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Aims Endothelin-1 is a potent vasoconstrictive and multi-
functional peptide. Elevated concentrations have been
reported in congestive heart failure. We hypothesized that
the level of endothelin-1 in plasma is a prognostic marker in
congestive heart failure.

Methods and results Plasma levels of endothelin-1 were
measured by radioimmunoassay in 120 congestive heart
failure patients with ischaemic or non-ischaemic cardio-
myopathy (mean ejection fraction 28 ± 11%, in New York
Heart Association (NYHA) functional class I: 21, class II:
35, class III: 61, class IV: 3). During a median follow-up of
361 ± 338 days, 14 cardiac deaths occurred. In the univari-
ate Cox model, endothelin-1 was the most powerful prog-
nostic marker among the variables tested (/3=0 0001). A
multivariate model, including plasma atrial natriuretic

peptide and noradrenaline, NYHA class, age, and echocar-
diographic left ventricular end-diastolic diameter index was
highly predictive of mortality (P=000008), but only
endothelin-1 remained significantly associated with out-
come (P=002). Patients with plasma endothelin-
1 >5 pg . ml~ ' had a higher mortality rate than those with
endothelin-l<5 pg . ml~ ' (21% vs 4%, P=0001).

Conclusion Our results suggest that elevated endothelin-1
plasma levels are associated with a poor prognosis and
routine plasma endothelin-1 determination provides im-
portant prognostic information in mild to moderate heart
failure.
(Eur Heart J 1997; 18: 254-258)
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Introduction

There is considerable clinical and experimental evidence
that neurohormonal activation is deleterious and may
contribute to the progression of left ventricular dysfunc-
tion in heart failure. Increased levels of plasma norepi-
nephrine and atrial natriuretic peptide are associated
with a poor prognosis in heart failure'121. Endothelin-1 is
a potent endothelial cell-derived peptide with multifunc-
tional properties including venous and arterial vasocon-
strictor properties, the ability to modulate inotropy, and
to induce hypertrophy and gene expression'3^51. Elevated
plasma levels of endothelin-1 have been reported in
heart failure'6'71. Since endothelin-1 may contribute to
haemodynamic deterioration by a potent vasoconstric-
tive action, we hypothesized that persistent high levels in
chronic congestive heart failure may be associated with a
poor prognosis.
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Methods

Patients

One hundred and twenty consecutive patients referred to
our department because of a prior history of congestive
heart failure due to systolic dysfunction were included
in the study on condition that echocardiographic
left ventricular end-diastolic diameter index was
>34mm . m~2 and that left ventricular ejection frac-
tion was <50%. Ejection fraction was assessed by
radionuclide ventriculography, contrast ventriculogra-
phy or two-dimensional echocardiography. All patients
were in a clinically stable condition and on constant
therapy. Patients were excluded if they had had an acute
myocardial infarction within 3 months, had valvular
disease requiring surgery, planned cardiac surgery, sig-
nificant liver or renal disease, or other life threatening
disorders. All participants gave informed consent.
Patients underwent clinical examination, echocardiogra-
phy and the following plasma neurohormones were
measured: endothelin-1, noradrenaline and atrial natri-
uretic peptide. Exercise maximal oxygen consumption
measurement was available in only 96 patients, as 24

0195-668X/97/020254+05 S18.00/0 JV 1997 The European Society of Cardiology

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/18/2/254/472943 by guest on 21 August 2022



Prognostic value of endothelin-1 in CHF 255

patients were unable to practise a symptomatic maximal
exercise test which was limited by heart failure-related
symptoms.

After entering the study, patients were followed-
up. The date of death was registered and the duration of
follow-up calculated. Patients who underwent transplan-
tation were censored at the time of the transplantation.

