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Abstract

Aims Endothelin‐1 (ET‐1) is a potent vasoconstrictor, which regulates renal and vascular function. We aimed to relate plasma
levels of ET‐1 with the clinical picture and outcomes in acute heart failure (AHF).
Methods and results We studied 113 patients with AHF [mean age 65 ± 13 (years), median (upper and lower quartiles)
N‐terminal pro‐B‐type natriuretic peptide, 5422 (2689; 8582) (pg/mL)], in whom plasma levels of ET‐1 were serially measured
at admission (10.8 ± 5.2), Day 1 (9.5 ± 3.4), and Day 2 (8.9 ± 3.8) (pg/mL). The population was divided into tertiles across
baseline ET‐1 levels. Patients in the highest ET‐1 tertile had predominant clinical signs of peripheral congestion; however,
no difference was observed in pulmonary congestion and severity of dyspnoea. They also presented lower spot urine sodium
at admission (75 ± 35 vs. 99 ± 43 vs. 108 ± 30), 6 h (84 ± 34 vs. 106 ± 43 vs. 106 ± 35), and Day 1 (75 ± 38 vs. 96 ± 36 vs.
100 ± 35) (mmol/L), when compared with the second and first tertile, respectively (all P < 0.05); furthermore, they received
higher doses of intravenous furosemide from Day 2 and had longer intravenous diuretics, as median switch to oral furosemide
was 4 (3; 4) vs. 3 (2; 4) vs. 2 (2; 3) (days), respectively, P < 0.05. There was no difference in serum creatinine, urea, and renal
injury biomarkers (kidney injury molecule‐1, serum cystatin C, and urine neutrophil gelatinase‐associated lipocalin) between
the ET‐1 tertiles. Higher values of ET‐1 measured at each time point were related with a higher risk of 1 year mortality.
Conclusions Elevation of ET‐1 is related to clinical signs of peripheral congestion, low urine sodium excretion, and poor
outcome in AHF.
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Introduction

Endothelin‐1 (ET‐1) is a potent endogenous vasoconstrictor
impacting the vascular tone of pulmonary and peripheral
circulation.1–3 The endothelin system has already been shown
to play an important role in the pathophysiology of numerous
pathologies including heart failure, where elevated blood
levels of ET‐1 were linked to the severity of the disease and
the outcomes.4–7 However, in the settings of acute heart

failure (AHF), the role of the endothelin system remains
largely unknown.8

Importantly, ET‐1 regulates renal function, and its role
goes far beyond being a control of afferent and efferent glo-
merular artery tone. It directly affects the renal tubular cells,
thus impacting urine production, including regulation of
ion/water homeostasis.9 As impaired water/sodium handling
with extracellular water expansion and resultant congestion
are all the hallmarks of AHF, we decided to examine the role
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of ET‐1 in this population. Thus, we aimed to (i) correlate
serially measured ET‐1 levels with the clinical picture of AHF
patients; (ii) find clinical and laboratory correlates of ET‐1
levels in the settings of AHF; and (iii) examine the associations
of ET‐1 with renal function, markers of renal injury, and
water/sodium handling abilities.

Methods

Study population

This is a single‐centre observational study. The population
consists of AHF patients who were included into a registry
that was run at our institution between 2010 and 2012. To
enter the registry, patients needed to fulfil the following
criteria: ≥18 years old, AHF as the primary cause of hospital-
ization [according to the European Society of Cardiology (ESC)
guidelines criteria10,11], presence of clinical signs/symptoms
of fluid overload on admission with need for intravenous loop
diuretics, and the patient’s written agreement to participate.
The following criteria excluded patients from the registry: car-
diogenic shock, a clinical diagnosis of concurrent acute coro-
nary syndrome/severe infection, known severe liver disease
or renal disease requiring or with planned renal replacement
therapy, exposure to nephrotoxic drugs, and evidence of uri-
nary infection or bacteraemia. Patients were treated in accor-
dance with the attending physicians’ recommendations of
the ESC guidelines10,11 rather than by a protocol, although it
was requested by the protocol to collect detailed information
on in‐hospital management. The research was approved by
the local ethics committee, and each individual gave written
informed consent. The study was conducted in accordance
with the Declaration of Helsinki.

