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Abstract

Acute heart failure (AHF) affects millions of people worldwide, and it is a potentially life-threatening condition for which the
cardiologist is more often brought into play. It is crucial to rapidly identify, among patients presenting with dyspnoea, those
with AHF and to accurately stratify their risk, in order to define the appropriate setting of care, especially nowadays due to
the coronavirus disease 2019 (COVID-19) outbreak. Furthermore, with physical examination being limited by personal
protective equipment, the use of new alternative diagnostic and prognostic tools could be of extreme importance. In this
regard, usage of biomarkers, especially when combined (a multimarker approach) is beneficial for establishment of an
accurate diagnosis, risk stratification and post-discharge monitoring. This review highlights the use of both traditional
biomarkers such as natriuretic peptides (NP) and troponin, and emerging biomarkers such as soluble suppression of
tumourigenicity (sST2) and galectin-3 (Gal-3), from patients’ emergency admission to discharge and follow-up, to improve risk
stratification and outcomes in terms of mortality and rehospitalization.
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Introduction

Heart Failure (HF) affects approximately 64 million people
worldwide, with acute heart failure (AHF) being the leading
cause of emergency hospitalization.?

COVID-19 outbreak has put the healthcare systems under
an enormous stress worldwide, contributing to excess deaths
from other causes, particularly attributable to cardiometa-
bolic conditions. Indeed, a substantial reorganization of
healthcare delivery occurred, with a higher risk of poor out-
comes from HF and other cardiovascular diseases, because
of a dramatic reduction of clinic activities and hospital
admissions.?

When dealing with AHF in the emergency setting, there
are two main challenges clinicians have to face: the differen-
tial diagnosis and the identification of the optimal setting of
care for the patients, whereby the latter one is often

confounded by limited resources and patients’ willingness
to be hospitalized. Regarding the diagnosis of AHF, one of
the major issues is the commonality of AHF with other condi-
tions. The key symptom of AHF is dyspnoea, which is com-
mon among Emergency Department (ED), especially in the
COVID-19 era. Therefore, it becomes of vital importance for
clinicians to rapidly confirm or exclude its cardiac origin. Once
the diagnosis has been made, an appropriate risk stratifica-
tion is essential for the optimization of patients’ management
and to define the appropriate setting of care, especially today
with intensive care units overwhelmed by COVID-19 patients.

In addition, thanks to their ability to report on a multitude
of deleterious pathophysiological processes associated with
unwanted remodelling of the heart, biomarkers allow clini-
cians to gain insight into the current condition of a given pa-
tient even remotely. Point-of-care tests have proven to be
immensely useful in measuring biomarker levels at home,
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thus enabling the physician to establish remote diagnostics
and appropriate risk stratification. The whole concept of
point-of-care tests is to provide results in a short period of
time at home or near patients’ location.* Therefore, at this
specific time when hospital visits are limited due to the pan-
demic, it is possible to achieve a good assessment of the clin-
ical evaluation thanks to biomarkers.

The latest European HF guidelines already suggest the use
of natriuretic peptides (NPs) both in the diagnostic algorithm
of AHF and to optimize patients’ risk stratification (Figure 1A).
On the other hand, the American College of Cardiology guide-
lines besides a strong recommendation of the use of NPs,
suggest a multimarker approach composed of additional bio-
markers that could be used in the combination with the al-
ready renowned NPs and high-sensitivity troponin, such as
soluble suppression of tumourigenicity (sST2) and galectin-3
(Gal-3), for the ability these biomarkers to provide additional
information besides NPs in the prediction of patients’ hospi-
talization and mortality risk.>®

Furthermore, in the context of a more personalized
patients’ management, the information provided by
cardioverter-defibrillators (ICDs), cardiac resynchronization
therapy and defibrillator (CRT-D), in cooperation with algo-
rithms capable of assessing different aspects of HF, allows cli-
nicians to monitor patients with cardiac disease continuously
and even remotely.” The usefulness of the information ema-
nating from these HF diagnostic devices together with CPT
codes (current terminological procedure) has proven to be
of the utmost importance for personal or remote monitoring
of patients at monthly intervals.” Moreover, a recent study in-
troduced a new HeartlLogic algorithm to provide an alert in-
dex by combining signals obtained from HF diagnostic
devices.® By integrating the information derived from elec-
tronic devices or HeartLogic index with those derived from
biomarkers could further improve patients’ assessment and
stratification.

