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A B S T R A C T
Background: A multitude of biomarkers have been suggested for early risk-assessment in patients admitted to
the emergency department with suspected acute coronary syndromes. We used logistic regression
synergistically with classiﬁcation and regression tree (CART) analysis to deﬁne a multimarker strategy and
the cut-off values and sequencing needed to optimize risk stratiﬁcation in a low to moderate risk population
of the emergency department.
Methods: 432 unselected patients (59.7 ± 14.5 y, 60.4% male) admitted to the emergency department (ED)
with acute coronary syndromes (ACS) were enrolled. Cardiac troponin I (cTnI), N-terminal pro-B-Type
natriuretic peptide (NT-proBNP), high sensitivity C-reactive protein (hsCRP), placental growth factor (PlGF),
lipoprotein-associated phospholipase A2 (Lp-PLA2) and D-dimers were measured by immunoassay and
whole blood choline (WBCHO) and plasma choline (PLCHO) were measured using LC/MS from baseline
samples. Logistic regression and CART analysis were used to deﬁne the importance of the various biomarkers
tested and to deﬁne their hierarchy with respect to the prediction of major adverse cardiac events (MACE;
cardiac death, non-fatal MI, unstable angina, CHF requiring admission, urgent PCI and CABG) over the 42-day
follow-up period.
Results: A combination of NT-proBNP, WBCHO and Lp-PLA2 with cutoffs identiﬁed by CART-analysis was
optimal for risk-stratiﬁcation and superior to all other possible combinations of markers. Increased
concentrations of both NT-proBNP (N 1400 ng/l) and WBCHO (N 21 μmol/l) identiﬁed patients with very high
risk (RR = 2.4, 39% primary endpoint) while low concentrations of NT-proBNP (≤1400 ng/l), WBCHO
(≤17 μmol/l) and LP-PLA2 (≤210 μg/l) indicated very low risk (0% primary endpoint). WBCHO N 17 μmol/l
additionally identiﬁed a subgroup with intermediate risk (RR = 3.0, 13.5% primary endpoint) in patients with
NT-proBNP concentrations ≤1400 ng/l. Troponin when increased was highly prognostic but was not often
positive in this early cohort.
Conclusions: A multimarker strategy deﬁned synergistically by logistic regression and by classiﬁcation and
regression tree (CART) analysis can stratify patients into risk groups ranging from very low risk (0% MACE) to
very high risk (39.5% MACE) based on admission values.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction
The evaluation of patients who present to the emergency
department (ED) with chest pain suggestive of an acute coronary
syndrome (ACS) is challenging. Many patients present with chest pain
but only a minority have deﬁnite ACS and many, especially those who
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are older may have ACS without chest pain [1]. The diagnostic and
prognostic value of cardiac troponin I (cTnI) in this situation is well
established but its optimal use requires serial samples over time [2]. A
multi-marker approach to risk stratiﬁcation applied at the time of
presentation might provide similar information in a more timely
fashion and also identify those at risk, who do not manifest troponin
elevations.
Increases in biomarkers upstream from biomarkers of necrosis,
such as markers of inﬂammation, coagulation/ﬁbrinolysis and
markers of cardiac function, may be capable of fulﬁlling this role [3]
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and multiple studies have used this approach [4]. For example,
increased concentrations of high sensitivity C-reactive protein (hsCRP)
and N terminal-pro B-type natriuretic peptide (NT-proBNP) predict
major adverse cardiac events independent of elevations in cardiac
troponin [5]. D-dimer, a marker of ﬁbrinolysis used to help diagnose
pulmonary embolism has been shown to be helpful in the triage of
patients with ACS [6]. Similarly, whole blood choline (WBCHO)
predicts cardiac death, life-threatening cardiac arrhythmias, heart
failure and the need for coronary intervention when measured at the
time of presentation [7]. Lipoprotein-associated phospholipase A2 (LpPLA2), an inﬂammatory marker related to oxidized lipids, predicts
cardiovascular endpoints in initially healthy subjects [8–11] and in
patients with atherosclerosis [12]. Another new marker, placental
growth factor (PlGF), is thought to be a marker of plaque rupture [3]
and may identify patients at risk for mortality independent of cardiac
troponin and inﬂammatory markers [13] in patients with suspected
ACS [4].
Although the ability to provide rapid measurements of multiple
biomarkers with multiplex technology is near, the optimal method to
deﬁne multimarker strategies is controversial. Thus, we employed
both logistic regression methods and the use of a novel method called
classiﬁcation and regression tree (CART) analysis. The latter method
allows probing of optimal cut-offs and the sequencing of marker
determinations to optimally add information in a low to moderate risk
population of the emergency department.
2. Materials and Methods
2.1. Patients
Patients presenting to the ED at the Charité tertiary university clinic between May
22, 2002 and March 25, 2003 with suspected ACS were enrolled. The inclusion was
based on the judgement of the attending physician to consider cardiac ischemia as
cause of the acute symptoms and therefore a real life ED situation was investigated.
Therefore, all patients with chest discomfort could be included. The sample consisted of
432 consecutive patients enrolled within a median of 6.6 h of onset of chest pain (25%/
75% quartiles 2.5 h/27.4 h). Exclusion criteria were severe anemia (b7 g/dl), lack of
informed consent, and age b 18 y.
A history and physical examination, ECG and an initial cardiac troponin I (cTnI)
measurement were obtained in all patients and therapy initiated in accordance with the
German national guidelines [14,15]. Final discharge diagnoses were assessed by chart
review by an experienced physician who was neither involved in the treatment of the
patients nor the analysis of the data. For the deﬁnition of acute myocardial infarction
the ESC/ACC guidelines were used [16]. The Stratus® CS troponin I (cutoff 0.1 μg/l) or
troponin T (cutoff 0.03 μg/l) were used for the clinical diagnosis. The diagnosis of NSTEACS was based on clinical symptoms and at least 1 of the following: Increased cardiac
markers, pathological ST-segment changes, pathological ﬁndings in the coronary
angiography, new documented wall motion abnormalities in the echocardiogram,
positive stress-test within the ﬁrst week after presentation in troponin negative
patients. Patients were contacted at 42-days by telephone and in the case of
rehospitalization, the hospital charts were reviewed to determine the occurrence of
the combined primary endpoint major adverse cardiac events (MACE) of cardiac death,
non-fatal MI, unstable angina pectoris or congestive heart failure requiring admission,
urgent percutaneous intervention (PCI) and coronary artery bypass grafting (CABG).
Events were recorded excluding the index event which was deﬁned as occurring within
the ﬁrst 24 h. Thus, none of the myocardial infarctions or congestive heart failure
present on admission contributed to end point tabulation. However, some of the
subsequent events such as PCI, CABG, and congestive heart failure if they developed de
novo were included. The study was approved by the ethics committee of the Charité.
2.2. Laboratory testing
Only admission blood samples were analyzed for this study since these reﬂect all
means available to the emergency physician at initial risk stratiﬁcation and triage.
Lithium heparin samples were used for the measurement of cTnI, NT-proBNP, hsCRP,
PLCHO and PlGF. D-dimer and Lp-PLA2 were measured from citrate plasma and WBCHO
from heparinized whole blood samples. Samples were centrifuged within 2 h and
stored at −80 °C until analysis with the exception of the samples for WBCHO, which
were frozen as whole blood.
2.3. Analytical methods
Cardiac troponin I (cTnI) was measured at the point of care with the Stratus® CS
(DadeBehring, Marburg, Germany). The detection limit was 0.01 μg/l; the 99% value was
0.07 and the value with a 10% CV was published to be b 0.1 μg/l in healthy volunteers

