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Background: Complex multimarker approaches to predict outcome after ST-elevation myocar-

dial infarction (STEMI) have only considered a single baseline sample, while neglecting easily

obtainable peak creatine kinase and creatine kinase-MB (CK-MB) values during

hospitalization.

Methods: We studied 476 patients undergoing primary percutaneous coronary intervention for

STEMI and cardiac magnetic resonance imaging (CMRI) at 4-6 months after STEMI. We deter-

mined the association with cardiac biomarkers (peak CK-MB, peak troponin T, N-terminal

pro-brain natriuretic peptide), clinical and angiographic characteristics with infarct size, and

LVEF, followed by association with mortality in 1120 STEMI patients.

Results: Peak CK-MB was the strongest predictor for infarct size (P<0.001, R2=0.60) and LVEF

(P<0.001, R2=0.40). The additional value of clinical and angiographic characteristics was limited.

The optimal peak CK-MB cutpoints, for differentiation among small (<10% of the left ventricle),

moderate (≥10%–<30%), and large infarct size (≥30%), were 210 U/L and 380 U/L, respec-

tively. These cutpoints were associated with 90-day mortality; the hazard ratio for moderate

infarct was 2.99 (95% confidence interval [CI]: 1.51-5.93, P=0.002) and for large infarct 6.53

(95% CI: 3.63-11.76, P<0.001).

Conclusions: Classical peak CK-MB measured during hospitalization for STEMI was superior to

other clinical and angiographic characteristics in predicting CMRI-defined infarct size and LVEF,

and should be included and validated in future multimarker studies. Peak CK-MB cutpoints dif-

ferentiated among infarct size categories and were associated with increased 90-day

mortality risk.
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1 | INTRODUCTION

The last decade, improvement of therapy has resulted in an overall

decline of early and late mortality from ST-segment myocardial

infarction (STEMI) at the cost of an increasing number of patients

eventually developing heart failure. Due to an ageing population and

unhealthy lifestyles, the burden of coronary artery disease (CAD) and

heart failure is anticipated to increase the next decade.1

Received: 28 October 2016 Accepted: 23 November 2016

DOI 10.1002/clc.22663

322 © 2016 Wiley Periodicals, Inc. wileyonlinelibrary.com/journal/clc Clinical Cardiology. 2017;40:322–328.

http://orcid.org/0000-0002-6965-3259
http://wileyonlinelibrary.com/journal/clc


Early identification of patients at increased risk to develop adverse

outcome after STEMI is important. Myocardial infarct size and left ven-

tricular ejection fraction (LVEF) are both strong and independent predic-

tors of outcome and can be reliably determined by cardiac magnetic

resonance imaging (CMRI)2,3 several months after STEMI.4,5 Multiple

variables during myocardial infarction (MI) hospitalization have been

studied as early predictors of infarct size and LVEF. These include clini-

cal, biochemical, and angiographic factors, including troponin, N-terminal

pro-brain natriuretic peptide (NT pro-BNP), high sensitivity C-reactive

protein, duration of ischemia, location of STEMI and myocardial blush

grade (MBG).6–13 Whether these factors have independent value in

addition to the more classical parameter creatine kinase-MB (CK-MB) to

predict CMRI-measured infarct size and LVEF has not been well estab-

lished. Previous CMRI studies were hampered by small sample size,

investigated only a single or selected number of cardiac specific biomar-

kers, and did not determine optimal cutpoints that might be of value in

clinical care. In addition, previous (multimarker) outcome studies focused

on admission blood biomarkers and neglected the values easily obtaina-

ble during hospitalization, including peak CK-MB or peak troponin.14

The aim of this study was to determine the value of biochemical,

clinical, and angiographic characteristics in relation to CMRI-defined

infarct size and LVEF at 4 to 6 months in STEMI patients treated with

primary percutaneous coronary intervention (PCI). We determined

optimal biomarker cutpoints to differentiate small from large MI and

assessed their association with long-term mortality.