Study design

In patients who entered the registry, a detailed questionnaire
on demographics, clinical history, co‐morbidities, type of AHF
(according to the 2008 ESC guidelines classification10),
previous therapies, and physical/clinical findings (at
admission and during hospitalization) was filled in. In all
patients, venous blood and urine samples were collected at
pre‐specified time points (admission, 6 h, Day 1, Day 2, and
discharge). Detailed information regarding urine sample
collection has been described elsewhere.12 Blood and urine
samples were assessed in our local laboratory as part of our
everyday clinical practice (please see succeeding text). Part
of the collected material was centrifuged and immediately
frozen at �70°C until further laboratory analysis.

Local laboratory measurements

The following laboratory parameters (among others) were
assessed using standard methods and were immediately
available for treating physicians:

• haematology: haemoglobin, haematocrit, leukocytes
(white blood cell), and platelets;

• serum electrolytes: sodium (Na+) and potassium (K+);
• renal and liver function tests: creatinine, estimated

glomerular filtration rate (eGFR) by Modification of Diet
in Renal Disease method was calculated,13 blood urea
nitrogen, aspartate aminotransferase (AST), alanine
aminotransferase, bilirubin, and albumin; and

• plasma N‐terminal pro‐B‐type natriuretic peptide
(NT‐proBNP) (method: immunoenzymatic, Siemens,
Marburg, Germany) and troponin I (method:
immunoenzymatic, single Dimension RxL Max, Siemens).

The assessment of spot urine Na+, urine creatinine, and
urea levels was also completed in the local laboratory; how-
ever, these results were not available to treating physicians
during hospitalization.

Additional laboratory measurements

The following biomarkers were assessed at the Singulex
Laboratory form frozen blood and urine samples (taken at
admission, Day 1, and Day 2): ET‐1, kidney injury
molecule‐1 (KIM‐1), neutrophil gelatinase‐associated lipocalin
(NGAL), cystatin C, and urine albumin. The analyses were
performed on a diagnostic platform Singulex, Inc. (Alameda,
CA, USA) with the Erenna immunoassay system, which uses
a microparticle immunoassay and single‐molecule counting
in a capillary flow system.

Clinical assessment

The clinical status of each patient was assessed (at admission,
Day 1, and Day 2) based on signs and symptoms of heart fail-
ure, including dyspnoea (visual analogue scale: from 0 to 10
points, where 10 is the worst dyspnoea), oedema (0–4 point
scale, where 4 is the worst oedema), pulmonary congestion
(0–3 point scale, with 3 representing congestion reaching up-
per parts of lungs), and jugular venous pressure. We have
also calculated the sodium retention score/congestion score
as proposed by Cody, based on rales (0–3 points), peripheral
oedema (0–4 points), weight change (�1 to 1 points), hepa-
tomegaly (0 vs. 1 point), S3 gallop (0 vs. 1 point), and in-
creased jugular venous pressure (0 vs. 1 point) (range of
possible score: �1 to 11).
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Clinical follow‐up

The status of every patient was followed for at least
12 months. Information was obtained directly from patients
or their relatives (telephone contact), from the heart failure
clinic database, or from the hospital system. No patient was
lost to follow‐up. The primary endpoint of interest was
all‐cause mortality at 1 year.

Statistical analysis

Continuous variables with a normal distribution were de-
scribed using means ± standard deviation (SD), variables with
skewed distribution were described by medians with (upper
and lower quartiles), and categorized variables were given
as numbers and percentages. The skewed distributed vari-
ables were log‐transformed where needed. The statistical sig-
nificance of differences between the groups was assessed
using t‐test, Mann–Whitney U‐test, χ2 test, or Kruskal–Wallis
one‐way analysis of variance by rank test, where appropriate.
A multivariable regression (stepwise progressive) model was
built among variables significantly correlated with ET‐1 in
the univariate model. The Cox proportional hazards model
was used to calculate the hazard ratio (HR) with correspond-
ing 95% confidence interval (95% CI) for all‐cause mortality.
The P < 0.05 was considered statistically significant. Statisti-
cal analyses were performed using STATISTICA 13 (StatSoft).

Results

The study population consists of 113 patients, 84 (74%) being
male and with a mean (±SD) age of 65 ± 13 years, and mean
(±SD) systolic blood pressure and heart rate at admission
were 134 ± 35 (mmHg) and 90 ± 26 (b.p.m.), respectively.
The median (upper and lower quartiles) NT‐proBNP was
5422 (2689–8582) (pg/mL). Detailed characteristics of the
population are presented in Table 1.

