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Increased mortality with elevated plasma

endothelin-1 in acute heart failure: an
ASCEND-HF biomarker substudy

Antonio L. Perez, Justin L. Grodin, Yuping Wu, Adrian F. Hernandez,
Javed Butler, Marco Metra, G. Michael Felker, Adriaan A. Voors,
John ). McMurray, Paul W. Armstrong, Randall C. Starling,
Christopher M. O’Connor, and W. H. Wilson Tang

Aims Endothelin-1 (ET-1) is an endogenous vasoconstrictor implicated in pulmonary and systemic hypertension, as well
as ventricular dysfunction, through effects on vascular smooth muscle, the kidneys, and cardiomyocytes. We aimed
to determine the association between serial ET-1 levels and acute heart failure patient outcomes.

Methods We measured plasma ET-1 at baseline, 48—72h, and 30 days in a cohort of 872 patients hospitalized with acute

and results heart failure from the ASCEND-HF trial (randomized to nesiritide vs. placebo), and its association with 30-day
mortality, 180-day mortality, in-hospital death or worsening heart failure, and 30-day mortality or rehospitalization.
Median ET-1 was 7.6 [interquartile range (IQR) 5.9—10] pg/mL at baseline, 6.3 (IQR 4.9-8.1) pg/mL at 48-72h,
and 5.9 (IQR 4.7-7.9) pg/mL at 30 days (P <0.001). Baseline and 48—72h ET-1 were found to be independently
associated with 180-day mortality in a multivariable analysis [hazard ratio (HR) 1.6, 95% confidence interval (Cl)
1.3-2.0,P<0.001 and HR 1.5, 95% CI 1.2-1.9, P=0.001, respectively, log-transformed]. ET-1 that was measured at
48-72 h was also independently associated with death or worsening heart failure prior to discharge [odds ratio (OR)
1.6, 95% Cl 1.03-2.4, P=0.03]. These independent associations remained significant after including NT-proBNP in
the multivariable analysis.

Conclusions We observed an independent association between elevated ET-1 and short-term in-hospital clinical outcomes and
180-day mortality in hospitalized patients with acute heart failure ET-1 provided additional prognostic information
which was incremental to that yielded by NT-proBNP.

Keywords Endothelin-1, Acute heart failure, Prognosis

Introduction hypertension."™3 ET-1 is produced and released predominantly
by vascular endothelial cells and stimulates contraction of vas-

Endothelin-1 (ET-1) is a highly potent endogenous vasoconstric- cular smooth muscle, as well as cardiomyocytes, via interaction

tor that has previously been implicated in the pathophysiology with endothelin receptors on muscle cell surfaces. In patients with

of congestive heart failure, pulmonary hypertension, and systemic chronic heart failure, circulating plasma ET-1 is detectable at high
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levels, correlates with clinical severity, and is associated with

mortality.® "8 Understanding changes in ET-1 during acute decom-
pensated heart failure (ADHF) may help identify a subgroup of
patients who are high risk for adverse clinical outcomes. Further-
more, it is possible that this high risk subgroup may benefit from
therapies that interfere with ET-1 production or signalling, includ-
ing relaxin receptor agonists.” In the hope of further exploring
some of these possibilities, we examined the relationship of base-
line and serial ET-1 measurements with mortality, worsening heart
failure, and rehospitalization in hospitalized patients with ADHF
who were part of the Acute Study of Clinical Effectiveness of Nesir-
itide in Decompensated Heart Failure (ASCEND-HF) biomarker
substudy. In this observational, hypothesis-generating analysis, we
also assessed ET-1’s potential prognostic role in relation to acute
heart failure biomarkers, including NT-proBNP.

