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Abstract

Background: Acute heart failure (AHF) is a condition commonly af-
fecting elderly patients. Heart failure is classified based on systolic
blood pressure (SBP) into hypertensive (SBP > 140 mm Hg), and
normotensive (SBP < 140 mm Hg) categories. Differences in the
pathophysiological mechanisms associated with each type of AHF
may result in varying levels of biomarkers released by the heart dur-
ing the episode, including N-terminal B-type natriuretic peptide (NT-
proBNP), high-sensitivity (hs)-troponin I, and endothelin-1. Current-
ly, there are no studies comparing the levels of cardiac biomarkers
between normotensive and hypertensive AHF. Therefore, this study
aimed to compare the levels of NT-proBNP, hs-troponin I, and en-
dothelin-1 in patients with hypertensive and normotensive AHF.

Methods: A cross-sectional study was conducted in 104 patients
with AHF (40 hypertensive, 64 normotensive) at M. Djamil General
Hospital from August 2021 to November 2022. Clinical character-
istics, hemodynamic parameters, and cardiac biomarker levels were
assessed and compared between groups.

Results: Patients with hypertensive AHF had significantly higher so-
dium and chloride levels with lower urea levels. Echocardiographic
assessment showed higher left ventricular ejection fraction (LVEF)
(35.72% vs. 35.25%, P = 0.857), cardiac output (3.0 vs. 2.9 L/min,
P =0.669), and systemic vascular resistance (SVR) (2,276 vs. 2,200,
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P = 0.693), with lower tricuspid annular plane systolic excursion
(TAPSE) (1.7 vs. 1.8 cm, P = 0.717), and estimated right atrial pres-
sure (eRAP) > 8 (87.5% vs. 92.6%, P = 0.517) in normotensive AHF
patients compared to hypertensive group, although there was no sta-
tistically significant difference between the two groups. The biomark-
ers test showed higher hs-troponin I levels (281 vs. 72.8 ng/L, P =
0.039) in normotensive AHF than those in hypertensive group. No
significant differences were observed in endothelin-1 (12.12 vs. 12.02
pg/L, P=0.510) and NT-proBNP levels (5,410 vs. 4,712 pg/mL, P =
0.122) between groups.

Conclusions: In patients with normotensive AHF, higher levels of
hs-troponin I were observed, with no significant differences in other
cardiac biomarkers. A higher proportion of males and a lower preva-
lence of hypertension as a risk factor were also noted in normotensive
AHEF, although these differences were not statistically significant.
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Introduction

Acute heart failure (AHF) is a condition with a high morbid-
ity and mortality rate, particularly among elderly patients [1].
AHF can be categorized based on systolic blood pressure
(SBP) into two groups: hypertensive (SBP > 140 mm Hg) and
normotensive (SBP < 140 mm Hg) [2]. The pathophysiological
mechanisms differ between these two conditions. Normoten-
sive AHF occurs due to fluid accumulation caused by cardiac
dysfunction, which activates neurohormonal pathways [3]. In
hypertensive AHF, with hypertrophic structural remodeling of
the left ventricle (LV), there is an uncoupling of the ventric-
ular-vascular relationship, so that LV has insufficient reserve
to compensate for increased afterload and reduced venous
capacitance results in fluid redistribution into the pulmonary
circulation [4]. The diagnosis of AHF is based on the signs and
symptoms of a rapid onset or worsening of heart failure (HF),
which are confirmed through diagnostic examinations such as
chest X-ray, lung ultrasound, and echocardiography. Several
cardiovascular biomarkers, such as N-terminal B-type natriu-
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retic peptide (NT-proBNP), endothelin-1, and high-sensitivity
(hs)-troponin, can be used in AHF [5].

NT-proBNP is primarily generated by the ventricular wall
of the heart and released when ventricular stretching happens.
HF patients and other cardiac dysfunctions, such as myocar-
dial infarction, can lead to an increase in this biomarker level.
Higher level of NT-proBNP indicates more severe condition
of AHF. Endothelin-1 is a peptide primarily produced by en-
dothelial cells of blood vessels and cardiomyocytes. This pep-
tide has prothrombotic and proinflammatory effects that play
a role in the development of various cardiovascular diseases,
including HF [6-8]. Increased endothelin-1 level has been
known as the central pathogenesis of hypertension. Elevated
levels of endothelin-1 in patients with AHF or chronic heart
failure (CHF) are indicative of a higher risk of rehospitaliza-
tion and mortality [9].