Blood sampling procedures and hormonal
assays

Blood samples, drawn by direct venipuncture early in
the morning before medication and after at least 30 min
of supine rest, were immediately placed on ice and
centrifuged at 4 °C. Plasma samples were stored at
- 20 °C until assay. Plasma endothelin-1 concentrations
were determined by use of a radioimmunoassay method
performed in our laboratory as previously described'81.
Cross-reactivity with propeptide big-endothelin was
0-46. No significant cross-reactivity to other unrelated
peptides (i.e. atrial natriuretic peptide, vasopressin,
angiotensin 2) was reported. Method sensitivity was
0-25 pg . tube" ' , the intra-assay coefficient variation
was 61%, and the inter-assay coefficient of variation was
15%. Our reference values were 3-5 ±0-9 pg . ml"1

(n = 20). Plasma catecholamines were measured by a
radioenzymatic method using the enzyme catechol-o-
methyl transferase; our reference values were
250 ± 50 pg . ml"1 (n = 20). Plasma atrial natriuretic
peptide (C-terminal fragment 99-126) concentrations
were measured by radioimmunoassay; our reference
values were 12-4 ± 4 pg . ml ~ ' (n = 20).

Statistical analysis

Data are expressed as mean values ± SD. Survival was
analysed with the Cox proportional-hazards model.
Patients who underwent transplantation were censored
at the time of the transplantation. Variables identified as
significantly associated with outcome were then included
in a multivariate analysis. Kaplan-Meier estimates of
the survival functions were plotted for high and low
plasma endothelin-1 levels with the number rounded up
to the median as a cut-off point. Differences between
survival curves were tested for significance by the log-
Rank method. Statistical comparisons between New
York Heart Association (NYHA) functional class
groups were performed using analysis of variance fol-
lowed by Neuman Keuls' test. Differences between
survivors and deaths were also tested by using the
Student's t-test. Linear regression analysis was used to
assess the relationship between continuous variables.
Significance was set at a P value <0-05.

Results

Table 1 summarizes patients' baseline clinical and
haemodynamic characteristics. Although therapy was

Table 1 Baseline clinical and haemodynamic data

Characteristics

Sex: Male/female
Age (years)
New York Heart Association functional class

Class I/I I
Class III/IV

Aetiology of heart failure
Idiopathic dilated cardiomyopathy
Chronic coronary artery disease
Anthracycline-induced cardiomyopathy
Aortic regurgitation

Left ventricular echocardiographic end-diastolic
diameter index (mm . m ~ 2)

Left ventricular ejection fraction (%)
Treatment

Diuretics
Angiotensin-converting enzyme inhibitors
Vasodilators
Digitalis
Amiodarone

Systolic blood pressure (mmHg)
Heart rate (beats . min ~ ')
Peak exercise oxygen consumption

(ml. min" 1 k g ' 1 ) , n = 96)

100/20
52 ± 11

21/35
61/3

92 (77%)
23 (19%)
2 (1-7%)
3 (2-5%)
39 ± 6

28 ± 11

99 (83%)
105 (88%)
53 (44%)
52 (43%)
40 (33%)
124 ±21
85 ±18

15-2 ±6-1

Values are as mean ± SD.

Table 2 Baseline hormonal data

Hormone levels Values

Noradrenaline (pg . ml ')
Atrial natriuretic peptide (pg . ml ~ ' )
Endothelin-1 (pg . ml~ ')

550 ± 242
169 ± 139
4-7 ± 1-6

Values are as mean ± SD.

not standardized, most patients were maintained on
a regimen including furosemide and angiotensin-
converting enzyme inhibitors. Table 2 shows the baseline
hormonal level of endothelin-1, atrial natriuretic peptide
and noradrenaline.

During a median follow-up of 361 ± 338 days (15
days to 3-8 years), 14 cardiac deaths occurred (three
sudden deaths and 11 end-stage heart failure deaths) and
eight patients underwent transplantation. No patient
was lost to follow-up. Univariate Cox proportional
hazards regression analysis showed that endothelin-1
was the most powerful marker among the variables
tested (Table 3).