The aim of this review is to critically summarize the most
recent findings in the area of AHF biomarkers currently used
in clinical practice.

Traditional biomarkers
Natriuretic peptides

The most studied and widely accepted biomarkers in the di-
agnosis of AHF are NPs, which help in distinguishing patients
with cardiac dyspnoea from those with non-cardiac disease,’
thanks to their high negative predictive value.

The NPs include atrial natriuretic peptide (ANP), B-type or
brain natriuretic peptide (BNP), inactive form of BNP,
N-terminal pro B-type natriuretic peptide (NT-proBNP),
C-type and D-type natriuretic peptides (Figure 2).>'° The

ANP and BNP are secreted by atrial and ventricular myocytes
respectively as a direct response to stretching caused by vol-
ume or pressure.>*

Both ANP and BNP are synthesized as precursor
propeptide pro-ANP and pro-BNP. The pro-ANP is deposited
in a reservoir of cytosolic granules and is released on demand
whereas pro-BNP is synthesized de novo as a response to
ventricular stretching. Cleavage of pro-ANP and pro-BNP pro-
duces biologically active ANP and BNP and residual inactive
N-terminal fragments.®*? For diagnostic and prognostic pur-
poses, the inactive terminal fragments are equally important
as the active biological forms of NP.*?

It is indisputable that in the diagnostic sense, when
referring to available markers, NPs represent irreplaceable
biomarkers. In Breathing Not Properly study, it has been
demonstrated that the concentration of BNP was higher in
patients diagnosed with AHF compared with those who were
not (Figure 1B).** Further, the PRIDE study (Pro-Brain
Natriuretic Peptide Investigation of Dyspnoea in the
Emergency Department) showed that NT-proBNP is the
strongest independent predictor of AHF diagnosis, both alone
or in combination with clinical judgement. Suggested cut-off
concentrations for diagnostic purposes by Januzzi et al. are
for BNP above 100 pg/mL and for NT-proBNP above
300 pg/mL.***> Noteworthy, given that NT-proBNP concen-
trations increase with age, age-based cut-points have been
established, thereby, the optimal cut-points for patients
younger than 50 years are 450 and 900 pg/mL for the older
ones.*®

Furthermore, BNP levels are higher in patients with HF
treated with sacubitril, whose usage has become increasingly
frequent in recent years, thus being NT-proBNP more reliable
in these patients, because its concentration is not influenced
by these drugs.’

Apart from diagnostic values, higher values of BNP and
NT-proBNP have been proven to be powerful and accurate
predictors of further cardiac events and mortality.*®

The main drawback of NPs is their low specificity and high
individual variability, because elevated NPs values could be
the result of different factors such as age, body mass index,
or other morbidities such as pulmonary or renal diseases.
Moreover, approximately 20% of patients fall into a category
characterized by intermediate or ‘grey zone’ NP values for
which AHF cannot be excluded.***” A possible condition
where NPs leave space for misinterpretation is HF with
preserved ejection fraction, where BNP values are in the
400-500 pg/mL range, making diagnosis and patients’
management challenging. Those patients have a higher risk
of morbidity and mortality, even though the BNP levels were
|OW.18'19

