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ARTICLE INFO ABSTRACT

Background: Data on the correlations between biomarkers to suggest cost-effective multi-marker (MM) panels pre-
dictive for ST-elevation myocardial infarction (STEMI) patients are lacking. We sought to explore the relationship
between cardiac troponin I (cTnl), C-reactive protein (CRP), B-type natriuretic peptide (BNP), and chromogranin
A (CgA) accounting for biomarkers' profiles detected within 48 h from successful primary percutaneous coronary
intervention (PPCI).

Methods: In 73 STEMI patients cTnl, CRP, BNP, and CgA were measured before PPCI and 6, 24, and 48 h later. STATIS
methods generalizing Principal Component Analysis on three-way data sets were employed to extract information
about: 1) similarities between patients, 2) contribution of each time of sampling and 3) correlations between
biomarkers' profiles.

Results: STEMI patients who underwent successful PPCI emerged to have a homogeneous profile tailored on
biomarkers' evaluation within 48 h. Their measurements at 24 h contributed the most variability and informa-
tion both to patients' and to biomarkers' profiles.

BNP and cTnl were highly correlated and explained the 40.1% of the total variance, whereas CgA resulted inde-
pendent and explained the 26.3% of the total variance.

Conclusions: Markers' measurements at 24 h after PPCI contributed most information to the definition of
patients' profile. BNP and cTnl resulted interchangeable in a MM panel for reporting about the extent of necrosis.
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1. Introduction

Several circulating biomarkers have been reported to carry prognos-
tic value in patients with a ST-elevation myocardial infarction (STEMI)?
undergoing primary percutaneous coronary intervention (PPCI) [1-4].
In addition, a growing body of evidence has supported a multi-marker
(MM) strategy, including biomarkers of necrosis, hemodynamic stress,
and inflammation, to improve the prognostic assessment of STEMI pa-
tients after revascularization [5,6].

Some studies highlighted that in STEMI patients dynamic changes of
these markers occurring in the course of the acute event more than
baseline concentrations gather relevant information on the infarct size
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and on reperfusion effects [7-9]. This is in agreement with the fact
that in the course of acute event in early reperfused STEMI patients
blood concentrations of biomarkers are affected by wide-time depen-
dent modifications [10]. In this perspective, the evaluation of dynamic
changes of cardiovascular biomarkers rather than “static” concentrations
may better describe the evolution of the acute event. Till now investiga-
tors have usually analyzed biomarker profiles one by one, despite that it
is noteworthy that biomarkers of necrosis, hemodynamic stress, and in-
flammation are involved in overlapping pathways and an interrelation
should be expected [11-13]. An effective MM panel, implying a minimal
set of independent biomarkers, is indeed recommended to improve the
prognostic assessment.

However there is a great gap in the current literature whether
considering that any prognostic evaluation involving a MM strategy
should imply the preliminary investigation of time dependent dynam-
ics, patterns of release and relationships of co-detected biomarkers. In
particular to avoid redundant and not cost-effective information it is
mandatory to clarify the correlations between the joined profiles of can-
didate biomarkers.

In this study we aimed to explore the relationship among four car-
diovascular biomarker profiles in the evolution of STEMI after PPCI in
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order to characterize a basic cluster of biomarkers providing indepen-
dent information about the evolution of acute event. Furthermore, we
sought to evaluate if the provided information about patients' profiles
might be summarized by the simultaneous detection of these markers
performed once. The biomarker profiles derived in the first 48 h after
revascularization included cardiac troponin I (cTnl), C-reactive pro-
tein (CRP), B-type natriuretic peptide (BNP), and chromogranin A
(CgA). As these biomarkers are involved in nested and sequential
pathophysiologic pathways developing in the course of acute event
(i.e. necrosis, inflammation, hemodynamic stress, and sympathetic
activation), complex relations among their profiles are expected.
Thus we resorted to STATIS methodology a statistical approach suit-
able to investigate the patterns of correlations between different
biomarkers, measured at serial time points, on the same set of patients,
independently by dimensionality. This technique belongs to the Prin-
cipal Component Analysis (PCA) family, whose goal is to extract rele-
vant information from sets of correlated variables, as biomarkers,
without losing information carried by the original data [14]. Although
classical multivariable statistical analysis might result of easier inter-
pretation and is widely used in biomarker investigations, it does not
enable us to obtain unbiased evidences for our purpose because of
the high correlations between serial measurements.

2. Materials and methods
2.1. Patients

The complete study protocol, the enrollment criteria of STEMI pa-
tients who underwent successful PPCI and the employed analytical
methodologies have been reported in detail elsewhere [10]. Here
we briefly summarize the methodology. From 2007 to 2009 a contin-
uous prospective case series of 87 STEMI patients undergoing PPCI
were enrolled at the Catheterization Laboratory of Cardiology II of
Maggiore Hospital of Novara. PPCI and pharmacological treatment were
administered according to American College of Cardiology/American
Heart Association/European Society of Cardiology Guidelines [15].

The inclusion criteria were: 1) ischemic chest pain; 2) ST-segment el-
evation in two contiguous leads on the 12-lead electrocardiogram; and
3) time from onset of symptoms to admission (admission time) <12 h.
Exclusion criteria were: 1) successful thrombolysis, unsuccessful PPCI
(TIMI from O to 2 at the end of procedure), emergency surgery, chest
pain lasting more than 12 h; 2) dilated or hypertrophic cardiomyopathy,
previous diagnosis of acute or chronic cardiac failure, cardiogenic shock,
deep venous thrombosis or acute pulmonary embolism, infection, sys-
temic inflammatory or neoplastic disease; 3) documented renal failure
or clinical evidence of renal impairment; 4) Killip index >2; and 5) age
>90 years. The study was approved by the Institutional Review Board
and a written informed consent before PPCI was obtained.