2 | METHODS

We pooled individual-level data of the GIPS-III (Glycometabolic Inter-

vention as Adjunct to Primary Percutaneous Coronary Intervention in

ST-Segment Elevation Myocardial Infarction) and PREPARE (The PRoxi-

mal Embolic Protection in Acute myocardial infarction and Resolution

of ST-Elevation) randomized clinical trials, both described thoroughly in

the Supporting Information in the online version of this article. Both

studies evaluated LVEF and infarct size within 4 to 6 months after

STEMI by CMRI. LVEF was categorized according to current guide-

lines.15 Categories moderately and severely abnormal LVEF were taken

together because of small group size. Infarct size was categorized in

small (<10% of the left ventricle), moderate (≥10%– < 30%), and large

infarct size (≥30%) as recommended by the guidelines.16

The University Medical Centre Groningen (UMCG) STEMI regis-

try was used to investigate association of biomarker cutpoints with

long-term mortality. In total, 1120 patients with STEMI in the period

of January 1, 2011 until May 31, 2013, including subjects participat-

ing in the GIPS-III trial, treated in the UMCG, were included. All

patients with STEMI underwent diagnostic coronary angiography and

PCI, and were 18 years of age and older. Patients were excluded

when no significant CAD was found. The medical ethics committee

of the UMCG approved the study.

2.1 | Statistical analysis

Dichotomous variables are presented as percentages and continuous

variables as medians with the interquartile range (IQR). Uni- and

multivariable linear regression analyses were performed to determine

correlates of infarct size and LVEF at 4 to 6 months and baseline vari-

ables. Age and sex were forced in all multiple linear regression mod-

els. Variables with P value ≤0.10 in univariable linear regression were

included in the multiple linear regression analyses. Multiple linear

regression analyses were performed by means of a forward stepwise

algorithm (cutoff for entry ≤0.05) to identify independent predictors

of infarct size and LVEF. To validate the consistency, this was

repeated with a backward stepwise algorithm (cutoff for removal

≤0.10), and with the bootstrap method as implemented with the

swboot command in Stata (StataCorp LP, College Station, TX). By

bootstrapping, 1000 repetitions were made for model selection, and

variables were reported when present in the majority of bootstrap

attempts (>50%). The models were tested for collinearity using the

variance inflation factor and the condition index. Goodness-of-fit of

the final linear regression models were assessed with the adjusted R2

and the Mallow Cp statistic. The nonparametric Dunn test was per-

formed for comparisons between categories of cardiac biomarkers.

Optimal cutpoints for cardiac biomarkers were determined using the

Youden index. Time to event analyses were performed with Cox

regression models adjusted for risk factors available in our dataset

and referred to in the European Society of Cardiology guidelines: age,

sex, previous CAD (PCI, coronary artery bypass graft [CABG], and/or

MI), and diabetes mellitus (DM).17 Model discrimination was tested

with the Harrell C index. All reported P values are 2-sided.

A P < 0.05 was considered to indicate a significant difference. Ana-

lyses were performed with STATA/IC version 13.0 (StataCorp).

3 | RESULTS

3.1 | Baseline characteristics

Baseline characteristics of patients included in the GIPS-III and PRE-

PARE trials are presented in Table 1. The median age was 58 years,

and the majority was male. The prevalence of smoking, diabetes, his-

tory of stroke, diastolic blood pressure, and single vessel disease was

different between GIPS-III and PREPARE. Peak values of CK-MB

were available in all patients; peak troponin T was available in

175 (85%) of patients participating in the PREPARE trial and in all

patients of the GIPS-III study. Peak troponin T, CK-MB, and troponin

T at admission were higher in the PREPARE than GIPS-III. Infarct-

related arteries, Thrombolysis in Myocardial Infarction (TIMI) flow

pre-PCI and MBG were also distributed unevenly. In the UMCG

STEMI registry, the majority of the patients was male (72%) and the

median age was 62.5 years (IQR 52.9–71.3). Median peak CK-MB

was 153 U/L (IQR 65–305.5), median peak troponin T was 2.59 μg/L

(IQR 0.89–5.82).