[17] by one group and 0.06 μg/l by another [18]. In our laboratory pooled plasma
analysis conﬁrmed the 10% CV concentration at b 0.1 μg/l (data not shown). NT-proBNP
was measured by electrochemiluminescence immunoassay on the Elecsys® 2010
analyzer (Roche Diagnostics, Mannheim, Germany). The interassay CVs were 3.5% at
84.7 ng/l and 2.3% at 3265 ng/l for NT-proBNP [19]. CRP was measured by a high
sensitivity latex-enhanced immunoturbidimetric assay (hsCRP, Invicon, München,
Germany) on a Roche Modular analytical system (Roche Diagnostics, Mannheim,
Germany). The interassay CVs were 5.0% at 0.55 mg/l and 1.2% at 5.0 mg/l. D-dimer was
measured with the D-dimer Plus assay on the Sysmex® CA-1500 (DadeBehring in
Marburg, Germany). The interassay CVs was 11.5% in a normal plasma pool. Plasma LpPLA2 were determined with the PLAC® test (diaDexus, Inc. South San Francisco, CA).
The PLAC test is a solid phase ELISA for the quantitative determination of Lp-PLA2 in
human plasma or serum. The concentration of Lp-PLA2 was derived from a standard
curve constructed with recombinant Lp-PLA2 at concentrations of between 0 and
200 μg/l. The lower detection limit of this assay was approximately 2 μg/l. The interassay CV was 9.6%. PlGF was determined using the human PlGF Quantakine®
immunoassay (R&D Systems, Minneapolis, MN). The interassay CVs were 11.8, 11.0
and 10.9 for mean concentrations of 55, 184 and 724 ng/l, respectively. The package
insert states that the minimum detectable concentration was b 7 ng/l.
WBCHO and PLCHO were determined by liquid chromatography/mass spectrometry as described previously [7]. Hemolyzed whole blood (WBCHO) and plasma
samples (PLCHO) were deproteinized by centrifugation over a pre-rinsed ﬁlter with a
molecular mass cut-off at 10 000 D (Millipore, Schwalbach, Germany UFC801096). The
limit of quantiﬁcation is 0.05 μmol/l with an interassay precision of 5.5%, 5.4%, 5.3%, 5.7%
at 12.5, 125, 200, and 400 μmol/l, respectively.
2.4. Statistical analysis
Since the distributions of numerical variables were skewed, medians and ranges
were used for descriptive statistics, and non-parametric methods were employed for
bivariate testing. A 2-sided α-values of 5% was used for all tests. Categorical variables
are listed in [%] and with 95% conﬁdence limits.
A stepwise logistic regression analysis was conducted assessing the following
variables: Cardiac troponin I (cTnI), N-terminal pro-B-Type natriuretic peptide (NTproBNP), high sensitivity C-reactive protein (hsCRP), placental growth factor (PlGF),
lipoprotein-associated phospholipase A2 (Lp-PLA2), D-dimers, WBCHO and PLCHO and
age and sex. The same variables were used in the classiﬁcation and regression tree
(CART) model which is described in detail below. The primary endpoint were major
adverse cardiac events (MACE; cardiac death, non-fatal MI, unstable angina, CHF
requiring admission, urgent PCI and CABG) over the 42-day follow-up period.
The relative value and hierarchy of potential prognostic variables were evaluated
using CART methodology that allows determination of cut-off values that optimize
performance of the marker. CART involves repeated dichotomous subdivisions of a
group of subjects on the basis of the choice of optimal cut-off points of binary, ordinal or
continuous covariates that maximizes a certain split criterion [20] and has already been
successfully applied in various clinical cardiovascular research studies [21–23]. In the
present analysis, the biochemical variables described above plus age and sex were
included and assessed for their relative value in classifying patients into homogeneous
and clinically relevant “risk groups” according to clinical outcomes (primary endpoint).
Each numerical laboratory parameter was assessed by creating nineteen dichotomous
dummy coded variables according to the 5% quantiles of the original distribution. All
dummy coded variables for all parameters are then assessed for their association with
the primary endpoint and the dichotomous variable with the highest association was
used to split the overall patient group into subgroups. This process is repeated until
further signiﬁcant differentiation is no longer possible or until the subgroups become
too small [22].