Last, it is worth noting a recent study by Aspromonte et al.,
which indicate that patients with low concentration level of
BNP (<250 pg/mL) do not have to adhere regular visits
6 months after hospital discharge due to lower adverse
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Figure 1 (A) Schematic representation of European HF guidelines and The American College of Cardiology guidelines regarding biomarkers coupled
with classes of recommendations and level of evidence; (B) studies involving the biomarkers. AHF, acute heart failure; ADHERE, Acute Decompensated
Heart Failure National Registry; ACC/AHA, American College of Cardiology/American Heart Association; BNP, B-type or brain natriuretic peptide; CO-
RONA, Controlled Rosuvastatin Multinational Trial in Heart Failure; COACH, Coordinating Study Evaluating Outcomes of Advising and Counselling Fail-
ure; ESC, European Society of Cardiology; Gal-3, galectin-3; HF, heart failure; NP, natriuretic peptides; N/A, not applicable; NT-proBNP, N-terminal pro
B-type natriuretic peptide; PRIDE study, Pro-Brain Natriuretic Peptide Investigation of Dyspnoea in the Emergency Department; sST2, soluble suppres-
sion of tumourigenicity; RELAX-AHF trial, Relaxin in Acute Heart Failure trial.
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morbidities
International Collaborative of NPs are powerful and accurate predictors of further cardiac
NT-proBNP Study events and mortality
Troponin Sensitive cardiac troponin in the Higher troponin levels in AHF patients in comparison with
diagnosis and risk stratification of those with non-cardiac causes of dyspnea
AHF
ADHERE registry Strong correlation between positive troponin status and
a higher risk of overall and in-hospital mortality
Admission high-sensitivity Troponin > 43 ng/L at admission is linked to higher risk
troponin T and NT-proBNP for of in-hospital death
outcome prediction in AHF
sST2 PRIDE study Higher concentrations of sST2 indicative of AHF coupled
with strong correlation between higher values of sST2 at
presentation and the risk of one-year mortality
Soluble ST2 serum concentration Low coefficient of variation, not influenced by gender, age,
and renal function in HF BM|, atrial fibrillation, renal function or prior diagnosis of HF
Meta-analysis of soluble ST2 concentration measured at admission and at discharge
suppression of tumorigenicity-2 was predictive of all-caused and cardiovascular death,
and prognosis in AHF whereas only discharged sST2 values were predictive of re-
hospitalization during follow-up
Serial sampling of ST2 predicts Drop of sST2 concentrations by 15.5% or more during
90-day mortality following hospitalization associated with higher 90-days survival rate,
destabilized HF whereas patients whose sST2 levels failed to decrease by
15.5% had an adverse outcome
HF therapy-induced early ST2 High sST2 values at admission and reduced decrease of
changes may offer long-term marker concentration during treatment were associated
therapy guidance with poor prognosis
Gal-3 PRIDE study Good prognostic marker (albeit inferior to NPs) and
independent predictor of 60 days mortality
Prognostic value of changes in An abrupt increase in concentrations correlates with higher
galectin-3 levels over time in risk of mortality and hospitalization
patients with HF: data from
CORONA and COACH
Plasma galectin-3 is associated Patient having Gal-3 > 17.8 ng/ml concentrations are 3
with near-term rehospitalization times likely to experience short-term rehospitalization
in HF: a meta-analysis compared to those with Gal-3<17.8 ng/L.
RELAX-AHF trial Gal-3 concentration not influenced by loading conditions
and stable during follow-up
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Figure 2 Schematic representation of NPs upon myocyte stretching. ANP, atrial natriuretic peptide; BNP, B-type or brain natriuretic peptide; NP, na-

triuretic peptides; NT-proBNP, N-terminal pro B-type natriuretic peptide.
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events rate. These data are of extreme importance due to the
current COVID-19 pandemic situation, reducing the numbers
of unnecessary exposure of the patients to the virus in
hospitals.2°

Troponins

Troponin values can also be helpful in the diagnostic process
of AHF because high plasma concentration of this biomarker
suggests the presence of myocardial damage. Even if CK has
been long used for identifying myocardial ischaemia, tropo-
nin is now the gold standard in the diagnosis of acute

myocardial infarction due to its higher sensitivity and specific-
ity in acute setting, thus identifying even small myocardial
damage.>?>?? In this context, troponin is released through
different mechanisms, beyond the ischaemic aetiology of
the disease.’ Data from several studies show that elevated
levels of troponin are strongly associated with left ventricular
hypertrophy, as well as with poor outcome in AHF.?72¢
Troponin complex consists of three subunits I, T, and C,
and it is one of the thin filament regulatory proteins involved
in skeletal and cardiac muscle contraction and relaxation con-
trolling the Ca** concentration (Figure 3). Troponin C is
expressed in both cardiac and skeletal muscle, while troponin
I and T are exclusively expressed only in cardiac myocytes and
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Figure 3 Schematic representation of troponin | and T release into the circulation upon myocyte necrosis or damage.
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are released into the circulation upon myocyte necrosis.?”-?

This dissimilarity is used as an advantage in the development
of rapid assays with the aim to detect elevated levels of car-
diac troponin.