3.2 | Infarct size and LVEF

Infarct size, as a percentage of the left ventricle, was available in

454 patients with a median of 8.9% (IQR 3.1–15.5), and this was

higher in the PREPARE compared to the GIPS-III trial (median

7.1% vs 10.2%, respectively, P = 0.0003). None of the patients in
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the GIPS-III trial died during the first 4 months of follow-up. In

total, 7 patients of the PREPARE study died within 120 days of

follow-up, and therefore CMRI was not performed in these

patients. LVEF was available in 476 patients, with a median of

54.2% (IQR 47.0–59.3) and was higher in the GIPS-III compared

to the PREPARE trial (median 55.4% vs 52.0%, respectively,

P = 0.0003). Infarct size and LVEF were correlated (r = −0.69,

P < 0.0001).

3.3 | Univariable linear regression

The univariable regression of infarct size identified several predictors:

patient-related parameters (heart rate), angiographic-related charac-

teristics (infarct-related artery, TIMI flow pre-PCI, TIMI flow post-PCI,

and MBG) and cardiac biomarkers (CK-MB, CK, NT pro-BNP, and tro-

ponin T) (Table 2). The cardiac biomarkers were the strongest predic-

tors for infarct size at 4 to 6 months. The same parameters were also

predictive for LVEF at 4 to 6 months.

TABLE 1 Baseline characteristics of GIPS-III and PREPARE

Factor GIPS-III, Median (IQR)/No. (%), n = 271 PREPARE, Median (IQR)/No. (%), n = 205

Age, y 58 (49–65) 58 (50– 66)

Male 213 (79) 172 (84)

Body mass index, kg/m2 26.5 (24.3–29.3) 26.5 (24.3–28.6)

Ethnicity; Caucasian, Asian, black 240 (95), 10 (4), 4 (2) 0

Hypertension 71 (28) 43 (21)

Diabetes 0 14 (7)

Active smoker at randomization 129 (51) 127 (62)1

Stroke 1 (0) 5 (2)1

Previous PCI 3 (1) 8 (4)

Blood pressure, mmHg, systolic, diastolic 132 (119–146), 84 (74–95) 130 (114–153), 771 (68–88)

Heart rate, beats/min 75 (64–84) 70 (60– 86)

Ischemia time, min 161 (107–242) 158 (127–219)

Single vessel disease 195 (72) 141 (69)1

Infarct-related artery–left main 0 01

LAD 111 (41) 64 (31)

LCX 46 (17) 22 (11)

RCA 114 (42) 119 (58)

TIMI flow pre-PCI

0 145 (57) 190 (93)1

1 19 (8) 12 (6)

2 44 (17) 3 (1)

3 46 (18) 0

TIMI flow post-PCI

0 0 1 (0)

2 16 (6) 16 (8)

3 238 (94) 188 (92)

Myocardial blush grade

0 5 (2) 4 (2)1

1 17 (7) 46 (23)

2 53 (21) 89 (45)

3 177 (70) 57 (29)

CK-MB, U/L 17 (13–25) 5 (3.5–9)1

Troponin T, μg/L 0.05 (0.02–0.15) 0 (0–0.07)1

NT pro-BNP, ng/L 81 (38–200) 84 (14–245)

HsCRP, mg/L 1.8 (0.9–3.8) 2.2 (1.2–4.5)

eGFR, mL/min 96 (86–103) 93 (80–103)

Peak CK-MB, U/L 163 (76–328) 180 (108–325)

Peak Troponin T, μg/L 2.99 (1.27–6.37) 3.64 (1.35–7.91)1

Abbreviations: CK-MB, creatine kinase-MB; eGFR, estimated glomerular filtration rate; GIPS-III, Glycometabolic Intervention as Adjunct to Primary Percu-
taneous Coronary Intervention in ST-Segment Elevation Myocardial Infarction; HsCRP, high-sensitivity C-reactive protein; IQR, interquartile range; LAD,
left anterior descending artery; LCX, left circumflex artery; NT pro-BNP, N-terminal pro-brain natriuretic peptide; PCI, percutaneous coronary interven-
tion; PREPARE, The PRoximal Embolic Protection in Acute myocardial infarction and Resolution of ST-Elevation; RCA, right coronary artery; TIMI, Throm-
bolysis in Myocardial Infarction.
1 P ≤ 0.05 between GIPS-III and PREPARE.
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3.4 | Multivariable linear regression

