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Abstract 

Endothelin-1 level was shown to be elevated in blood samples of patients with heart failure, 
to predict outcome and play a negative role for cardiac remodeling. The aim of the study was the 
determination of interrelation between endothelin-1 activation and left ventricular structural 
remodeling parameters which are involved in the progression of heart failure.

The first study group was consisted of 80 patients with compensated chronic heart failure II to 
IV class by New York Heart Association classification and with ejection fraction <45%. All patients 
underwent routine echocardiography and measurement of plasma endothelin-1 level which was 
determined using the immunoferment analysis. Twenty one healthy individuals were included from 
the hospital staff in the second group. Left ventricular end-diastolic diameter was measured from 
left parasternal view. Correlation between humoral biomarker’s indices and echocardiographic 
parameters was studied by linear regression and Pearson correlation analyses.

Endothelin-1 level was significantly higher in blood plasma of patients with chronic heart 
failure than in healthy individuals. As a result of the study a negative but statistically significant 
correlation was noticed between plasma endothelin-1 level and left ventricular end-diastolic di-
ameter in the group of patients with heart failure which indicates the pathogenetic role of endo-
thelin-1 in the development of left ventricular remodeling process. Endothelin-1 is overactivated 
in patients with chronic heart failure. 

Despite the existence of numerous studies, the data regarding endothelin-1 effects are contro-
versial, that’s why further clinical studies are necessary for the determination of endothelin-1 
activation role in the progression of  chronic heart failure and anti-endothelial treatment effec-
tiveness in present pathology.
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Introduction

It is known that the level of various neuroendo-
crine and humoral markers is elevated and correlate 
with the severity of heart failure [Rockman H et al., 
2002]. Among them, the role of endothelin-1 (ET-1) has 
been extensively studied [Barton M, Yanagisawa M., 
2008]. Endothelin-1 is a peptide mostly secreted by 
vascular endothelial cells, the predominant isoform 
expressed in vasculature by endothelin-converting 
enzyme and the most known potent vasoconstrictor 
nowadays [Agapitov A, Haynes W, 2002]. Though 
ET-1 is generally synthesized in endothelial cells, 

ET-1 synthesis is also produced in heart, kidney, cen-
tral nervous system and posterior pituitary [Gray G, 
1995]. ET-1 synthesis is increased by vasoactive hor-
mones, growth factors, hypoxia, shear stress, free 
radicals, endotoxins. ET-1 synthesis is inhibited by 
endothelium-derived NO, nitrovasodilators, natri-
uretic peptides, heparin and prostaglandins [Gray G, 
1995]. Increase of endothelin-1 level was shown to 
be elevated in blood samples of heart failure patients, 
to predict outcome and play a negative role for car-
diac remodeling [McMurray J et al., 1992]. Several 
experimental studies on animal models have revealed 
that endothelin is detected in healthy and failing 
myocardia and its activity both by immunohisto-
chemistry and radioimmunoassay is not changed in 
congestive heart failure [Yamauchi-Kohno R et al., 
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1999]. Furthermore, the elevation of endothelin in 
blood plasma is typical in severe congestive heart 
failure and not in asymptomatic or mild congestive 
heart failure [Krum H et al., 2001]. In addition, the 
degree of plasma elevation of ET correlates with the 
magnitude of alterations in cardiac hemodynamics 
and functional class [Wei C et al., 1994]. The possible 
role of endothelin in congestive heart failure and 
studies of anti-endothelin therapies were reviewed in 
several preclinical studies. Unfortunately, while the 
pathophysiology of congestive heart failure strongly 
implicates endothelin in the progression of disease, 
the endothelin inhibition as a new therapeutic strat-
egy didn’t give any results in clinical trials. However 
clinical data regarding ET-1 overexpression and left 
ventricular remodeling are lacking and the results of 
some studies are controversial. The aim of the study 
was the determination of interrelation between endo-
thelin-1 activation and left ventricular structural re-
modeling parameters which are involved in the pro-
gression of heart failure because endothelin-1 is acti-
vated in patients with heart failure.

Materials and methods

The first group was consisted of eighty patients 
with compensated heart failure II to IV class by New 
York Heart Association classification who were re-
ceiving both outpatient and inpatient treatment at the 
department of general and invasive cardiology, Yere-
van State Medical University hospital No 1, among 
whom 26 (33%) were women (mean age 67±10 
years). The patients were on conventional therapy for 
heart failure according to the international guidelines. 
All patients underwent routine echocardiography and 
measurement of plasma endothelin-1 level. Patients 
with ejection fraction <45% were included in the 
study. Endothelin-1 level was determined using the 
immunoenzyme analysis (ELISA) with a microplate 
reader Stat Fax-3200 (“Vector Best” reagent set, Rus-
sia). ET-1 level was determined using the immunoen-
zyme analysis (ELISA) by means of set of reagents 
“BioChemMack” (Russia) with a microplate reader 
Stat Fax-3200.

The second group was consisted of twenty one 
healthy individuals who were included from the hospi-
tal staff, among whom 7 (33%) were women with 
mean age of 59±12. Clinical examination and echocar-
diography were normal for all control subjects. The 
study was conducted in accordance with the World-

wide Medical Association Declaration of Helsinki. 
The research protocol was approved by Yerevan State 
Medical University research ethics committee.

