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Background: To assess the prognostic
significance of four inflammatory mark-
ers (TNF-α, high sensitive C-reactive pro-
tein (hs-CRP), intercellular cell adhesion
molecule-1 (ICAM-1), vascular cell ad-
hesion molecule-1 (VCAM-1)) in chronic
heart failure (CHF) patients with respect to
individual outcomes, especially disease ex-
acerbation and mortality. Methods: Plasma
adhesion molecules, ICAM-1, and VCAM-
1, together with TNF-α and hs-CRP were
determined in 120 CHF patients and 69
healthy controls. Endothelial function was
also estimated by flow-mediated brachial
artery dilatation. Results: Increased lev-
els of all investigated inflammatory markers
were found in CHF patients compared to
controls, with the rise more pronounced in
New York Heart association (NYHA) func-
tional IV class. Significant correlations were
obtained for VCAM-1 and brain natriuretic
peptide (r = 0.191; P = 0.038), as well
as, ICAM-1 and endothelium-dependent va-

sodilatation (r = −0.235; P = 0.01). Kaplan–
Meier analysis showed disease exacerba-
tion in patients with TNF-α levels >2.78
pg/ml significantly shorter compared to
those with TNF-α levels <2.78 pg/ml (log-
rank test = 8.270; P = 0.004), while sim-
ilar association was observed for patients
with hs-CRP levels >4.76 mg/l (log-rank
test = 5.052; P = 0.025) and VCAM-1 lev-
els >1200 ng/l (log-rank test = 5.45; P =
0.020) with respect to mortality. Cox regres-
sion analysis demonstrated only VCAM-1
(HR = 4.7; 95% confidence interval (CI):
1.1–18.7; P = 0.030) as independent death
predictor, while TNF-α was associated with
disease exacerbation (HR = 8.2; 95%CI:
1.1–23.0; P = 0.045). Conclusions: VCAM-
1 appears to be useful in risk stratification
of CHF patients and in screening, to iden-
tify subjects at risk for heart failure related
events. J. Clin. Lab. Anal. 27:105–112,
2013. C© 2013 Wiley Periodicals, Inc.
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INTRODUCTION

For more than a decade, chronic heart failure (CHF)
has been regarded as a complex cascade of chronic in-
flammatory reactions, causing gradual cardiac depression
and the syndrome of heart failure (1, 2). Inflammation is
important in the pathogenesis and progression of many
forms of heart failure and biomarkers of inflammation
have become the subject of intense inquiry (2). Among
them, proinflammatory cytokines (e.g. TNF-α) and ad-
hesion molecules, intercellular cell adhesion molecule-1
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(ICAM-1), and vascular cell adhesion molecule-1
(VCAM-1) have gained most attention. While their pro-
posed patophysiological role in CHF is well documented
(1), the data on prognostic significance of these inflam-
matory molecules are still limited.

The heart failure cytokine hypothesis proposes that a
precipitating event, such as ischemic cardiac injury, trig-
gers innate stress responses, including the production of
proinflammatory cytokines TNF-α, IL-6, and IL-1 (3, 4).
Raised TNF-α production in CHF seems to be associ-
ated with several untowed effects, such as left ventricular
dysfunction and remodeling, increased cardiac myocyte
apoptosis, reduced skeletal muscle blood flow, and en-
dothelial dysfunction (2, 4, 5). Moreover, studies to date
have shown that increased circulating TNF-α levels were
associated with increased mortality in heart failure pa-
tients (6–8). Several TNF-α-mediated mechanisms may
cause endothelial dysfunction (2,4,9,10). TNF-α activates
NF-κB with subsequent expression of endothelial adhe-
sion molecules (2, 4, 11). The role of adhesion molecules,
VCAM-1, ICAM-1, and E-selectin, in the initiation of the
inflammatory process is well established (12). VCAM-1,
which is involved in the vessel wall invasion of mono-
cytes and T lymphocytes, can also contribute to reduc-
tion of endothelium-dependent NO-mediated vasodila-
tion, in response to hormonal agonists and shear stress.
Until now, elevated levels of adhesion molecules, VCAM-
1 and ICAM-1, have been found in CHF patients in com-
parison with controls (13, 14). It should be noted that
only VCAM-1 concentrations are decreasing after heart
transplantation (13).