The mean plasma ET‐1 at admission was 10.8 ± 5.2 (pg/mL)
and decreased within subsequent days of hospitalization to
9.5 ± 3.4 at Day 1 and 8.9 ± 3.8 (pg/mL) at Day 2 (both
P < 0.05 when compared with admission).

Plasma endothelin‐1 levels and patients’
characteristics

The population was divided into tertiles across baseline
plasma ET‐1 levels, and comparison of patients’ characteris-
tics by the tertiles of ET‐1 on admission is presented in Table
1 and supporting Table S3.

Patients in the highest ET‐1 tertile were more frequently
male with the highest NT‐proBNP values and a trend towards

the lowest systolic blood pressure on admission. They also
had more often clinical signs of peripheral congestion on ad-
mission (which remained until Day 2) as evidenced by higher
prevalence of ascites and hepatomegaly, but no difference in
pulmonary congestion and severity of dyspnoea.

Patients were subsequently divided according to the 2008
ESC guidelines classification,10 and the mean levels of plasma
ET‐1 are presented in Table 2. There was no difference in the
ET‐1 levels between patients with AHF de novo and those
with decompensated chronic heart failure; neither there
was a difference between patients with preserved vs. re-
duced ejection fraction. Patients who presented on admission
with pulmonary oedema or hypertensive AHF tended to have
lower levels of ET‐1 at Day 2. Interestingly, those classified as
having right heart failure on admission had higher ET‐1 levels
at all three time points (vs. remaining patients) and had sig-
nificantly higher values of ET‐1 at Days 1 and 2 when com-
pared with the other types of AHF (both P < 0.05) (Figure
1). Analogically, patients with overt clinical signs of fluid over-
load (oedema, ascites, or hepatomegaly) had significantly
higher levels of ET‐1 within the first days of hospitalization
(Table 2).

Correlates of plasma levels of endothelin‐1 in
acute heart failure

The ET‐1 level at admission significantly correlated with AST
r = 0.48, alanine aminotransferase r = 0.39, total bilirubin
r = 0.32, serum lactate r = 0.34, NT‐proBNP r = 0.37, spot
urine Na+ r = �0.35, total dose of furosemide administrated
within the first 48 h of hospitalization r = 0.20, heart rate
r = 0.25, and systolic blood pressure at admission r = �0.22,
all P< 0.05 (for more details, see Supporting Information, Ta-
ble S1). The multivariable model revealed that heart rate,
AST, and NT‐proBNP along with spot urine Na+ were indepen-
dently related with ET‐1 level at admission.

Plasma levels of endothelin‐1 spot urine sodium,
diuretic demand, and markers of renal injury

Patients in the highest tertile of ET‐1 at admission had signif-
icantly lower spot urine Na+ at admission, 6 h, and Day 1
when compared with the remaining tertiles (all P < 0.05),
but the difference at Day 2 was not statistically significant
(P = 0.28) (Figure 2). Sodium retention score at admission
and Day 2 was significantly higher in those with the highest
ET‐1. All the tertiles received the same doses of furosemide
within the first day of hospitalization, but the third tertile
group received higher doses from Day 2 and had longer intra-
venous diuretic treatment as median switch to oral furose-
mide was 4 (3; 4) vs. 3 (2; 4) vs. 2 (2; 3) (days) for tertiles
from third to first, respectively, P < 0.05 (Table 3). There
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were no differences in serum KIM‐1, serum cystatin C, urine
NGAL, and urine albumin between tertiles of ET‐1 (Table 3).

Endothelin‐1 and in‐hospital
course/post‐discharge outcomes

Patients in the highest tertile of ET‐1 had significantly longer
total length of hospital stay, when compared with the second
and first tertile: 14 ± 10 vs. 9 ± 8 and 7 ± 4 (days),

respectively, both P < 0.05. Moreover, this group received
the inotropes more frequently 8 (21%) than other tertiles 2
(5%) and 2 (5%), P < 0.05. During 1 year of follow‐up, 33
(29%) patients died. Higher values of ET‐1 measured at each
time point were related with higher risk of 1 year mortality;
HR (95% CI) for admission, Day 1, and Day 2 were 3.09
(1.34–7.12), 5.57 (2.07–14.98), and 3.74 (1.34–10.38), re-
spectively, all P < 0.05. After correction for serum creatinine
and systolic blood pressure, levels of ET‐1 remained signifi-
cant prognosticator of 1 year mortality, HR (95% CI): 1.06