The stepwise backward multiple linear regression model of infarct

size identified peak CK-MB, peak Troponin T, MBG 1, TIMI 1 flow

pre-PCI, and culprit vessel right coronary artery (RCA) as predictors

(R2 = 0.66, P ≤ 0.017; Table 3). The forward model was identical. The

bootstrap model, including variables present >50% of the time, also

identified the same variables. The stepwise backward and forward

models for LVEF identified peak CK-MB, NT pro-BNP, MBG, and cul-

prit vessel RCA (R2 = 0.46, P ≤ 0.049) as predictors. The bootstrap

model for LVEF also identified the same variables, except peak tropo-

nin T was more frequently selected than MBG. Significant interac-

tions (P ≤ 0.05) existed between age, gender, and cardiac biomarkers

peak troponin T and peak CK-MB, but including them in the models

did not improve the model fit.

3.5 | Categories of infarct size and LVEF and
optimal biomarker cutpoints

Categories of infarct size, as assessed by CMRI, strongly related to car-

diac biomarkers (see Supporting Figure 1A in the online version of this

article). Median peak CK-MB was 105 U/L (IQR 50–160) in small infarct

size, 316 U/L (IQR 222–473) in moderate infarct size, and 578 U/L

(IQR 436–768) in large infarct size (P < 0.01 for all comparisons).