The severity of endothelial dysfunction has been shown
to have prognostic value for cardiovascular events. Sev-
eral studies have shown soluble VCAM-1 as independent
predictor of death in patients with coronary artery dis-
ease (15), while others confirmed soluble ICAM-1 as the
predictor of peripheral artery disease and myocardial in-
farction (16,17). However, clinical data on the prognostic
value of adhesion molecules in patients with CHF are
limited and inconsistent (18–20). In the present study, we
investigated the prognostic significance of four inflamma-
tory molecules, TNF-α, high sensitive C-reactive protein
(hs-CRP), ICAM-1, and VCAM-1 with regard to indi-
vidual outcomes, such as death, disease exacerbation, and
episodes of unstable angina pectoris in patients with CHF.

METHODS

Selection of Study Participants

One hundred and twenty consecutive patients with
CHF and angiographically confirmed cardiovascular dis-
ease (74 men and 46 women, mean age 59.1± 5.9 years)
were enrolled in the study. Patients were consecutively re-

cruited during the dispensary check-ups at Medical Cen-
ter “Bezanijska Kosa" between the years of 2008 and 2009.
The diagnosis of CHF was based on patient’s history,
physical examination, electrocardiography, chest radiol-
ogy, echocardiography, and coronary angiography. Ma-
jor inclusion criteria were left ventricular ejection frac-
tion lower than 45% and CHF in a steady state for a
2-week period of time. Patients with severe comorbidity,
renal failure, liver disease, and severe disturbances in lung
function were excluded, as well as, patients with the pres-
ence of infection or inflammatory diseases such as sepsis,
malignancy, arthritis, or connective tissue disease—in or-
der to avoid the possible effects of these comorbid con-
ditions on cytokine production. Exclusion criterion for
the study group was acute or decompensated heart failure
as well. Since all New York Heart association (NYHA)
functional classes III and IV patients were on diuretics
and dietary sodium restriction, important clinical man-
ifestations of CHF secondary to tissue congestion were
suppressed. Furthermore, acute events such as infection,
arrhythmia or discontinuation of therapy, which could
precipitate manifestations of acute heart failure, were
not present in these patients. The age- and sex-matched
control-group consisted of 69 healthy subjects (mean age
58.5±5.6 years), without any acute or chronic disease and
any symptoms that could be related to the cardiovascu-
lar system. The study was approved by Ethic committee
of Faculty of Medicine, University of Belgrade, and all
enrolled patients gave their written informed consent.

Noninvasive Assessment of
Endothelium-Dependent and -Independent
Flow-Mediated Dilation (FMD) of the Brachial
Artery

Endothelium-dependent and -independent FMD was
performed using the 13.0 MHz linear array transducer
(Vivid 7, GE Medical Systems, Little Chalfont, England,
UK). After the resting period of 15 min in the supine
position, the transducer was placed 4–5 cm above the
elbow in the longitudinal section for the scanning of right
brachial artery and afterwards the basal diameter of
brachial artery and flow velocity were measured. Further
on, the sphygmomanometer cuff was placed on the upper
arm, and inflated at 250 mmHg for 5 min, and deflated
abruptly. The second scan was performed 60 to 90 sec
after the cuff release. After 10 min of resting interval, 5
mg of sublingual Nitroglycerin was administered, and
brachial artery was scanned within the next 5 min. Diame-
ter measurements were taken at the end of the diastole and
calculated at least three times. Endothelium-dependent
and -independent vasodilations were defined as the per-
cent change in diameter compared to baseline (maximum
diameter-baseline diameter/baseline diameter ×100).
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Echocardiography

All patients underwent two-dimensional echocardiog-
raphy after endothelial function assessment. Echocardio-
graphy data included left ventricular dimensions and vol-
umes, left ventricular ejection fraction (LVEF) (biplane
modified Simpson’s), global and regional wall motion,
and valve anatomy and function.

Long-Term Clinical Follow-Up

Over a mean follow-up period of 13.1 months, patients
underwent a monthly physical examination that was al-
ways performed by the same cardiologist, blinded for
the obtained laboratory results of the markers of ox-
idative stress. In addition, patients were contacted reg-
ularly by telephone to evaluate the incidence of adverse
cardiovascular events, which included all-cause mortality,
nonfatal myocardial infarction, new episodes of unstable
angina pectoris, and hospitalization for CHF exacerba-
tion. The decision whether the primary adverse cardiovas-
cular event had occurred was made only after reviewing
the patient’s medical records, evaluated by cardiologists,
in case of death, nonfatal myocardial infarction, angina
pectoris, and/or hospitalization. No patient was lost dur-
ing the follow-up.