Table 1 Baseline and in‐hospital characteristics of patients with acute heart failure

Parameter All (n = 113)

Endothelin‐1 at admission (pg/mL)

P
1st tertile

(n = 38) <7.9
2nd tertile

(n = 37) 8.0–11.1
3rd tertile

(n = 38) >11.2

Sex (male) 84 (74%) 23 (60%) 27 (73%) 34 (89%) 0.01
Age (years) 65 ± 13 65 ± 13 65 ± 15 64 ± 14 0.87
Heart rate (b.p.m.) 90 ± 26 88 ± 25 87 ± 20 97 ± 30 0.21
Systolic blood pressure at admission (mmHg) 134 ± 35 142 ± 37 137 ± 38 124 ± 30 0.06
Diastolic blood pressure at admission (mmHg) 79 ± 18 81 ± 17 80 ± 19 76 ± 19 0.31
Left ventricular ejection fraction (%) 32 ± 13 35 ± 12 33 ± 13 29 ± 13 0.11
Acute heart failure (de novo) 28 (25%) 10 (26%) 9 (24%) 9 (24%) 0.96
Heart failure aetiology

Ischaemic 60 (53%) 22 (58%) 19 (51%) 19 (50%) 0.76
Hypertension 9 (8%) 3 (8%) 4 (11%) 2 (5%) 0.81

Admission
Peripheral oedema (yes) 86 (76%) 24 (63%) 29 (78%) 31 (82%) 0.15
Pulmonary congestion (yes) 105 (93%) 35 (92%) 35 (94%) 35 (92%) 0.88
Dyspnoea (points) 7.4 ± 2.3 7.2 ± 2.6 7.5 ± 2.7 7.4 ± 1.7 0.88
Any dyspnoea (yes) 103 (91%) 34 (90%) 34 (92%) 35 (92%) 0.92
Ascites (yes) 16 (14%) 0 (0%) 6 (16%) 10 (26%) <0.005
Hepatomegaly (yes) 34 (33%) 4 (10%) 11 (30%) 19 (50%) <0.005

Blood count
Haemoglobin (g/dL) 13.1 ± 1.9 12.9 ± 1.7 12.7 ± 2.3 13.7 ± 1.6 <0.05
White blood count (G/L) 9.0 ± 3.6 9.0 ± 4.0 9.4 ± 3.1 8.6 ± 3.7 0.65
Platelets (G/L) 215 ± 96 216 ± 83 211 ± 81 219 ± 121 0.92
Bilirubin (mg/dL) 1.1 (0.9; 1.7) 1.0 (0.7; 1.4) 0.9 (0.8; 1.5) 1.6 (1.1; 2.1) 0.001
Aspartate transaminase (IU/L) 26 (19; 36) 22 (16; 36) 26 (20; 36) 28 (23; 38) 0.24
Alanine transaminase (IU/L) 25 (17; 37) 25 (17; 36) 23 (17; 37) 28 (18; 42) 0.72
Na (mmol/L) 138 ± 5 139 ± 3.5 138 ± 6.1 137 ± 4.4 0.41
Calculated eGFR (mL/min/1.73 m2) 63 ± 28 67 ± 36 63 ± 24 58 ± 24 0.43
Creatinine (mg/dL) 1.29 ± 0.6 1.26 ± 0.8 1.24 ± 0.5 1.38 ± 0.48 0.56
Urea (mg/dL) 62 ± 40 56 ± 37 59 ± 37 71 ± 44 0.22
NT‐proBNP (pg/mL) 5422 (2689; 8582) 4351 (2145; 6253) 4800 (2674; 9111) 7686 (4670; 12 276) 0.002
Troponin I (ng/mL) 0.04 (0.02; 0.1) 0.04 (0.2; 0.1) 0.04 (0.02; 0.06) 0.06 (0.02; 0.14) 0.24
Lactate (mmol/L) 2.3 ± 1.1 2.0 ± 1.0 2.2 ± 0.9 2.5 ± 1.3 0.09