Troponin is usually undetectable or it is present at very low
levels in patients with non-AHF-related dyspnoea.’?*?® In
clinical practice, the detection of troponin relies on instru-
mental analytical sensitivity, which is currently guaranteed
by high sensitivity assays.?>>°2° New high sensitivity tests
for troponin can detect low levels of circulating troponin with
better accuracy than conventional ones.3' However, troponin
concentration levels could be influenced by different factors.
Specifically, troponin | levels are significantly affected by age,
sex, body mass index and systolic pressure, while troponin T
by diabetes mellitus.?*72>3%3% Many point-of-care devices
for troponin measurement have been developed both as high

sensitivity and non-high sensitivity, which found their utility
in ED.?>3° However, there are concerns about their diagnostic
accuracy. In fact, while some clinicians have reported high ac-
curacy level, others have reported some interference with
other pathologies, as previously mentioned.?>72>3273% |t js
worth noting that some troponin assays could, unfortunately,
detect troponin C and therefore give false troponin-positive
results. However, along with technological advances, the tro-
ponin assays performance has been improved by eliminating
heparin interference or cross-reactivity with skeletal
muscle.®

Given that troponin levels are directly related to myocar-
dial damage, they provide valuable information regarding risk
stratification in patients with AHF. Not surprisingly, data from
the Acute Decompensated Heart Failure National Registry
(ADHERE), including 67 924 patients, demonstrated a strong
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correlation between positive troponin status and higher
in-hospital mortality. Moreover, when considering troponin
concentration as a continuous variable, higher values were
directly linked to higher risk of mortality.3®

Similarly, Arenja et al. performed troponin measurement
in 667 patients presenting in ED with acute dyspnoea, dem-
onstrating that troponin levels were higher in AHF patients
in comparison with those with non-cardiac causes of dys-
pnoea (P < 0.001). Particularly, in AHF patients with higher
levels of troponin (>28 ng/L), in-hospital mortality increased
up to 14% (P < 0.001), showing an association between tro-
ponin levels and fatal outcome.?’

In a more recent multi-centre study including 1449 AHF
subjects, Aimo et al. demonstrated that patients with tropo-
nin values above the median cut-off of 43 ng/L at admission
were at higher risk of in-hospital death (P < 0.001). In addi-
tion, the risk was 2.7-fold higher in patients having also
NT-proBNP levels higher than the median value of 5660 ng/
L (relative risk (RR) 2.7, 95% Cl 1.7-4.5). Nevertheless, when
assessing the prognostic value of both biomarkers in a multi-
variate model, only troponin levels >43 ng/L at admission
were an independent predictor of all-cause mortality at 6,
12, and 24 months after discharge.3®

Taken together, cardiac troponin measurement represents
an useful marker for risk assessment of patients with AHF.3°
Nevertheless, troponin testing has some overall limitations.
First, troponin elevation does not provide information regard-
ing the pathophysiological process which leads to the myo-
cardial injury.*® Second, nonspecific troponin elevations are
described in a variety of medical conditions which go beyond
the cardiovascular system, including sepsis, stroke, severe
pulmonary infections, and renal failure.** This can result in
substantial issues of misinterpretation, raising the risk of in-
appropriate consultations with the cardiologist and pointless
exams. Finally, in rare cases, there may be false positive re-
sults of troponin testing attributable to the presence in the
bloodstream of heterophilic antibodies, rheumatoid factor
or alkaline phosphatase, which can interfere with the
high-sensitivity troponin | dosage.** Consequently, patients
affected by systemic diseases such as rheumatoid arthritis
and mixed cryoglobulinemia who present to the ED with
non-cardiac chest pain or dyspnoea may be wrongly admitted
to the Intensive Cardiac Care Unit, at times undergoing inva-
sive exams, on the basis of falsely elevated values of troponin
deriving from some modern immunoassays.**

Emerging biomarkers
Soluble suppression of tumourigenicity 2

Among emerging biomarkers, sST2 is one of the most prom-
ising for clinical use. ST2 is a member of the interleukin (IL)

receptor superfamily with transmembrane (ST2L or ST2 re-
ceptor) and a soluble isoform (sST2) (Figure 4).** The trans-
membrane isoform is the receptor of IL-33, which is
released by structural and lining cells such as fibroblasts,
smooth muscle cells, endothelial and epithelial cells of the
lung and gut upon cell necrosis and damage.*>*® Besides
the cytokine role, IL-33 acts as a nuclear factor and an
alarmin. More precisely, IL-33 is localized in the nucleus and
acts as a transcriptional regulator, but upon necrosis or cell
injury, it is quickly released from the cell into extracellular
space where acts as an alarmin.*’