Biochemical Analysis

Blood samples from CHF patients were taken dur-
ing outpatient visit. Serum levels of glucose, creatinine,
cholesterol, triglycerides, proteins, albumin, fibrinogen,
and hs-CRP were determined using commercially avail-
able kits. Neurohormonal status was assessed from
plasma brain natriuretic peptide (BNP) levels, using
the rapid Triage BNP assay (Biosite Inc, San Diego,
CA). Fasting plasma and serum samples were collected
from each patient for the measurement of proinflamma-
tory markers, including TNF-α, ICAM-1, and VCAM-1.
Commercially available ELISA kits for TNF-α, ICAM-1,
VCAM-1 (Bender MedSystems, Mercure group, Austria)
were used. The intra- and interassay coefficients of varia-
tion were <8% for all assays in our laboratory.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences software (IBM Statistics
SPSS, version 19.0) and Microcal Origin software (version
5.0). For each variable, values were expressed as mean ±
SD (standard deviation). The differences between groups
were tested using analysis of variance (ANOVA) method,
after normal distribution of parameters had been estab-
lished using Kolmogorov–Smirnov test. The association

between different variables and oxidative stress markers
were determined by using the Pearson correlation coef-
ficient. A P-value <0.05 was considered statistically sig-
nificant. Receiver operator characteristic (ROC) analy-
sis was performed to assess the sensitivity and specificity
of variables in predicting outcome. Event-free survival
was estimated using the Kaplan–Meier method and com-
pared between groups using the log-rank test. Stepwise
Cox hazard regression analyses were used to determine
which of the different variables (age, diabetes mellitus,
hemoglobin, NYHA class, BNP, ejection fraction (EF),
systolic blood pressure, endothelium-dependent and
-independent FMD, as well as, VCAM-1, ICAM-1, hs-
CRP, and TNF-α) were significantly associated with indi-
vidual outcomes.

RESULTS

General Characteristics of CHF Patients
and Controls

Baseline patients’ characteristics, together with results
on plasma concentration of inflammatory markers, are
presented in Table 1. The study population comprised 120
consecutive NYHA class I–IV CHF patients (74 males
and 46 female) with ischemic cardiomyopathy, average age
of 59 ± 1 years, mean LVEF 35 ± 9%, and mean body mass
index 28 ± 5 kg/m2. Among the CHF patients, no signifi-
cant differences between groups were observed in terms of
age, body mass index, heart rate, and biochemical profile.
With the increase of NYHA class, LVEF revealed pro-
gressive deterioration of the myocardial function, while
the concentration of BNP was significantly elevated. The
degree of endothelium-dependent NO-mediated vasodila-
tion and endothelium-independent nitroglycerin (NTG)-
mediated vasodilation of brachial artery decreased with
the progression of CHF.

Markers of Inflammation in Patients with Various
Degrees of CHF

Results obtained in this study have shown that patients
with NYHA I class, hs-CRP, and TNF-α concentrations
did not significantly differ from values obtained in con-
trols. However, in NYHA III/IV patients, hs-CRP, and
TNF-α levels were significantly elevated in comparison
with healthy subjects, with rise more pronounced in pa-
tients with most severe disease (Table 1). Concerning the
relationship between markers of inflammation and my-
ocardial dysfunction, only plasma hs-CRP significantly
correlated with LVEF (r = −0.189, P = 0.039) (data not
shown). Correlation was also observed between hs-CRP
and endothelium-dependent NO-mediated vasodilation
(r = −0.203, P = 0.026) (data not shown).
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TABLE 1. General Characteristics, Echocardiographic, and Inflammatory Parameters in Chronic Heart Failure (CHF) Patients and
Controls

NYHA

Controls I II III IV
(n = 69) (n = 11) (n = 71) (n = 28) (n = 10)

Risk factors
Age 58.4 ± 5.5∗ 57.9 ± 4.4 57.7 ± 5.8 62.1 ± 5.6 61.6 ± 5.5
Sex (M/F) 40/29 5/6 48/23 14/14 7/3
LVEF (%) 66.8 ± 3.9 43.3 ± 2.8a 38.7 ± 7.0a,b 30.1 ± 7.4a,b,c 21.7 ± 5.9a,b,c,d