Day 2
Peripheral oedema (yes) 58 (51%) 16 (42%) 19 (51%) 23 (60%) 0.27
Peripheral oedema (≥2 ++) 22 (19%) 3 (8%) 7 (19%) 12 (32%) 0.02
Pulmonary congestion (yes) 18 (16%) 3 (8%) 7 (20%) 8 (21%) 0.19
Dyspnoea (points) 2.2 ± 2.5 1.9 ± 2.3 2.3 ± 2.5 2.4 ± 2.5 0.75
Any dyspnoea (yes) 31 (27%) 7 (19%) 10 (28%) 14 (37%) 0.21
Chest pain at admission (yes) 6 (5%) 2 (5%) 3 (8%) 1 (3%) 0.57
Systolic blood pressure (mmHg) 115 ± 19 119 ± 20 116 ± 19 110 ± 18 0.18
Creatinine (mg/dL) 1.22 ± 0.60 1.29 ± 0.85 1.15 ± 0.41 1.21 ± 0.41 0.61
Urea (mg/dL) 64 ± 37 63 ± 36 61 ± 34 68 ± 42 0.71

Endothelin‐1
Endothelin‐1 at admission (pg/mL) 10.8 ± 5.2 6.3 ± 1.5 9.6 ± 0.8 16.6 ± 4.7 <0.001

9.7 (7.4; 12.8) 6.6 (5.5; 7.4) 9.7 (9.0; 10.0) 15.2 (12.8; 18.9)
Endothelin‐1 at Day 1 (pg/mL) 9.5 ± 3.4 6.9 ± 2.3 9.1 ± 2.2 12.1 ± 4.5 <0.001

8.9 (6.9; 11.2) 6.8 (5.6; 7.8) 9.5 (7.4; 10.6) 11.6 (8.9; 14.6)
Endothelin‐1 at Day 2 (pg/mL) 8.9 ± 3.8 6.5 ± 1.9 8.9 ± 3.1 11.6 ± 4.3 <0.001

8.4 (6.2; 10.8) 6.4 (5.1; 7.6) 9.2 (6.6; 10.1) 11.4 (8.9; 13.6)

eGFR, estimated glomerular filtration rate; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide.
Data shown as n (%), mean ± standard deviation, or median (interquartile range).
The bold was used in variables with statistical significances.

Elevated plasma ET‐1 is related to low natriuresis, clinical signs of congestion, and poor outcome in AHF 3539

ESC Heart Failure 2020; 7: 3536–3544
DOI: 10.1002/ehf2.13064



FIGURE 1 Mean endothelin‐1 by different types of acute heart failure
(AHF). CHF, chronic heart failure.

FIGURE 2 Pattern of longitudinal change of urine Na+ at admission, 6 h,
24 h, and 48 h by tertile of endothelin‐1 at admission.

Table 2 Comparison of the endothelin‐1 plasma level (pg/mL) at admission, Day 1, and Day 2 in subgroups of patients with acute heart
failure

Variable
Time
point

Mean endothelin‐1 (pg/mL)

PYes No

EF ≤ 40% Admission 11.2 ± 5.5 9.2 ± 3.7 0.08
Day 1 9.6 ± 4.0 8.8 ± 3.0 0.40
Day 2 8.9 ± 4.0 8.7 ± 2.7 0.79

AHF de novo Admission 10.6 ± 4.9 10.9 ± 5.3 0.87
Day 1 8.6 ± 3.0 9.7 ± 4.1 0.20
Day 2 8.5 ± 3.9 9.1 ± 3.8 0.50

Type of AHF according to ESC guidelines10

Decompensated chronic heart failure Admission 9.9 ± 4.6 11.4 ± 5.5 0.11
Day 1 9.2 ± 4.5 9.6 ± 3.4 0.52
Day 2 8.8 ± 3.8 8.9 ± 3.9 0.82

Pulmonary oedema Admission 9.9 ± 6.5 11.0 ± 4.9 0.39
Day 1 8.3 ± 2.2 9.7 ± 4.1 0.14
Day 2 6.9 ± 2.2 9.4 ± 3.9 0.02

Hypertensive AHF Admission 10.7 ± 5.7 10.9 ± 5.0 0.87
Day 1 8.3 ± 2.8 9.9 ± 4.1 0.06
Day 2 7.5 ± 2.6 9.5 ± 4.1 0.02

Right heart failure Admission 12.4 ± 5.1 10.1 ± 5.1 0.03
Day 1 11.0 ± 3.2 8.7 ± 3.9 0.004
Day 2 10.8 ± 4.1 8.0 ± 3.4 0.002