Apart from the role of IL-33 in immunity and inflammation
which has been widely studied, binding ST2, IL-33 activates
several cardioprotective pathways.***® More precisely, IL-33
prevents cardiac fibrosis and hypertrophy through nuclear
factor-kB (NF-kB), myeloid differentiation primary response
gene 88 (MyD88), interleukin-1 receptor-associated kinase
(IRAK), and extracellular signal-regulated kinase (ERK) signal-
ling pathways.***>°° Moreover, IL-33 suppresses reactive ox-
ygen species (ROS) generation induced by angiotensin Il and
therefore NF-kB activation.** This pathway represents an
adaptive response to mechanical overload in many cardiac
diseases.*®

On the other hand, sST2 is a decoy receptor of IL-33
preventing the interaction between IL-33 and the ST2 recep-
tor, thereby reducing its cardioprotective effects. Both ST2L
and sST2 are overexpressed in cardiomyocytes in response
to biomechanical overload; however, elevated concentration
of sST2 has been found in various cardiac diseases such as
myocardial infarction (MI), severe chronic heart failure
(CHF), hypertension, diabetes, and AHF.***¥>3 Therefore, it
is suggested that the increase in circulating sST2 levels can
be used as an indicator for neurohormonal activation, inflam-
matory, and haemodynamic stress.>*™® In addition, higher
levels of circulating sST2 were observed in patients with
AHF compared with patients with CHF.>”*® Specifically, in-
creased sST2, as a result of myocardial stress, was related
to HF severity and poor outcome, higher ventricular dilata-
tion, and systolic dysfunction in people suffering from pulmo-
nary arterial hypertension (PAH).>>*° Worth mentioning, Ojji
et al. demonstrated sST2 could be clinically useful in discrim-
inating hypertensive patients (with and without left ventricu-
lar hypertrophy) from hypertensive HF.%° In addition, the
same study showed that sST2 could distinguish within a co-
hort of hypertensive patients, the individuals that developed
left ventricular hypertrophy. The predictive value of sST2 to
detect left ventricular hypertrophy, including very early
stages of the remodelling process, has been confirmed by
Huttin et al. in a recent large-scale analysis.®* Furthermore,
higher sST2 values correlate with left ventricular concentric
geometry phenotype in hypertensive patients.®?

Importantly, the serum concentration of sST2 has a low co-
efficient of intra-individual variation, small relative change
value, and it is not influenced by gender, age, body mass

ESC Heart Failure 2021; 8: 4465-4483
DOI: 10.1002/ehf2.13595



Biomarkers in the management of acute heart failure: state of the art and role in COVID-19 era

4471

Figure 4 Schematic representation of ST2 and sST2 and their involvement in fibrosis and hypertrophy. IL-33, interleukin-33; ST2, suppression of

tumourigenicity; sST2, soluble suppression of tumourigenicity.
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index, atrial fibrillation, renal function, or prior diagnosis of
HF.*® Although conducted in the CHF setting, Piper et al. first
examined the biological variability of sST2 among patients
with CHF, taking blood samples at different time points (base-
line, 1 hour, 1 month, 3 months, and 6 months), demonstrat-
ing significantly lower coefficients of variation and reference
change values for sST2 compared with NT-proBNP.%3

Plasma levels of sST2 have been shown to predict AHF
both alone and in association with gold standard biomarkers,
such as cardiac troponins and NP,>”%% as well as in long-term
prediction of hospitalization during 1 year follow-up and
death.5>5®

First data on the use of sST2 came from the PRIDE study
(Pro-Brain Natriuretic Peptide Investigation of Dyspnoea in

the Emergency Department) which evaluated sST2 concen-
tration in 593 patients admitted to the ED with dyspnoea.
Even though the study revealed that patients with AHF had
significantly higher concentrations of sST2 than those with-
out (P < 0.001), its diagnostic potential in identifying AHF
turned out to be inferior in comparison with NPs.®” However,
sST2 has been proven to be a powerful prognostic biomarker
with additive value to NPs. In fact, this study reported a
strong correlation between higher values of sST2 at presenta-
tion and the risk of 1 year mortality for both dyspnoeic
patients with and without HF.2*®7®® Many subsequent stud-
ies and meta-analyses confirmed the correlation between
sST2 concentration and a higher risk of adverse events.*®®”
Namely, Aimo et al. performed a meta-analysis including a
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population of 4835 patients with AHF from 10 studies with a
median follow-up of 13.5 months. This study demonstrated
that sST2 concentration measured at admission and at
discharge was predictive of all-cause and cardiovascular
death, whereas only discharged sST2 values were predictive
of re-hospitalization during follow-up.®® This latter finding is
extremely important because few biomarkers have achieved
this goal so far.®®