FMD-NO (%) 9.1 ± 5.4a 7.0 ± 4.9 5.0 ± 5.2d 4.1 ± 3.8 1.5 ± 1.8 d,e
FMD-NTG (%) 15.5 ± 6.3 13.2 ± 4.9 12.5 ± 7.0 10.1 ± 5.8 10.7 ± 4.3
BNP (pg/ml) 13.2 ± 28.2a 76.7 ± 86.7 117 ± 126a 362 ± 222a,b 878 ± 718a,b,c

Markers of inflammation
Hs-CRP (mg/l) 1.5 ± 1.6 3.1 ± 3.7 4.1 ± 6.8a 4.2 ± 4.5a 17.9 ± 17.4 a,b,c,d

TNFα (pg/ml) 1.9 ± 1.9 4.6 ± 5.7 4.7 ± 4.0a 4.6 ± 4.9a 7.8 ± 13.4a,b

ICAM-1 (ng/L) 281 ± 188 374 ± 170 362 ± 142a 359 ± 134a 420 ± 76.1a

VCAM-1 (ng/l) 860 ± 341 1046 ± 279 1116 ± 301a 1346 ± 579a,d 1245 ± 307 a,d

LVEF, left ventricular ejection fraction; FMD-NO-endothelium dependent NO mediated vasodilation; FMD-NTG-endothelium independent NTG
mediated vasodilation; BNP, brain natriuretic peptide; Hs-CRP, high sensitive-C-reactive protein; TNF-α, tumor necrosis factor-alpha; ICAM-1,
intercelular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1.
∗Values are mean ± SD.
aStatistically significant difference compared to controls (P < 0.05).
bStatistically significant difference compared to NYHA I patients (P < 0.05).
cStatistically significant difference compared to NYHA II patients (P < 0.05).
dStatistically significant difference compared to NYHA III patients (P < 0.05).

Regarding the adhesion molecules, levels of both
ICAM-1 and VCAM-1 did not significantly differ in
NYHA I patients when compared to values obtained
in controls. VCAM-1 levels were significantly higher in
NYHA III/IV in comparison with NYHA I/II patients
(P < 0.05 and P < 0.01, respectively). On the other hand,
ICAM-1 levels were only slightly elevated in NYHA II-
IV groups, with rise most pronounced in patients with
the most severe stage of disease (Table 1). Further analy-
sis showed significant correlations between VCAM-1 and
BNP (r = 0.191, P = 0.038), as well as, ICAM-1 and
endothelium-dependent vasodilatation (r = −0.235, P =
0.01) (data not shown).

Prognostic Significance of Inflammatory and
Adhesion Markers in CHF Patients

The prognostic significance of four inflammatory mark-
ers with respect to individual outcomes, specifically dis-
ease exacerbation and mortality in CHF patients was
tested. During a median follow-up of 13.1 months, 13 pa-
tients were hospitalized due to CHF exacerbation, while
11 patients died due to cardiac reasons. Statistical analy-
sis showed significant correlations of VCAM-1 with both
repeated hospitalizations (r = 0.185; P < 0.04) and a
total number of cardiovascular events (r = 0.22; P <

0.02) (data not shown). ROC analysis was performed
to assess sensitivity and specificity of variables (TNF-α,

hs-CRP, ICAM-1, and VCAM-1) in predicting individual
outcomes.

Regarding CHF exacerbation, the significant area un-
der the curve (AUC) of 0.743 (95% CI 0.63–0.86; P =
0.005) (area under the ROC curve) was obtained only for
TNF-α with optimal cut-off value of 2.78 pg/ml, sen-
sitivity of 84.6%, and specificity of 65%. Kaplan–Meier
analysis has shown that exacerbation-free survival was
significantly shorter in patients with TNF-α levels >2.78
pg/ml vs. those with TNF-α levels less than 2.78 pg/ml
(log-rank test = 8.270, P = 0.004; Fig. 1). In the univariate
Cox regression analysis, NYHA class, LVEF, and TNF-α
were associated with higher risk for disease exacerbation.
However, only NYHA class and TNF-α were recognized
as predictors when these three variables were included in
multivariate analysis (NYHA class: HR-hazad ratio =
3.5; 95% CI: 1.8–6.8; P = 0.001 and TNF-α: HR = 8.2;
95% CI: 1.1–23.0; P = 0.045) (Supporting Information
Table S1).