Clinical signs of congestion
Pulmonary congestion at admission Admission 10.8 ± 5.3 10.3 ± 4.4 0.75

Day 1 9.4 ± 3.9 9.9 ± 3.9 0.72
Day 2 8.9 ± 3.9 9.4 ± 2.0 0.73

Hepatomegaly Admission 12.9 ± 4.6 9.9 ± 5.2 0.0005
Day 1 11.3 ± 3.8 8.6 ± 3.6 <0.0001
Day 2 10.6 ± 3.8 8.3 ± 3.6 0.01

Oedema at admission Admission 11.2 ± 5.4 9.5 ± 4.3 0.13
Day 1 10.0 ± 4.2 7.8 ± 2.2 0.009
Day 2 9.5 ± 3.9 7.4 ± 2.9 0.01

Ascites at admission Admission 13.4 ± 4.4 10.4 ± 5.2 0.03
Day 1 11.2 ± 2.4 9.1 ± 3.9 0.05
Day 2 12.6 ± 3.1 8.4 ± 3.6 <0.0001

AHF, acute heart failure; EF, ejection fraction; ESC, European Society of Cardiology.
The bold was used in variables with statistical significances.
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(1.00–1.12), P < 0.05 (Table S2). Kaplan–Meier survival
curves by tertiles of ET‐1 at admission and Day 1 are shown
in Figure 3A and Figure 3B.

Discussion

There are several new findings of our study. Firstly, we have
linked ET‐1 concentrations with clinical characteristics of
AHF patients. It might have been taken for granted that
ET‐1 (as a potent vasoconstrictor) would be related with high
blood pressure AHF. Surprisingly, we have shown a
completely opposite pattern of endothelin concentration
across the spectrum of AHF presentations. We found that
high endothelin is related with clinical signs of peripheral con-
gestion (fluid overload) and low urine sodium excretion
rather than dyspnoea and pulmonary congestion. This obser-
vation may be of importance for a better understanding of
AHF pathophysiology.

Secondly, we have presented the ET‐1 trajectory within the
first 2 days of treatment in a broad spectrum of AHF patients.
The marker decreased (along with decreasing congestion)
within subsequent days of hospitalization. Our data agree
with previous papers describing the marker in patients en-
rolled to ASCEND‐HF trial8 and the VERITAS programme.14

However, our population had a slightly higher first ET‐1 con-
centration (median 9.7 vs. 7.6 pg/mL) than was observed in

Table 3 Natriuresis, decongestion, and renal function by tertile of endothelin‐1 at admission

Parameter All Tertile 1 Tertile 2 Tertile 3 P

Urine Na+ at admission (mmol/L) 95 ± 42 108 ± 30 99 ± 43 75 ± 35 <0.001
Urine Na+ at 6 h (mmol/L) 99 ± 38 106 ± 35 106 ± 43 84 ± 34 0.03
Urine Na+ at Day 1 (mmol/L) 91 ± 38 100 ± 35 96 ± 36 75 ± 38 0.01
Urine Na+ at Day 2 (mmol/L) 86 ± 36 91 ± 31 88 ± 42 77 ± 34 0.28
Weight reduction to Day 2 (kg) �1.0 (�2.5; �0.5) �1.0 (�2.0; �0.4) �1.95 (�3.0; �1.0) �1.0 (�2.4; 0) 0.29
Length of hospitalization (days) 10 ± 8 7 ± 4 9 ± 8 14 ± 10 <0.001
NT‐proBNP at admission (pg/mL) 5422 (2689; 8582) 4351 (2145; 6253) 4800 (2674; 9111) 7686 (4670; 12 276) 0.002
NT‐proBNP at Day 2 (pg/mL) 3169 (1781; 6528) 2164 (1373; 4318) 3760 (1639; 6086) 5257 (3196; 8669) 0.001
NT‐proBNP at discharge (pg/mL) 2648 (1434; 5493) 1798 (1305; 4217) 2382 (1329; 4787) 3867 (2333; 7242) 0.02
Sodium retention score at admission 4 (3; 5) 4 (3; 5) 4 (3; 5) 5 (3; 5) <0.05
Sodium retention score at Day 2 0 (0;2) 0 (�1; 1) 0 (�1; 2) 1 (0; 3) <0.05
Dose of furosemide (iv)
0–6 h (mg)

