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C-Reactive Protein as a Risk Factor for Left Ventricular Thrombus in Patients 
with Acute Myocardial Infarction 
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Summary 

Buckground: Elevated C-reactive protein (CRP) has been 
found to correlate with higher risk for cardiac events in pa- 
tients with acute myocardial infarction (AMI). It has been sug- 
gested that CRP may be involved in initiation process of coag- 
ulation; however, the role of CRP level in the formation of left 
ventricular (LV) thrombus has not been studied. 

Hypothesis: This study investigated whether CRP is a risk 
factor for LV thrombus in patients with AMI. 

Methods: Clinical, echocardiographic, and biochemical 
data were analyzed in 14 1 consecutive patients (aged 57 k 13 
years; 33 women) with first anterior AMI. Two-dimensional 
and Doppler echocardiographic examinations were per- 
formed on Days I ,  3, 7, 15, and 30. Blood samples were 
obtained every day during hospitalization. Serum CRP con- 
centrations were measured by an ultrasensitive immunoneph- 
elometry method. 

Results: Left ventricular thrombus was detected in 33 
(23.4%) patients. Univariate analysis showed that patients 
with LV thrombus had a higher peak creatine kinase (CK) lev- 
el (2879 * 742 vs. 1693 * I2 10 VU, p = 0.001 ), higher peak 
CRP level (14.9 2 7.1 vs. 9.2 * 6.8 mg/dl, p = 0.001), higher 
wall motion score index (1.8 0.2 vs. 1 .5 2 0.3, p = 0.002). 
higher apical wall motion score index (2.35 f 0.72 vs. 2.07 f 
0.70, p = 0.001), larger end-diastolic volume (145.2 * 43.7 
vs. 116.5 k 44.2 ml, p = 0.002), larger end-systolic volume 
(85.4 * 37.2 vs. 62.9 f 3 1.6 ml, p = 0.003), and lower ejection 
fraction (42.1 f 12 vs. 47.3 f 13, p = 0.04). In multivariate 
analyses, only peak CK level (p = O.OOOl), LV apical wall mo- 
tionscore index(p=0.001),andCRPlevels(p=0.001) were 
independent predictors of LV thrombus formation. 

Conclusions: These results suggest that CRP is a risk factor 
for LV thrombus in patients with AMI. 
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Introduction 

Left ventricular (LV) thrombus is a frequent complication 
of acute myocardial infarction (AMI). Combining the results 
of the most important echocardiographic studies in a total of 
2,018 patients, Dantzig et al. I reported a frequency of LV 
thrombus after AM1 to be 27%. Several factors are associated 
with thrombus formation. Thrombus was found almost exclu- 
sively in anterior wall infarction.' Higher mortality has been 
reported in patients with LV thrombus after infarction,' espe- 
cially when developing within the first 48 h after infarction.3 

C-reactive protein (CRP) is a sensitive, nonspecific acute 
phase reactant. Its secretion is induced by cytokines, especial- 
ly interleukin-6, which is produced by hepatocytes and acti- 
vated macrophages.4. Increased CRP levels are associated 
with a worse outcome among patients with a first AML6 It has 
been reported that peak CRP >20 mg/dl is predictive for 
cardiac rupture, irrespective of infarct size.' Pietila et aL8 re- 
ported that the post-AM1 rise of CRP was higher in patients 
dying within 6 months after AMI. It has been suggested that 
CRP may be involved in the initiation process of coagulation 
by inducing monocytes to express a membrane-bound glyco- 
protein: tissue factor; consequently, CRP might increase the 
risk of thrombosis? The aim of this study was to investigate 
whether CRP is a risk factor for LV thrombus formation in 
patients with AMI. 
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Methods 

Study Patients 

Between April 1999 and June 2000, we have prospectively 
evaluated 141 consecutive patients with a first anterior wall 
AMI who met the following criteria: (1) Chest pain lasting 
> 30 min, (2) ST-segment elevation > 2 mm in at least two an- 
terior electrocardiographic (ECG) leads, and/or (3) transient 
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elevation of creatine kinase (CK) andor MB isoenzyme. Pa- 
tients with concomitant systemic diseases (cancer, rheumatic 
diseases, chronic liver disease, renal disorders, sepsis, and oth- 
er infectious diseases) were excluded, as were patients with 
previous myocardial infarction. The majority of patients were 
male (n = 108; 77%) and their mean age was 57 2 13 years. 
Clinical evaluation, ECG, blood pressure, and routine blood 
sampling were performed every day during hospitalization. 

