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A b s t r a c t

Introduction: There is growing evidence that inflammation plays a  pivot-
al role in the etiology and progression of atherosclerosis. High C-reactive 
protein (CRP) levels have been associated with high mortality in patients 
with acute myocardial infarction (AMI). Furthermore, in animal models CRP 
has been found to significantly increase infarct size. So there is growing 
evidence that CRP is not only a marker for cardiovascular disease but also 
might be pathogenic. The aim of our study was to test the hypothesis that 
peak CRP levels could predict heart failure (HF) in ST-elevation myocardial 
infarction (STEMI) patients.
Material and methods: Eighty-one consecutive patients with STEMI were 
prospectively enrolled in the study. C-reactive protein concentrations were 
measured on admission and after 6, 12, 24, 30, 48, 72 and 96 h. We as-
sessed the association between the elevation of CRP, heart failure and car-
diovascular mortality following the first 12 months after STEMI.
Results: C-reactive protein levels reached a peak after 48 h. Patients with 
STEMI and signs of HF showed significantly higher peak CRP levels. We 
found a positive correlation between maximum CK levels and peak CRP and 
a  negative correlation between left ventricular ejection fraction (EF) and 
peak CRP. One year total mortality and HF mortality rates were found to be 
higher in patients with peak CRP > 47.5 mg/l than in those with CRP below 
that level (p < 0.001). 
Conclusions: Peak CRP levels in STEMI patients predict emergence of HF. 
Peak CRP is also a  strong predictor of global and cardiovascular mortality 
during the following year after STEMI.

Key words: C-reactive protein, heart failure, ST-elevation myocardial 
infarction, inflammation, clinical outcome.

Introduction

In the last decade there has been growing evidence that inflammation 
plays a  pivotal role in the etiology and progression of atherosclerosis 
[1–4]. Increased levels of different markers of inflammation have been 
associated with either an increased risk of developing coronary artery 
disease (CAD) or with poor prognosis in patients with known CAD [5]. 
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Amongst the inflammatory mediators, C-reactive 
protein (CRP) has emerged as an independent risk 
indicator. Observational studies have consistently 
reported that elevated CRP levels have clear prog-
nostic value for major cardiovascular events and 
even mortality [6–8]. Although there is heteroge-
neity in the predictive value of CRP, the general 
consensus acknowledges a relation between CRP 
and cardiovascular disease. The impact of CRP on 
cardiovascular outcome has been emphasized by 
data showing that risk reduction for a first myo-
cardial infarction seemed to be directly related to 
high sensitivity CRP (hsCRP) levels [9]. 

Furthermore, many prospective studies have 
demonstrated that CRP strongly and independent-
ly predicts adverse cardiovascular events, includ-
ing myocardial infarction, ischemic stroke, and 
sudden cardiac death in individuals both with 
and without over CAD [10]. C-reactive protein is 
believed to be both a marker and a mediator of 
atherosclerosis and CAD. It plays a pivotal role in 
many aspects of atherogenesis including activa-
tion of the complement pathway, lipid uptake by 
macrophages, and release of proinflammatory cy-
tokines, induces the expression of tissue factor in 
monocytes, promotes endothelial dysfunction and 
inhibits nitric oxide production. 

As far back as in 1954, the value of estimat-
ing CRP levels as a measure of myocardial dam-
age in the setting of acute myocardial infarction 
was already known [11]. Later on, CRP could be 
detected within and around necrotic myofibers in 
myocardial infarcts in rabbits. The CRP depositions 
have meanwhile also been found in human hearts 
during myocardial infarction in co-localization 
with activated complement [12]. Furthermore, it 
was shown that circulating CRP-complexes cor-
related significantly with the local concentration 
and the extent of the deposition of both CRP and 
complement. These observations are supported 
by animal studies in which human CRP injected 
into rats has been shown to increase infarct size 
by approximately 40%, whereas in vivo comple-
ment depletion completely abrogated this effect 
[13]. Recently, a  small-molecule inhibitor of CRP 
has been found in rats to attenuate the increase 
in infarct size and cardiac dysfunction in reaction 
to human CRP [14]. 

Another recent study showed that selective CRP 
apheresis in pigs significantly reduced the CRP lev-
els. C-reactive protein apheresis after myocardial in-
farction was a safe and feasible therapeutic option 
for reduction of the size of the infarcted area and 
improved cardiac output as demonstrated by im-
proved left ventricular ejection fraction (LVEF) [15]. 