40 (30; 60) 40 (40; 80) 60 (40; 60) 50 (40; 60) 0.79

Dose of furosemide (iv)
6–24 h (mg)

40 (20; 60) 30 (0; 60) 40 (20; 80) 50 (24; 80) 0.07

Dose of furosemide (iv)
24–48 h (mg)

40 (0; 80) 0 (0; 60) 60 (0; 100) 60 (20; 100) 0.01

Median day of switch to
oral furosemide (days)

3 (2; 4) 2 (2; 3) 3 (2; 4) 4 (3; 4) <0.005

Dose of furosemide oral
at discharge (mg)

80 (40; 120) 40 (40; 80) 40 (40; 120) 100 (40; 120) <0.005

Use of inotrope (yes) 12 (11%) 2 (5%) 2 (5%) 8 (21%) <0.05
Serum KIM‐1 at admission (pg/mL) 249 (153; 373) 263 (139; 404) 241 (161; 276) 257 (168; 396) 0.77
Serum KIM‐1 at Day 1 (pg/mL) 240 (162; 348) 243 (131; 353) 211 (168; 265) 265 (177; 382) 0.55
Serum KIM‐1 at Day 2 (pg/mL) 236 (155; 334) 228 (123; 293) 214 (153; 287) 270 (183; 353) 0.14
Serum cystatin C at admission (μg/dL) 164 (135; 226) 173 (134; 212) 148 (121; 212) 172 (147; 277) 0.18
Serum cystatin C at Day 1 (μg/dL) 163 (131; 252) 172 (137; 232) 143 (117; 235) 167 (143; 298) 0.25
Serum cystatin C at Day 2 (μg/dL) 164 (129; 234) 164 (127; 215) 159 (125; 228) 175 (136; 258) 0.79
Urine NGAL at admission (ng/mL) 15 (6; 32) 21 (5; 68) 12 (6; 27) 15 (6; 23) 0.15
Urine NGAL at Day 1 (ng/mL) 16 (8; 31) 16 (9; 21) 14 (5; 31) 24 (9; 45) 0.51
Urine NGAL at Day 2 (ng/mL) 18 (9; 38) 20 (9; 38) 17 (10; 41) 22 (6; 32) 0.76
Urine albumin at admission (μg/mL) 37 (12; 160) 37 (12; 134) 25 (11; 158) 54 (12; 188) 0.68
Urine albumin at Day 1 (μg/mL) 29 (6; 132) 23 (6; 55) 18 (3; 132) 68 (12; 167) 0.35
Urine albumin at Day 2 (μg/mL) 39 (6; 108) 15 (7; 108) 43 (5; 112) 40 (8; 98) 0.96

iv, intravenous; KIM‐1, kidney injury molecule‐1; NGAL, neutrophil gelatinase‐associated lipocalin; NT‐proBNP, N‐terminal pro‐B‐type na-
triuretic peptide.
Data shown as mean ± standard deviation or median (interquartile range).
The bold was used in variables with statistical significances.

FIGURE 3 (A) Kaplan–Meier survival by tertile of endothelin‐1 at admis-
sion. (B) Kaplan–Meier survival by tertile of endothelin‐1 at Day 1.

 1st tertile
 2nd tertile
 3rd tertile

0 50 100 150 200 250 300 350 400 450

Time (days)

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l (

%
)

Elevated plasma ET‐1 is related to low natriuresis, clinical signs of congestion, and poor outcome in AHF 3541

ESC Heart Failure 2020; 7: 3536–3544
DOI: 10.1002/ehf2.13064



ASCEND‐HF. There are several possible explanations for this
fact. Firstly, the baseline sample in the trial was assessed with
an approximately 18 h of delay from hospital presentation.
Notably, the highest tertile of ET‐1 in ASCEND‐HF had a signif-
icantly shorter time of delay, further confirming this assump-
tion. Secondly, we have examined unselected populations
with half of them having systolic blood below 130 mmHg at
admission and patients with clinical signs of right heart fail-
ure, which turned out to have the highest values of ET‐1. Fur-
thermore, we have observed a decreasing pattern of ET‐1
change across all types of AHF, but the mean values of the
marker were persistently, significantly higher in patients with
clinical signs of right heart failure at all time points. The ana-
logical pattern of interaction was shown during treatment of
advanced chronic heart failure patients, where ET‐1 concen-
tration was decreasing along with decreasing central venous
pressure.15