2.2. Biomarkers

Venous blood samples were drawn before PPCI (baseline) and 6 h,
24 h, and 48 h after PPCI (time of sampling) into tubes containing
EDTA (BNP) or no anticoagulants [cTnl, CRP, CgA, and Cystatin C
(CyC)]. Samples were stored in aliquots at —80 °C until measure-
ments. We employed the following assays:

1) Tnl-Ultra™ assay with: analytical range of measurement 0-50 pg/L;
limit of detection (LoD), 0.02 pg/L; cut-off, 0.04 pg/L; analytical coef-
ficient of variation (CVa), 15% at 0.08 pg/L and 5% at 9 pg/L.

2) BNP immunoassay with analytical range of measurement 0-5000 ng/L;
LoD, 2 ng/L; cut-off, 110 ng/L; CVa, 5.3% at 48.2 ng/L, 4.3% at 474 ng/L
and 3% at 1797 ng/L.

3) CRP immunoassay with analytical range of measurement 0-163 mg/L;
LoD, 1 mg/L; cut-off, 10 mg/L, CVa, 8% at 6.9 mg/Land 7.7% at 25 mg/L.

These assays were carried out on the Advia Centaur platform
(Siemens Healthcare Diagnostics).

4) A manual CgA immunoradiometric assay (CIS-BIO), with analytical
range of measurement 0-1370 pg/L; LoD, 1.5 ug/L; cut-off, 98 pg/L;
CVa, 12.2% at 42.3 pg/L, 8% at 131.6 pg/L and 6% at 294.2 pg/L.

5) An immunonephelometric assay for CyC performed on BN-II neph-
elometer (Siemens Healthcare Diagnostics), with analytical range of
measurement 0-7.58 mg/L; LoD, 0.005 mg/L; cut-off, 1.0 mg/L;
CVa, 2.4% at 0.8 mg/L and 2.9% at 7.1 mg/L.

The protocol allowed deriving a complete biomarker release pro-
file for cTnl, BNP, CRP, CgA and CyC [10].

Follow-up data were collected in order to possibly aid the inter-
pretation of patient profiles.

2.3. Statistical methods

The interplay in overlapping pathophysiologic mechanisms of eval-
uated biomarkers suggested that in the present data complex cor-
relations should be expected. Thus to assess possible associations
between biomarker profiles we resorted to multivariate STATIS meth-
odology [16,17]. In fact correlations among profiles of different bio-
markers and among their serial measurements at different times of
sampling prevented us from the application of classical multivariate sta-
tistical analysis.

The STATIS method generalizes PCA [18] to handle three-way data
sets like those consisting of several biomarkers (variables) serially
measured at sequential times of sampling in several patients. Fig. 1
shows the three-way structure for the present study. In particular,
PCA extracts relevant independent information from a more simple
two-way matrix of data consisting of biomarkers measured on patients
by studying the pattern of association among biomarkers. Thus PCA
identifies independent components (principal components or axis) as
linear combinations of the original variables. The principal components
are ordered on the basis of the amount of data variability they explain.
Then PCA allows the visualization of results by a plot displaying projec-
tions of variables or patients on the space defined by the first two
indentified principal components. As anticipated because of serial mea-
surements, the methodology [16,17] suitable to this specific three-way
structure of data is STATIS. This is performed twice: firstly to evaluate
similarities between patients (DIRECT STATIS), and then to define
biomarker release profiles (DUAL STATIS). Each STATIS procedure con-
sists of two sequential steps namely Interstructure and Compromise.
Interstructure evaluates possible correlations among different times of
sampling and provides their optimal weights in the definition of patient
profiles (DIRECT STATIS) or in the definition of average biomarker
profiles (DUAL STATIS). Thus the Interstructure plot shows the most cor-
related times of sampling and in addition those mainly contributing to
the definition of the Compromise. Compromise searches similar patterns
among patients (DIRECT STATIS) or an average association structure
between biomarkers (DUAL STATIS). To this purpose a standard PCA is
performed on an average three-way data set derived from the original
one (Fig. 1). Compromise results can be visualized by plotting patients
(DIRECT STATIS) or biomarkers (DUAL STATIS) on the space defined
by the respective first two principal components. These methods are
commonly employed to analyze large sets of environmental data and
other authors exploited them for cardiovascular framework [14]. All
analyses were performed by R software, library ade4 [19].

3. Results
3.1. Patients

Seventy-three out of 87 subjects entered in the present statistical anal-
ysis; particularly, we excluded 13 patients since marker measurements
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Fig. 1. Three-way structure of the study data:

1. Original data: simple data sets (patients x biomarkers) at each time of sampling.
2. Data set for Compromise assessment: average three-way data set (obtained from Interstructure) undergone standard PCA for Compromise definition.

were not available at all times and one who underwent unsuccessful re-
vascularization (“no-reflow”).