Methods
Study population

The ASCEND-HF trial was a multicentre randomized double-blind
placebo-controlled trial that evaluated the effects of nesiritide, a
recombinant BNP and vasodilator, in patients hospitalized with ADHF.
We excluded patients with clinical evidence of acute coronary syn-
drome or baseline cardiac troponin >5 times the upper reference limit,
as measured by the local clinical laboratory. The design and primary
results of ASCEND-HF have been previously reported.'®'" Studies
assessing cardiac troponin | (cTnl), high-sensitivity C-reactive protein
(hsCRP), and cystatin C in acute heart failure using subcohorts from
ASCEND-HF have been previously published.'? =" Out of 7411 patients
randomized in ASCEND-HF, our biomarker study enrolled 872 patients
in whom ET-1 was measured from serial venous blood sampling at
baseline, 48—72 h after therapy initiation, and at a 30-day follow-up visit.
Blood samples were collected in EDTA-plasma between June 2008 and
September 2010. They were immediately centrifuged and stored at —80

°C for subsequent analysis at a core laboratory.

Endothelin-1 measurement

Circulating plasma ET-1 levels were measured from plasma samples
taken at baseline (n = 872), 48—72 h (n = 691), and 30 days (n = 643).
Measurements were performed using the Erenna® Immunoassay Sys-tem
(Singulex, Inc., Alameda, CA, USA), which is based upon single molecule
counting technology.’® Specifically, 100 uL of assay buffer with
paramagnetic microparticles (1 pm, Dynabeads® MyOne™, Life
Technologies) coated with capture antibody (MAB3440, R&D Systems,
Minneapolis, MN, USA) were added to each well in a 96-well plate; 100
uL assay samples were added to each well in the plate. The plate was
covered and incubated for 2 h at 25 °C. The plate was then washed to
remove unbound material, and a magnetic bed (Ambion) was used to
retain the microparticles in the well. Then, 20 uL of detection antibody
(MA3005, R&D Systems) with Alexa Fluor® label were added to each
well. The plate was covered and incubated for 1 hat 25 °Cand washed.
The magnetic bed was used to retain microparticles in the well, and was
transferred to a fresh 96-well plate, and the bound detection antibody
was released from the microparticles via elution with 10 ulL of glycine.
Glycine buffer, containing Alexa Fluor dye-labelled detection antibody
(MA3005, R&D Systems), was transferred to a 384-well receptacle plate
containing 10 ulL of 0.5 M Tris buffer. The microparticles were

retained in the 96-well plate via magnetic separation using the mag-
netic bed. The 384-well plate was read in the Erenna system to count
individual Alexa Fluor dye-labelled detection antibody molecules from
each well. The limit of detection for this ET-1 assay was 0.07 pg/mL
and the lower limit of quantification was 0.175 pg/mL. Intra-assay pre-
cision (20 replicates) was 3% at 11.4 pg/mL, and interassay precision
(five assay runs) was 7% at 7.8 pg/mL. This assay measures the active
form of ET-1. In testing to assess ET-1 sample integrity in human
plasma, ET-1 showed no signal loss after 9 months of storage at —70
°C. Freeze—thaw testing revealed no signal loss after seven cycles. Our
samples were thawed only once previously for aliquoting from original
tubes and shipping. All ET-1 measurements were performed in 2014.
NT-proBNP levels were determined by the clinically available
VITROS® NT-proBNP Assay (Ortho-Clinical Diagnostics, Raritan, NJ,
USA).

Clinical endpoints

The composite of death or recurrent heart failure hospitalization
within 30 days of randomization was a primary endpoint in the over-
all ASCEND-HF trial. Death and worsening heart failure were assessed
together as a composite secondary endpoint and all events were adjudi-
cated to 180 days. In this biomarker substudy, we analysed the following
adjudicated outcomes: death at 30 days; death or rehospitalization at
30 days; death at 180 days; and death or worsening heart failure prior
to discharge (Supplementary material online, Table ST).