A multivariate model including the six variables
identified as significant predictors of outcome in the
previous analysis (except maximal oxygen consump-
tion), was highly predictive of mortality (.P=0-00008),
but only the endothelin-1 plasma level remained signifi-
cantly associated with outcome (P<002). Estimated
survival curves for groups with various plasma
endothelin-1 values are shown in Fig. 1. Patients (n = 51)
with an endothelin-1 plasma level greater than
5 pg . ml ~ ' had a significantly higher mortality rate
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Table 3 Univariate relation between various clinical
and biochemical variables and mortality in heart failure
patients according to a Cox proportional-hazard model

Variables P

Endothelin-1 00001
NYHA 00007
Atrial natriuretic peptide 0006
LV echocardiographic end-diastolic diameter index 0007
Noradrenaline 001
Age 002
Maximal oxygen consumption (n=96) 003
Ejection fraction 013

Endothelin and survival
Log-Rank test (P = 0.001)

Endothelin-1 <5 pg.ml

Endothelin-1 >5 pg.ml"

200 400 600 800
Survival time (days)

1000 1200

Figure 1 Kaplan-Meier survival plot for patients with
chronic heart failure subdivided into two groups according
to the number rounded up to the median of plasma
endothelin-1 (5 pg . ml ~ ' ) .

than did those (n = 69) with a lower circulating level
(22% vs 4%, />=0001, log-rank test). Patients who died
during the follow-up had higher plasma endothelin-1
levels (605 ± 1-67 p g . m l " 1 vs 4 53 ± 1-57 pg . ml" ',
/)=0001) and atrial natriuretic peptide levels
(239 ± 106 pg . ml" ' vs 159 ± 141 pg . ml"1 , P=004)
than living patients. Noradrenaline levels tend to be
lower in surviving patients but the difference was
not statistically significant (537 ± 292 pg . m l " ' vs
647 ±233 pg .ml" 1 , P=0-ll). Endothelin-1 increased
with severity of heart failure according to NYHA func-
tional class (ANOVA, />=00004). Patients in NYHA
functional class II (4-2 ± 1-6 pg . ml" ' ) had significantly
lower plasma endothelin-1 levels than patients in class
III (51 ± 1-6 pg .ml" 1 , P=0008) and in class IV
(71 ±2-5 pg .ml" 1 , P=0006), but similar levels to
patients in class I (3-9 ± 0-8 pg . m l " ' , F=0-57).

Discussion
The high mortality rate in heart failure and the difficul-
ties in selecting patients for heart transplantation have
increased the need for prognostic markers. Several

indices of prognosis have been identified in heart failure:
the New York Heart Association functional class,
haemodynamic parameters, and functional capacity
assessed by the determination of peak oxygen consump-
tion on exercise19'121. Moreover, the degree of neuro-
hormonal stimulation has been reported as a strong
independent predictor of mortality in heart failure
patients: elevated plasma levels of noradrenaline, of
99-126 ANP and more recently of the N-terminal frag-
ment pro-ANP are associated with a poor prognosis in
heart failure and in post myocardial infarction[l2>9'13].
More recently, the endothelium-derived 21 amino acid
peptide endothelin has been associated with mortality
after myocardial infarction1141. Similarly, high plasma
levels of both endothelin-1 and of the propeptide big-
endothelin have been reported as strong predictors of
mortality in severe heart failure.1'5'161 In our study we
included patients with less severe conditions than in the
two previous studies, including patients with asympto-
matic left ventricular dysfunction; only three patients
were in NYHA functional class IV. Our results suggest
therefore that endothelin-1 is also an independent pre-
dictor of mortality in mild to moderate heart failure.
Thus, elevated plasma levels of endothelin-1 and of the
propeptide big-endothelin are markers of severity in
various cardiovascular disorders including post myocar-
dial infarction, pulmonary hypertension and chronic
heart failure. In this last condition they provide ad-
ditional independent prognostic information to that
given by haemodynamic, functional or other hormonal
parameters1'5"171.