Furthermore, sST2 levels are highly dynamic over the
short-term period upon admission and given its low biological
and analytical variability, it is suitable for serial measure-
ments during in-hospital observations.”® Boisot et al. per-
formed serial measurement of sST2 in AHF patients from
admission in ED to discharge, showing that changes in sST2
levels were predictive of 90 days all-cause mortality. A drop
of sST2 concentrations by 15.5% or more during hospitaliza-
tion was linked to a better prognosis over 90 days follow-up
(RR 7%), whereas patients whose sST2 levels failed to de-
crease by 15.5% had an adverse outcome (RR 33%).”* In an-
other study, Breidthardt et al. obtained similar results
measuring the sST2 concentration among patients with AHF
upon presentation to the ED and 48 h after the start of the
treatment, proving once again that serial measurements of
sST2 are independent predictors of 1 year mortality in acute
settings.”? Specifically, the study showed that a poorer prog-
nosis was associated with higher sST2 values on admission
and that the percentage alteration of sST2 during the first
48 hours significantly predicted long-term mortality as well,
both in univariate analysis and after adjustment for several
clinical risk factors such as traditional HF biomarkers, markers
of inflammation or ADHERE risk factors.”> Moreover, Van Vark
et al. showed that in patients presenting at ED, sST2 values
higher than 70 ng/L and maintained over 48-72 h of treat-
ment as well as a decrease of biomarker levels lower than
30% were indicative of worse prognosis. Last, the same study
showed that sST2 measurement during the follow-up of
patients has the potential to predict further cardiac deterio-
ration, as increased levels of this biomarker was observed
several weeks (approximately 45 days according to the
graphic provided in the study) before a cardiac event.”®

Galectin-3

The last biomarker whose measurement is suggested by the
American HF Guidelines is Gal-3,% a member of the galectin
family, with an evolutionarily conserved carbohydrate-
recognition domain that specifically binds [-galactosides.
Gal-3 is ubiquitous and can be found in a variety of cell and
tissue types, especially in epithelial and endothelial cells, in
all types of immune cells, as well as in sensory neurons.”*
In a cardiac setting, Gal-3 has been proposed as a useful tool
in the diagnosis of AHF because its expression is low in
the normally functioning heart, while it increases in the

case of HF. In fact, despite Gal-3 shows anti-apoptotic and
anti-necrotic function in the healthy heart, its prolonged
overexpression in HF is associated with fibrosis, adverse re-
modelling, atherosclerosis, and inflammation.”>™"”

Along with previous facts, it has been observed that during
HF, Gal-3 overexpression in cardiac tissues is associated with
increased fibroblast and macrophage activity (Figure 5).”%7°
It has been established that after myocardial injury,
pro-inflammatory cytokines such as TNF-a, IL-18, IL-6, and
IL-1 B, released by cardiomyocytes, lead to macrophage
activation. Thereafter, Gal-3, produced by stretched
macrophages, promotes the differentiation of fibroblasts into
myofibroblasts both through a transforming growth
factor (TGF)-pl-dependent and -independent pathway.°
Myofibroblasts, in turn, are responsible for the increased pro-
duction of extracellular matrix and the imbalance between
matrix metalloproteinases and their inhibitors, favouring the
development of systolic and diastolic dysfunction and leading
to adverse remodelling of the heart.®° Noteworthy, even
though, Gal-3 seems mainly involved in fibrosis it has been
established that it is also related to the beginning and devel-
opment of the inflammatory process that accompanies HF,
sustaining the inflammatory process via cardiotrophin-1.7®

As for sST2, the first data on the use of Gal-3 in the setting
of AHF come from the PRIDE study, where Gal-3 proved to be
complementary to the information provided by NPs in the di-
agnostic process.**®! Gal-3 was found to be a good predictor
of 60 days mortality even after adjustment at multivariate
analysis.®! In a meta-analysis by de Boer et al., HF patients
with Gal-3 levels above 17.8 ng/mL, turned out to be nearly
3 times as likely to experience short-term rehospitalization
as compared with those with Gal-3 levels lower than
17.8 ng/L. Similar results were found regarding mortality.®
Furthermore, an abrupt increase in Gal-3 concentrations have
been found to correlate with an increased risk of mortality
and hospitalization.®