Statistical analyses

Baseline characteristics were presented as median [interquartile range
(IQR)] for continuous variables and as a percentage for categori-
cal variables. The Jonckheere—Terpstra and Cochran—Armitage trend
tests were used to assess the significance of a trend across increas-
ing tertiles of ET-1 for continuous and categorical variables, respec-
tively. Two-sided P-values <0.05 were considered statistically signifi-
cant. ET-1 levels were not normally distributed, and therefore were
expressed as log-transformed. Baseline and follow-up ET-1 levels were
compared between patients randomly assigned to placebo or nesiri-
tide via the Wilcoxon rank sum test. The association between con-
tinuous, log-transformed ET-1 and intermediate outcomes was per-
formed via logistic regression analyses for in-hospital death or wors-
ening heart failure. The association between log-transformed ET-1
and long-term outcomes was performed via Cox proportional haz-
ards models for the endpoints of 30-day mortality, 180-day mortality,
in-hospital death or worsening heart failure, and 30-day mortality or
rehospitalization. For multivariable analyses, hazard ratios (HRs) and
odds ratios (ORs) were adjusted for covariates that were previously
identified for the overall ASCEND-HF study population (ASCEND-HF
risk model, Supplementary material online, Table ST7). Age, systolic
blood pressure <140 mmHg, and blood urea nitrogen (BUN) were
used as covariates in multivariable analyses assessing possible asso-
ciations between ET-1 and 180-day mortality. To assess if the addi-
tion of ET-1 to the ASCEND-HF risk model improves outcome pre-
diction, we calculated the area under the receiver operating char-
acteristic curve (AUC), integrated discrimination improvement (IDI),
and category-free net reclassification improvement (NRI). NT-proBNP,
cystatin C, hsCRP, and cTnl were also included as additional covari-
ates in secondary multivariable analyses. The Kaplan—Meier method
was used to compare 180-day mortality across groups. Statistical
analyses were performed using R software (Version 3.1.2, Vienna,
Austria).



Table 1 Baseline characteristics

Baseline ET-1 (pg/mL)

Total (n=872) <6.5 (n=283) 6.5-9.1(n=308) >9.1 (n=281) P-value®
Age (years) 67 (55-78) 67 (67-77) 67 (56-77) 67 (54-79) 0.94
Gender (female %) 315 406 29.9 242 <0.001
Race (white, %) 67.9 67.1 68.2 68.3 <0.001
Systolic BP (mmHg) 124 (111-139) 127 (110-144) 122 (110-136) 125 (113-139) 061
Heart rate (b.p.m.) 79 (70-89) 79 (70-87) 78 (70-88) 80 (69-91) 0.12
Atrial fibrillation (%) 97 353 442 45.6 <0.001
Hypertension (%) 78.1 834 74.7 76.5 <0.001
BUN (mmol/L) 86 (6.1-12.5) 75 (53-10.7) 8.6 (6.4-12.9) 100 (7.1-14.2) <0.001

Creatinine (upmol/L) 114.9 (88.4-150.3)

106.1 (88.4-132.6) 114.9 (88.4-150.3)

123.8 (106.1-168.0) <0.001

Sodium (mmol/L) 139 (136-141) 139 (137-141) 139 (136—-141) 139 (136—141) 0.17

NT-proBNP (pg/mL) (n=95) 5773 (2974-11563) 3930 (2102-8425) 5412 (3019-10959) 8504 (4234—15150)  <0.001
LVEF (%) 26 (20—40) 30 (20—44) 25 (20-40) 25 (17-38) 0.13

Time from presentation to randomization (h)  17.6 (8—22.5) 18.4 (11.8-22.9) 18.6 (8.4-22.9) 15.2 (5.9-21.4) <0.001
Ischaemic aetiology (%) 60.3 58.3 63.3 59.1 <0.001
Beta-blockers (%) 74.8 74.6 737 76.2 <0.001
ACE inhibitor or ARB (%) 64.2 65.4 614 66.2 <0.001
MRA (%) 24.7 21.2 237 29.2 <0.001

BP, blood pressure; BUN, blood urea nitrogen; ET-1, endothelin-1; MRA, mineralocorticoid receptor antagonist.
2P-value from test of trend (Jonckheere—Terpstra test for continuous and Cochran—Armitage test for categorical variables); continuous variables expressed as median

(Q1-Q3).