Baseline features of the enrolled patients and marker concentra-
tions at each time of sampling are reported in Tables 1A and 1B. Al-
though the original protocol implied the measurement of CyC, this
marker was not further considered in the analysis since in our pa-
tients there was no evidence of increasing/decreasing kinetics. In
addition, median CyC concentrations detected at each time point
were <1.0 mg/L (threshold level reported in literature for considering
the clinical relevance of marker concentrations) [10].

The first occurrence of a major adverse cardiovascular event
(MACE), defined as cardiac death, recurrence of STEMI (re-STEMI),
recurrence of PCI (re-PCI) of the infarct-related artery for in-stent re-
stenosis, and re-hospitalization for occurrence of non ST-elevation
acute coronary syndrome in a 1-year follow-up, was recorded.
MACEs resulted in 10 patients (13.7%).

3.2. Similarities between patients: DIRECT STATIS

DIRECT STATIS allowed highlighting patient profiles (Fig. 2). Firstly,
Interstructure investigates whether a common correlation structure

Table 1A
Baseline features of the patients.

Variable Number of patients (%)
Male 80.9%
Hypertension 61.9%

Active smoking 51.2%

Diabetes 13.1%
Vasculopathy

Family history of coronary artery disease
Hypercholesterolemia
Previous history of coronary artery disease

41.7%

)
)
)
)
3.57%)
)
)
21.4%)

)

)

68 (
52 (
43 (
11(
3(
24 (28.6%
35 (
18 (
33 (
65 (

Anterior MI 39.3%
Admission left ventricular ejection fraction >40% 77.4%
Medications
Aspirin 27 (32.1%)
Plavix 13 (14.5%)
Statins 17 (20.2%)
Beta-blocker 18 (21.4%)
Angiotensin-converting enzyme inhibitor 22 (26.2%)
Calcium-channel antagonists 17 (20.2%)
PPCI features
Number of treated vessels
0 6 (7.1%)
1 74 (88.1%)
2 4 (4.8%)
Number of stents
0 8 (9.5%)
1 47 (55.9 %)
2 17 (20.2%)
3 11 (13.1%)
4 1(1.2%)
Patients submitted to GPIIb/Illa inhibitors 45 (53.6%)

between the four times of sampling could be assumed. Interstructure re-
sults in Fig. 2A suggest that times of sampling at 24 h and 48 h display a
high correlation (quite overlapping arrows) measured in STATIS by the
correlation coefficient RV = 0.914. Lower correlations resulted between
times of sampling at baseline and at 6 h (RV=0.610) and between
those at 6 h and 24 h (RV=0.735). According to the table of weights
in Fig. 2B, times of sampling at 24 h were suggested to contribute most
variability to patient profiles. Thus, it is likely that after 24 h the patterns
of patients might not considerably change, whereas the main variation is
evident from baseline to 6 h after treatment. Furthermore the Compro-
mise plot (Fig. 2C) indicated a large homogeneity in patient profiles,
with the first principal component (PC1) accounting for 71.3% of total
variability and the second one (PC2) for 12.6%.

Only 2 patients (ID 32 and 15) in the middle/upper area of the plot
and 2 patients (ID 51 and 55) in the down side of the graph showed a
different average profile when compared to the other patients. We
looked at the clinical features/biomarker profiles characterizing
those patients isolated from the main group that can possibly explain
the different behavior. Both patients 51 and 55 were characterized by
a late and consistent BNP increase (at 48 h), associated with a typical
kinetic for cTnl and to persistently elevated CgA concentrations. Only
in the latter case there was a late CgA rising. No other clinical charac-
teristics differentiated these patients from others plotted in the cen-
tral part of the graph. Patients 32 and 15 differed from the others
only because of lower CRP concentrations at all times of the sampling,
probably due to a strong pre-admission anti-inflammatory treatment.

In summary, the results from the Compromise plot of DIRECT
STATIS allowed the identification of a unique profile for STEMI pa-
tients who underwent successful PPCI.

3.2.1. Contribution of each time of sampling to patient profiles

The contribution of each biomarker measured at each time of sam-
pling to the definition of PC1 and PC2 of DIRECT STATIS Compromise
was further investigated. The derived panels (Fig. 3) were obtained
by plotting projections of biomarkers on the space of the first two
components of the Compromise according to the different times of
sampling. According to this approach, the coordinates on PC1 had a

Table 1B
Median (25th; 75th percentile) biomarker concentrations at different time points.
Concentrations  Baseline at6h at24 h at48 h
cTnl (pg/L) 0.43 743 483 222
(0.075;2.41) (30.3;213.7)  (33.5;78.1) (14.0;43.4)
BNP (ng/L) 27.8 7145 173.9 125.7
(14.8;69.6) (39.9;132.8)  (99.9;277.0)  (69.8;220.6)
CRP (mg/L) 26 34 16 31
(1.0;6.7) (1.0;82) (10.0:29.0) (15.0;66.0)
CyC (mg/L) 0.73 0.72 0.74 0.74
(0.6;0.9) (0.62;0.8) (0.63;0.92) (0.62;0.8)
CgA (ug/L) 72.95 75.0 97.0 127.0
(4935;116.0)  (50.0;119.0)  (64.4;162.9)  (85.0;183.0)
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Fig. 2. DIRECT STATIS graphical visualization of results. A) Interstructure plot showing the high correlation between sampling at 24 h and 48 h (overlapping arrows). B) Table
weights of the four times of sampling (square cosines vs weights) showing the highest importance of 24 h sample (higher squared cosines) in the definition of the Compromise
plot. C) Compromise plot: projections of each patient according to average biomarker profiles on the space of the first two components (PC1 and PC2). This plot shows the high

homogeneity among patients' profiles.

negative sign for all biomarkers measured at each time. On PC2 a neg-
ative sign was reported for all biomarkers, except for CgA.