Combining these clinical findings with exper-
imental observations of the last years, a  par-
adigm shift has occurred in which CRP is now 

no longer merely a  marker, but is increasingly 
considered a mediator of cardiovascular disease 
[13, 16, 17].

During acute myocardial infarction the inci-
dence of heart failure and the strong influence of 
HF on mortality are among the most challenging 
problems to deal with in this clinical setting [18]. 
Pietila et al. found that patients who died of con-
gestive heart failure following acute myocardial 
infarction (AMI) had significantly elevated CRP 
levels [19].

Therefore, the objective of our study was to 
evaluate the correlation between CRP levels and 
the risk of developing significant heart failure in 
patients with acute ST-elevation myocardial in-
farction (STEMI) and to test whether peak CRP lev-
els could predict significant heart failure following 
STEMI.

Material and methods

Patients

Our study was designed as a single-center pro-
spective observational cohort trial in the setting 
of first STEMI treated with primary percutaneous 
coronary intervention (PCI). Eighty-one consecu-
tive patients meeting the study inclusion and ex-
clusion criteria were enrolled (Table I).

Inclusion criteria were as follows: typical steno-
cardial chest pain of at least 30 min duration; 
onset of symptoms < 12 h before hospital admis-
sion and electrocardiographic features of acute MI 
with STEMI ≥ 0.1 mV in 2 or more contiguous limb 
leads or ≥ 0.2 mV in 2 or more contiguous precor-
dial leads and no history of previous myocardial 
infarction.

The exclusion criteria were lack of informed 
consent; prior coronary revascularization; prior 
myocardial infarction; cardiogenic shock; pre-ex-
isting congestive heart failure (class III or IV ac-
cording to the New York Heart Association clas-
sification); hemodynamically significant valvular 
heart disease; chronic infections; auto-inflamma-
tory or autoimmune disease; cancer; therapy with 
steroids, immunosuppressive agents and non-ste-
roidal anti-inflammatory drugs (excluding low 
doses of aspirin).

All patients gave their informed consent and 
the study was approved by the hospital’s ethics 
committee.

Laboratory measurements

Peripheral venous blood was drawn into blood 
collection tubes in a  standardized manner. All 
blood samples were collected under minimal tour-
niquet pressure from the antecubital vein using 
a  wide caliber puncture needle (21-gauge). All 
blood tubes were immediately transferred to the 
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laboratory. C-reactive protein and routine labora-
tory tests including serum electrolytes, total cho-
lesterol (TC), high density lipoprotein (HDL), TC/
HDL ratio, triglycerides (TG), creatinine kinase 
(CK), creatinine, white blood cells (WBC), hemo-
globin and platelets were determined by standard 
laboratory methods (Table I). 

C-reactive protein levels and CK activity were 
measured on admission, and after 6, 12, 24, 30, 
48, 72 and 96 h.

Echocardiography

To evaluate LVEF a 2-dimensional echocardio-
gram was performed on the first and seventh day 
after admission.

Standard transthoracic echocardiography was 
performed according to the recommendations of 
the European Association of Echocardiography 
on a  Vivid 7 Dimension machine (GE Vingmed, 
Horton, Norway; M3S 2.5-MHz transducer). Im-
ages were stored digitally and analyzed off-line 