Results

Study population and serial endothelin-1
measurements

The ASCEND-HF biomarker substudy population was not sig-
nificantly different from the main ASCEND-HF trial population,
except that 88% of substudy patients were enrolled in North
America (43% in the overall trial). Median baseline ET-1 was
7.6 pg/imL (IQR 5.9-10.0 pg/mL). Baseline characteristics of our
substudy cohort stratified by baseline ET-1 tertiles are displayed
in Table 1. In contrast, median ET-1 levels were significantly
lower than baseline when measured at 48—72h [6.3 pg/mL (IQR
4.9-8.1 pg/mL), P<0.001 vs. baseline] and at 30 days [5.9 pg/mL
(IQR 4.7-7.9 pg/mL), P <0.001 vs. baseline). ET-1 levels were sig-
nificantly higher in those who presented with EF <50% vs. >50%
[7.8 pg/mL (IQR 6—-10.1 pg/mL) vs. 7.0 pg/mL (IQR 5.4-9.1 pg/mL),
P=0.033]. Of 872 patients at baseline, 3% had died at 30 days;
11.5% had died or were rehospitalized by 30 days; 11.7% had
died at 180 days; and 4.9% died or experienced worsening
heart failure prior to discharge (Supplementary material online,

Table S2).

Association between endothelin-1 levels
and adverse clinical outcomes
Figure 1 shows the association between baseline, 48—72h, and

30-day ET-1 and 180-day all-cause mortality. Patients in the highest
tertile of baseline ET-1 levels (>9.1 pg/mL) had a 3.2-fold increased

mortality risk at 180 days [tertile 3 vs. 1, HR 3.2, 95% confidence
interval (Cl) 1.9-5.5, P<0.001]. This risk persisted if ET-1 levels

were maintained at the highest tertile at 48—72h (>7.3 pg/mL;
HR 3.16, 95% CI 1.7-6.1, P< 0.001) and at 30 days (>6.9 pg/mL;
HR 2.7, 95% ClI 1.3-5.6, P<0.001). As a continuous variable,
log-transformed ET-1 levels at baseline, 48—72 h, and 30 days were
also all significantly associated with 180-day mortality (HR per log
1.76,95% Cl 1.4-2.2, P< 0.001; HR per log 1.65, 95% Cl 1.3-2.1,
P<0.001; HR per log 1.5, 95% Cl 1.1-2.0, P=0.004, respectively;
Figure 2; Table 2).

After adjusting for pre-specified covariates from the
ASCEND-HF risk model, ET-1 levels at baseline and at 48—72h
were independently associated with 180-day mortality (HR per log
1.6, 95% Cl 1.3-2.0, P<0.001; HR per log 1.5, 95% CI 1.2-1.9,
P=0.001, respectively). There was no independent association
with death at 30 days and death or rehospitalization at 30 days.
Upon adding baseline NT-proBNP to the ASCEND-HF risk model,
ET-1 remained independently associated with 180-day mortality
at baseline (HR per log 1.4, 95% ClI 1.1-1.7, P=0.003, Table 2)
and at 48-72h (HR per log 1.4, 95% Cl 1.1-1.8, P=0.004,
Table 2). ET-1 increases the c-statistic of the ASCEND-HF risk
model for 180-day mortality (age, systolic blood pressure, and
BUN) from 73.4% to 76.2% (P=0.07). IDI was 19% (P<0.001).
In category-free net reclassification analysis, adding baseline ET-1
levels to the ASCEND-HF risk model correctly reclassifies a net
34.2% of patients (P< 0.001, Supplementary material online. Table
$4). When ET-1 and NT-proBNP are added to the ASCEND-HF
risk model in NRI analysis, a net 48.6% of patients are reclassified
(P <0.001, Supplementary material onlin, Table $4).

