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ABSTRACT 

 

Background: The prognostic importance of elevated cardiac enzymes after 

elective percutaneous coronary intervention has been debated. Therefore, we 

performed a prospective observational study to evaluate the prognostic value of 

postprocedural rise of troponin T and creatine kinase. 

 

Methods: Troponin T (cut-off value 0.05 ng/ml) and creatine kinase (cut-off value 

180 IU/l with muscle-brain fraction >4%) were measured 12 hours after elective 

percutaneous coronary intervention in 713 consecutive patients without elevated 

troponin before the procedure. Primary endpoint was the combined incidence of 

death, myocardial infarction, stroke, repeat angiography or re-admission because 

of anginal symptoms during the follow-up period. 

 

Results: Troponin was elevated after the procedure in 150 patients (21%) and 

creatine kinase in 66 pts (9%), with a strong association between increased 

troponin and creatine kinase. After a mean follow-up of 10.9 months, mortality 

was low (1%) and not associated with increased troponin or creatine kinase. 

There was, however, a strong relation between postprocedural troponin and re-

admission for angina (p=0.001) or myocardial infarction (p=0.001). Furthermore, 

troponin rise was significantly associated with an increased risk of the primary 

endpoint (relative risk 1.55 95% confidence interval 1.01-2.38). After multivariate 

analysis, troponin elevation but not increased creatine kinase was associated with 

an increased risk of the primary endpoint (relative risk 1.59 95% confidence 

interval 1.02 - 2.47 for troponin elevation versus 1.16 95% confidence interval 

0.62-2.15 for increased creatine kinase). 

 

Conclusion: Increase of troponin T after elective percutaneous coronary 

intervention has stronger prognostic implication when compared to increased 

creatine kinase. 
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Introduction 

 

Cardiac-specific troponins are useful in establishing diagnosis and predicting 

prognosis in patients with suspected acute coronary syndromes. In these 

patients, troponin has higher sensitivity and specificity compared to creatine 

kinase or its MB isoform (CK-MB) [1-4]. 

After elective percutaneous coronary intervention elevated cardiac enzymes can 

be observed even if the procedure is angiographically successful and 

uncomplicated. Elevations of CK-MB have been associated with an increased risk 

of repeat revascularisation, acute myocardial infarction and death (major adverse 

cardiac events, MACE) [5-8]. Despite the high sensitivity and specificity of 

troponin in acute coronary syndromes, there are conflicting results about the 

prognostic significance of increased troponin after elective percutaneous coronary 

intervention [9-24]. However, most studies report only a small number of patients 

[9-11,17-24]. Moreover, some studies include also patients with an acute 

coronary syndrome, which could have influenced the results [8,16,21]. 

To assess the incidence and predictive value of creatine kinase or troponin T 

elevation after elective percutaneous coronary intervention in daily practice, the 

current prospective study was designed. 

 

 

Methods 

 

Study population 

It concerns a prospective, observational study [25]. The patient cohort included 

unselected patients who underwent elective percutaneous coronary intervention 

between June 2002 and August 2003 in the Isala klinieken, Zwolle, the 

Netherlands. All patients had symptomatic coronary artery disease with objective 

evidence of ischemia. Patients with percutaneous coronary intervention for ST 

elevation myocardial infarction were excluded, as well as patients with urgent 

percutaneous coronary intervention for acute coronary syndromes. 

 

Procedure and laboratory testing 

All angiographic and percutaneous coronary intervention procedures were 

performed according to the standard protocol. Routine care before and after the 

procedure was undertaken for all patients, including preprocedural use of aspirin 

and a bolus of intravenous heparin (5000 U) at the beginning of the procedure. All 
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patients received a loading dose of 300 mg clopidogrel before the procedure, 

followed by 75 mg once daily for at least 28 days after the percutaneous coronary 

intervention. Use of glycoprotein IIb/IIIa receptor inhibitors or stents was left to the 

discretion of the interventional cardiologist. At the time the study was performed, 

the use of drug eluting stents was less than 10%. 

A blood sample was routinely obtained from all patients just before the 

interventional procedure in the catheterisation room. The second sample was 

taken 08.00 a.m. the day after, at least 12 and at maximum 22 hours after the 

procedure. All samples were prepared and stored locally in our core laboratory at 

-70°C until analysed. Troponin T was analysed using the third generation troponin 

T test (Roche diagnostics, Mannheim, Germany) with a threshold of 0.01 ng/ml. 