Fig. 3 summarizes the contribution of all markers to the evolution
of the profile of a patient in the course of the acute event. Across the
four time windows, those markers showing relevant changes and
mainly contributing to the definition of PC1 were cTnl and BNP. In
particular, cTnl measured at 6 h and BNP at 24 h and also at 48 h pro-
vided the highest contribution.

The presented results complete the information on the dynamics of
single biomarkers in the evolution of the acute event drawn in our previ-
ous study [10]. Accordingly the main markers showing dynamic changes

across the four time windows were cTnl and BNP. In particular, cTnl
shifted at 6 h far from CRP (a more stationary marker), coming back
to the original position at 24 h. BNP seemed to follow the cTnl shift,
but increasing its distance from cTnl and CRP at 48 h. CRP appeared as
the most static marker, whereas CgA tended to slightly move at 48 h.

3.3. Similarities between patterns of markers: DUAL STATIS
DUAL STATIS allowed highlighting relationships between biomarker

profiles. Graphical results, analogous to those obtained for DIRECT
STATIS, are reported in Fig. 4. Since Interstructure extracts a common

PC2 PC2
CgA
CRP CRP }—
PC1 [ENFl=A{cTnI PC1
[ENF]
Baseline 6h
PC2 pc2
PC1 cTnl
BNP
24h 48h

Fig. 3. Dynamics of markers according to times of sampling. PC1 = first principal component; PC2 = second principal component. Note that biomarkers move in a space with PC1

coordinates with negative sign.
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Fig. 4. DUAL STATIS graphical visualization of results. A) Interstructure plot showing the high correlation between sampling at 24 h and 48 h (overlapping arrows) and between
sampling at baseline and 6 h (quite overlapping arrows); B) Table weights of the four times of sampling (squared cosines vs weights) showing the highest importance of 24 h
in the definition of the Compromise plot. C) Compromise plot: projections of each biomarker according to average patient's profile on the space of the first two components (PC1
and PC2). This plot shows that the first principal component (PC1) is mainly explained by BNP and cTnl.

correlation structure between the four times of sampling, the plot
(Fig. 4A) reported relevant associations between measurements at
baseline and at 6 h and between those at 24 h and 48 h. The estimated
RVs showed a high level of correlation among all times of sampling (RV
>0.9), whereas the time of sampling mainly contributing to the defini-
tion of the Compromise and thus to average biomarker profiles was
again 24 h (Fig. 4B).

In the Compromise analysis the first two principal components
accounted for 66.4% of the explained variance; in particular, PC1
explained 40.1%. According to the Compromise plot (Fig. 4C), PC1 was
mainly associated to BNP and cTnl, with a minor influence by CRP. Con-
versely, PC2 was mainly explained by CgA and CRP with coordinates of
opposite signs, whereas the contribution of BNP was quite absent.
Accordingly, we can speculate that BNP may explain a pathophysiologic
mechanism that is orthogonal to that referable to CgA. From this analy-
sis, BNP and cTnl provided quite overlapping information to patients'
profiles and they may be considered as interchangeable in a MM
panel. From the pathophysiologic point of view, PC1 may explain the
extension of necrosis. Independent information was mainly contributed
by CgA (orthogonal to previous markers) and less by CRP, which partial-
ly overlapped to BNP and cTnl. CgA and CRP seemed to have correlated,
but opposite effects (positive vs negative sign). There is a common
pathophysiologic mechanism (in sympathetic activation and inflamma-
tion) involving both markers that seemed to be positively triggered by
CgA release and negatively depicted by CRP.

4. Discussion

A large body of literature has shown that blood concentrations of
various cardiovascular risk biomarkers (i.e., markers of myocardial ne-
crosis, hemodynamic stress/ischemic burden, inflammation, and sym-
pathetic activation) detected after a STEMI are associated with clinical
prognosis [1-5]. Due to compelling pathophysiologic assumptions, a
MM strategy based on the simultaneous detection of different bio-
markers seems to offer incremental prognostic value to common clinical
risk scores [2,6,20]. However, only sparse data are available about those
candidate markers to be combined in an effective MM panel for improv-
ing the risk profile of patients [6,9,21]. It is likely that some biomarkers
may contribute redundant and partially overlapping information as the
global biochemical milieu refers to a complex sequence of interacting
and correlated pathophysiologic mechanisms developing during the
acute event [9,11]. In this framework, two aspects should be stressed.

First, few information is available about the relationship of different bio-
markers in STEMI patients and this mainly threatens the selection of
biomarkers for making reliable prognostic algorithms [6]. Secondly,
STEMI is a dynamic phenomenon in which biomarker releases assume
specific kinetics [10]. As a consequence, a single marker concentration
detected at admission or just before revascularization is unlikely
to capture the more relevant pathophysiologic changes, underlying
STEMI evolution (i.e., infarct size, reperfusion effect, and inflammatory
response), and greatly influence the patient's prognosis.