Among the patients with baseline NT-proBNP less than the
cohort median (<5773 pg/mL), 180-day mortality was not different
whether their baseline ET-1 level was above (>7.6 pg/mL) or below
the median (6.4% and 6.2%, respectively; Figure 3). However, among
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Figure 1 Survival at 180 days stratified by baseline, 48—72 h, and 30-day plasma endothelin-1 (ET-1) levels. Kaplan—Meier analysis for 180-day
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3,>69).

those with greater than median baseline NT-proBNP, there was
a 7.3% absolute difference in 180-day mortality between patients
with ET-1 above and below the cohort median (Figure 3; log rank
P < 0.001). There was no significant interaction between ET-1 and
NT-proBNP in this analysis (HR 1.12, 95% CI 0.97-1.3, P=0.13).
In addition, there was a trend towards an independent association
between 30-day ET-1 levels and death at 180 days (HR per log 1.4,
95% C10.98-2.0, P=0.063).

Baseline and 48—72h ET-1 levels were also associated with
death or rehospitalization at 30 days in unadjusted analysis (HR
per log 1.3, 95% CI 1.0-1.5, P=0.017; HR 1.3, 95% CI 1.1-1.7,
P=0.014, respectively; Table 2). ET-1 measured at 48—72h was
also found to be independently associated with death or wors-
ening heart failure prior to discharge (OR per log 1.56, 95%
Cl 1.04-2.36, P=0.032) when adjusted for the ASCEND-HF
risk model. This independent association remained when baseline
NT-proBNP was added to the ASCEND-HF risk model (OR per
log 1.58, 95% Cl 1.03-2.43, P=0.035; Table 2).

In an effort to ascertain the variable importance of ET-1 in com-
parison with other experimental biomarkers for acute heart failure,
we completed a multimarker Cox proportional hazards model of

ET-1, NT-proBNP, cTnl, hsCRP, and cystatin C measured at the
time of hospitalization (Table 3)."7~"% ET-1 and NT-proBNP were

found to be independently associated with 180-day mortality. This
analysis shows that, when assessed in the context of these other
biomarkers, ET-1 provides additional and independent prognostic
information on 180-day mortality after acute heart failure hospi-
talization.

Association between changes
in endothelin-1 levels from baseline
and adverse clinical outcomes

We further assessed the relationship between changes in ET-1
from baseline to 48—72h and adverse clinical outcomes (Supple-
mentary material online, Table S5). Multivariable analysis revealed
that absolute change in ET-1 levels from baseline to 48—-72h
was independently associated with death or worsening heart fail-
ure prior to discharge (OR per log 1.46, 95% Cl 1.03-2.08,
P=0.034). Change in ET-1 from baseline to 48—72h was also
independently associated with this outcome when NT-proBNP
was included as a covariate (OR per log 1.5, 95% CI 1.05-2.14,
P=0.027, respectively). However, changes in ET-1 from base-
line to 48-72h and from baseline to 30 days were not asso-

ciated with 180-day mortality (Supplementary material online,
Table S5).



Death at 180 Days

Death at 180 Days

1.6
£ 2
@ 2 1.0
§ B
! i
0.6
04+ 0.4
6 8 0 12 4 5 6 7 8 9 10
Baseline ET-1 (pg/mL) 48 - 72 Hour ET-1 (pg/mL)
C Death at 180 Days

Hazard Ratio

T T T
4 5 6

7

8 9 10

30 Day ET-1 (pg/mL)

Figure 2 Death at 180 days vs. baseline, 48—72 h, and 30-day endothelin-1 (ET-1) level. Cubic spline plots of death at 180 days vs. (A) baseline
ET-1; (B) 48—72h ET-1; and (C) 30-day ET-1. Baseline, 48—72h, and 30-day ET-1 levels >7.4 pg/mL, 6.0 pg/mL, and 5.6 pg/mL, respectively,

correspond to a hazard ratio of death at 180 days >1.

Endothelin-1 and nesiritide

Table Sé in the Supplementary material online shows the effects of
nesiritide vs. placebo therapy on baseline, 48—72 h, and 30-day
ET-1 levels. At baseline and at 30 days, patients treated with
nesiritide vs. placebo have similar ET-1 levels (P = 0.66 and P =
0.51, respectively). Interestingly, at 48—72 h, those treated with
nesiritide had a higher ET-1 level when compared with placebo
[nesiritide, 6.6 pg/mL (IQR 5.4, 8.5) vs. placebo, 5.9 pg/mL (4.6,
7.6), P < 0.0001], with correspondingly less overall reduc-tion of
ET-1 from baseline [nesiritide, —1.1 (IQR —2.8, 0.3) vs. placebo,
—1.8 pg/mL (IQR —3.5, —0.4), P = 0.0002]. Nevertheless, changes
in ET-1 levels were not different by 30 days between the groups (P
= 0.85). These results were consistent in patients with NT-
proBNP below and above the cohort median.