Although the 99th percentile of normal troponin T may be as low as 0.01 ng/ml, 

according to other recent studies we used 0.05 ng/ml as cut-off value [26-29]. 

Separate analyses were performed using 0.03 ng/ml as cut-off value. However, 

as we pre-specified a cut-off value of 0.05 ng/ml, the final analyses were 

performed with this cut-off value for troponin T. Rise of creatine kinase level 

above 180 IU/L together with CK-MB > 4% was defined as elevated creatine 

kinase [30]. 

 

Clinical follow-up 

Clinical outcomes were obtained at least 30 days after percutaneous coronary 

intervention by telephone interviews with the patient, their relatives or their 

cardiologist or primary physician. Using a standardised format, information about 

repeat coronary angiography, repeat revascularisation, myocardial infarction, 

cerebrovascular accident, re-admission because of angina and death was 

collected. All details about clinical events were also obtained from the medical 

files. 

Myocardial infarction during follow-up was defined as new onset of Q waves or 

creatine kinase and CK-MB elevation above cut-off values. All deaths during 

follow-up were considered of cardiac cause. 

 

Statistical analysis 

All analyses were performed with SPSS statistical software (SPSS Inc., Chicago, 

Illinois). Group comparisons were done by the chi-square test for proportions and 

Student t test for continuous variables. Primary endpoint was defined as the 

combined incidence of death, myocardial infarction, stroke, repeat angiography or 

re-admission because of anginal symptoms during the follow-up period. 
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To assess the potential association between increasing enzymes and increasing 

incidence of the primary endpoint, patients were categorised in three groups. 

Patients without increased enzymes consisted of the control group. Patients with 

increased enzymes were divided into two groups, using the median value of the 

whole group of patients with increased enzymes as the cut-off value between the 

second and third group, thereby creating an equal number of patients in the latter 

2 groups (TnT 0.13 ng/ml, CK 250 IU/L). 

Multivariate analyses (logistic regression analyses) were performed to assess the 

independent association between increased troponin T or creatine kinase after 

the procedure and the occurrence of cardiac events in follow-up. A value of p < 

0.05 was considered significant. 

 

 

Results 

 

During enrolment, 745 patients were screened for our study. Of these 745 

patients, a total of 713 patients (96%) had no elevated troponin T (<0.05 ng/ml) 

before the percutaneous coronary intervention, representing the final study group. 

Mean age was 64 years (SD 10.3), 211 patients (30%) were female and 127 

patients (18%) had diabetes. Multivessel disease was present in 344 patients 

(48%) and 111 patients (16 %) had angina with CCS class 4. A total of 501 

patients (70%) were treated with a stent and 146 patients (20%) had angioplasty 

of more than 1 vessel. Percutaneous coronary intervention of a bypass graft was 

performed in 25 patients (4%). 54 patients (8%) received glycoprotein IIb/IIIa 

receptor inhibitors. Increased troponin T (>0.05 ng/ml) after the procedure was 

documented in 150 patients (21%) (mean in this group 0.29 ng/ml, SD 0.51; 

range 0.051-3.98) and increased creatine kinase in 66 patients (9%) (mean 

creatine kinase in this group 325 IU/L, SD 217; range 180-1187). Furthermore, 

684 patients (96%) had preprocedural and 463 patients (65%) had postprocedural 

undetectable levels of troponin T (<0.01 ng/ml). 

Baseline variables according to elevated troponin T (>0.05 ng/ml) after the 

percutaneous coronary intervention are shown in table 1. Patients with troponin T 

elevation more often had creatine kinase elevations (32%) compared to those 

without increased troponin T (3%, p <0.001). 
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Table 1. Baseline characteristics of 713 pts after elective PCI without increased troponin 
(<0.05 ng/ml) before the PCI according to increased troponin (>0.05 ng/ml) after the PCI. 
 