Thrombolytic therapy was administered in 88 of 141 (63%) 
patients. Of these, 34 received streptokinase ( 1,500,000 IU 
intravenously [IV] over 1 h) and 54 had recombinant tissue- 
type plasminogen activator (rTPA) (100 mg IV over 90 min). 
The administration of both thrombolytics was immediately 
followed by heparin: a 5,000 IU bolus followed by a continu- 
ous infusion (1  ,OOO IUh) for 2 days and then low-molecular- 
weight heparin during hospitalization. Fifty-three patients re- 
ceived no thrombolytic therapy because of late admission 
after the onset of the pain or some contraindication for throm- 
bolysis. Of these, 49 received IV heparin (a 5,000 IU bolus 
and then 1,OOO I U h )  for 2 days, followed by low-molecular- 
weight heparin during hospitalization. Antiplatelet therapy 
with aspirin (300 mg) was started on the first day of treatment 
in all patients. Oral anticoagulation was started in 33 of 141 
patients because of the presence of LV thrombus detected by 
echocardiography (target International Normalized Ratio = 
2-3). Of the 141 patients, 1 18 (84%) received an angiotensin- 
converting enzyme (ACE) inhibitor. 

Echocardiograms 

Patients were serially evaluated by two-dimensional and 
Doppler echocardiography in the following sequence: on ad- 
mission (Day I), and on Days 3,7,15, and 30. All examina- 
tions were performed with an HP SONOS 5500 machine, us- 
ing a 2.5 MHz transducer (Agilent Technologies, Andover, 
Mass.,USA). 

The diagnosis of LV thrombus was made when an echo- 
dense mass with a margin distinct from the LV wall was de- 
tected within the LV cavity and was visible throughout the car- 
diac cycle in at least two different echocardiographic views 
and associated with asynergy (akinesis or dyskinesis) of the 
adjacent myocardium. l o  

Left ventricular end-diastolic and end-systolic volumes and 
ejection fraction were determined from apical two- and four- 
chamber view using the Simpson’s biplane formula, according 
to the recommendations of the American Society of Echocar- 
diography. I Tracing of endocardial borders in end diastole and 
end systole was performed in the technically best cardiac cycle. 

To calculate the wall motion score index (WMSI), the left 
ventricle was divided into 16 segments.’ Segmental wall mo- 
tion was graded as follows: normal motion at rest (score = 1); 
hypokinetic-marked reduction in endocardial motion and 
systolic thickening (score = 2); akinetic-virtual absence of 
inward motion and systolic thickening (score = 3); and dyski- 
netic-paradoxical wall motion away from the center of the 
left ventricle in systole (score = 4). The WMSI was calculated 
by summation of individual segment scores divided by the 

number of interpreted segments. Each echocardiographic 
study was interpreted independently by two echocardiogra- 
phers who were blinded to the patients’ clinical and laboratory 
data. Inter-and intraobserver variability analysis was per- 
formed in 30 randomly chosen patients and was found to be 
c 5% for all echocardiographic variables. 

Blood Sampling and Assays 

Venous blood samples were collected daily during hospital- 
ization and kept at 4°C. Plasma or serum was separated within 
2 h. Serum was assayed for CRP by particle-enhanced im- 
munonephelometry with the Behring Nephelometer Systems 
Kit ( N latex CRP mono, Behring, Germany). Polystyrene par- 
ticles coated with mouse monoclonal antibodies to CRP were 
agglutinated when mixed with samples containing CRP. 
Serum CRP concentrations were measured by an ultrasensi- 
tive immunonephelometry method. Plasma fibrinogen level 
was measured by immunonephelometry using a commercial 
original kit (Dade Behring, Liederbach, Germany). 