What is the potential pathophysiological signifi-
cance of an increased endothelin-1 plasma level? The
production of endothelin-1 in the heart is increased and
the density of myocardial endothelin receptors is up-
regulated in experimental heart failure'181. Furthermore,
the infusion of a selective endothelin-1 receptor antag-
onist reduces significantly contractility in this model,
suggesting that endogenous endothelin-1 is involved in
the maintenance of cardiac function in cardiac failure.
Although short-term inotropic support by up-regulation
of the endothelin pathway may be beneficial, prolonged
stimulation of the endothelin system may induce import-
ant harmful modifications in the function or the struc-
ture of the cardiovascular system by either a local or
systemic mechanism. Several factors may therefore con-
tribute to the relationship observed between high plasma
endothelin concentrations and mortality; (1) the potent
vasoconstricting effects of endothelin-1 may further
impair cardiac function (2) in vitro endothelin-1 stimu-
lates contractility and may increase myocardial oxygen
demand (3) endothelin-1 may induce remodelling of
the heart: in vitro endothelin-1 stimulates hypertrophy
and the expression of fetal genes in cardiac myocytes;
moreover, endothelin-1 modulates collagen turnover
in cardiac fibroblasts (4) endothelin-1 stimulates the
release of catecholamines and other neurohormones (5)
endothelin-1 secretion in the lung may regulate pulmo-
nary vascular resistance in patients with chronic heart
failure (6) increased endothelin-1 may reflect generalized
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endothelial dysfunction in heart failure'45719 22].
Finally, endothelin contributes to basal vascular tone in
vivo as demonstrated in healthy subjects'23241 and there
is some evidence that this mechanism also operates in
chronic heart failure: Kiowski et al. showed that a
non-specific endothelin receptor antagonist, bosentan,
reduced mean arterial pressure and systemic vascular
resistance in congestive heart failure patients'251. How-
ever, since there was no control group in this study we
do not know to what extent bosentan acts against
vasoconstriction in heart failure.

Interestingly, endothelin-1 plasma levels in-
creased significantly from NYHA class I to class IV.
This finding indicates that the level of endothelin-1 is not
only a prognostic marker but also reflects the severity of
the disease. It has been suggested that the elevation
of plasma endothelin-1 in heart failure consists mainly
of the pro-peptide big-endothelin'61. The very low cross-
reactivity of our assay excludes a significant presence of
big-endothelin to explain our results. Our study was not
designed to evaluate the influence of treatments on
prognosis or neurohormonal stimulation and daily
medications were not modified. Most patients received
angiotensin-converting enzyme inhibitors. It is note-
worthy that we observed increased endothelin-1 plasma
levels in our patients, whereas in vitro experimental
studies have suggested that the release of endothelin-1 is
stimulated by angiotensin II concentrations'261. This
finding further suggests that endothelin-1 plasma levels
reflect the severity of heart failure.

Study limitations

We observed only 14 deaths over a median follow-up
period of 1 year. Although this finding limits the power
of our results, it is certainly related to the fact that our
population consisted mainly of patients with left ven-
tricular asymptomatic dysfunction and mild to moderate
heart failure. This subgroup of patients is at a lower risk
of mortality than those with advanced heart failure.
Another limitation is the fact that the normal range of
plasma endothelin varies widely among laboratories'7'271.
This variation may reflect differences in sampling site as
well as variations in the specificity of the endothelin
antibodies employed for the radioimmunoassay. There-
fore, the cut-off value used in the present study pertains
only to our population and to our methodology of
analysis. Use of the cut-off value of 5 pg . ml ~' for the
assessment of the prognosis cannot be applied to a
general population and to different laboratories without
restriction.

Further studies are necessary to evaluate the
influence of specific treatments on plasma endothelin-1.
In particular, the fact that elevated plasma levels are
associated with a poor prognosis emphasizes the need
for the evaluation of various inhibitors of the
endothelin-1 pathway in patients with congestive heart
failure. Whether this modulation is effective in prevent-
ing progression of the disease or mortality will provide

important information on the pathophysiological role of
the endothelin system in congestive heart failure.
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