In a recent investigation conducted to assess the ability of
Gal-3 and other serum biomarkers to detect patients with
preclinical left ventricular remodelling and diastolic dysfunc-
tion, Huttin et al. have found that Gal-3 should represent
an accurate predictive tool for HF with preserved ejection
fraction. Indeed, in a large population-based cohort, Gal-3
showed the highest discrimination value for preclinical
diastolic dysfunction compared with BNP and sST2.%*

However, it is important to mention that Gal-3 in
combination with other established biomarkers have a higher
prognostic value than taken into consideration alone. Gal-3 in
combination with  NT-proBNP significantly improved
discrimination and reclassification when predicting all-cause
mortality. Further, sST2 and Gal-3 together provide a better
risk stratification value identifying systemic fibrosis in AHF
patients.®*

In addition, plasma Gal-3 levels correlate with age, body
mass index, sex, renal dysfunction, diabetes and
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Figure 5 Schematic representation of Gal-3 role in cardiac remodelling. Gal-3, galactin-3.
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hypertension.®> Wu et al., performed serial measurement of
sST2 and Gal-3 at different time points (every 2 weeks for
sST2 and hourly for Gal-3), with the aim to evaluate their an-
alytical, intraindividual and interindividual variation, demon-
strated that reference change of sST2 was lower in
comparison with Gal-3 and other biomarkers such as BNP,
NT-proBNP, troponin | and T (Table 1).7°8¢7% Moreover, the
same group concluded that sST2 might be suitable for
long-term monitoring of patients with HF, while Gal-3 for
the diagnostic of heart remodelling.”® Furthermore, Gal-3
has low biological variability in both healthy individuals and
patients with HF.°%°! In a recent study, Demissei et al. per-
formed a serial measurement of several biomarkers including
NT-proBNP, troponin, sST2 and Gal-3 at different time points
(baseline, day 2, day 5, day 14, and day 60) among patients

with AHF, proving that only Gal-3 values were constant over
time.%! Therefore, alterations in Gal-3 levels are an indicator
of underlying pathophysiological processes that could lead
to a poor prognosis. Thus, elevated Gal-3 levels, together
with clinical and instrumental data could support more ag-
gressive therapeutic strategies, including heart transplanta-
tion or ventricular assist device (VAD).

Other promising biomarkers in acute heart failure

In addition, there are several promising diagnostic and prog-
nostic biomarkers that are paving their way in the cardiovas-
cular field such as growth-differentiation factor 15 (GDF-15),
plasma midregional proadrenomedullin  (MR-ProADM),
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Table 1 Biological variability of biomarkers

Biomarker Duration Intraindividual variance Interindividual variance Reference change Reference no.
NT-proBNP 2 months 33% 36% 92% 86
BNP 2 months 50% 28% 138% 86
Troponin T 1 months 31% 32% 87% 87
Troponin | 2 months 28% 71% 73% &8
sST2 1,5 months 10.5% 46,4% 30% 89
sST2 2 months 1% 46% 30% 70
Gal-3 Hourly 16% 16% 39% 70
Gal-3 2 months 20% 23% 61% 70

BNP, B-type or brain natriuretic peptide;Gal-3, galactin-3; NT-proBNP, N-terminal pro B-type natriuretic peptide; sST2, soluble suppression

of tumourigenicity.

cystatin C, and neutrophil gelatinase-associated lipocalin
(NGAL).*?

GDF-15 is a member of the transforming growth factor
(TGF-B) cytokine family that is associated with an inflamma-
tory state.”® In AHF settings, elevated GDF-15 levels are re-
lated to higher risk of adverse outcome.?® In a recent study,
Bettencourt et al. demonstrated in a cohort of 158 patients
with AHF that increased values of GDF-15 correlated with
higher mortality risk independently of BNP. Furthermore,
the mortality risk was four-fold higher in patients with ele-
vated levels of both biomarkers, GDF-15 and BNP in compar-
ison with those without.*

In the same context, another biomarker whose prognostic
ability is independent of NPs is MR-ProADM. MP-ProADM is a
stable fragment of pro-adrenomedullin, the precursor of
adrenomedullin  (ADM), a hormone with natriuretic,
vasodilatory, and hypotensive role whose alter concentra-
tions are associated with hypertension and HF, as well as re-
nal disease.’® In fact, the evaluation of MP-ProADM levels in
serum corresponds to the ADM concentration because its di-
rect measurement is not possible due to the short half-
live.>®°7 Biomarkers in Acute Heart Failure (BACH) trial which
involved 568 patients with AHF showed that MP-ProADM
concentration levels were superior to NPs in predicting worse
outcome within 14 days, as well as that biomarker concentra-
tion had additive value to NPs in predicting adverse outcome
within 90 days.®