Prognostic significance with respect to all-cause mor-
tality was obtained for hs-CRP and VCAM-1. ROC anal-
ysis has shown that optimal cut-off value of hs-CRP for
predicting death was 4.76 mg/l (AUC = 0.695; sensitiv-
ity 62.5%, specificity 78.6%) and for VCAM-1 was 1200
ng/l (AUC = 0.682; sensitivity 63.6%, specificity 65%)
(data not shown). In Kaplan–Meier analysis, significantly
shorter survival was demonstrated in patients with hs-
CRP levels greater than 4.76 mg/L in comparison with
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Fig. 1. Kaplan–Meier survival plot for patients stratified by tumor
necrosis factor-alpha (TNF-α) (cut-off level 2.78 pg/ml) with respect
to disease exacerbation.

those with hs-CRP levels less than 4.76 mg/l (log-rank
test = 5.052, P = 0.025; Fig. 2). Similar findings were also
obtained for patients with VCAM-1 levels greater than
1200 ng/l (log-rank test = 5.45, P = 0.020; Fig. 3). When
examined variables were included in the model for analysis
of predictors of all-cause mortality, NYHA class, hs-CRP,
and VCAM-1 were recognized as significant in univariate
analysis. However, Cox regression analysis demonstrated
that only NYHA class (HR = 2.5; 95% CI: 1.2–5.5, P =
0.018) and VCAM-1 (HR = 4.7; 95% CI: 1.1–18.7, P =
0.030) were independent predictors of death (Supporting
Information Table S2).

DISCUSSION

Results obtained in this investigation showed that in-
flammatory markers and mediators may be related to the
prognosis of CHF, with special emphasis on prognostic
significance of plasma VCAM-1. Thus, high plasma lev-
els of VCAM-1 were a significant predictor of mortality,
while TNF-α was the predictor of disease exacerbation in
our cohort of stable CHF patients. Furthermore, associa-
tion between adhesion molecules and parameters of both
myocardial and endothelial dysfunction further implicate
their important role in pathogenesis and progression of
heart failure.

Until now, in CHF, only one study has shown VCAM-
1 to be a predictor of total number of adverse cardiac

Fig. 2. Kaplan–Meier survival plot for patients stratified by high sen-
sitive C-reactive protein (hs-CRP) (cut-off level 4.76 mg/l) with respect
to all-cause mortality.

events in end-stage disease, in small group of patients
with LVEF less than 30% (20). Our data, for the first
time, demonstrated that circulating VCAM-1 gradually
increases with the severity of CHF, negatively correlates
with BNP, and provides important prognostic informa-
tion. By using receiver operating characteristic analysis
and defining cut-off value, the data presented here in-
dicated that VCAM-1 makes a substantial contribution
to risk prediction of death in relatively large cohort of
medium-risk CHF patients. It is important to point out
the similar prognostic significance of plasma concentra-
tion of VCAM-1 in other diseases characterized by en-
dothelial dysfunction and chronic vascular inflammation.
Thus, high VCAM-1 levels were shown to be strong pre-
dictors of mortality in patients with coronary artery dis-
ease (16) as well as, predictor of cardiovascular mortality
in patients with type 2 diabetes and systemic lupus ery-
thematosus (21, 22). Vascular inflammation plays a criti-
cal role in angiotensin II induced remodeling of arteries.
Mice deficient in macrophage colony-stimulating factor
(a monocyte chemotactic factor) exhibit reduced inflam-
mation. When infused with angiotensin II, these animals
show attenuated vascular remodeling (both media/lumen
ratio and medial thickness) and VCAM-1 expression
in comparison with angiotensin II infused wild-type
controls (23).

Besides its well-established role in inflammatory con-
ditions, the role of VCAM-1-mediated signaling in
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Fig. 3. Kaplan–Meier survival plot for patients stratified by vascular
cell adhesion molecule-1 (VCAM-1) (cut-off level 1200 ng/l) with respect
to all-cause mortality.