Discussion

There are several major findings in this ASCEND-HF biomarker
substudy. First, we confirmed that circulating ET-1 is increased
in ADHF and decreases after stabilization with medical therapy
during 30-day follow-up. Secondly, baseline plasma ET-1 is inde-
pendently associated with 180-day mortality, providing additional
prognostic information to that yielded by NT-proBNP. Our data
suggest that this additional prognostic information is most pro-
nounced in patients with an NT-proBNP above our cohort median

of 5773 pg/mL. Thirdly, persistently elevated ET-1 at 48—72h in
ADHF is independently associated with increased in-hospital mor-
tality or worsening heart failure, as well as 180-day mortality.
Fourthly, ET-1 remains independently associated with 180-day
morality in ADHF when multimarker Cox proportional hazards
analysis including NT-proBNP, cTnl, hsCRP, and cystatin C is per-
formed. Lastly, therapy with nesiritide did not result in a greater
reduction in ET-1 levels, when compared with standard medical
therapy alone. In fact, those patients treated with nesiritide experi-
enced a smaller decrease in ET-1 than those treated with standard
therapy. Taken together, our data demonstrate that plasma ET-1 is
an independent prognosticator for death and in-hospital outcomes
in acute heart failure that provides supplemental information to
that provided by other heart failure biomarkers.

Endothelin-1 is a 21 amino acid neurohormone that serves as
a highly potent endogenous vasoconstrictor that was first iso-
lated from aortic endothelial cell culture media in 1988."¢ Located
on chromosome 6, its production is up-regulated by throm-
bin, epinephrine, angiotensin Il, cortisol, inflammatory cytokines,
hypoxia, vascular shear stress, and insulin. ET-1 transcription is
inhibited by both endogenous and exogenous vasodilators includ-
ing nitric oxide, and is produced by endothelial and smooth muscle
cells in blood vessels, cardiomyocytes, macrophages, fibroblasts,
airway epithelium, central nervous system neurons, and pancreatic
islet cells."”” Secreted ET-1 binds ET receptors (A and B) on vascu-
lar smooth muscle resulting in increased intracellular calcium and



Table 2 Endothelin-1 levels and intermediate and long-term outcomes

Outcome Unadjusted?®
OR/HR (95% CI) P-value
Baseline ET-1
Death at 30 days (HR) 15(1.1-2.1)
Death/rehospitalization at 30 days (HR) 1.3 (1.0-1.5)
Death at 180 days (HR) 1.76 (1.4-2.2)
Death or worsening HF prior to discharge (OR) 1.2 (0.83-1.6)
48-72h ET-1
Death at 30 days 1.4 (0.87-2.3)
Death/rehospitalization at 30 days 13(1.1-1.7)
Death at 180 days 1.65 (1.3-2.1)
Death or worsening HF prior to discharge 1.8 (1.2-1.¢)
30-day ET-1
Death at 180 days 1.5 (1.1-2.0)

Adjusted model 1° Adjusted model 2¢

OR/HR (95% CI) P-value OR/HR (95% Cl) P-value

0006  1.43(1.0-20) 0.03 125(092-17)  0.15
0.02 1.1 (0.95-1.4) 0.16 1.0 (0.87-1.2) 0.69
<0001  1.6(1.3-20) <0.001 14(1.1-17) 0.003
037 1.1 (0.77-15) 071 098 (0.70-14) 093
0.17 1.2 (0.71-2.0) 0.50 12 (0.69-1.9) 0.60
0014  1.2(0.94-15) 0.15 1.2 (0.95-1.5) 0.14
<0001 15(12-19) 0001  14(1.1-18) 0.004
0003  1.6(1.03-24) 0.03 158 (1.03-24)  0.04
0004  1.4(0.98-2.0) 0.06 130(091-19)  0.15