Median peak troponin T was 1.79 μg/L (IQR 0.63–2.94) in small infarct

TABLE 2 Univariable regression analyses data of GIPS-III and PREPARE

Factor
Infarct Size LVEF

P Standardized β, SE R2 P Standardized β, SE R2

Age 0.41 0.61

Sex 0.98 0.20

Body mass index, kg/m2 0.06 −0.09, 0.13 0.01 0.12

Ethnicity 0.23 0.80

Hypertension 0.27 0.13

Diabetes 1.00 0.19

Active smoker at randomization 0.22 0.92

Stroke 0.76 0.10

Previous PCI 0.72 0.54

Systolic blood pressure 0.61 0.90

Diastolic blood pressure 0.45 0.36

Heart rate, beats/min 0.002 0.14, 0.02 0.02 0.002 −0.14, 0.02 0.02

Ischemia time, min 0.73 0.07 −0.08, 0.003 0.01

Single vessel disease 0.16 0.51

Infarct-related artery <0.001 0.11 <0.001 0.08

LCX 0.131 −0.07, 1.27 0.34 0.05, 1.30

RCA <0.001 −0.35, 0.90 <0.001 0.30, 0.90

TIMI flow pre-PCI <0.001 0.06 <0.001 0.03

TIMI 1 0.77 0.02, 0.98 0.16 −0.07, 0.99

TIMI 2 0.03 −0.11, 1.41 0.13 0.07, 1.43

TIMI 3 <0.001 −0.22, 1.49 0.009 0.13, 1.49

TIMI flow post-PCI 0.006 0.02 0.002 0.03

TIMI 2 0.50 0.17, 9.29 0.11 −0.41, 9.49

TIMI 3 0.92 0.03, 9.16 0.33 −0.25, 9.36

Myocardial blush grade <0.001 0.09 <0.001 0.09

MBG 1 0.75 0.04, 3.13 0.67 −0.05, 3.19

MBG 2 0.12 −0.24, 3.03 0.18 0.20, 3.08

MBG 3 0.022 −0.37, 2.99 0.03 0.36, 3.05

CK-MB, U/L <0.001 0.18, 0.01 0.03 0.002 −0.14, 0.01 0.02

Troponin T, μg/L 0.42 0.80

NT pro-BNP, 1000 ng/L <0.001 0.24, 0.001 0.06 <0.001 −0.26, 0.001 0.07

eGFR, mL/min 0.42 0.54

Peak CK-MB, 100 U/L <0.001 0.77, 0.001 0.60 <0.001 −0.63, 0.002 0.40

Peak troponin T, μg/L <0.001 0.67, 0.060 0.44 <0.001 −0.56, 0.07 0.32

Abbreviations: CK-MB, creatine kinase-MB; eGFR, estimated glomerular filtration rate; GIPS-III, Glycometabolic Intervention as Adjunct to Primary Percu-
taneous Coronary Intervention in ST-Segment Elevation Myocardial Infarction; IQR, interquartile range; LCX, left circumflex artery; LVEF, left ventricular
ejection fraction; MBG, myocardial blush grade; NT pro-BNP, N-terminal pro-brain natriuretic peptide; PCI, percutaneous coronary intervention; PRE-
PARE, The PRoximal Embolic Protection in Acute myocardial infarction and Resolution of ST-Elevation; RCA, right coronary artery; SE, standard error;
TIMI, Thrombolysis in Myocardial Infarction.
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size, 6.47 μg/L (IQR 3.93–8.93) in moderate infarct size, and 11 μg/L

(IQR 7.95–18.81) in large infarct size (P = 0.11 for moderate vs large

comparison and P < 0.001 for remaining comparisons). In logistic

regression analysis, the predictive value to discriminate between infarct

size categories using the multiple regression model for infarct size, peak

CK-MB, peak troponin T, or LVEF was assessed. The models were sig-

nificantly different in their predictive ability (see Supporting Figure 2A–

D in the online version of this article, P ≤ 0.001). The area under the

curve (AUC) of the multiple regression model for infarct size and peak

CK-MB were high (0.82–0.95). When differentiating between moderate

and large infarct size, the AUC of the multiple regression model was the

highest (0.95) compared to AUC of 0.82 for peak CK-MB, 0.78 for peak

troponin T, and 0.89 for LVEF.

LVEF was categorized and related to cardiac biomarkers (see

Supporting Figure 1B in the online version of this article). Compari-

sons between mildly (n = 142) or moderately abnormal (n = 51) vs

severely abnormal LVEF (n = 11) were not significant. After taking

into account group size, the categories moderately and severely

abnormal LVEF were merged (P < 0.001 for all comparisons). Median

peak CK-MB was 131 U/L (IQR 56–196) in normal LVEF, 276 U/L

(IQR 160–418) in mildly abnormal LVEF, and 499 U/L (IQR 345–666)

in moderately to severely abnormal LVEF. Median peak troponin T

was 2.07 μg/L (IQR 0.98–3.81) in normal LVEF, 5.18 μg/L (IQR

2.47–8.26) in mildly abnormal LVEF, and 9.67 μg/L (IQR 6.54–14.80)

in moderately to severely abnormal LVEF. In logistic regression analy-

sis, the predictive value to discriminate between LVEF categories

using the multiple regression model for LVEF, peak CK-MB, and peak

troponin T were assessed. The AUC for LVEF categories was overall

lower than reported for infarct size categories (see Supporting

Figure 2A–D in the online version of this article).

For peak CK-MB, the strongest univariate predictor of both

infarct size and LVEF, the optimal cutpoint for differentiation

between small vs moderate infarct was 210 U/L (sensitivity 0.79 and

specificity 0.88). For moderate vs large infarct, the cutpoint was

380 U/L (sensitivity 0.90 and specificity 0.65). The optimal cutpoint

for differentiation between normal vs mildly abnormal LVEF was

200 U/L (sensitivity 0.68 and specificity 0.77). For mildly abnormal vs

moderately to severely abnormal LVEF the cutpoint was 361 U/L

(sensitivity 0.74 and specificity 0.70).