 Troponin not 
increased 
(n=563) 

Troponin 
increased 
(n=150) 

 
 
  P 

    

Age, yrs 63.5 (±10) 63.7 (±11) 0.84 
Female 172 (31) 39 (26) 0.28 
Risk factors 

Diabetes mellitus 
Hypercholesterolemia 
Smoking 
Hypertension 
Family history of coronary artery disease 

Multivessel disease 

 
108 (19) 
316 (69) 
179 (33) 
249 (49) 
195 (37) 
265 (47) 

 
19 (13) 
82 (68) 
51 (35) 
62 (48) 
55 (40) 
79 (53) 

 
0.06 
0.94 
0.61 
0.80 
0.59 
0.22 

Medical history 
Myocardial infarction 
Percutaneous coronary intervention             
Coronary bypass grafting 
Cerebrovascular accident 

 
249 (44) 
148 (26) 
68 (12) 
38 (6.7) 

 
70 (47) 
41 (27) 
16 (11) 
13 (8.7) 

 
0.56 
0.81 
0.63 
0.42 

Percutaneous coronary intervention 
RCA 
LAD 
Multivessel PCI 
Stent 
CCS4 

 
165 (29) 
239 (43) 
100 (18) 
395 (70) 
81 (14) 

 
35 (23) 
60 (40) 
46 (31) 
106 (72) 
30 (20) 

 
0.15 
0.59 
0.001 
0.73 
0.09 

Mean or number (sd or %) 

 

 

Table 2 shows baseline variables according to increased creatine kinase after the 

percutaneous coronary intervention. After multivessel percutaneous coronary 

intervention there was a significant increase of both troponin T and creatine 

kinase. Only 11 patients (1.5 %) had after the PCI suboptimal blood flow, defined 

as Thrombolysis In Myocardial Infarction (TIMI) flow less than 3. Of these 

patients, 3 had elevated troponin T and CK after the procedure (NS). Accordingly, 

observed TIMI flow after the PCI could not explain the majority of increased TnT 

or CK. 

 

Mean follow-up was 10.9 months (SD 10.6), and 30-day follow-up was available 

in all patients. The primary endpoint was documented in 139 patients (19.5%) and 

was significantly observed more often in patients with diabetes, multivessel 

disease or multivessel percutaneous coronary intervention. Also patients with a 

previous revascularisation by either percutaneous coronary intervention or 

coronary artery bypass grafting had a higher incidence of the primary endpoint. 

Differences between patients with and without elevated cardiac enzymes with 

regard to events during the follow-up period are shown in table 3. 
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Table 2. Baseline characteristics of 713 pts after elective PCI without increased troponin 
(<0.05 ng/ml) before the PCI according to increased creatine kinase (>180 IU/L with CK-MB 
>4%) after the PCI. 
 
 Creatine kinase 

not increased 
(n=647) 

Creatine kinase 
increased 
(n=66) 

 
 
  P 

 

Age, yrs (sd) 
 

63.3 (±10.4) 
 

65.3 (±10.0) 
 

0.15 
Female 193 (29.8) 18 (27.3) 0.67 
Risk factors 

Diabetes mellitus 
Hypercholesterolemia 
Smoking 
Hypertension 
Family history of coronary artery disease 

Multivessel disease 

 
114 (17.6) 
357 (67.7) 
213 (33.8) 
283 (49.2) 
219 (36.6) 
264 (44.3) 

 
13 (20.0) 
41 (77.4) 
17 (27.0) 
28 (47.5) 
31 (50.8) 
26 (41.3) 

 
0.63 
0.15 
0.28 
0.80 
0.03 
0.97 

Medical history 
Myocardial infarction 
Percutaneous coronary intervention 
Coronary bypass grafting 

Cerebrovascular accident 

 
295 (45.7) 
170 (26.3) 
77 (11.9) 
45 (7.0) 

 
24 (36.9) 
19 (28.8) 
7 (10.6) 
6 (9.1) 

 
0.18 
0.67 
0.76 
0.52 

Percutaneous coronary intervention 
RCA 
LAD 
Multivessel PCI 
Stent 
CCS4 

 
183 (28.3) 
272 (42.0) 
126 (19.5) 
453 (70.1) 
105 (16.2) 

 
17 (25.8) 
27 (40.9) 
20 (30.3) 
48 (73.8) 
6 (9.1) 

 
0.66 
0.86 
0.04 
0.53 
0.13 

Mean or number (sd or %) 
 

 

 

 

Table 3. Events during follow-up of 713 pts after elective PCI without increased troponin 
(<0.05 ng/ml) before the PCI according to increased troponin (>0.05 ng/ml) and increased 
creatine kinase (>180 IU/L) after the PCI. 
 