Echocardiography: Transthoracic echocardiogra-
phy was performed using a HP 1000 model (HP Cor-
poration, USA). Left ventricular end-diastolic diam-
eter was measured from left parasternal view. Left 
ventricular ejection fraction was calculated by Simp-
son’s rule. All the measurements were performed ac-
cording to the American Society of Echocardiogra-
phy guidelines for echocardiography [Lang R et al., 
2005]. 

Statistics: Data are presented as mean ± stan-
dard deviation. Linear regression and Pearson cor-
relation analyses were performed to examine the 
echocardiographic correlates of biomarker levels. 
Correlation was significant at the 0.05 level. Com-
parisons of continuous variables were performed 
using either Student’s t test or the Mann–Whitney 
test, as appropriate. SPSS version 20 was used for 
statistical analysis.

Results and discussion

While comparing the data of study group and 
healthy individuals a significant difference was 
noticed in echocardiographic parameters and 
plasma ET-1 levels. 

Echocardiographic and laboratory characteris-
tics of patients with heart failure and healthy indi-
viduals are demonstrated in Table.

There was a negative but statistically signifi-

Table.
Echocardiographic and biochemical findings 

in patients with heart failure and 
in healthy individuals

Indices
Groups

pPatients Healthy 
individuals

Ejection fraction, % 33.4±7.9 56±2.8 <0.001
Left ventricular end-
diastolic diameter, cm

5.3±0.7 4.0±0.3 <0.001

Endothelin-1, pg/ml 22.1±8.7 7.19±5.3 <0.001

cant correlation between plasma ET-1 level and 
left ventricular end-diastolic diameter (R=-0.295, 
p=0.008) in group of patients with chronic heart 
failure as a result of the study.

As figure shows, higher levels of ET-1 are asso-
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ciated with smaller left ventricular end diastolic di-
ameters.The study demonstrated negative correla-
tion between plasma ET-1 level and left ventricular 
end-diastolic diameter parameters which indicates 
the pathogenetic role of ET-1 in the development of 
left ventricular remodeling process. Heart failure 
patients had significantly higher plasma ET-1 levels 
in a comparison with healthy individuals.

Although numerous clinical studies suggest el-

class were included in study, moreover, the clinical 
status of patients with heart failure II by New York 
Heart Association functional classification often 
does not comply with congestive lung condition. A 
wide selection of patients according to the severity 
of circulatory failure and predominance of patients 
with congestive heart failure II-III class could be the 
possible reason of weak negative correlation be-
tween ET-1 elevation and left ventricular end-dia-
stolic diameter parameters. ET-1 biosynthesis 
mainly occurs in the epithelial cells of bronchi and 
alveoli, therefore the degree of pulmonary tissue in-
volvement and activation of proinflammatory mark-
ers determine the degree of ET-1 elevation and left 
ventricular remodeling in heart failure.

As mentioned above, ET-1 synthesis is elevated 
during the transition from left ventricular hyper-
trophy to congestive heart failure [Iwanaga Y et 
al., 1998]. The study demonstrated that this pro-
cess is due to ET-1 myocardial synthesis. The study 
indicates that accelerated myocardial synthesis of 
ET-1 contributes directly to left ventricular con-
tractile dysfunction which may be a possible im-
pact of ET-1 activation on the transition to failure. 
The activation was not parallel to the progression 
of left ventricular hypertrophy but rather to the de-
terioration of left ventricular systolic function. 
Furthermore, ET-1 concentration in heart not in 
plasma is related to left ventricular systolic dys-
function. Thereby, based on this data, it can be as-
sumed that myocardial synthesis of ET-1 directly 
regulates left ventricular function.

Despite the existence of numerous studies, the 
data regarding ET-1 effects and anti-endothelial treat-
ment effectiveness are controversial. Therefore more 
extensive research is required for further evaluation 
of ET-1 role in the progression of heart failure.

Conclusion

According to the discussed study data endothe-
lin-1 is overactivated in patients with congestive 
heart failure and its level in blood plasma nega-
tively correlate with left ventricular end diastolic 
diameter. Further clinical studies are necessary to 
determine the pathophysiological role of ET-1 ac-
tivation in the progression of heart failure and the 
effectiveness of anti-endothelin therapy in such 

Figure. Correlation between left ventricular end-dia-
stolic diameters and ET-1 level according to echo-
cardiography data.

evated plasma levels of ET-1 in patients with heart 
failure, the mechanisms of ET-1 activation still re-
main incompletely investigated. Several studies 
recorded the interrelation between ET-1 elevation and 
congestive heart failure functional class [Hiroe M 
et al., 1991; Wei C et al., 1994].

The study conducted by T. von Lueder and co-
authors, demonstrates that a complex cardiopulmo-
nary interaction revealed by pulmonary congestion 
causes increased pulmonary production and secre-
tion of ET-1 due to enhanced pulmonary endothelin 
converting enzyme-1 activities. Pulmonary secre-
tion of ET-1 during evolving congestive heart fail-
ure is an important contributor to elevated plasma 
ET-1 levels in the systemic circulation [von Lueder T 
et al., 2004]. It should be noted that patients with 
heart failure II to IV by New York Heart Association 
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