3. Results
The characteristics of the overall study group of 432 are displayed
in Table 1 along with the risk groups achieved by CART analysis (Fig. 2)
with the 2 most predictive analytes, NT-proBNP and WBCHO.
Signiﬁcantly fewer patients in the low risk group underwent coronary
angiography (30.8% vs 60.5% in the high risk group and 37.7% in the
whole group). In patients with the ﬁnal diagnosis NSTE-ACS 82.2%
were scheduled for early invasive procedures. Patients with high risk
were more likely male, signiﬁcantly older (68.4 vs 55.7 y) and had a
higher percentage of initially increased cardiac troponin and hsCRP
values. Less than 50% of patients with increased NT-proBNP were
diagnosed with heart failure (Table 1).
The overall incidence of the primary endpoint at 42-days was 56/
432 (13.0%), reﬂecting a mild to moderate risk population. The
outcomes were as follows with respect to the ﬁrst occurring event:
death (7), acute MI (1), hospitalizations for unstable angina (10) or
heart failure (7), PCI (26), bypass-surgery (5). Table 2 displays all
optimal cut-offs using 5% quantiles (basically step one of the CART

M. Möckel et al. / Clinica Chimica Acta 393 (2008) 103–109

105

Table 1
Characteristics of patients at baseline in the overall study group and in the three main subgroups identiﬁed by the CART analysis

MACE [%]
Male [%]
Age [y ± SD]
Troponin I ≥ 0.1 μg/l [%]
CRP ≥ 10 mg/l [%]
White blood cell count, [X109/l]
STEMI [%]
Heart failure (Killip class N I)
3 or more risk## factors [%]
ST-depression [%]
Severe angina [%]
Aspirin use within 7 days [%]
TIMI high risk [%]
Prior PCI [%]
Prior CBAG [%]
Risk factors [%]
Hypertension
HLP
Diabetes
Current smokers
Medication at admission [%]
ACEI
β-blockers
Nitrates
Diuretics
Statins
Coronary angiography [%]
### No signiﬁcant CAD
1-VD
2-VD
3-VD
Acute PCI
Creatinine [mg/dl]
BMI [kg/m2]

Overall group

NT-proBNP negative WBCHO
negative Lp-PLA2 negative

NT-proBNP positive
WBCHO negative

NT-proBNP positive
WBCHO positive

N = 432

N = 78#

N = 55#

N = 38#

13.0
60.4
59.7 ± 14.5
20.6
24.3
8.1 (6.8/10.3)
7.0
16.5
24.3
11.0
50.9
37.8
10.2
28.1
14.4

0
50.0
55.7 ± 13.9
9.0
15.4
7.7 (6.1/10.2)
1.3
5.1
27.0
3.8
44.9
39.0
6.4
28.0
9.0

16.4
54.5
68.3 ± 12.8
52.7
43.6
8.7 (7.4/12.1)
16.4
36.4
23.6
16.4
56.4
42.3
16.4
22.2
18.2

39.5
60.5
68.4 ± 12.0
42.1
50.0
9.9 (7.9/12.5)
15.8
47.4
50.0
23.7
65.8
45.7
28.9
44.4
28.9

65.7
56.7
22.2
34.7

64.1
55.8
17.9
39.0

70.9
57.4
34.5
21.2

86.8
76.3
44.7
31.4

31.0
41.3
16.3
24.2
23.1
37.7
14.1
17.8
18.4
49.7
39.0
0.9 (0.7/1.1)
26.5 (24/30.1)

18.4
43.4
9.1
21.1
29.9
30.8
16.7
20.8
16.7
45.8
25.0
0.8 (0.7/0.9)
27.4 (24.2/29.9)

39.2
42.0
17.6
45.1
21.2
54.5
20.0
16.7
23.3
40.0
43.3
1.0 (0.8/1.3)
25.7 (23.9/29.9)

42.9
37.1
31.4
45.7
20.0
60.5
8.7
17.4
8.7
65.2
47.8
1.2 (1.0/1.6)
25.3 (23.3/31.4)

Quantitative variables are medians and (25%/75%) percentiles except age (mean ± SD; #Subgroups according to CART analysis (see Fig. 2 for cut-offs); CAD, coronary artery disease;
##, risk factors included hypertension, hyperlipoproteinemia (HLP), diabetes, or being a current smoker;###, numbers with respect to patients who underwent coronary
angiography, acute PCI with respect to the index event only; STEMI, ST-elevation myocardial infarction; TIMI, thrombolysis in myocardial infarction study group; VD, vessel disease.