 Troponin not 

increased 
(n=563) 

Troponin 
increased 
(n=150) 

 
 
  P 

Cr.kinase not 
increased 
(n=647) 

Cr.kinase 
increased 
(n=66) 

 
 
  P 

       

Death 9 (1.6) 0 0.12 9 (1.4) 0 0.34 
Myocardial infarction 3 (0.5) 6 (4.1) 0.001 4 (0.6) 5 (7.8) 0.001 
Coron. angiography 
Re-PCI 
CABG 
Stroke 
Re-admission 
Combined endpoint 

55 (9.8) 
42 (7.5) 
12 (2.1) 
7 (1.2) 
50 (9.0) 
101 (17.9) 

21 (14) 
16 (10.7) 
3 (2.0) 
2 (1.3) 
29 (19) 
38 (25.3) 

0.14 
0.20 
0.92 
0.93 
0.001 
0.04 

67 (10.4) 
51 (7.9) 
15 (2.3) 
7 (1.1) 
67 (10.5) 
124 (19.2) 

9 (13.6) 
7 (10.6) 
0 
2 (3.0) 
12 (18.2) 
15 (22.7) 

0.41 
0.44 
0.21 
0.18 
0.06 
0.49 

Number (%) 
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Mortality was low and neither associated with elevated troponin T nor creatine 

kinase. There was, however, a strong association between the occurrence of 

myocardial infarction and postprocedural increase of both troponin T and creatine 

kinase. Increased troponin T was also associated with re-admission for anginal 

complaints. Increased troponin T but not increased creatine kinase was 

associated with increased incidence of the primary endpoint. There was also an 

association between increasing troponin T after the percutaneous coronary 

intervention and increasing incidence of the primary endpoint (figure 1, panel A). 

There was no association between categories of increased creatine kinase and 

the primary endpoint (figure 1, panel B). 

 

 

To assess the independent association between increased troponin T or creatine 

kinase and the primary endpoint, multivariable analyses were performed. The 

unadjusted odds ratio of increased creatine kinase was 1.24 (95% CI 0.68-2.28). 

After adjusting for differences in age, gender, multivessel percutaneous coronary 

intervention, diabetes and angina class, the odds ratio of increased creatine 

kinase for the incidence of the primary endpoint was 1.16 (95% CI 0.62-2.15). 

The unadjusted odds ratio of increased troponin T was 1.55 (95% CI 1.01-2.38). 

After multivariable analyses, the odds ratio of increased troponin T for the 

incidence of the primary endpoint was 1.59 (95% CI 1.02-2.47). 

Using 0.03 ng/ml as cut-off value for troponin T elevation, patients with increased 

troponin T after the procedure had the combined endpoint in 26.6% compared to 

17.0% of patients without increased troponin T (p =0.004). 
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Figure 1. Association between categories of troponin T (panel A) or creatine kinase (panel 
B) and the incidence of the combined clinical endpoint after elective percutaneous coronary 
intervention in 713 patients. 
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Discussion 

 

The present study shows an association between troponin T rise after elective 

percutaneous coronary intervention and cardiac events during follow-up. Mortality 

in this low-risk population was low, and was neither associated with troponin T nor 

creatine kinase increase. Increased creatine kinase was only significantly 

associated with myocardial infarction during follow-up. In patients with elective 

percutaneous coronary intervention, the prognostic value of troponin T is more 

important than creatine kinase. 

 

Mechanism 

There may be several explanations for the worse prognosis of patients with 

enzyme increase after elective percutaneous coronary intervention. It has been 

demonstrated that troponin increase after percutaneous coronary intervention 

was associated with more complex procedures, with prolonged inflation times, 

complex lesion morphology [17] and more often side branch occlusion [31]. Also, 

patients with troponin elevation may have an increased systemic inflammatory 

state [32]. Magnetic resonance imaging studies showed that even small increases 

of cardiac markers (either CK-MB or Troponin I) after percutaneous coronary 

intervention are associated with new irreversible myocardial injury [33,34]. The 

adverse consequences of myocardial damage caused by percutaneous 

interventions may be similar to spontaneous myocardial damage [7]. Another 

explanation for the worse prognosis is that troponin increase is caused by 

microembolism [35]. 