3.6 | Peak CK-MB and its association with mortality

In the UMCG STEMI registry (n = 1120) 90-day mortality was related

to categories of predicted infarct size based on the defined two cut-

points of peak CK-MB. The hazard ratio (HR) was 2.99 (95% confi-

dence interval [CI]: 1.51-5.93) for the moderate category infarct size

and HR 6.53 (95% CI: 3.63-11.76) for the large category infarct size

(P < 0.01, Figure). After adjustment for age, sex, previous CAD

(including history of PCI, CABG, or MI), and DM, the corresponding

HRs remained similar (Harrell C index 0.78, Table 4). After stepwise

backward multivariable Cox regression, including variables from the

infarct size linear regression model, only peak CK-MB was a signifi-

cant predictor of 90-day mortality. From the variables of the LVEF

linear regression model, only peak CK-MB and NT pro-BNP predicted

90-day mortality (peak CK-MB per 100 U/L: adjusted HR 1.24 [95%

CI: 1.19-1.29], P < 0.001, NT pro-BNP per 1000 U/L: adjusted HR

1.01 [95% CI: 1.00-1.02], P = 0.007, Harrell C index 0.80).

4 | DISCUSSION

We studied the contemporary value of cardiac biomarkers available

during hospitalization and their optimal cutpoints to predict myocar-

dial infarct size, LVEF, and mortality in STEMI patients. We demon-

strated that peak CK-MB is the strongest predictor of infarct size,

LVEF and mortality and superior to clinical and angiographic charac-

teristics. The optimal CK-MB cutpoints to discern between small,

moderate, and large infarct as measured by CMRI were defined, and

these strongly predicted mortality.

Recently, several publications have reported the importance of a

multimarker approach to predict long-term outcome in patients pre-

senting with STEMI.10,14,18,19 Interestingly, many of these studies

TABLE 3 Multivariable regression models for infarct size and LVEF data of GIPS-III and PREPARE

Coefficient SE t P Standardized β

Infarct size, R2 = 0.66

Peak CK-MB, 100 U/L 2.81 0.22 13.05 <0.001 0.63

Peak troponin T, μg/L 0.25 0.08 3.04 0.003 0.15

MBG 1 3.00 0.81 3.71 <0.001 0.11

TIMI 1 pre-PCI 1.55 0.57 2.72 0.007 0.08

RCA −1.37 0.57 −2.40 0.017 −0.07

LVEF, R2 = 0.46

Peak CK-MB (100 U/L) −2.58 0.17 −15.49 <0.001 −0.58

NT pro-BNP (1000 ng/L) −1.64 0.66 −2.49 0.013 −0.09

MBG 1 −4.29 1.02 −4.21 <0.001 −0.16

MBG 2 −1.48 0.75 −1.97 0.049 −0.07

RCA 1.68 0.70 2.41 0.016 0.09

Abbreviations: CK-MB, creatine kinase-MB; GIPS-III, Glycometabolic Intervention as Adjunct to Primary Percutaneous Coronary Intervention in ST-
Segment Elevation Myocardial Infarction; LVEF, left ventricular ejection fraction; MBG, myocardial blush grade; NT pro-BNP, N-terminal pro-brain natriu-
retic peptide; PCI, percutaneous coronary intervention; PREPARE, The PRoximal Embolic Protection in Acute myocardial infarction and Resolution of ST-
Elevation; RCA, right coronary artery; SE, standard error; TIMI, Thrombolysis in Myocardial Infarction.
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only considered available biomarkers derived from blood obtained at

admission, and focused on the long-term instead of short-term out-

come. A major limitation of these studies is therefore the ignorance

of easily available short-term data hours after hospital admission,

including CK-MB measurements. Several earlier CMRI studies have

investigated biomarkers for infarct size and LVEF in smaller-sized

populations (see Supporting Table 1 in the online version of this arti-

cle). Overall, cardiac biomarkers CK, CK-MB, troponin I, and troponin

T correlated strongly with infarct size and less with LVEF. Peak CK-

MB level was reported to be the superior predictor of histological

infarct size in a postmortem study.20 AUC levels were not complete

for both cohorts, and in the GIPS-III trial, peak CK-MB was superior

to CK-MB AUC. In contrast, some studies found that the AUC is

superior to peak values for predicting infarct size and LVEF. This is

likely due to differences in sample size and availability of data to cal-

culate AUC accurately in all patients.