Troponin, a protein released by the heart in response to
cardiac muscle damage, is also one of the cardiovascular bio-
markers in HF [10]. While troponin can also be generated by
skeletal muscle, there are isotopic distinctions between these
two groups. Level of hs-troponin serves as a marker of car-
diac muscle injury in HF and acute coronary syndrome (ACS),
which is one of the most common causes of AHF. Increased
levels of hs-troponin can be utilized for prognostic assessment,
determining outcomes, and predicting mortality in patients
with AHF and CHF [11, 12]. Therefore, hs-troponin can be
a valuable biomarker in cases of AHF. The study comparing
these three biomarkers in patients with normotensive and hy-
pertensive AHF was not well established yet. This study aimed
to evaluate hs-troponin I, endothelin-1, and NT-proBNP levels
as potential cardiac biomarkers in patients with normotensive
and hypertensive AHF.

Materials and Methods

Study population and design

This research was a cross-sectional analytical study conducted
on AHF patients at Dr. M. Djamil Hospital from August 2021
to November 2022. Sampling was carried out using total sam-
pling, considering the inclusion and exclusion criteria. The ex-
clusion criteria in this study were AHF patients with complica-
tions from other diseases, including arrhythmias, patients with
end-stage chronic kidney disease (CKD), and patients with
sepsis. From a total of 139 patients treated with a diagnosis
of AHF at the Integrated Heart Disease Installation of Dr. M.
Djamil Hospital, 35 patients were excluded. Echocardiography
was performed on a total of 104 patients in this study, all of
whom had previously undergone initial treatment in the emer-
gency room. These patients were then admitted to the Cardio-
vascular Care Unit (CVCU) for echocardiography and further
treatment. This study was approved by the Research Ethical
Committee of Medical Faculty Universitas Andalas, Padang,
Indonesia (ethical clearance No. 423/UN.16.2/KEP-FK/2021).
The study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well as
with the Helsinki Declaration.

Biomarker analysis

AHF patients who met the inclusion and exclusion criteria
were evaluated for HF classification based on their medi-
cal history and clinical parameters. Venous blood samples
were collected for hs-troponin I, NT-proBNP, and endothe-
lin-1 analysis in plasma tubes containing heparin. The blood
samples were centrifuged for 10 min, and aliquots were pre-
served in microcentrifuge tubes at -80 °C until required. The
hs-troponin I levels were measured using the enzyme-linked
immunosorbent assay (ELISA) method (utilizing the VIDAS
high-sensitive troponin I kit from Biomerieux) with a detec-
tion limit of 1.3 - 3.2 ng/L, a coefficient of variation of 7.0%
and a 99th percentile value of 19 ng/L. Endothelin-1 levels
were assessed using the ELISA method (using the Human
ET-1 ELISA kit from Elabscience), with a detection limit of
1.25 - 80 pg/mL and sensitivity of 0.75 pg/mL. Measurement
of NT-proBNP concentration was performed using the ELI-
SA method (VIDAS NT-proBNP), with a detection limit of
5 pg/mL, a cut-off value for acute onset of 300 pg/mL, and a
coefficient of variation of < 3.5%.

Statistical analysis

Data analysis was conducted using Statistical Package for
the Social Sciences (SPSS) 26.0.0.1 software. Univariate
analysis was done to describe basic characteristics, echocar-
diographic images, and levels of NT-proBNP, hs-troponin
I and endothelin-1. Bivariate analysis was also performed
with independent #-test to evaluate the relationship between
independent and dependent variables if the data were nor-
mally distributed, and Mann Whitney if the data were not
normally distributed. The independent variable was the type
of AHF, while the dependent variables were basic character-
istic, echocardiographic variables and levels of NT-proBNP,
hs-troponin I and endothelin-1.