This concept has been well clarified by a wide literature reporting
as the shape of the pattern of cTnl release within 48 h from revascu-
larization carries a relevant prognostic impact. In particular, a rapid
cTn increase, peaking at ~14 h, followed by a fast decrease mirrors
the sharp washout of necrosis markers and a successful reperfusion
[22]. According to the preliminary evidence on cTnl, in STEMI patients
who underwent PPCI it is mandatory to investigate the release pat-
terns of those biomarker candidate to a MM panel together with
their correlations. Before evaluating the prognostic power of a MM
panel and promote survival studies in these patients, a strong back-
ground on the joint behavior of the included biomarkers is currently
required to be built up. For a reliable MM approach it is first manda-
tory to characterize a minimum cluster of biomarkers that may be se-
lected whether contributing independent information about the
pathophysiologic background of STEMI. Furthermore, it is relevant
to define whether the biomarker profiles might be synthesized by
one single measurement (traditionally assumed as the peak level)
[3]. Thus, the optimal time of sampling should be assessed to gather
most information from the simultaneous quantitation of different
markers performed once. To this purpose, our study was performed
on a homogeneous population of STEMI patients who underwent suc-
cessful PPCL. In these patients, four relevant cardiovascular risk bio-
markers (BNP, cTnl, CRP, and CgA) were measured before PPCI and
6, 24, 48 h later in order to derive complete biomarker profiles [10].
We identified firstly those markers contributing independent infor-
mation to the assessment of average patients' profiles. Furthermore,
we defined the optimal time of sampling to perform the simultaneous
detection of markers contributing the largest amount of information
to the patient's profile. Dealing with a great matrix of expected corre-
lated data (i.e., correlations between intra-patient measurements of
each biomarker and between concentrations of all biomarkers), we
resorted to a complex PCA analysis that, with a more simple approach
and explorative purposes, has already been applied for quantitative
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profiling of large sets of biomarkers in the cardiovascular framework
[14]. Despite its complexity, the STATIS method is recommended in-
stead of the classical multivariate analysis to extract unbiased evidence
from a three-way data set (patients x biomarkers x times of sampling)
with a high grade of correlation between data.

The PCA analysis highlighted a high grade of similarity between aver-
age marker profiles in our patients. Most patients were characterized by
quite overlapping mean profiles and this suggested that evolving STEMI
after successful PPCI may be represented by a rather homogenous phe-
nomenon, despite the complexity of the pathophysiologic background
and the wide biomarker changes detectable across the four time frames
(particularly for cTnl and BNP). Furthermore, it was relevant to define
that the sampling time contributing most information from biomarker
measurements to the definition of patients' profile was 24 h after PPCL
Thus, one single determination of all markers at this time may be enough,
whereas marker determinations at baseline resulted less informative.
This is not a marginal result since several studies assessed the prognostic
contribution of cardiovascular biomarkers by accounting marker concen-
trations at admission or, alternatively, at a variable time before/after re-
perfusion, likely losing a great amount of information contributed by
biomarker detection [3,12,20,21]. Increasing evidence has recently
suggested that selection of the optimal time of sampling is critical to de-
fine the prognostic contribution of biomarkers in STEMI [8-10]. In fact,
the marker release follows a specific dynamic, implying wide changes
in concentrations within the first 48 h from the onset of the acute
event [10]. This concept was further confirmed in this study: cTnl and
BNP appeared as highly dynamic markers in contrast to CRP and, partic-
ularly, to CgA, which may be assumed as the most static ones. cTnl seems
the early marker mirroring, between 6 and 24 h after PPCI, the perturba-
tion of the cardiovascular system due to infarct and following immediate
reperfusion. At 48 h, cTnl envisages the restoration of the original bal-
ance as it comes back to baseline concentrations. BNP followed the
cTnl shift, as it reports overlapping information concerning infarct
size, angiographic reflow and ST-segment resolution [23-25]. Persistent
high concentrations of BNP at 48 h may be associated to additional
pathophysiologic aspects that are not detectable by pure necrosis
markers (such as ischemic burden, hemodinamic stress, left ventricular
dysfunction, sympathetic activation, and counter-regulatory system ac-
tivation) [26,27]. Quite unexpectedly, in the studied patients neither in-
flammatory response to infarct size (mirrored by CRP increase) nor
sympathetic activation (by CgA) seemed to be relevant.

The second PCA analysis focused on the evaluation of correlations
between biomarkers, showing that STEMI may be explained by two or-
thogonal pathophysiologic aspects. The first one is mainly described by
BNP and cTnl determinations that were strictly related. According to
specificities of these markers, this aspect should be most closely identi-
fied with myocardial necrosis, although BNP appeared to contribute fur-
ther information to cTnl, being also influenced by previously described
additional mechanisms. Our evaluation of biomarker profiles in the first
48 h after PPCI was able to throw a strong correlation between BNP and
cTnl in contrast to other studies, which, resorting to baseline marker
concentrations, found only a modest relationship [28,29]. CRP was
shown to add only minimal independent contribution to the character-
ization of the pathophysiologic mechanism explained by cTnl and BNP,
despite its partial correlation with both biomarkers. Although the rela-
tionship of CRP with traditional necrosis markers is well known and
this result was rather expected, recent studies have reported that sys-
temic inflammation (evaluated by CRP concentrations at baseline)
may also enhance BNP expression independently of myocardial stretch
and ischemia [12]. This unexpected pathophysiologic relationship may
further complicate the biochemical substrate and potentially increase
BNP informative power over the cTnl one.

