile as 

compared to the lower tertiles. 
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Figure 3. One-year mortality according to tertiles of peak CK-MB in 4670 pts who survived at 

least 2 days after primary PCI for ST-elevation MI, p <0.001 for the highest tertile as 

compared to the lower tertiles. 

 

 

Multivariable analyses 

In 2738 patients, the unadjusted HR for developing a low LVEF was 5.76 (95% CI 

4.51-7.35) of patients in the highest tertile of CK and 5.49 (95% CI 4.31-6.99) of 
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one-year mortality. After adjusting for differences in age, gender, infarct location, 

Killip classification on admission, multivessel disease, previous MI, stent 

implantation and TIMI flow post PCI, the HR in patients in the highest CK tertile 

was 2.06 (95% CI 1.54–2.76) and of patients in the highest CK-MB tertile 2.16 

(95% CI 1.61–2.90). If was also adjusted for LV ejection fraction in patients where 
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LVEF was available (n=2738), the HR of one-year mortality in patients in the 

highest tertile of CK was 2.28 (95% CI 1.32-3.91) and of patients in the highest 

tertile of CK-MB 1.91 (95% CI 1.11-3.26) (figure 4). 

 

 

Figure 4. Adjusted and unadjusted hazard ratios (95% CI) for 1-yr mortality or a low LV 

ejection fraction in pts in the highest tertiles of CK(■) and CK-MB (♦) as compared to the 

lower tertiles. 
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between CK and long-term mortality in some studies [3,4], the association was 

confirmed for several types of acute coronary syndromes (ACS), including 

patients without ST-segment elevation and patients treated with thrombolytic 

therapy [5]. 

After recognition of the importance of CK, the additional significance of the isomer 

CK-MB was identified [6,7,16]. In a large trial was shown that in patients with ACS 

without ST-segment elevation, minor elevations of CK-MB were related to 

increased mortality [17]. Moreover, also CK-MB elevation without concomitant CK 

elevation was associated with a worse prognosis [18,19]. 

Although most of the previous studies showing the significance of CK(-MB) after 

MI are large-scale and incontrovertible, they are performed in patients with non-

ST-elevation ACS or STEMI for which thrombolytic or no reperfusion therapy was 

given. Theoretically, restoration of antegrade blood flow may influence the 

amounts of biomarkers release. Of the total CK in the myocardial infarct area, 

approximately 15% reaches the circulation in the absence of coronary 

recanalization. The remainder is hydrolysed either locally or in lymph [20]. As long 

as a predictable relationship exists between the amount of CK depleted and the 

amount that reaches the circulation, serial samples offer an estimate of the 

amount depleted and, therefore, an estimate of infarct size. But in animal models, 

reperfusion within 2 hours after coronary occlusion doubles the ratio of the 

amount of enzyme that is in the plasma compared with that depleted from 

myocardium [21]. Consequently, comparisons between reperfused and 

nonreperfused patients can be problematic [22]. Another study suggested also 

that CK-MB might overestimate infarct size after reperfusion [23]. 

However, as our analyses show, also in the era of primary PCI where TIMI-3 flow 

is achieved in the majority of patients, peak CK and CK-MB are still related to 

mortality and infarct size. Furthermore, in our analysis TIMI-3 flow after the 

primary PCI was more often observed in patients in the lower tertiles of CK and 

CK-MB. 

 

Primary PCI 

Only 2 large-scale studies on prognostic importance of biomarkers were 

performed in patients undergoing primary PCI for STEMI. One-year mortality was 

well predicted by the cumulative extent of LDH in one study [12]. But, because of 

the slow release into the circulation compared to CK(-MB), cumulative LDH is not 

a very practical alternative and therefore not widely used for this purpose. Halkin 

et al showed that peak CK is an independent predictor of one-year mortality in a 
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post hoc analysis of the CADILLLAC trial [13]. This trial had several in- and 

exclusion criteria, influencing the external validity of the findings. Furthermore, 

only 73% of the included patients had available CK values, resulting in a selected 

group of patients with STEMI. 

 

Non-traditional markers 

After the redefinition of MI, troponin is the preferred biomarker to use in patients 

with (suspected) ACS [24]. Although there is some evidence that troponin can 

estimate infarct size [25], only studies with a limited sample size in patients 

following primary PCI have been performed, without reliable information in 

predicting mortality [26,27]. Myoglobin is rapidly released in the circulation and 

early estimation of the total extent of myocardial injury can be done, but because 

of the lack of cardiospecificity this marker is not used widely [28]. 

 

Study limitations 

Several limitations on our study have to be noted. During the 13 years of 

inclusion, techniques of PCI and medical treatment afterwards have been 

changed. This may have affected outcome, but seems to be unlikely affecting our 

principal conclusions. Although blood samples were taken every 8 hours, we did 

not calculate the area under the CK and CK-MB curve, another possible predictor 

of mortality after MI [7,8]. Furthermore, data on time to peak CK(-MB) are lacking. 

Moreover, as we collected blood samples until 24 hours after baseline and some 

patients might have their biomarker peak after this time window, possibly 

underestimating of peak CK(-MB) might have occurred in some patients. 

However, this seems to be unlikely, also according to others [13]. Finally, as a 

central role has been propagated last years for the cardiac troponins [24], these 

specific biomarkers potentially might have even more significance after primary 

PCI for STEMI [22]. 

 

Conclusion 

Our study shows an independent association between either peak CK or CK -MB 

and both LV function and mortality in patients undergoing primary PCI. 

Accordingly, the worldwide use of these two biomarkers seems to be justified, 

also in patients with TIMI-3 flow after mechanical reperfusion therapy. Future 

efforts should be aimed towards how to improve treatment in high-risk patients, as 

identified by peak CK(-MB). 
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