Comprehensive multiple regression analyses to predict infarct

size and LVEF have been performed earlier in various small scale

studies. Peak CK-MB was also reported as the strongest predictor of

infarct size at 30 days in a substudy of the INFUSE-AMI

(Intracoronary Abciximab Infusion and Aspiration Thrombectomy in

Patients Undergoing Percutaneous Coronary Intervention for Ante-

rior ST Segment Elevation Myocardial Infarction) trial, including ante-

rior STEMI patients undergoing PCI.21 In this study multiple

regression analysis peak CK-MB, final MBG 0 or 1, and age were

independent predictors of LVEF. In a similar substudy of the same

trial, high leukocyte count at presentation, together with age, total

abnormal wall motion score, time from symptom onset to first device,

proximal left anterior descending location, and poor TIMI flow at

baseline have also been reported as independent predictors of infarct

size.22 In the INFUSE-AMI substudies, R2 of the multivariable models

have not been reported, and direct comparison of the explained vari-

ance with the current study is therefore not possible. In a different

study, the most important predictors of LVEF at 3 months were NT

pro-BNP, microvascular obstruction, and CMRI-defined infarct size at

baseline.23 However, this study did not include other cardiac biomar-

kers, such as troponin or CK-MB, into their statistical models.

To our knowledge, cutpoints of peak CK-MB have not been

investigated previously. In our study, peak CK-MB appeared to be a

stronger predictor for infarct size than for LVEF. These cutpoints

were clinically relevant as indicated by its strong association with 90-

day mortality. In a recent study, including a large pooled group of

STEMI patients, CK-MB levels were also independently associated

with 3- and 6-month mortality.24 The currently presented cutpoints

might provide an easy tool for risk stratification in the early phase

after STEMI, and should be considered in future multimarker studies

that might provide further guidance for treatment.

In our study and previous studies, correlations with biomarkers

and CMRI infarct size appear to be stronger than with LVEF. This

might be explained by considerable interindividual variation of LVEF

in the general population. NT pro-BNP measured at admission was

present in the LVEF multiple regression model only, and together

with peak CK-MB it was associated with 90-day mortality. NT pro-

BNP might reflect a preexistent cardiac condition not related to the

infarct event, and therefore possibly provides additional information

on outcome.

5 | CONCLUSION

This study demonstrated the strength of peak CK-MB in the prediction

of infarct size and LVEF after STEMI. When considering peak CK-MB

obtained during hospitalization, the additional value of other biomarkers

and more complex multiple regression models was remarkably limited.

We provided peak CK-MB cutpoints that are associated with infarct

size categories and mortality. Further studies are needed to validate our

cutpoints to predict clinical outcome and guide therapy.

FIGURE 1 Peak CK-MB categorization based on predicted small vs

moderate vs large infarct size with 90-day all-cause mortality and
hazard ratios (N = 1120). Abbreviations: CI, confidence interval; CK-
MB, creatine kinase-MB.

TABLE 4 Peak CK-MB and NT pro-BNP predicting 90-day mortality in UMCG STEMI registry

Factor Hazard Ratio P Confidence Interval

Peak CK-MB ≥210 and <380 U/L 3.39 0.001 1.69-6.80

Peak CK-MB >380 U/L 7.47 <0.001 4.05-13.78

Age per year 1.04 <0.001 1.02-1.06

Female 0.64 0.16 0.34-1.19

Previous CAD1 2.38 0.003 1.34-4.21

Diabetes 1.10 0.768 0.59-2.05

Abbreviations: CK-MB, creatine kinase-MB; CAD, coronary artery disease; NT pro-BNP, N-terminal pro-brain natriuretic peptide; STEMI, ST-segment ele-
vation myocardial infarction; UMCG, University Medical Centre Groningen.
1 Previous CAD included history of PCI, coronary artery bypass surgery, and/or myocardial infarction.
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