A second pathophysiologic aspect is mainly depicted by CgA that
resulted fully independent from BNP and cTnl. CRP partially contrib-
uted to this second component, but with an opposite effect with re-
spect to CgA. Although some evidence about a correlation between

CgA and BNP is available in literature [30], our data showed that
these markers gathered independent information, in agreement with
more recent findings [31]. Although CgA is considered as an index of
increased sympathetic activity, its pathophysiologic role in acute myo-
cardial infarction (AMI) should be yet characterized [4]. The complex
neuroendocrine and immune activation following acute ischemia and
associated left ventricular dysfunction was first suggested to trigger
CgA production [32,33]. However, the lack of evident relationship be-
tween CgA and BNP has suggested considering this hypothesis with
caution. In addition, alternative valid pathophysiologic explanations
may be found if we consider the increase of the pro-hormone CgA as pre-
dictive for the increase of the derived bioactive peptides vasostatin and
catestatin [34,35]. Their elevation following AMI and the possible patho-
physiologic implications has been discussed [36,37]. Particularly, these
peptides were found to be involved in various counter-regulatory pro-
cesses, such as protection against the extension of myocardial infarction
exerting a cardioprotective influence under infarct/reperfusion condi-
tions against excessive excitatory sympathetic challenges [36,37]. It is
relevant to highlight that catestatin exerts a direct protective effect on
myocardium, independent of its anti-adrenergic and/or endothelial
effects [36]. In this perspective, CgA profiles/measurements may explain
a pathophysiologic mechanism orthogonal to the one explained by BNP
and opposite to inflammatory response detected by CRP.

Despite the complexity of the statistical approach, a number of
papers in the cardiovascular framework have recently resorted to
methods generalizing PCA to handle MM panels and serial measure-
ments [14,38,39]. This meets with expert opinions remarking that tradi-
tional regression analyses is possibly not sufficient to reliably explore
the complex interplay between different biomarkers especially in a dy-
namic pathological framework. Nowadays, the application of more
appropriate statistical methods is required to provide unbiased evi-
dence [40]. As a limitation of this study, we are unable to evaluate the
prognostic impact of those markers and of the time of sampling provid-
ing the main independent information to patients' profiles. The present
case series is quite limited in the number of subjects and MACEs in order
to permit survival analysis. On the other hand, this was not the aim of
our study as presented findings are preliminary and basic to further
prognostic studies requiring a different design, a higher sample size
and incidence of MACEs [41]. In addition, we are aware that PCA
extracts only linear combinations of available variables and that non-
linearity might be relevant in investigating biomarker profiles. Howev-
er, our goal was to explore the contribution to overall variability of a set
of correlated biomarkers serially measured and not to define a function-
al pattern to describe the biomarker profile across the different times of
sampling. To our aim, linear combinations of biomarkers can contribute
most information.

In conclusion, this study shows that BNP and CgA measurements
at 24 h after PPCI may synthesize the main independent pathophysi-
ologic mechanisms underlying STEMI. Our findings support previous
data showing the complex implications of sympathetic activation
[33-37,42-44] and the greater prognostic power of BNP, when com-
pared with cardiac troponins in these patients [6,28,45,46]. These re-
sults may contribute a valuable tool to further optimize post-PPCI
strategies in patients still at high risk for adverse events, despite the
progress in reducing mortality made over the past decade [47,48].

Conflict of interest statement

None declared.

Acknowledgements

The authors thank “BANCA POPOLARE DI NOVARA” and
“FONDAZIONE DELLA COMUNITA' NOVARESE” for having supported
the research work in cardiology. We also thank Monica Lanzoni



S. Ferraro et al. / Clinica Chimica Acta 417 (2013) 1-7 7

(Dipartimento di Scienze Cliniche e di Comunita, Universita degli
Studi, Milano, Italy) for helping us in the revision of the manuscript.

References

[1] Kwon TG, Bae JH, Jeong MH, et al. N-terminal pro-B-type natriuretic peptide is
associated with adverse short-term clinical outcomes in patients with acute
ST-elevation myocardial infarction underwent primary percutaneous coronary
intervention. Int | Cardiol 2009;133:173-8.

Chia S, Senatore F, Raffel OC, et al. Utility of cardiac biomarkers in predicting

infarct size, left ventricular function, and clinical outcome after primary percuta-

neous coronary intervention for ST-segment elevation myocardial infarction.

JACC Cardiovasc Interv 2008;1:415-23.

Hassan AK, Bergheanu SC, Hasan-Ali H, et al. Usefulness of peak troponin-T to

predict infarct size and long-term outcome in patients with first acute myocardial in-

farction after primary percutaneous coronary intervention. Am J Cardiol 2009;103:

779-84.

Omland T, Dickstein K, Syversen U. Association between plasma chromogranin A

concentration and long-term mortality after myocardial infarction. Am ] Med

2003;114:25-30.

Bertinchant JP, Ledermann B, Schmutz L, et al. Diagnostic and prognostic signifi-

cance of CK-MB, troponins, CRP, BNP and/or NT-proBNP in coronary angioplasty.

Elevation mechanisms and clinical implications. Arch Mal Coeur Vaiss 2007;100:

925-33.

Damman P, Beijk MA, Kuijt WJ, et al. Multiple biomarkers at admission significantly

improve the prediction of mortality in patients undergoing primary percutaneous

coronary intervention for acute ST-segment elevation myocardial infarction. ] Am

Coll Cardiol 2011;57:29-36.