ASCEND-HF, Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure; Cl, confidence interval; ET-1,endothelin-1; HF, heart failure; HR, hazard

ratio; OR, odds ratio.
2Unadjusted: log-transformed (ET-1).

bAdjusted model 1: log-transformed (ET-1), adjusted with all risk covariates from the ASCEND-HF risk model (Supplementary material online, Table S 7). Covariates for death

at 180 days were age, systolic blood pressure <140 mmHg, and blood urea nitrogen.

€Adjusted model 2: log-transformed (ET-1), adjusted with all risk covariates from ASCEND-HF risk model and log-transformed NT-proBNP.
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Number at Risk
Low ET-1/Low NT-proBNP 211 206 208 204 200 200 108
High ET-1 /Low NT-pro8NP 174 17 167 165 165 164 163
Low ET-1/ High NT-proBNP 145 141 139 13 131 123 125
High ET-1 /High NT-proBNP 237 224 212 205 198 191 187

Figure 3 Survival at 180 days stratified by median baseline endothelin-1 (ET-1) and NT-proBNP levels. Kaplan—Meier analysis for 180-day
survival stratified by median baseline ET-1 and NT-proBNP levels. Baseline median ET-1 was 7.6 pg/mL; the median level for NT-proBNP was
5773 pg/mL. ‘High’ refers to values above the median, while ‘low’ refers to values below the median.

vasoconstriction.’®!? Conversely, activation of ET receptor B on
the surface of endothelial cells results in nitric oxide production
and smooth muscle cell relaxation.?? In heart failure patients, ET
receptor A is up-regulated, while ET receptor B is down-regulated.
ET-1 exacts its systemic effects via autocrine and paracrine
pathways.72! In the subset of ADHF patients with elevated ET-1,
it may be possible that endothelin-mediated vasoconstriction con-
tributes to their excess mortality and adverse clinical outcomes,
in comparison with those with lower ET-1 levels. Therefore, ele-
vated ET-1 may identify a group of patients with ADHF who are at
particular risk for both short- and long-term worse outcomes.

Endothelin-1 provides additional prognostic information in
ADHF that enhances information provided by NT-proBNP. In
fact, among patients whose baseline NT-proBNP was above the
median, ET-1 provided significant mortality prognostic information
(Figure 3). Within this subgroup, those with ET-1 above the median
experienced 180-day mortality of 21.1%, while those below
median ET-1 experienced 13.8% mortality. Therefore, among
those with significant NT-proBNP elevation in ADHF, measuring
ET-1 can distinguish between two populations which in our cohort
experienced a 53% difference in relative mortality (7.3% absolute
difference) at 180 days after hospitalization.



Table 3 Multimarker Cox proportional hazards model
for 180-day mortality after acute heart failure
hospitalization

HR per SD P-value

increase (95% CI)
Log-transformed ET-1 1.43 (1.14-1.8) 0.002
SBP <140 mmHg 1.39 (0.77-2.52) 0.28
Age 1.81(1.35-2.43) <0.001
Log-transformed BUN 1.29 (0.94-1.76) 0.11
Log-transformed hsCRP 1.17 (0.95-1.42) 0.13
Log-transformed cTnl 1.16 (0.94-1.45) 0.17
Log-transformed NT-proBNP 1.36 (1.05-1.76) 0.02
Log-transformed cystatin C 1.05 (0.78-1.41) 0.75

All variables were measured at the time of hospitalization (n=727). Variables
were log-transformed as indicated in the text due to non-normal distributions in
our cohort.