Results

The flowchart of the study was shown in Figure 1. From a
total of 139 patients with AHF who met the inclusion crite-
ria, 35 patients were excluded (15 because of arrhythmia, 11
because glomerular filtration rate (GFR) < 15 mL/min and
nine patients because the cause was sepsis). From a total of
104 samples analyzed based on SBP, 64 patients with nor-
motensive AHF and 40 patients with hypertensive AHF were
obtained. An overview of the basic characteristics can be
seen in Table 1. Based on the clinical characteristics of pa-
tients, it was found that in both groups, the elderly, males, and
overweight were more common. The results in both groups
showed that hypertension was the most common comorbidity,
followed by ACS and diabetes mellitus. There were differ-
ences in therapy between the two groups; in the normoten-
sive group, more diuretic therapy was administered, while in
the hypertensive group, more angiotensin-converting enzyme
inhibitor (ACEI)/angiotensin receptor blocker (ARB) therapy
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Figure 1. Flowchart of study. AHF: acute heart failure; SBP: systolic blood pressure; GFR: glomerular filtration rate.

was given but with no significant difference between two
groups. The results of laboratory examinations also showed
no significant differences between the two groups, except for
higher sodium and chloride levels and lower urea levels found
in hypertensive AHF patients.

Hemodynamic features based on physical examination
and echocardiography examination are shown in Table 2. In
the hypertensive AHF group, there were significant differ-
ences, specifically higher systolic and diastolic pressures
compared to the AHF normotensive group. The results of
echocardiographic assessment showed that patients with nor-
motensive AHF have higher value in left ventricular ejection
fraction (LVEF), cardiac output, and systemic vascular resist-
ance (SVR), but lower tricuspid annular plane systolic excur-
sion (TAPSE) than hypertensive AHF group. There were no
differences in estimated right atrial pressure (¢eRAP) findings
in both groups.

The description of NT-proBNP, hs-troponin I and endothe-
lin-1 levels in the study is shown in Table 3. The results of the
examination of cardiac biomarkers showed that hs-troponin
I levels were significantly higher in the normotensive AHF
group compared to the hypertensive AHF group. Endothelin-1

and NT-proBNP levels were also found higher in normotensive
AHF group but with no significant difference.

Discussion

In this study, we compared the characteristics, hemodynamic
profiles, and cardiac biomarker levels between two groups of
HF classified by SBP, namely normotensive and hypertensive
AHF. It was found that the normotensive AHF group exhibited
more than the hypertensive AHF group. Similar findings were
reported in a study, which involved 1,152 patients diagnosed
with AHF. The study revealed that 667 patients (58%) belonged
to the normotensive AHF group [13]. The pathophysiology of
normotensive AHF is primarily caused by cardiac dysfunction
[3]. Cardiac dysfunction triggers various processes such as
neurohormonal activation. Neurohormonal activation, involv-
ing the renin-angiotensin-aldosterone system (RAAS), sympa-
thetic nervous system, and arginine-vasopressin system, aims
to counteract the negative hemodynamic effects in HF, such
as decreased tissue perfusion. This neurohormonal activation
results in increased sodium retention in the blood, leading to
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Table 1. Data Characteristics