Kim H, Yang DH, Park Y, et al. Incremental prognostic value of C-reactive protein and

N-terminal proB-type natriuretic peptide in acute coronary syndrome. Circ ] 2006;70:

1379-84.

Buchner S, Debl K, Barlage S, et al. Dynamic changes in N-terminal pro-brain natri-

uretic peptide in acute coronary syndromes treated with percutaneous coronary in-

tervention: a marker of ischemic burden, reperfusion and outcome. Clin Chem Lab

Med 2010;48:875-81.

Ezekowitz JA, Théroux P, Welsh R, et al. Insights into the change in brain natri-

uretic peptide after ST-elevation myocardial infarction (STEMI): why should it

be better than baseline? Can ] Physiol Pharmacol 2007;85:173-8.

[10] Ferraro S, Ardoino I, Boracchi P, et al. Inside ST-elevation myocardial infarction by
monitoring concentrations of cardiovascular risk biomarkers in blood. Clin Chim
Acta 2012;413:888-93.

[11] Narain VS, Gupta N, Sethi R, et al. Clinical correlation of multiple biomarkers for risk
assessment in patients with acute coronary syndrome. Indian Heart ] 2008;60:
536-42.

[12] van Diepen S, Roe MT, Lopes RD, et al. Baseline NT-proBNP and biomarkers of inflam-
mation and necrosis in patients with ST-segment elevation myocardial infarction:
insights from the APEX-AMI trial. ] Thromb Thrombolysis 2012, doi:10.1007/s11239-
012-0691-0 [Epub ahead of print].

[13] 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. ] Am Coll Cardiol 2003;42:1909-16.

[14] Wykrzykowska JJ, Garcia-Garcia HM, Goedhart D, et al. Differential protein bio-
marker expression and their time-course in patients with a spectrum of stable
and unstable coronary syndromes in the Integrated Biomarker and Imaging
Study-1 (IBIS-1). Int ] Cardiol 2011;149:10-6.

[15] Smith Jr SC, Feldman TE, Hirshfeld Jr JW, et al. ACC/AHA/SCAI 2005 guideline
update for percutaneous coronary intervention: a report of the American College
of Cardiology/American Heart Association Task Force on practice guidelines
(ACC/AHA/SCAI writing committee to update the 2001 guidelines for percutane-
ous coronary intervention). ] Am Coll Cardiol 2006;47:e1-121.

[16] Lavit C, Escoufier Y, Sabatier R, et al. The ACT (STATIS method). Comput Stat Data
Anal 1994;18:97-119.

[17] Abdi H, Williams LJ, Valentin D, et al. STATIS and DISTATIS: optimum multitable
principal component analysis and three way metric multidimensional scaling
WIREs. Comput Stat 2012;4:124-67.

[18] Jolliffe IT. Principal component analysis. 2nd ed. Springer; 2002.

[19] Dray S, Dufour AB, Chessel D. The ade4 package-II: two-table and K-table methods.
R News 2007;7:47-52.

[20] Damman P, Kuijt W], Woudstra P, et al. Multiple biomarkers at admission are asso-
ciated with angiographic, electrocardiographic, and imaging cardiovascular mecha-
nistic markers of outcomes in patients undergoing primary percutaneous coronary
intervention for acute ST-elevation myocardial infarction. Am Heart ] 2012;163:
783-9.

[21] Kuch B, von Scheidt W, Kling B, et al. Differential impact of admission C-reactive
protein levels on 28-day mortality risk in patients with ST-elevation versus
non-ST-elevation myocardial infarction. Am ] Cardiol 2008;102:1125-30.

[22] Remppis A, Scheffold T, Karrer O, et al. Assessment of reperfusion of the infarct
zone after acute myocardial infarction by serial cardiac troponin T measurements
in serum. Br Heart ] 1994;71:242-8.

2

3

[4

[5

[6

(7

8

[9

[23] Verouden NJ, Haeck JD, Kuijt W], et al. Comparison of the usefulness of N-terminal
pro-brain natriuretic peptide to other serum biomarkers as an early predictor of
ST-segment recovery after primary percutaneous coronary intervention. Am J Cardiol
2010;105:1047-52.

[24] Hong SN, Ahn Y, Hwang SH, et al. Usefulness of preprocedural N-terminal
pro-brain natriuretic peptide in predicting angiographic no-reflow phenomenon
during stent implantation in patients with ST-segment elevation acute myocardi-
al infarction. Am J Cardiol 2007;100:631-4.

[25] Haeck JD, Verouden NJ, Kuijt W], et al. Comparison of usefulness of N-terminal
pro-brain natriuretic peptide as an independent predictor of cardiac function
among admission cardiac serum biomarkers in patients with anterior wall versus
nonanterior wall ST-segment elevation myocardial infarction undergoing primary
percutaneous coronary intervention. Am J Cardiol 2010;105:1065-9.

[26] Clerico A. Pathophysiological and clinical relevance of circulating levels of cardiac na-
triuretic hormones: is their assay merely a marker of cardiac disease? Clin Chem Lab
Med 2002;40:752-60.

[27] Goetze JP, Christoffersen C, Perko M, et al. Increased BNP cardiac expression asso-
ciated with myocardial ischemia. FASEB ] 2003;17:1105-7.

[28] James SK, Lindahl B, Siegbahn A, et al. N-terminal pro-brain natriuretic peptide and
other risk markers for the separate prediction of mortality and subsequent myocar-
dial infarction in patients with unstable coronary artery disease: a global utilization
of strategies to open occluded arteries (GUSTO)-IV substudy. Circulation 2003;108:
275-81.