 

Previous literature 

In comparison with other studies with a similar follow-up period, the event rate in 

our study was low. The average long-term incidence of the combined endpoint of 

death, myocardial infarction or recurrent revascularisation in four other 

comparable studies was 19.1%, compared to 12.8% in our study [10,12,20,23]. 

Mortality in our patient cohort was 1.3 % compared to 3.8% in the four previous 

studies. Cavallini et al, recently showed a linear association between 2-years 

mortality and CK-MB elevation, but did not find such relation between troponin I 

elevation and death [8]. However, more than half of their patients had an acute 

coronary syndrome, with a direct effect on prognosis, probably influencing the 

results. A small study of 269 patients undergoing elective stent implantation 

showed a significant association between postprocedural troponin T and the 
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combined endpoint of death, myocardial infarction and coronary bypass grafting 

during follow-up [9], which was confirmed by three other small studies focusing on 

MACE [10,11,19]. Another study however, could not confirm this relation in 1129 

patients during 8-months follow-up [12]. In a meta-analysis of 7 small studies, 

there was a significant association between troponins (I and T) and the combined 

endpoint of myocardial infarction/death, but not between increased troponin and 

MACE [13]. Two other studies could not demonstrate an association between 

postprocedural troponin I rise and mortality in 1-year follow-up [14,15]. In patients 

with chronic renal failure, but not on dialysis, postprocedural troponin I rise seems 

to be strongly associated with mortality as well as with MACE in follow-up [20]. 

 

Study limitations 

Our study has several limitations. First, the number of patients was relatively 

small and the follow-up period relatively short. However, most previous studies 

had an even smaller sample size and also a short follow-up period. Second, the 

primary combined endpoint included five different endpoints. However, a study in 

such a low-risk population with only endpoint death or myocardial infarction 

should include thousands of patients to be powered. Third, there was no detailed 

description of lesion morphology and angiographic complications of the 

percutaneous coronary intervention such as side branch occlusion. Fourth, the 

use of glycoprotein IIb/IIIa receptor inhibitors was low, as could be expected in 

this low risk population [36]. Fifth, although our study is a prospective, non-

randomised registry, there was no routine angiographic follow-up. Sixth, although 

the used cut-off value of 0.05 ng/ml for troponin T is commonly used, cut-off 

values of 0.01 and 0.03 ng/ml might be used as well [37,38]. However, additional 

analyses with 0.03 ng/ml as cut-off value did not change the conclusions, and, as 

mentioned earlier, 0.05 ng/ml was pre-specified in the protocol and therefore used 

in the final analysis. Finally, the blood samples after percutaneous coronary 

intervention were taken only once, with possibly underestimating the total troponin 

T release. 

 

Implications 

The recently revised European guidelines for percutaneous coronary intervention 

do not recommend the use of troponin T after percutaneous coronary intervention 

[39]. However, the recommendation in these guidelines seems to be based on 

only four studies, including one meta-analysis which included studies that were 

not yet published [13]. According to the also recently revised ACC/AHA 
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guidelines, most patients can be safely discharged within 24 h after an elective, 

uncomplicated percutaneous coronary intervention [40]. Biochemical evidence of 

periprocedural myocardial infarction is defined by rise of CK-MB or troponin I or T 

after percutaneous coronary intervention. Determining these markers is 

recommended for patients with signs or symptoms suggestive of myocardial 

infarction or angiographic evidence of complications, although routine 

measurement of these cardiac biomarkers seems to be reasonable 8 to 12 hours 

after the procedure, according to these American guidelines. 

Our study suggests that troponin T is better to identify patients at risk for future 

cardiac adverse events when compared to creatine kinase. 

 

Conclusion 

Troponin T predicts better than creatine kinase future cardiac events in patients 

undergoing elective percutaneous coronary intervention. Whether more intensive 

monitoring and treatment of patients with increased troponin T after percutaneous 

coronary intervention will improve their prognosis remains to be determined. 
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