Table 2
Observed incidences and odds ratios for different splits based on 1) data-optimized cutoffs (white boxes; multiple splits are listed if multiple signiﬁcant local maxima were
observed) and 2) published cut-offs (grey boxes)

Signiﬁcance concentrations are denoted as * for p b 0.05; ** for p b 0.01 and *** for
p b 0.001; for not signiﬁcant results the actual p-values are displayed; all p-values
refer to exact binomial tests; n. a., not applicable (no single cutoff for ACS published);
MACE, primary endpoint as deﬁned in the Methods section; #, absolute maxima of data
optimized cutoffs.

analysis) and published cut-offs and the corresponding Odds ratios
with respect to the primary endpoint.
Fig. 1 shows the frequencies of the clinical discharge diagnoses and
the frequency of MACE in each diagnosis group. The ROC curves for
admission NT-proBNP, WBCHO and cardiac troponin I with respect to
the primary endpoint at 42-days (ﬁgures not displayed) revealed areas
under the curve of 0.684 (0.612/0.756, p b 0.001) for NT-proBNP, 0.613
(0.532/0.694, p = 0.006) for WBCHO and 0.587 (0.509/0.666, p = 0.035)
for troponin I.
In Table 3 the results of the multiple logistic regression analysis are
displayed. NT-proBNP and WBCHO both were highly prognostic levels.
NTproBNP at 2 concentrations deﬁned as part of the CART analysis. A
low D-dimer was also found to be of prognostic signiﬁcance.
The results relating the sequencing of markers by CART analysis are
detailed in Fig. 2. The best overall initial risk stratiﬁcation was
obtained using NT-proBNP at a cut-off of 1400 ng/l (relative risk (RR)
of 2.74, 25.8% vs 9.4% primary endpoint incidence; p b 0.0001). In the
group with lower NT-proBNP, further differentiation was achieved
using WBCHO (cut-off 17 μmol/l; RR = 3.0, 13.5% versus 4.5% MACE;
p b 0.01). In the group with higher NT-proBNP concentrations WBCHO
above 21 μmol/l identiﬁed the highest risk group (39.5% MACE,
RR = 2.4 compared to the group with lower WBCHO; p b 0.05). An
additional signiﬁcant stratiﬁcation in patients with lower NT-proBNP
and WBCHO concentrations was achieved using Lp-PLA2 (0% vs 9.2%
MACE at a cut-off of 210 μg/l; p b 0.01). In the group of patients with
lower NT-proBNP but increased WBCHO, D-dimer was shown to
identify a signiﬁcantly higher risk (RR = 2.94, 25% versus 8.5%
incidence of MACE; p b 0.01) when values lay below or at the detection
limit of 50 μg/l.
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Fig. 1. Final discharge diagnoses of the study population; absolute numbers of patients listed over the bars and the number of MACE in each group are listed at the bottom of the bars
in brackets. NSTE-ACS, non ST-elevation acute coronary syndrome; HTN, hypertension; NCP, non cardiac chest pain; NCDx, non cardiac diagnosis; STEMI, ST-elevation myocardial
infarction; CHF, congestive heart failure without ACS; OCC, other cardiac conditions; “others” included pulmonary embolism (n = 5), pneumonia (n = 4) and stable angina (n = 1). The
events in the group of “other” diagnoses occurred both in patients with pulmonary embolism as ﬁnal discharge diagnosis.

In this unselected low risk group, Cardiac troponin I was not
identiﬁed as a major predictor neither in CART nor in the logistic
regression analysis. In order to make sure that no relevant effect of
cTnI was missed or masked by other analytes, cTnI positive and
negative patients were analyzed separately using the established cutoffs of 0.1 and 0.06 μg/l respectively. Regardless of the cut-off used: in
troponin positives, no further signiﬁcant effect could be found for any
of the markers assessed and in troponin negatives, the logistic
regression and CART models remained practically identical to the
original model. These subgroup analyses were consequently able to
exclude any confounded or masked effect of troponin thus corroborating the validity of the original models. The lack of any further effect
in troponin positives reﬂects the low risk nature of the patients with
the coinciding small size of the sub-sample of troponin positives.
4. Discussion
The multifactorial pathophysiology of acute coronary syndromes
and its potential complications is an important rationale for
measurements of multiple biomarkers related to different underlying
pathophysiological aspects in order to optimize early biochemical risk
assessment. In addition, there are likely some patients at risk with non
cardiovascular diseases who are part of this group as well and
different markers may be more sensitive to this group as well [4].
However, the methods on how to select and combine markers in a
practical multimarker strategy has not been well deﬁned. Logistic