Statistical Analysis 

Data are presented as mean rt standard deviation. A com- 
parison between groups was performed by means of an un- 
paired t-test for continuous variables. Categorical variables 
were analyzed with contingency tables using the chi-square 
test and Fisher’s exact test when appropriate. Pearson’s corre- 
lation analysis was performed to estimate the correlation be- 
tween variables. Multivariate logistic regression analysis was 
performed to identify the independent predictors of LV throm- 
bus. For multiple regression, factors showing a value p < 0. I in 
univariate analysis were selected. A p value of c 0.05 was con- 
sidered statistically significant. 

Study Patients 

Left ventricular thrombus was detected in 33 (23.4%) of 
141 patients with M I .  All but one thrombi were localized in 
the LV apex, and almost all thrombi (31/33) were detected 
within the first week after infarction; only two thrombi were 
detected for the first time 4 weeks after infarction. According 
to LV thrombus formation, patients were assigned to the fol- 
lowing two groups: Group 1, with LV thrombus (33 patients, 
23.4%), Group 2, without LV thrombus (108 patients, 76.6%). 

Patients’ baseline characteristics are shown in Table I .  
Comparing patients with and without LV thrombus, there 
were no significant differences in age, gender, therapy, and 
risk factors for atherosclerosis, such as family history, choles- 
terol, diabetes, and smoking. Smoking, defined as current 
smoking, was present in 25 patients (77%) with thrombus and 
78 patients (73%) without thrombus. There was no significant 
difference between patients with and without LV thrombus in 
the use of ACE inhibitors, heparin, and thrombolytics. The 
lipid profiles of the two groups, total cholesterol, low-density 
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TABLE I Baseline characteristics of study participants 

Thrombus Nothrombus p 
(n  = 33) (n = 108) Value" 

Age, years 
Sex, % male 
Smoking, (%) 
Hypertension, (%) 
Diabetes, (%) 
Family history, (%) 
CRP, nig/dl 
Fibrinogen, mg/dl 
PeakCK (UA) 
Cholesterol, mg/dl 
HDL- cholesterol, mg/dl 
LDL- cholesterol, mg/dl 
Thrombolysis (%) 
ACE inhibitor (%) 
Heparin (%) 
Time from chest pain 
onset to thrombolysis 

5 5 +  12 
78 
77 
35 
10 
46 

l4.9+ 7.1 
452 k 235 

2769 f 64 I 
184+32 
35+8 

119k34 
60 
79 
93 

4.04+2.1 

58+ 13 NS 
76 NS 
73 NS 
36 NS 
13 NS 
53 NS 

9.2k6.8 0.001 
427+125 NS 

1706+ 1 I38 0.001 
188+37 NS 
36+ 10 NS 

125k32 NS 
64 NS 
85 NS 
98 NS 

4.73 + I .9 NS 

P values were obtained by chi-square test or Fisher's exact test for 
categoric variables and unpaired t-test for continuous variables. Val- 
ues are mean + standard deviation or percentages. 
Abbreviations: CK = creatine kinase, CFW = C-reactive protein, HDL 
= high-density lipoprotein, LDL = low-density lipoprotein, ACE = 
angiotensin-converting enzyme, NS = not significant. 

lipoprotein cholesterol (LDL-C), and high-density lipoprotein 
cholesterol (HDL-C) are shown in Table I. No significant dif- 
ferences were found. The peak CK level was significantly 
higher in patients with than in those without LV thrombus 
(2769 k 641 vs. 1706 k 1 138 IN, p=O.001). The two groups 
were similar regarding the fibrinogen level. 