Variable Hypertensive AHF (n = 40) Normotensive AHF (n = 64) P
Age (years) 62 (55.25 - 68.0) 63 (54.5-70.0) 0.779
Sex 0.055
Male (%) 25 (62.5%) 51(79.7%)
Sinus rhythm (%) 33 (82.5%) 57 (89.1%) 0.340
BMI (kg/m?) 24.0 (22.0 - 26.0) 24 (22.0 - 27.75) 0.507
Comorbidities
Hypertension 27 (67.5%) 32 (50%) 0.080
Diabetes 11 (27.5%) 18 (28.1%) 0.945
Acute coronary syndrome 16 (40.0%) 28 (43.8%) 0.706
Therapy
Diuretic 13 (32.5%) 28 (43.8%) 0.253
Beta blocker 14 (35.0%) 20 (31.3%) 0.692
ACE/ARB 17 (42.5%) 20 (31.3%) 0.244
MRA 10 (25.0%) 21 (32.8%) 0.397
Sodium (mmol/L) 140 (136 - 142) 137 (133 -139) 0.001
Potassium (mmol/L) 3.95(3.6-4.5) 42 (3.73-44) 0.590
Chloride (mmol/L) 108 (103 - 110) 102.5 (98 - 108) <0.001
Hemoglobin (g/dL) 13.13+2.15 12.69 + 1.84 0.272
Urea (mg/dL) 30.0 (21.0 - 45.0) 45.0 (30.5 - 72.5) 0.005
Creatinine (mg/dL) 1.1 (0.9 -1.5) 1.3 (1.0-1.78) 0.134
CCT (mL/m?) 55.98 (39.04 - 78.09) 52.90 (39.75 - 75.70) 0.669
RBG (mg/dL) 134.0 (98 - 197.5) 137.0 (112.25 - 181.25) 0.246
pH 7.41 +0.08 7.42 +0.09 0.705
pCO, 28.5 (24.5 - 34.0) 29.0 (26.0 - 34.0) 0.960
HCO 19.29 +5.11 19.96 +4.91 0.794

3

ACEI/ARB: angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; AHF: acute heart failure; BMI: body mass index; CCT: creatinine
clearance test; MRA: mineralocorticoid receptor antagonist; RBG: random blood glucose.

Table 2. Hemodynamic Feature

Variable Hypertensive AHF Normotensive AHF P
Systolic blood pressure (mm Hg) 145.68 +20.08 110.05 £ 14.77 <0.001
Diastolic blood pressure (mm Hg) 93.13 £11.17 69.69 + 11.25 <0.001
Heart rate (bpm) 92 (90 - 100) 92 (82 -111) 0.134
Echocardiography assessment
LVEF (%) 3525+13.16 35.72+12.63 0.857
Cardiac output (L/min) 2.9(2.23-3.78) 3.0 (1.95 - 3.68) 0.669
SVR (dynes/s/cm™) 2,200 + 784 2,276 £1,048 0.693
TAPSE (cm) 1.8 (1.5-2.0) 1.7(1.4-2.1) 0.717
eRAP
eRAP 3 3 (7.5%) 8 (12.5%) 0.517
eRAP 8 28 (70.0%) 38 (59.4%)
eRAP 15 9 (22.5%) 18 (28.1%)

AHF: acute heart failure; eRAP: estimated right atrial pressure; LVEF: left ventricular ejection fraction; SVR: systemic vascular resistance; TAPSE:
tricuspid annular plane systolic excursion; bpm: beats per minute.
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Table 3. Overview of High-Sensitivity Troponin | and Endothelin-1 Levels

Variable Hypertensive AHF

High-sensitivity troponin I (ng/L)
Endothelin-1 (pg/mL)
NT-proBNP (pg/mL)

72.8 (16.2 - 916.58)
12.02 (7.78 - 23.20)
4,712 (1,876 - 10,214)

Normotensive AHF P

281 (28 - 5,872) 0.039
12.12 (5.34 - 24.58) 0.510
5,410 (3,242 - 12,848) 0.122

fluid retention and ultimately congestion, a key clinical symp-
tom of AHF [14]. Untreated neurohormonal activation can
progress to myocardial dysfunction and other complications,
including myocardial hypertrophy, myocardial apoptosis, re-
duced myocardial contractility, and decreased myocardial re-
sponsiveness to beta-adrenergic stimuli [15]. Myocardial dam-
age contributes to a decrease in ejection fraction and cardiac
output, leading to decreased blood pressure. Regardless of the
underlying cause of cardiac dysfunction, this process is central
to AHF [15]. This explains why normotensive AHF is more
prevalent than hypertensive AHF.