Table I. Demographic and clinical characteristics of the study population

Parameter No HFrEF HFrEF P-value

N 38 43

Age [years] 62.3 65.2 0.20

Sex (male %) 68 69

Current smoking (%) 16 (42) 16 (37) 0.55

Hypertension (%) 23 (61) 33 (77) 0.12

Diabetes mellitus (%) 7 (18) 15 (35) 0.10

Family history (%) 14 (37) 5 (12) 0.008

ASS (%) 38 (100) 41 (95) 0.19

Clopidogrel (%) 37 (97) 40 (93) 0.38

β-blockers (%) 38 (100) 40 (93) 0.10

ACE-inhibitors (%) 36 (95) 38 (88) 0.32

AT1-blockers (%) 1 (3) 3 (7) 0.38

Statins (%) 37 (97) 40 (93) 0.11

Diuretics (%) 6 (16) 14 (32) 0.08

Calcium-channel blockers (%) 4 (11) 4 (9) 0.86

Coumadin (%) 1 (3) 5 (12) 0.13

LVEF (%) 51.1 31.9 < 0.001

CK peak [U/l] 2077.3 3537.2 0.004

CRP peak [mg/l] 38.7 84.3 < 0.001

Creatinine [mg/l] 1.03 1.14 0.37

BUN [mg/l] 29.8 40.90 0.03

Triglycerides 135.1 129.7 0.51

Total cholesterol [mg/dl] 224.7 201.1 0.06

HDL cholesterol 50.3 47.9 0.41

LDL cholesterol 148.5 133.1 0.11

WBC [103/µl] 11.2 12.7 0.50

Hemoglobin [g/dl] 14.6 14.1 0.22

Platelets [103/µl] 266.3 255.6 0.55

Potassium [mmol/l] 4.2 4.5 0.07

Sodium [mmol/l] 138.7 138.2 0.32
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(EchoPac PC, GE Vingmed). For all measurements 
3 beats were stored and analyzed. Left atrial and 
ventricular volumes, left ventricular (LV) end-dia-
stolic diameter, and LV mass were calculated ac-
cording to current recommendations and indexed 
for body surface area. Pulse-wave Doppler was 
performed in the apical 4-chamber view to obtain 
peak early filling (E wave) and late diastolic filling 
(A wave) velocities, E/A ratio, deceleration time of 
the early filling wave, and the isovolumic relax-
ation time. The frame rate for tissue Doppler im-
aging measurements was 100 frames/s. Timings 
of aortic valve opening, peak systolic contraction, 
and aortic valve closure were measured in relation 
to the beginning of the QRS complex. 

Evaluation of systolic heart failure

The presence and degree of HF were assessed 
on the first and seventh day after admission fol-
lowing myocardial infarction. Heart failure was 
classically defined as the clinical diagnosis of HF 
and an EF ≤ 40%, which is the official diagnosis 
of heart failure with reduced EF (HFrEF) [20, 21] 
(Table II).

Follow-up

Six months and one year after recruitment 
each patient was called for a  clinical check-up. 
For those who died during a  hospital stay, date 
and cause of death were obtained from hospital 
records (including the postmortem report where 
available). Mortality data for those who died out-
side the hospital were obtained from the family 
doctor. No patient dropped out during follow-up. 
End points used for the present study were global 
mortality and HF mortality.

Statistical analysis

Statistical analyses were performed with SPSS 
(Statistical Package for the Social Sciences) ver-
sion 17.0. Categorical or dichotomous variables 
are expressed as absolute values and percent-
ages, and were compared with Pearson’s c2 test. 
Continuous variables with a  normal distribution 
are expressed as mean ± standard deviation, 
and Student’s t test was used for comparisons 
between groups. Continuous variables without 
normal distribution are expressed as the medi-
an and interquartile range. Pearson’s test was 
used to study the correlation between quantita-
tive variables. A  multivariate logistic regression 
model was used to evaluate the independent 
contribution of CRP levels to the risk of new 
events during follow-up. Univariate predictors of 
potential significance and CRP values were in-
cluded in multivariate analysis. Adjusted hazard 
ratios and 95% confidence intervals (CI) are pre-

Table II. Procedural details of the study population

Parameter No 
HFrEF

HFrEF

N 38 43

Lesion localization, n (%):

LAD 22 (58) 19 (44)

LCX 0 (0) 1 (2)

RCA 23 (61) 16 (37)

Degree of CAD, n (%):

One vessel 10 (26) 23 (53)

Two vessels 15 (39) 11 (26)

Three vessels 10 (26) 12 (28)

TIMI flow target vessel pre PCI, n (%):

0 27 (71) 28 (65)

1 5 (13) 10 (23)

2 4 (11) 5 (12)

3 0 (0) 2 (5)

TIMI flow target vessel post PCI, n (%):

0 0 (0) 0 (0)

1 1 (3) 1 (2)

2 3 (8) 2 (5)

3 36 (95) 38 (88)

Mean number of stents per lesion 1.09 1.13

Post-procedural complications, n (%):

Acute renal insufficiency 2 (5) 0 (0)

Bleeding 0 (0) 1 (2)

Defibrillation 1 (3) 0 (0)

sented. Kaplan-Meier curves were constructed to 
evaluate the prognostic value of CRP. A p-value  
< 0.05 was considered statistically significant.