regression, the most commonly used technique and one that we used
as well can help to identify signiﬁcant interactions but restricts its
estimates to the whole study group. Methods such as summing the
number of positive markers, the development of risk scores and/or
complex technologies like neuronal networks and classiﬁcation and
regression trees (CART) analysis have been suggested. CART analysis
has the advantage of being independent of pre-speciﬁed cutoffs, all
markers have equal opportunities at each decision level at optimal
cutoff concentrations, it is open for all combinations of all markers and
it selects the most powerful markers which optimally add information
to each other. CART analysis also provides important new information
by displaying the results as observed risk groups. CART focuses on the
interpretation of the results and is also highly sensitive to interactions
(i.e. combinatory effects) between the factors examined. We thus used
CART analysis synergistically with logistic regression to help deﬁne
the optimal manner to evaluate patients with ACS.
The results of this study demonstrate that the combination of NTpro BNP and WBCHO are the optimal combination for evaluation of
this population in ﬁrst available samples. They identify a group with a
39.5% event rate if both markers are above the cut off values
(N1400 ng/ml and N21 μmol/l) calculated by the analysis and a
group with an event rate of 4.5% if both values are below the

Table 3
Logistic regression on major adverse cardiac events during the ﬁrst 6 weeks; N = 432;
incidence = 13.0% (56/432)
Variable
NT-proBNP N 145
Baseline ≤ 145
NT-proBNP N 1400
Baseline ≤ 1400
WBCHO N 17
Baseline ≤ 17
D-dimer N 49
Baseline ≤ 49
Constant

Ln (OR)

S.E.

p-value

OR

95.0% C.I. for OR
Lower

Upper

.969

.396

.014

2.637

1.212

5.734

.917

.351

.009

2.502

1.257

4.982

.983

.337

.004

2.672

1.380

5.173

−.844

.331

.011

.430

.225

.822

− 2.883

.425

.000

.056

−2 log likelihood = 296.386; model chi-square = 36.843 at 4df; p-value b 0.0001; OR,
odds ratio. Variables included in the analysis were: WBCHO, PLCHO, PlGF, Lp-PLA2,
hs-CRP, D-dimer, NT-proBNP, cTnI, age and sex.