Thirdly, there are premises to believe that elevated ET‐1
may play an important role in congestion development in
AHF. Patients with the highest values of ET‐1 had significantly
lower urine sodium excretion, which is a strong driver of per-
sistent congestion, poorer diuretic response, and worse
outcome.12,16,17 Secondly, it turned out that patients with
clinical signs of peripheral congestion (viz. ascites, hepato-
megaly, and peripheral oedema) had significantly higher
ET‐1 within the first 2 days of hospitalization. On the other
hand, patients with clinical signs of pulmonary congestion,
dyspnoea, and elevated systolic blood pressure tended to
have lower values of the marker. Moreover, the highest
tertile group had significantly higher values of NT‐proBNP
(from admission until discharge) and higher diuretic demand
as they received higher doses of intravenous furosemide
from Day 2 and they needed intravenous treatment for signif-
icantly longer period of time. Finally, the third ET‐1 tertile
hospitalization had the longest hospital stay.

Our data show the relations between ET‐1 and renal
function in AHF from a new perspective. Interestingly, there
was no difference in ‘traditional’ markers of kidney function
like creatinine, eGFR, and serum urea between ET‐1
tertiles. Neither were there differences in more sophisti-
cated markers of kidney function/injury (like NGAL, KIM‐1,
cystatin C, or urine albumin) across the ET‐1 levels. How-
ever, those patients with elevated ET‐1 had significantly
lower urine sodium excretion, which only confirms the pos-
tulate for bi‐dimensional assessment of the kidney function
in AHF, through the prism of natriuresis and eGFR, as two
separate processes.16 Moreover, our data suggest an inter-
esting signal of interaction between congestion, liver dys-
function, elevation of serum lactates, and high ET‐1, all of
which are signs of poor outcome in AHF.18–22 The data from
clinical trials that tested the endothelin receptor antagonists
in heart failure also revealed an indirect connection be-
tween endothelin and water/sodium handling, as patients
in active treatment arms of the studies tended to

accumulate fluid.23 Despite endothelin antagonists now be-
ing widely used to treat pulmonary hypertension, we be-
lieve its role in heart failure pathophysiology exceeds
‘simple’ pulmonary bed vasoconstriction.

Lastly, our findings may also have some practical impor-
tance. There were several attempts to use endothelin recep-
tor antagonists in AHF, that is, by tezosentan (VERITAS
programme) or by a serelaxin (RELAX‐HF study). The primary
outcomes of both studies were not met.24,25 However, our
data suggest that the drugs might have been studied in a
population with low ET‐1 concentration, as the clinical profile
of patients from both studies (e.g. mean systolic blood
pressure, median NT‐proBNP, and inclusion criteria)
corresponded to the lowest ET‐1 tertile in our cohort. We
may only speculate that those patients may have not
benefited from the drug as the ET‐1 was not a major driver
of their clinical deterioration. In our cohort, ET‐1 was related
with laboratory signals of organ dysfunction (elevated liver
function tests, NT‐proBNP, and signs of congestion). It there-
fore agrees with previous RELAX‐HF analyses, indicating that
serelaxin might have organ protective abilities, especially in
patients with hepatorenal dysfunction.26,27 It would be in-
triguing to see a prospectively designed trial evaluating the
clinical and renal effect of ET‐1 antagonist in AHF patients
with high endothelin level. Moreover, the more personalized
therapy should probably be adjusted to clinical response as
well as to ET‐1 level during the active phase to reduce the risk
of adverse events. At this stage, we may only speculate that
modifications of ET‐1‐mediated pathways in heart failure
may affect the renal water/sodium handling. However, this
concept needs further research.

Although the ischaemic aetiology was the predominant
(53%) cause of heart failure in our population, only approxi-
mately 5% of patients reported any chest pain at admission.
This is surprisingly low, as some reports have shown that
endothelin may be related with chest pain even in patients
without over coronary artery disease.28–30

Limitation

The study is based on the registry that was run between 2010
and 2012 in a single cardiology centre, which is an obvious
limitation. The timeframe difference in samples collected in
our population and ASCEND‐HF trial makes direct comparison
of ET‐1 levels between those studies difficult for interpreta-
tion. Finally, due to the small number of patients and rela-
tively small number of events, the prognostic significance of
ET‐1 could not be tested extensively.
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