endothelial cells has emerged relatively recently. The
study of Cook-Mills has shown that VCAM-1 signaling
is mediated by nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase production of reactive oxygen
species and subsequent activation of matrix metallopro-
teinases, further implying molecular interplay between
oxidative stress and inflammation in endothelial activa-
tion and remodelling (24). Important role in signaling
was also shown for another adhesion molecule, ICAM-
1 in increasing endothelial activation and augmentation
of atherosclerotic plaque formation (25). In that way, ac-
celerated inflammation, vascular dysfunction and plaque
growth interact and stimulate each other. Finally, both in-
creased activity and redox perturbations of these cellular
networks could determine the course of the underlying
vascular disease. Our results on significant association of
ICAM-1 and endothelium NO-dependent vasodilation,
support this assumption. Besides activated endothelium,
it seems that high plasma ICAM-1 levels in CHF pa-
tients, observed in our and several other studies, can also
reflect increased expression on the failing myocardium it-
self (2,9). However, results of studies that investigated the
use of ICAM-1 as a biomarker of cardiovascular disease
prognosis are contradictory (16, 17). In contrast to our
and several other studies, only the investigation of Tsuta-
moto et al. reported relationship of soluble ICAM-1 with
clinical outcomes in CHF (2, 18, 19).

Among proinflammatory cytokines, TNF-α is the cy-
tokine that has been studied in greatest detail in CHF.

In clinical trials of heart failure with severe systolic dys-
function, elevated TNF-α was associated with increased
mortality (6, 7). Moreover, recent data of Dunley et al.
showed TNF-α as useful biomarker for risk assessment
in heart failure patients with both preserved and reduced
ejection fraction (8). However, attempts to use TNF-α as a
therapeutic target in patients with severe systolic dysfunc-
tion have resulted in an increase in all-cause mortality
(26–28), further implicated their complex role in the in-
flammatory processes. Investigating association between
TNF-α plasma levels and individual outcomes, we found
prognostic significance of increased TNF-α for heart fail-
ure exacerbation, but not for death. Specifically, the best
cut-off value of TNF-α for predicting disease exacerbation
was 2.78 pg/ml as determined by using receiver operat-
ing characteristic analysis. These results are biologically
plausible in the light of the role that TNF-α has in the pro-
gression of vascular disease by increasing oxidative stress,
downregulating endothelial nitric oxide synthase bioac-
tivity and inducing endothelial cell apoptosis, as well as,
myocardial dysfunction in the course of CHF. Discrep-
ancy between our and study of Dunlay et al. (8) may be
due to shorter follow-up period in our study and conse-
quent smaller prevalence of mortality. However, in con-
trast to Dunlay et al. (8), we excluded patients with severe
comorbidity, as well as with the presence of infection or
inflammatory diseases in order to avoid the possible ef-
fects of these conditions on TNF-α production.

Finally, our results suggested that C-reactive protein
might be a good predictor of cardiac death and are in
accordance with pervious data (29–31). Moreover, we
found significant relationship of hs-CRP with both LVEF
and endothelium NO-dependent vasodilation. Indeed, it
has been shown that hs-CRP exerts direct adverse ef-
fects on the vascular endothelium by reducing NO re-
lease and increasing endothelin-1 production, as well as
by inducing expression of endothelial adhesion molecules
(32). Moreover, CRP has been evaluated in atherosclerotic
plaques and appears to be involved in foam cell forma-
tion, promotes monocyte chemotaxis and facilitates LDL
(low-density lipoprotein) uptake by macrophages in vitro
(33, 34). These findings suggest that C-reactive protein
may be more than an inflammatory marker of increased
cardiovascular risk, playing a causal role in vascular dis-
ease and could therefore be a target of therapy. How-
ever, elevated levels of C-reactive protein lack specificity,
since acute and chronic infection, cigarette smoking, acute
coronary syndromes, and active inflammatory states fre-
quently affect C-reactive protein concentrations (2).

The data presented here indicated that VCAM-1 makes
a substantial contribution to risk prediction of death
over established indicators. We suggest that VCAM-1
level may be a useful parameter for both monitoring
and planning management of CHF patients, especially
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in the stable CHF patients. Thus, it may be useful in
targeting medium-risk patients who could benefit from ag-
gressive cardiovascular preventive therapy. Still, the ques-
tion arises whether VCAM-1 could be used in routine
evaluation of CHF patients, since methods used for de-
termination of inflammatory markers were not standard-
ized and cross-sectional comparative studies cannot be
optimally conducted. However, based on novel antigen-
recognition imaging modalities for diagnosing regions of
vascular inflammation and atherosclerosis (35), it is plau-
sible that the profile of changes in inflammatory biomark-
ers might help to identify the specific inflammatory dis-
turbances in any given patient and thereby might aid
the selection of appropriate therapy. Moreover, in the
future, small molecule compounds, drug therapies, and
gene therapy can be delivered to inflamed blood vessels
using VCAM-1 molecular-targeted microbubble/contrast
agent carriers.
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