Most patients with hypertensive AHF have a history of
chronic hypertension and HF [16]. Chronic hypertension, per-
sisting over a long time, can cause damage in various organs,
one of which is the kidney (an organ that is very instrumen-
tal in the process of regulating blood pressure through the
RAAS). This system regulates blood pressure by controlling
blood circulation volume, resistance, and vascular tone. Ad-
ditionally, the process of regulating blood pressure by RAAS
also involves regulating ion excretion, especially sodium ions.
Damage to the kidneys due to chronic hypertension causes
disturbances in this system, resulting in disruptions in blood
pressure regulation, including a decrease in sodium ion excre-
tion [17]. In addition, decreased chloride levels are observed in
HF patients with low cardiac index. Patients with HF and low
cardiac index experience increased neurohormonal activation,
which will lead to hypoperfusion, systemic vasoconstriction
and finally fluid accumulation and hemodilution. Hemodilu-
tion will lead to decreased chloride levels. Higher use of diu-
retics in normotensive AHF patients may also contribute to dif-
ferences in electrolyte levels. These conditions lead to lower
sodium and chloride ion levels in patients with normotensive
compared to hypertensive AHF patients [18]. Blood gas analy-
sis revealed a normal pH with decreased pCO, and bicarbo-
nate ion levels in both groups. In AHF conditions, peripheral
hypoperfusion typically occurs, which can lead to metabolic
acidosis or a mixed type. The reduction in bicarbonate ions
during metabolic acidosis induces the body to release more
CO, through hyperventilation, resulting in hypocapnia [18].

Echocardiographic results showed a decreased LVEF
(heart failure with reduced ejection fraction (HFrEF)) in both
groups; however, no significant difference was noted between
them. This finding contrasts with previous studies, which in-
dicated that patients with hypertensive AHF had normal LVEF
(heart failure with preserved ejection fraction, HFpEF), while
the normotensive AHF group demonstrated HFrEF [19]. LV
systolic dysfunction, characterized by reduced LVEF, leads to
diminished cardiac output and blood pressure, resulting in a
normotensive presentation. This also suggests a more severe
degree of cardiomyocyte damage and a later stage of HF in
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the normotensive AHF group compared to hypertensive AHF
[20]. Cardiac output values were found to be decreased in both
groups, with the normotensive AHF group exhibiting slightly
higher values than the hypertensive AHF group. As previously
mentioned, normotensive AHF patients generally experience a
reduction in LVEF, which contributes to decreased cardiac out-
put. In contrast, hypertensive AHF patients typically maintain
normal LVEF [13]. However, the observed decrease in cardiac
output in this study may be attributed to increased afterload
associated with hypertensive AHF conditions. SVR measure-
ments were elevated in both groups, with the normotensive
AHF group showing higher SVR. The increase in SVR in nor-
motensive AHF serves as a compensatory mechanism to coun-
teract decreased cardiac output and maintain SBP [21]. On the
other hand, increased SVR in hypertensive AHF arises from
vasoconstriction and ventricular-vascular mismatch, which are
the primary pathophysiological mechanisms underlying hy-
pertensive AHF. Additionally, TAPSE values were lower in the
normotensive AHF group compared to the hypertensive AHF
group. As previously discussed, the more severe damage and
advanced stage of HF in normotensive AHF contribute to a
greater reduction in right ventricular (RV) contractility [20].

Cardiac troponins, especially hs-troponin, are biomark-
ers released by the heart when myocardial cell damage or
death occurs [22]. These biomarkers are commonly used as
one of the criteria in the diagnosis of acute myocardial infarc-
tion (AMI) [23]. Measurement of hs-troponin levels can also
be used in AHF patients to exclude myocardial ischemia as
a precipitating factor for AHF. However, AHF patients may
also have elevated cardiac troponin levels without the pres-
ence of myocardial ischemia [1]. A possible mechanism is
the imbalance between the need and supply of oxygen to the
heart and damage to the myocardium due to neurohormonal
responses, oxidative stress, and inflammation [24]. Increased
hs-troponin levels in patients with AHF are associated with
increased parietal strain in myocardium and increased car-
diac filling pressure. Prognostically, increased hs-troponin
levels were independent predictors of hospitalization for HF
and cardiovascular death, so optimizing AHF therapy using
hs-troponin levels will decrease the pathogenic mechanisms
associated with AHF [18]. Patients with normotensive AHF
have higher cardiac hemodynamic stress and myocardial dam-
age compared to hypertensive AHF, which is evidenced by
the higher prevalence of HFrEF in patients with normotensive
AHEF [20]. More damage in normotensive AHF leads to higher
hs-troponin levels in normotensive AHF compared to hyper-
tensive AHF [25]. However, high levels of hs-troponin in this
study cannot exclude the possibility of myocardial ischemia as
a precipitating factor for AHF.