Fig. 2. Classiﬁcation and regression tree analysis for the primary endpoint. See Methods
section for details.
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designated values V1400 ng/ml and V17 μmol/). If Lp-PLA2 is added to
these two markers a group with no risk (0% event rate) can be
identiﬁed at the time of presentation. These results are closely
congruent with those of logistic regression which also identiﬁed NTproBNP and WBCHO as valuable, but they extent the analysis to
sequencing and interactions. As in practice, the study relied on only
the ﬁrst sample and yet was able to accurately stratify patients across a
broad range of risk categories. Other biomarkers, including PLCHO,
hsCRP, PlGF and cTnI showed inferior predictive ability. Low D-dimer
identiﬁed a group at intermediate risk. Interestingly CART analysis
identiﬁed markers which are related to different pathophysiologies
which ﬁt with the concept that multimarker strategies are helpful for
risk-prediction in multifactorial syndromes like ACS.
Cardiac troponin directed care is the recommended approach to
this patient population in all guideline documents [14,15] and was
used in this study. In cTnI positive patients, no other marker was found
to signiﬁcantly add to risk stratiﬁcation. Cardiac troponin predictions
are robust and well validated. However, the absolute number of MACE
in troponin positive patients was small (19 and 21 for cut-offs of 0.1
and 0.06, respectively) and this clearly decreased the likelihood of
ﬁnding additional signiﬁcant results. More generally, an analysis
deﬁning troponin I a priori as the most relevant marker (and splitting
the data accordingly) is obviously prone to underestimate the
prognostic value of other markers (or combinations of those) that
may actually be better and should be used in concert with cardiac
troponin or could eventually, if proven signiﬁcantly better, even
replace it. In cTnI negative patients, the ﬁndings were very similar to
the original models. The cardiac event rate of 11% given the highly
sensitive troponin assay we used is likely related to the approach of
using only the initial sample in this analysis. Serial samples of cardiac
troponin likely would have shown more discriminatory power.
However, our study, as many others [13,24–27] was speciﬁcally
designed to use only the initial sample in the interest of more rapid
triage. In addition, the initial increased troponin might have shown
better prognostic qualities had it not been used to guide therapy per
our guidelines. A larger proportion of those with increased troponins
on admission underwent PCI. Overall, 73.9% of high risk patients who
had coronary angiography underwent PCI. Forty-two percent of that
group were cardiac troponin positive which is signiﬁcantly higher
than the proportions in the whole and/or low risk groups alone.
Our results are similar to those of some other studies but differ
from some on a marker by marker basis.
4.1. Highly predictive markers
The documented potent risk stratiﬁcation qualities of NT-proBNP in
this study add to those already documented in a large number of
publications [5,28–32]. However, this evaluation is unique in that it
helped identify 2 cut off values of signiﬁcance depending where in the
sequence of the evaluation, a given patient was. Interestingly, the cutoff determined by CART is signiﬁcantly higher than that used to deﬁne
heart failure [33] or that optimized for prediction in the FRISC trial
[5,34,35]. This may be because in our trial it was treated independently
rather than being added to other risk factors. NT-proBNP and BNP are
not speciﬁc for the presence of ischemia or even cardiac disease per se
and perhaps for that reason, it identiﬁed patients with high risk despite
the fact that most patients lacked overt signs of heart failure.
Whole blood choline (WBCHO) was more predictive than any other
marker by logistic regression and added signiﬁcantly to NT-proBNP in
the CART analysis in keeping with earlier studies of WBCHO and
plasma choline (PLCHO) in patients with normal admission troponin
values and acute coronary syndromes [36]. Both are said to be
indicative of tissue ischemia and WBCHO may inform by detecting
processes associated with coronary plaque instability [7,37] due to its
relationship with phospholipase D activation which is thought to be
involved in coronary plaque instability. WBCHO N 21 μmol/l distin-
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guished patients with substantially increased concentrations of NTpro BNP into a group with very high risk (39.5% event rate) and one
with less than half of the risk. In those patients with NT-proBNP values
b1400 ng/ml, a cut off value of 17 μmol/l distinguished groups with
event rates of 13.5 vs 4.5%. In contrast to other trials, WBCHO was
superior to PLCHO. This may reﬂect that the present population is less
severely at risk. PLCHO appears to detect those at risk for death and
severe complications such as severe heart failure and arrhythmias. Its
value may overlap with that of the NT-proBNP.
A combination with a marker of plaque inﬂammation such as LpPLA2, further improves early-risk stratiﬁcation in the low-risk group.
Lp-PLA2 is an emerging biomarker speciﬁcally related to inﬂammation
in the vessel wall. Several prospective epidemiologic studies in
healthy individuals [9,38] and cross sectional studies [39,40] have
reported a strong association of Lp-PLA2 concentrations with
cardiovascular endpoints and/or the presence of CAD, independent
of other biochemical markers. Our study is the ﬁrst to suggest that LpPLA2 may be also of prognostic signiﬁcance in ACS. Lp-PLA2 adds
incremental information when the other markers are not increased
and thus possesses a potentially clinically relevant negative predictive
value (Fig. 2). This subset may not have been appreciated in other
analyses using more conventional methods [41].
Several studies have shown elevations of ﬁbrin monomer, D-dimer
and other markers of coagulation are not prognostic in patients with
acute coronary syndrome [6,42,43]. We found that D-dimer predicted
adverse outcomes in a group of patients below the initial NT-proBNP
cut off but above the WBCHO cut off if it was low — below the
detection limit of 50 μg/l. It could be the case that individuals with