Results

Study patients had a  mean ± SD age of 63.8 
±11.9 years; 69% were male. All patients present-
ed with STEMI in the Department of Cardiology, 
University Clinic of Erlangen. Fifty-one percent of 
the study patients presented with anterior, 48% 
with inferior and 1% with posterolateral STEMI. 
Forty-three patients developed significant HFrEF. 
All patients underwent acute cardiac catheteriza-
tion. Patient characteristics are shown in Tables I 
and II. There were no significant peri- or post-pro-
cedural complications. Two patients needed cate-
cholamines during the procedure. One patient had 
to be defibrillated due to ventricular fibrillation. 
Two patients developed acute renal failure, but 
without need of hemofiltration. 
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C-reactive protein levels were measured on ad-
mission and after 6, 12, 24, 30, 48, 72 and 96 h. 
The time course of CRP levels is shown in Figure 1.  
On admission CRP levels were already elevated in 
92% of the patients (15.1 ±27.7 mg/l). C-reactive 
protein levels reached a  peak after about 48 h 
(59.2 ±59.6 mg/l). Patients with STEMI and signs 
of heart failure showed significantly higher peak 
CRP levels than STEMI patients without signs of 
heart failure (Figure 2; median: 15.0 mg/l; 25th 
percentile: 7.5 mg/l; 75th percentile 41.0 mg/l vs. 
median: 61.5 mg/l; 25th percentile: 23.0 mg/l; 75th 
percentile 131.0 mg/l, p < 0.001). Furthermore, 
we also found a  significant negative correlation 
between LVEF and peak CRP levels (Figure 3 A,  
r = –0.56, p < 0.001). When comparing maximum 
CK levels with peak CRP levels we also found a sig-
nificant positive correlation (Figure 3 B, r = 0.52, 
p < 0.001). 

Figure 4 shows the receiver operator charac-
teristic curves (ROC) for CRP and CK for the pre-
diction of heart failure following acute myocardial 
infarction. The area under the curve for CK was 
0.41 (95% CI: 0.28–0.54) and CRP 0.76 (95% CI: 

0.64–0.87) (p < 0.001). The ROC analysis revealed 
an optimal cut-off point for peak CRP within the 
first 48 h following STEMI that identifies patients 
prone to HF progression and worse prognosis; it 
was 47.5 mg/l. 

None of the patients died during hospitaliza-
tion. Patients with high CRP levels did not show 
significantly longer ICU stay or hospital stay. In 
the recruited patients no hemodynamic support 
devices had to be applied. During the follow-up of 
12 months there were major adverse cardiovascu-
lar events in 19 (23%) patients including 2 sudden 
deaths, 3 non-fatal AMI, and 2 patients under-
went a coronary artery bypass graft (CABG) oper-
ation. Repeat percutaneous transluminal coronary 
angioplasty (PTCA) was performed in 12 patients. 
Five repeat PTCA procedures did not involve the 
study vessel and were motivated by progression 
of the disease in other vessels, whereas the other 
6 were target lesion revascularization (TLR) pro-
cedures. Figure 5 shows the Kaplan-Meier plot for 
MACE-free survival within 12 months in patients 
with CRP levels above and below 47.5 mg/l. Pa-
tients with CRP levels below 47.5 had significantly 

Figure 1. C-reactive protein (CRP) time course af-
ter ST-elevation myocardial infarction. Values are 
means and error bars indicate SEM
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Figure 3. A  – Negative correlation between C-reactive protein (CRP) level and left ventricular ejection fraction 
(LVEF). B – Positive correlation between CRP level and creatinine kinase (CK) activity (r = 0.52, p < 0.001)
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Figure 2. C-reactive protein (CRP) levels of ST-el-
evation myocardial infarction patients with and 
without heart failure. Solid lines indicate median 
values and boxes indicate 25–75th percentiles
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fewer major cardiovascular adverse events than 
patients with higher CRP levels. 

Discussion

Our study shows a clear relationship between 
in-hospital CRP plasma concentrations and the 
development of post-infarction heart failure in pa-
tients undergoing PCI for a first STEMI. 

Our study is in agreement with other reports, 
where the acute inflammatory reaction in AMI 
starts 4 to 8 h after the acute onset and peaks 
within 48 h [22]. Furthermore, we showed that 
peak CRP levels identify patients prone to HF pro-
gression and worse prognosis. In a previous study 
Berton et al. found an association between CRP 
levels and heart failure in patients with AMI [23]. 
However, they examined patients with myocardi-
al infarction in general and did not differentiate 
between STEMI and non-STEMI (NSTEMI). Fur-
thermore, they included patients with previous 
myocardial infarction and some of the patients 
were treated with thrombolysis. In our study, we 
recruited only STEMI patients without a prior his-
tory of myocardial infarction. All of our patients 
were treated with primary PCI within 60 min after 
hospital admission.