[29] Grabowski M, Filipiak K], Karpinski G, et al. Serum B-type natriuretic peptide
levels on admission predict not only short-term death but also angiographic suc-
cess of procedure in patients with acute ST-elevation myocardial infarction treat-
ed with primary angioplasty. Am Heart | 2004;148:655-62.

[30] Estensen ME, Hognestad A, Syversen U, et al. Prognostic value of plasma chromogranin
Alevels in patients with complicated myocardial infarction. Am Heart ] 2006;152:e1-6.

[31] Manhenke C, Orn S, von Haehling S, et al. Clustering of 37 circulating biomarkers by
exploratory factor analysis in patients following complicated acute myocardial in-
farction. Int J Cardiol 2011, doi:10.1016/j.icard.2011.11.089 [Epub ahead of print].

[32] O'Connor DT. Chromogranin A: widespread immunoreactivity in polypeptide hor-
mone producing tissues and in serum. Regul Pept 1983;6:263-80.

[33] Steiner HJ, Weiler R, Ludescher C, et al. Chromogranins A and B are co-localized
with atrial natriuretic peptides in secretory granules of rat heart. ] Histochem
Cytochem 1990;38:845-50.

[34] Helle KB. The chromogranin A-derived peptides vasostatin-I and catestatin as reg-
ulatory peptides for cardiovascular functions. Cardiovasc Res 2010;85:9-16.

[35] Helle KB, Corti A, Metz-Boutigue MH, et al. The endocrine role for chromogranin A: a
prohormone for peptides with regulatory properties. Cell Mol Life Sci 2007;64:
2863-6.

[36] Penna C, Alloatti G, Gallo MP, et al. Catestatin improves post-ischemic left ventricu-
lar function and decreases ischemia/reperfusion injury in heart. Cell Mol Neurobiol
2010;30:1171-9.

[37] Brar BK, Helgeland E, Mahata SK, et al. Human catestatin peptides differentially
regulate infarct size in the ischemic-reperfused rat heart. Regul Pept 2010;165:
63-70.

[38] Shah SH, Bain JR, Muehlbauer MyJ, et al. Association of a peripheral blood metabol-
ic profile with coronary artery disease and risk of subsequent cardiovascular
events. Circ Cardiovasc Genet 2010;3:207-14.

[39] Zheng X, Shen ], Liu Q, et al. Plasma fatty acids metabolic profiling analysis of cor-
onary heart disease based on GC-MS and pattern recognition. ] Pharm Biomed
Anal 2009;49:481-6.

[40] Orn S, Aukrust P. The prediction of adverse cardiac remodelling following myo-
cardial infarction: defining the need for a dynamic multimarker approach. Heart
2012;98:1112-3.

[41] Harrell FE, Lee KL, Matchar DB, et al. Regression models for prognostic prediction:
advantages, problems, and suggested solutions. Cancer Treat Rep 1985;69:1071-7.

[42] Ewert TJ, Gritman KR, Bader M, et al. Post-infarct cardiac sympathetic hyperactiv-
ity regulates galanin expression. Neurosci Lett 2008;436:163-6.

[43] Alston EN, Parrish DC, Hasan W, et al. Cardiac ischemia reperfusion regulates sym-

pathetic neuropeptide expression through gp130-dependent and independent

mechanisms. Neuropeptides 2011;45:33-42.

Lymperopoulos A, Rengo G, Gao E, et al. Reduction of sympathetic activity via

adrenal-targeted GRK2 gene deletion attenuates heart failure progression and im-

proves cardiac function after myocardial infarction. J Biol Chem 2010;285:16378-86.

[45] Grabowski M, Filipiak K], Malek LA, et al. Admission B-type natriuretic peptide as-
sessment improves early risk stratification by Killip classes and TIMI risk score in
patients with acute ST elevation myocardial infarction treated with primary an-
gioplasty. Int ] Cardiol 2007;115:386-90.

[46] Bruder O, Jensen C, Jochims M, et al. Relation of B-type natriuretic peptide (BNP)
and infarct size as assessed by contrast-enhanced MRI. Int J Cardiol 2010;144:
53-8.

[47] Fox KA, Steg PG, Eagle KA, et al. GRACE investigators. Decline in rates of death and
heart failure in acute coronary syndromes, 1999-2006. JAMA 2007;297:1892-900.

[48] Parodi G, Antoniucci D, Nikolsky E, et al. Impact of bivalirudin therapy in high-risk
patients with acute myocardial infarction: 1-year results from the HORIZONS-AMI
(Harmonizing Outcomes with RevasculariZatiON and Stents in Acute Myocardial
Infarction) trial. JACC Cardiovasc Interv 2010;3:796-802.

[44



	Multi-marker network in ST-elevation myocardial infarction patients undergoing
primary percutaneous coronary intervention: When and what to measure

	1. Introduction
	2. Materials and methods
	2.1. Patients
	2.2. Biomarkers
	2.3. Statistical methods

	3. Results
	3.1. Patients
	3.2. Similarities between patients: DIRECT STATIS
	3.2.1. Contribution of each time of sampling to patient profiles

	3.3. Similarities between patterns of markers: DUAL STATIS

	4. Discussion
	Conflict of interest statement
	Acknowledgements
	References