very low values in the setting of ACS may have impaired ﬁbrinolysis in
a situation complicated by thrombosis. They therefore may indeed be
at higher risk. This hypothesis needs to be tested in further studies.
4.2. Markers which were less predictive
Despite prior studies suggesting the importance of CRP and PIGF in
patients with ACS [13,44], they did not add to risk stratiﬁcation in our
cohort. In the bivariate analysis (Table 2), CART, and logistic regression
analysis of our data, neither marker added substantial prognostic
information, even if the published cutoff is used. This may be because
of the potency of other analytes. Prior studies have usually compared
these markers to one other analyte independently. In a recent study,
PIGF was predictive of death but not cardiac death in patients with
ACS [4]. Our ED study population was at overall low risk for mortality.
Perhaps, hsCRP and PlGF would have performed better in a higher risk
cohort.
4.3. Multi-marker approach
The concept of using a multimarker strategy [30] to evaluate
patients with ACS had previously focused on the conjoint use of
cardiac troponin, CRP and BNP. Our data substantially extend those
data by adding the contribution of several additional markers via a
unique analysis tool. CART analysis was synergistic and in general
concordant with logistic regression but it helped to facilitate choice of
the optimal tests overall, delineation of subgroups, and the optimal
sequence and cut-off values that should be used. In the future,
multiplexing will make this approach reasonable. Such strategies will
need to be tested against those that use serial troponin testing. It may
well turn out that such approaches will be synergistic, with certain
tests being ideal for those who require earlier triage or who do not
have increased troponins.
4.4. Limitations
This study also has some important limitations. The results of CART
analysis like all statistical testing, are dependent on population size
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and markers like CRP, PLCHO, PlGF might have been predictive had the
population size been larger. Our results also by design do not take into
account serial biomarker testing because we wished to probe the
ability to make very early risk stratiﬁcation with the goal of having
such an approach facilitate earlier triage decisions. Finally, the study
population represents a low-medium risk population and it is unclear
whether results could be transferred to other more selected populations of ACS patients.
5. Conclusions
Our data demonstrate that the use of multiple markers can
deﬁne groups at very low and very high risks with the use of the
admission blood sample only. Logistic regression was augmented by
CART analysis to select those cardiac biomarkers useful for optimal
risk prediction and to deﬁne a sequence for their use. In this lowmedium risk patients with ACS the combination of a marker of left
ventricular dysfunction (NT-pro BNP), one of ischemia and plaque
instability (WBCHO) and one of plaque inﬂammation (Lp-PLA2)
provided optimal early risk differentiation. It allowed identiﬁcation
of groups ranging from very low risk (0% MACE within 6 weeks) to
very high risk (39.5% MACE within 6 weeks) based on single admission
measurements.
Acknowledgements
We thank Dr. Klaus Köhler, DadeBehring, Marburg, Germany and
Robert Doss, Abbott, Chicago IL, for unrestricted research grants. We
also acknowledge editorial assistance by Anne M. Gale, Editor in the
Life Sciences. Dr. M. Möckel has full and unrestricted access to all data
and takes responsibility for the integrity of the data and the accuracy
of the data analysis. There are no ﬁnancial disclosures to be made
related to this work.
References
[1] Kentsch M, Rodemerk U, Gitt AK, et al. Angina intensity is not different in diabetic
and non-diabetic patients with acute myocardial infarction. Z Kardiol 2003;92:
817–24.
[2] Heidenreich PA, Alloggiamento T, Melsop K, McDonald KM, Go AS, Hlatky MA. The
prognostic value of troponin in patients with non-ST elevation acute coronary
syndromes: a meta-analysis. J Am Coll Cardiol 2001;38:478–85.
[3] Apple FS, Wu AHB, Mair J, et al. Future biomarkers for detection of ischemia and
risk stratiﬁcation in acute coronary syndrome. Clin Chem 2005;51:810–24.
[4] Apple FS, Pearce LA, Chung A, Ler R, Murakami MM. Multiple biomarker use for
detection of adverse events in patients presenting with symptoms suggestive of
acute coronary syndrome. Clin Chem 2007;53:874–81.
[5] Lindahl B, Lindback J, Jernberg T, et al. Serial analyses of N-terminal pro-Btype natriuretic peptide in patients with non-ST-segment elevation acute
coronary syndromes: a fragmin and fast revascularisation during instability
in coronary artery disease (FRISC)-II substudy. J Am Coll Cardiol 2005;45:
533–41.
[6] Derhaschnig U, Laggner AN, Roggla M, et al. Evaluation of coagulation markers for
early diagnosis of acute coronary syndromes in the emergency room. Clin Chem
2002;48:1924–30.
[7] Danne O, Mockel M, Lueders C, et al. Prognostic implications of elevated whole
blood choline concentrations in acute coronary syndromes. Am J Cardiol
2003;91:1060–7.
[8] Oei HH, van der Meer IM, Hofman A, et al. Lipoprotein-associated phospholipase
A2 activity is associated with risk of coronary heart disease and ischemic stroke:
the Rotterdam study. Circulation 2005;111:570–5.
[9] Packard CJ, O'Reilly DSJ, Caslake MJ, et al. Lipoprotein-associated phospholipase
A2 as an independent predictor of coronary heart disease. N Engl J Med
2000;343:1148–55.
[10] Ballantyne CM, Hoogeveen RC, Bang H, et al. Lipoprotein-associated phospholipase A2, high-sensitivity C-reactive protein, and risk for incident coronary heart
disease in middle-aged men and women in the atherosclerosis risk in
communities (ARIC) study. Circulation 2004;109:837–42.
[11] Khuseyinova N, Imhof A, Rothenbacher D, et al. Association between Lp-PLA2 and
coronary artery disease: focus on its relationship with lipoproteins and markers of
inﬂammation and hemostasis. Atherosclerosis 2005;182:181–8.
[12] Brilakis ES, McConnell JP, Lennon RJ, Elesber AA, Meyer JG, Berger PB. Association
of lipoprotein-associated phospholipase A2 concentrations with coronary artery
disease risk factors, angiographic coronary artery disease, and major adverse
events at follow-up. Eur Heart J 2005;26:137–44.