Endothelin-1 is a biomarker that is not only released

263



Cardiac Biomarkers Level in AHF Patients

Cardiol Res. 2025;16(3):259-266

by myocardial cells but also endothelial cells. Endothelin-1
causes cardiac hypertrophy and has pro-inflammatory and
pro-fibrotic effects in HF patients. Endothelin-1 is known as
a predictor and prognostic marker in patients with either AHF
or CHF [6-8]. Endothelin-1 is commonly used as a prognostic
factor in HF patients and is associated with 180-day mortality
in patients with acute decompensated heart failure (ADHF).
In patients with symptomatic HF, elevated endothelin-1 levels
were predictive of mortality [26, 27]. In our research, there
was no significant difference in the normotensive AHF group
compared with hypertensive AHF group, indicating the same
level of prognosis in both groups.

NT-proBNP is a biomarker produced by the ventricular wall
muscle, particularly in the LV. This biomarker is primarily gen-
erated in response to mechanical stress on the ventricular wall
caused by pressure and volume overload [28]. Additionally, NT-
proBNP is produced under conditions of myocardial ischemia
and neurohormonal activation [29]. The examination of NT-
proBNP should be conducted in all patients exhibiting symp-
toms of worsening HF or AHF as a form of diagnostic support
[30]. According to the European Society of Cardiology (ESC)
guidelines, a diagnosis of HF can be made if NT-proBNP levels
are > 450 pg/mL in patients younger than 50 years, > 900 pg/mL
in patients aged 50 to 75 years, and > 1,800 pg/mL in patients
older than 75 years [31]. The increase in NT-proBNP serves to
maintain homeostatic conditions through various mechanisms,
including arterial vasodilation, natriuresis, diuresis, and coun-
teracting the effects of the activation of RAAS, sympathetic
nervous system, and endothelin. NT-proBNP also exhibits an-
tihypertrophic and antifibrotic effects [32]. Several studies have
demonstrated that there is a consistent increase in BNP and NT-
proBNP levels in patients with AHF, and the elevation of these
biomarkers is closely associated with the severity of the disease
[16]. This indicates that patients with a higher New York Heart
Association (NYHA) classification tend to have higher NT-
proBNP levels, reflecting a more severe degree of HF.

Based on the findings of this study, normotensive AHF
patients have more severe clinical conditions, as supported by
laboratory and echocardiographic assessments showing more
pronounced abnormalities. In this regard, normotensive AHF
patients must be managed more comprehensively. Besides
having to carry out treatment for AHF, it is also necessary to
monitor for complications that may occur, including hypoten-
sion due to administration of drugs for AHF. These patients
who have a history of other diseases such as diabetes mellitus
and CKD must also continue receiving treatment for these co-
morbidities in addition to treatment for their AHF.

Limitations

This study was a single-center observational study which has
several confounding factors, including no adjustment for risk
factors and no subgroup analysis related to previous history of
HF in patients. In our study, the hypotensive AHF group was
included with the normotensive AHF group, so some results
regarding hypotensive AHF cannot be concluded. Another
limitation was the slight differences in timing between blood

pressure measurement at admission and echocardiographic as-
sessments, which can produce bias in the result of this study.
Larger, randomized trials with follow-up periods to validate
the findings are recommended for further studies.

Conclusions

In patients with normotensive AHF, there were decreased lev-
els of sodium and chloride ion, and higher levels of urea and
hs-troponin I. A higher proportion of males and a lower preva-
lence of hypertension as a risk factor were also observed in the
normotensive AHF group, although these differences were not
statistically significant.

AHF: acute heart failure; NT-proBNP: N-terminal B-type
natriuretic peptide.
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