C-Reactive Protein Levels and Left Ventricular Thrombus 
Formation 

The CRP levels were significantly higher in patients with 
than in those without LV thrombus (14.9 k 7.1 vs. 9.2 f 6.8 
mg/dl, p = 0.001). There were no significant correlations be- 
tween CRP levels and peak CK levels (r = -0.005, p = 0.9) 
and LV WMSI (r = -0.006, p = 0.8). A weak inverse correla- 
tion was found between CRP levels and LV ejection fraction 
(r = -0.213, p = 0.02). There were higher peak CRP levels in 
patients who had a history of smoking and diabetes than in 
those who did not, but this difference was not statistically sig- 
nificant (Table 11). We subdivided our study population in 
quartiles of C-reactive protein (<4.37, 4.37-9.65, 9.65- 
15.75, and > 15.75). This stratification revealed an increased 
probability of LV thrombus occurrence in patients with in- 
creased C-reactive protein levels: 3,20,29, and 43%, respec- 
tively (p = 0.005, relative risk 3.45, confidence interval 1.42 to 
8.3) (Fig. 1). 

The echocardiographic data of the groups are presented in 
Table 111. Patients in Group 1 had significantly larger LV end- 

TABLE II Comparison of peak C-reactive protein (CRP) levels in 
patients with acute myocardial infarction by clinical status 

CRP levels Percentage 
(mg/dU of patients 

Age < 45 
Age > 45 
Men 
Women 
Smoking habit 
No smoking habit 
Hypertension 
No hypertension 
Diabetes mellitus 
No diabetes mellitus 

9.6 f 7.8 
10.8 k7.l 
10.6k7.6 
10.1 &7.1 
1 l.2k6.8 
9.4 k 5.1 

10.3 + 7.2 
11.3k7.4 
l2.4k 8.3 
10.3 f 7.5 

20 
80 
76 
24 
75 
25 
36 
64 
12 
88 

There was no significant difference between plasma levels of CW. 
Values are mean 5 standard deviation or percentages. P values were 
obtained by unpaired r-test for continuous variables. 
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FIG. 1 Distribution of left ventricular (LV) thrombi per quartile of 
C-reactive protein. Patients with C-reactive protein values > 15.75 
mg/dl had a higher incidence of LV thrombi (p = 0.005, relative risk 
3.45, confidence interval 1.42 to 8.3) than the other groups. 

TABLE III Echocardiographic characteristics in patients with and 
without left ventricular thrombus 

Thrombus No thrombus P 
(n = 33) (n = 108) Value 

WMSI I .8 + 0.2 1.5k0.3 0.002 
Apical WMSI 2.35 + 0.72 2.07 + 0.70 0.00 1 
LVEDV, ml 145.2 k43.7 1 16.5 k 44.2 0.00 1 
LVESV, ml 85.4 f 37.2 62.9 f 3 1.6 0.003 
EF (%) 42.1 + 12 47.3 k I3 0.04 

Values are mean + standard deviation or percentages. 
Abbreviations: W S I  = wall motion score index, EF = ejection frac- 
tion, LVEDV = left ventricular end-diastolic volume, LVESV = left 
ventricular end-systolic volume. 
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TABLE IV Multivariate regression analysis for left ventricular 
thrombus in patients with acute myocardial infarction 

p Value 

CRP 
Peak CK 
Apical WMSI 
WMSI 
LVEDV 
LVESV 
EF 

0.001 
0.0001 
0.00 1 

NS 
NS 
NS 
NS 

Abbreviations as in Tiibles I and 11. 

diastolic and end-systolic volume, and higher WMSI than pa- 
tients in Group 2.  The LV ejection fraction was signiticant- 
ly lower in  Group 1 than in Group 2. To assess whether CRP 
levels were independently related to the increased risk of LV 
thrombus formation, logistic regression analysis was per- 
formed with other risk factors also taken into account. Multi- 
variate analyses showed that peak CK level (p = 0.OOO 1 ), LV 
WMSl (p = 0.001), and CRP levels (p = 0.001 ) were indepen- 
dent predictors of LV thrombus formation (Table IV). 

Discusion 

In this study, we found that elevated levels of CRP were as- 
sociated with increased risk of LV thrombus formation in pa- 
tients with acute anterior MI. To our knowledge, this study is 
the first report to investigate a relation between the CRP levels 
and LV thrombus in patients with AM1 . 

The incidence of LV thrombi in our study (23.4%) was 
slightly lower than previously reported,’ possibly due to 
changes in AM1 management. The frequent use of reperfusion 
may have reduced the incidence of LV thrombus. Moreover, in 
our study all patients underwent systemic thrombolysis, if not 
contraindicated, immediately followed by anticoagulation 
with IV heparin. The majority of the remaining patients re- 
ceived IV heparin and ACE inhibitor. 