[13] Heeschen C, Dimmeler S, Fichtlscherer S, et al. Prognostic value of placental
growth factor in patients with acute chest pain. JAMA 2004;291:435–41.
[14] Hamm CW. Leitlinien: Akutes Koronarsyndrom (ACS). Z Kardiol 2004;93:72–90.
[15] Hamm CW. Leitlinien: Akutes Koronarsyndrom (ACS). Z Kardiol 2004;93:324–41.
[16] Antman E, Bassand JP, Klein W, et al. Myocardial infarction redeﬁned—a consensus
document of The Joint European Society of Cardiology/American College of
Cardiology committee for the redeﬁnition of myocardial infarction: the Joint
European Society of Cardiology/ American College of Cardiology Committee. J Am
Coll Cardiol 2000;36:959–69.
[17] Panteghini M, Pagani F, Yeo KT, et al. Evaluation of imprecision for cardiac troponin
assays at low-range concentrations. Clin Chem 2004;50:327–32.
[18] Christenson RH, Cervelli DR, Bauer RS, Gordon M. Stratus(R) CS cardiac troponin I
method: performance characteristics including imprecision at low concentrations. Clin Biochem 2004;37:679–83.
[19] Prontera C, Emdin M, Zucchelli GC, Ripoli A, Passino C, Clerico A. Analytical
performance and diagnostic accuracy of a fully-automated electrochemiluminescent assay for the N-terminal fragment of the pro-peptide of brain natriuretic
peptide in patients with cardiomyopathy: comparison with immunoradiometric
assay methods for brain natriuretic peptide and atrial natriuretic peptide. Clin
Chem Lab Med 2004;42:37–44.
[20] Crichton NJ, Hinde JP, Marchini J. Models for diagnosing chest pain: is CART
helpful? Stat Med 1997;16:717–27.
[21] Kastrati A, Schomig A, Elezi S, et al. Predictive factors of restenosis after coronary
stent placement. J Am Coll Cardiol 1997;30:1428–36.
[22] Breiman L, Friedman JOR, Stone C. Classiﬁcation and regression Trees. Chapman
and Hall; 1984.
[23] Mockel M, Muller R, Vollert JO, et al. Role of N-terminal Pro-B-Type natriuretic
peptide in risk stratiﬁcation in patients presenting in the emergency room. Clin
Chem 2005;51:1624–31.
[24] Baldus S, Heeschen C, Meinertz T, et al. Myeloperoxidase serum concentrations
predict risk in patients with acute coronary syndromes. Circulation 2003;108:
1440–5.
[25] Lenderink T, Heeschen C, Fichtlscherer S, et al. Increased placental growth
factor concentrations are associated with adverse outcomes at four-year followup in patients with acute coronary syndromes. J Am Coll Cardiol 2006;47:
307–11.
[26] Heeschen C, Dimmeler S, Hamm CW, Fichtlscherer S, Simoons ML, Zeiher AM.
Pregnancy-associated plasma protein-A concentrations in patients with acute
coronary syndromes: comparison with markers of systemic inﬂammation,
platelet activation, and myocardial necrosis. J Am Coll Cardiol 2005;45:
229–37.
[27] Heeschen C, Dimmeler S, Hamm CW, et al. Soluble CD40 ligand in acute coronary
syndromes. N Engl J Med 2003;348:1104–11.
[28] de Lemos JA, Morrow DA, Bentley JH, et al. The prognostic value of B-type
natriuretic peptide in patients with acute coronary syndromes. N Engl J Med
2001;345:1014–21.
[29] Omland T, Persson A, Ng L, et al. N-terminal pro-B-type natriuretic peptide and
long-term mortality in acute coronary syndromes. Circulation 2002;106:2913–8.
[30] Sabatine MS, Morrow DA, de Lemos JA, et al. Multimarker approach to risk
stratiﬁcation in non-ST elevation acute coronary syndromes: simultaneous
assessment of troponin I, C-reactive protein, and B-type natriuretic peptide.
Circulation 2002;105:1760–3.
[31] Mega JL, Morrow DA, de Lemos JA, et al. B-type natriuretic peptide at presentation
and prognosis in patients with ST-segment elevation myocardial infarction: an
ENTIRE-TIMI-23 substudy. J Am Coll Cardiol 2004;44:335–9.
[32] Morrow DA, de Lemos JA, Blazing MA, et al. Prognostic value of serial B-type
natriuretic peptide testing during follow-up of patients with unstable coronary
artery disease. JAMA 2005;294:2866–71.
[33] Januzzi JL, van Kimmenade R, Lainchbury J, et al. NT-proBNP testing for diagnosis
and short-term prognosis in acute destabilized heart failure: an international
pooled analysis of 1256 patients: the international collaborative of NT-proBNP
study. Eur Heart J 2006;27:330–7.
[34] Jernberg T, Stridsberg M, Venge P, Lindahl B. N-terminal pro brain natriuretic
peptide on admission for early risk stratiﬁcation of patients with chest pain and no
ST-segment elevation. J Am Coll Cardiol 2002;40:437–45.
[35] Jernberg T, Lindahl B, Siegbahn A, et al. N-terminal pro-brain natriuretic peptide in
relation to inﬂammation, myocardial necrosis, and the effect of an invasive
strategy in unstable coronary artery disease. J Am Coll Cardiol 2003;42:1909–16.
[36] Danne O, Lueders C, Storm C, Frei U, Mockel M. Whole blood choline and plasma
choline in acute coronary syndromes: prognostic and pathophysiological
implications. Clin Chim Acta 2007;383:103–9.
[37] Danne O, Lueders C, Storm C, Frei U, Mockel M. Whole-blood hypercholinemia and
coronary instability and thrombosis. Clin Chem 2005;51:1315–7.
[38] Blake GJ, Dada N, Fox JC, Manson JE, Ridker PM. A prospective evaluation of
lipoprotein-associated phospholipase A2 concentrations and the risk of future
cardiovascular events in women. J Am Coll Cardiol 2001;38:1302–6.
[39] Caslake MJ, Packard CJ, Suckling KE, Holmes SD, Chamberlain P, Macphee CH.
Lipoprotein-associated phospholipase A2, platelet-activating factor acetylhydrolase: a potential new risk factor for coronary artery disease. Atherosclerosis
2000;150:413–9.
[40] Blankenberg S, Stengel D, Rupprecht HJ, et al. Plasma PAF-acetylhydrolase in
patients with coronary artery disease: results of a cross-sectional analysis. J Lipid
Res 2003;44:1381–6.
[41] O'Donoghue M, Morrow DA, Sabatine MS, et al. Lipoprotein-associated phospholipase A2 and its association with cardiovascular outcomes in patients with acute
coronary syndromes in the PROVE IT-TIMI 22 (PRavastatin Or atorVastatin

M. Möckel et al. / Clinica Chimica Acta 393 (2008) 103–109
Evaluation and Infection Therapy-Thrombolysis In Myocardial Infarction) trial.
Circulation 2006;113:1745–52.
[42] Kruskal JB, Commerford PJ, Franks JJ, Kirsch RE. Fibrin and ﬁbrinogen-related
antigens in patients with stable and unstable coronary artery disease. N Engl J Med
1987;317:1361–5.

109

[43] al-Nozha M, Gader AM, al-Momen AK, Noah MS, Jawaid M, Arafa M. Haemostatic
variables in patients with unstable angina. Int J Cardiol 1994;43:269–77.
[44] Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin L, The FRISC Study Group.
Markers of myocardial damage and inﬂammation in relation to long-term
mortality in unstable coronary artery disease. N Engl J Med 2000;343:1139–47.