Generally, CRP is an acute phase reactant, syn-
thesized primarily by the liver. For many years CRP 
has thus been merely used as a marker for sys-
temic inflammation. However, there are accumu-
lating data indicating that CRP could be more than 
just a biomarker of inflammation. 

Previous data indicate that CRP may induce 
complement activation and thus may lead to mal-
adaptive cardiac remodeling in acute ischemic left 
ventricular damage. After aggregation and ligand 
binding, CRP is a potent activator of the classical 
complement pathway. In this context, CRP has 
been found on myocardial cells within the infarct-
ed area together with activated complement [12]. 
In diverse animal models, several authors have 
shown that CRP markedly increases the extent of 
myocardial damage produced by ischemic injury 
[13, 14, 24]. 

In our study, the rapid rise in CRP levels reflects 
the severity of the inflammatory reaction within 
the infarcted area. The CRP levels positively cor-
related with CK activity and negatively with left 
ventricular ejection fraction. The extent of inflam-
matory activation seems to be a major determi-
nant in post-infarction remodeling. Combining 
the respective preclinical data [13, 14] with our 
results, high CRP levels may not only be a  sign 
of an activated inflammatory reaction, but also 
a  determinant of further myocardial damage. 
After aggregation or ligand binding, human CRP 
activates the classical complement pathway [25, 
26]. In this concept, CRP also binds to non-irre-
mediable damaged cells and leads to complement 
activation. As a  consequence, the targeted cells 
were opsonized, thereby increasing the amount 
of cell death and thus increasing infarct size. This 
concept could in part explain our results that pa-
tients with high CRP levels developed post-infarc-
tion heart failure. Large infarct size, thus resulting 
in heart failure, is furthermore a major determi-
nant of morbidity and mortality following STEMI. 
In our patients stratified by CRP levels, the cut-off 
value was 47.5 mg/l for predicting heart failure 
and cardiovascular adverse events within the first  
12 months following STEMI. Together with the 

 CRP, AUC = 0.76          CK, AUC = 0.41

Figure 4. Receiver operating characteristic curves 
for the prediction of heart failure after ST-elevation 
myocardial infarction. The area under the curve 
(AUC) was calculated as 0.76 for C-reactive protein 
(CRP); 95% confidence interval: 0.64–0.87 and 0.41 
for creatine kinase (CK) levels (95% confidence in-
terval: 0.28–0.54, p < 0.001)
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Figure 5. Kaplan-Meier estimates of major ad-
verse cardiac events (MACE)-free survival within 
12 months in patients with C-reactive protein 
(CRP) levels above or below 47.5 mg/l. The MACE 
includes cardiac death, myocardial infarction, or 
target lesion revascularization (p < 0.001)
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data from other groups the marked rise in pa-
tients developing heart failure may not only be an 
epiphenomenon but may represent a pathogenic 
process that leads to further myocardial damage 
and thus heart failure.

Generally, inflammation plays a very important 
role in wound healing after myocardial infarction. 
Since CRP is one of the acute phase proteins, it is 
very important in “orchestrating” one of the first in-
flammatory responses. An excessive inflammatory 
response, however, leads to worsening heart failure 
and poor outcome after myocardial infarction.

Therapeutic inhibition of an excessive CRP re-
sponse could thus be a promising new approach to 
cardioprotection in STEMI patients. In this context 
Pepys et al. developed a  specific small-molecule 
inhibitor of CRP [14]. In rats undergoing AMI this 
inhibitor could abrogate the increase in infarct size 
and cardiac dysfunction. In another interesting ap-
proach Sheriff et al. developed a specific CRP ad-
sorber and showed that CRP depletion by apheresis 
led to a reduction of infarct size in a porcine animal 
model of AMI [15]. Although it is difficult to trans-
fer these data to the clinical setting of patients 
suffering STEMI, it supports the assumption that 
therapeutic inhibition of CRP could be a promising 
approach to cardioprotection after STEMI. However, 
further investigations need to be performed to test 
the impact of therapeutic CRP depletion in a  hu-
man clinical setting. 

Although there is no widespread use of the 
only approved anti-CRP treatment possibility (CRP 
apheresis) at the moment, our data may make an 
important contribution to identify STEMI patients 
at risk for heart failure and worse prognosis. Once 
identified, these patients could perhaps benefit 
from a specific heart failure therapy or may fur-
thermore be evaluated for strict monitoring up 
to the use of a  LifeVest defibrillator for the first 
weeks after acute STEMI. However, further studies 
are needed to confirm these data in a large trial. 
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