C-Reactive Protein and Cardiovascular Disease 

Inflammation plays a significant role in the pathogenesis of 
cardiovascular disease. C-reactive protein is a sensitive 
marker of inflammation. Initially, Liuzzo et al. I s  and Haver- 
kate era/. 16established the prognostic usefulness of CRP in the 
setting of angina. With the use of new, sensitive CRP assays, 
CRP was identified as an independent, prospective cardiovas- 
cular risk factor in the higher-risk, middle-aged men of the 
Multiple Risk Factor Intervention Trial (MRFIT).I7 In cardio- 
vascular disease without myocardial necrosis (atherosclerosis 
and stable and unstable angina), plasma CRP levels correlate 
with the extent and severity of atherosclerosis.’* It has been 
demonstrated that CRP increases in acute coronary syndromes 
(unstable angina and AMI) and that it is associated with an ad- 
verse outcome regarding both in-hospital course6 and long- 

term prognosis.8. l 9  It has been reported that peak CRP > 20 
mddl is predictive for cardiac rupture, irrespective of infarct 
size.7 In our study, elevated CRP levels were associated with 
an increased probability of LV thrombus development. 

Relation of C-Reactive Protein to Thrombus Formation 

As a marker of inflammation, CRP is unique among the ma- 
jor plasma proteins because its levels appear to be unaffected by 
hormones and anti-inflammatory drugs, but are regulated pri- 
marily by the proinflammatory cytokines, such as interleukin- 
6.20 The accumulation of CRP and activated complement frag- 
ments in infarcted myocardium has been demonstrated in 
postmortem studies.2’ Plaqma CRP increases markedly during 
acute phase reactions, including Ah41.’2-23 The physiologic 
role of CRP is yet unknown. In vitro, CRP shows both pro- 
inflammatory and anti-inflammatory 26 The former 
include the ability of ligand-bound CRP to activate the comple- 
ment system.’6 Activation of the classic pathway of comple- 
ment by ischemic myocardium has been demonstrated in vari- 
ous animal models for ~ h 4 I . ” . ’ ~  Also in humans, the comple- 
ment is activated by ischemic myocardium.”~ x 29 Activation 
of the complement fragments may induce vascular and myo- 
cardial damage through various mechanisms: stimulation, ag- 
gregation, and degranulation of neutrophW0 enhancement of 
clotting by induction oftissue factor expression and the forma- 
tion of procoagulant microvesicles;”. 32 or even direct damage 
of endothelial cells and cardiomyocytes by insertion of pores 
(C5b-9) into the cell membrane.32 Consequently, thrombus for- 
mation increases. 

Previous echocardiographic studies investigating the corre- 
lation between post-AM1 rise of CRP and infarct size revealed 
conflicting results: Several studies reported that postacute my- 
ocardial infarction rise of CRP correlates with infarct size;33 
however, some studies showed no correlation between CRP 
levels and infarct size in patients with AMI.34,3s In this study, 
we found a weak negative correlation between CRP level and 
LV ejection fraction in patients with AMI. 

Several factors are associated with LV thrombus formation 
after AMI. Most studies found an association of thrombus 
with increased enzymatic infarct size, clinical evidence of 
pump failure, severe apical asynergy, increased LV volumes, 
and decreased global LV function.36. 37 In our study we also 
found that LV thrombus formation was associated with a high- 
er end-systolic volume, a higher WMSI, a lower initial ejec- 
tion fraction, and a higher peak CK level. 

Conclusion 

According to these findings, increased CRP is a risk factor 
for LV thrombus formation in patients with AMI. Therefore, 
assays of CRP values may contribute to more complete risk 
stratification after a first myocardial infarction. The most im- 
portant limitation of our study involves the small number of pa- 
tients studied because of the selective criteria for inclusion into 
the study. Large prospective studies are needed to establish the 
CFW level as a risk factor for LV thrombus formation in AMI. 
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