BUN, blood urea nitrogen; Cl, confidence interval; cTnl, cardiac troponin |; ET-1,
endothelin-1; HR, hazard ratio; hsCRP, high-sensitivity C-reactive protein; SBP,
systolic blood pressure; SD, standard deviation;

The endothelin system has been the focus of basic and clin-
ical studies investigating therapies for cardiopulmonary disease.
Endothelin receptor antagonists have become a major therapeu-
tic category for pulmonary arterial hypertension.”? Prior research
has identified a significant association between plasma ET-1 and
pulmonary vascular resistance, central venous pressure, and oxy-
gen saturation in pulmonary arterial and venous hypertension.?
Endothelin receptor antagonists have previously been investi-
gated as therapy for acute heart failure, with considerably less
success.?*~28 The Randomized Intravenous TeZosentan (RITZ) tri-
als, for example, failed to show a benefit of therapy with the
endothelin receptor antagonist tezosentan for a series of outcomes
in acute heart failure patients, including the composite endpoint of
death, worsening heart failure, recurrent ischaemia, or recurrent
or new myocardial infarction at 72 h, although improvement in car-
diac index and decrease in PCWP were demonstrated. However,
none of these trials analysed outcomes stratified by baseline plasma
ET-1 levels; it may be possible that patients with high ET-1 levels
experience benefit from this class of medical therapy.

In addition, the investigational drug serelaxin, a relaxin receptor
agonist, is known to bind the endothelin B receptor on vascular
endothelium, which significantly decreases ET-1 production and
contributes to vasodilatation.’ ET-1 quantification may identify
a subset of ADHF patients who benefit from therapy targeting
endothelin production and signalling. Further investigation into the
possible therapeutic effects of relaxin receptor agonists such as
serelaxin and endothelin receptor antagonists in ADHF patients
with high ET-1 levels is warranted.

Nesiritide is a recombinant natriuretic peptide that mimics
BNP, which is known to counteract physiologically the effects of
endothelin-mediated vasoconstriction.”® Given that both BNP
and ET-1 are elevated in ADHF, nesiritide-mediated vasodilatation
may mimic heart failure pathophysiology and result in a compen-
satory increased systemic release of ET-1, although the median net

effect of standard medical therapy is reduction in plasma ET-1 lev-
els. However, the clinical implications of this finding, and whether
this applies to other vasoactive therapies, remain uncertain.
Vasoactive responses that counteract volume removal and vasodi-
lation with nesiritide may play a role in the observed lesser acute
reduction of ET-1 over time, but such a difference was not sus-
tained over time and did not appear to impact long-term outcomes.

Study limitations

Our analysis has several limitations which should be considered.
First, this is a retrospective study with only three sample collec-
tion time points, and therefore may not provide a complete pic-
ture of ET-1 changes with therapy. Among study subjects from
whom we measured baseline ET-1, only 26 of 872 patients had
died at 30 days; as a result, our analysis may be underpowered for
short-term mortality. Baseline and 48—72h ET-1 were not inde-
pendently associated with 30-day mortality, or 30-day mortality
or rehospitalization. There was also no independent association
between 30-day ET-1 and 180-day mortality. These neutral findings
are probably related to lower event rates, although examining mul-
tiple time points and endpoints increases the likelihood of finding
false associations that represent chance. We also did not have inva-
sive measurements in our subjects to examine the degree of pul-
monary hypertension or vasoactive responses to therapy. Despite
these limitations, serial ET-1 measured in hospitalized ADHF
patients may yield prognostic information on mortality and adverse
in-hospital outcomes that is independent of and supplemental to
information provided by other established heart failure biomarkers,
including NT-proBNP. Based on the hypothesis-generating findings
presented here, ET-1’s potential clinical utility warrants further
investigation.

Supplementary Information

Additional Supporting Information may be found in the online
version of this article:

Table $1 Outcome covariates.

Table S2Baseline characteristics and outcomes in ET-1 biomarker
substudy subjects compared with the non-biomarker substudy
ASCEND-HF population.

Table S3 ET-1 levels and intermediate and long-term outcomes,

adjusted with additional covariates.

Table $4 Added discrimination and event-specific reclassification

of ET-1 levels on 180-day mortality.

Table S5 Short-term change in ET-1 and intermediate and

long-term outcomes.

Table S6 Impact of nesiritide therapy on serial changes in ET-1

levels.
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