Cystatin C is a marker of renal function, representing an
emerging biomarker in the cardiovascular field. Its prognostic
potential in AHF settings has been evaluated for the first time
in a study by Lassus et al., which included 480 patients with
AHF, demonstrating a strong prognostic value of cystatin C
in terms of in-hospital mortality and during follow-up. Fur-
thermore, the study showed that the risk stratification of
the patient improved when considering cystatin C and
NT-proBNP levels jointly.”® A recent study by Breidthardt
et al. confirmed the prognostic potential of cystatin C as a
biomarker in acute settings independent of BNP, although
providing additive prognostic information to BNP.%

Lastly, NGAL is a marker of acute renal tubular injury, which
is frequent among patients with AHF and is associated with
morbidity and mortality.’°>** In a study including 91 AHF

patients, Aghel et al. demonstrated that elevated levels of
NGAL at admission were associated with a high risk of wors-
ening renal function.’® Furthermore, a more recent study
showed that higher NGAL values were independent predic-
tors of all-cause mortality at 12 months follow-up.**

Usefulness of point of care biomarker
testing and remote monitoring during
the follow-up

Once the patient has been stabilized and discharged, the
main task is to plan an adequate follow-up along with preven-
tion of new exacerbations of AHF. Recent evidences suggest
that the use of biomarkers can help clinicians also in these
settings, suggesting that periodical measurement of bio-
markers during regular medical visit should be mandatory.

Noteworthy, interpretation of NPs must be undertaken
with care due to their low specificity which means elevated
NPs values levels could be the result of other morbidities.***’
On the other hand, troponin provides useful information re-
garding myocardial necrosis and AHF patients with positive
troponin status are associated with worse outcomes.?®
Among these new biomarkers, sST2 and Gal-3 showed strong
correlation with patients’ outcome because they reflect path-
ophysiological processes linked to an adverse cardiac remod-
elling such are inflammation and fibrosis. Given their lower
biological variation compared with NPs, sST2, and Gal-3
might be better markers for patient follow-up and to guide
therapy.afs,saﬁo

Usefulness of point-of-care tests

The clinical application of point-of-care tests have proven to
be very successful in remote monitoring of patients. There-
fore, point-of-care tests could be especially beneficial during
COVID-19 pandemic when self-isolation is recommended.
Many point-of-care tests nowadays rely on biosensors de-
vices that allow the measurement of BNP, NT-proBNP and
troponin in a few minutes. Because traditional biomarkers
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are extremely important in AHF, it is not surprising that sev-
eral biosensors have already been tested and widely used in
clinical practice. For instance, RAMP Cardiac Troponin | Test
and Ramp NT-proBNP Test (Response Biomedical, BC,
Canada) evaluate concentrations levels of troponin | and
NT-proBNP in 15 min, whereas portable Cobas h232 POC sys-
tem (Roche, Basel, Switzerland) allows assessment of several
biomarkers as well, among them troponin T and NT- proBNP
in a whole blood in 12 min.*?

As far as sST2 measurements are concerned, the PRESAGE
ST2 and ASPECT-PLUS ST2 tests (Critical Diagnostics, San
Diego, CA, USA) are currently widely used due to their
accuracy.’®® ASPECT-PLUS ST2 and the ASPECT reader have
proven to be very useful in rapidly measuring sST2 in human
plasma, as it takes only 35 minutes to prepare a sample and
interpret the results.'®* The disadvantage of both tests is
the reliance on laboratory equipment. In addition, there is
the Aspect-LF test (Life Biomedical, Cambridge, UK) made as
a disposable cartridge, which uses whole blood from a finger
to rapidly measure sST2 concentration for home use.*®®

In same context, several Gal-3 tests, such as ARCHITECT
Galectin-3  (Abbott Diagnostics, IL, USA) and BGM
Galectin-3TM (BG Medicine, MA, USA), have been shown to
be useful in medical practice.*°®*%” However, reliance on
blood samples limits its use at home. In a recent study, Zhang
et al. showed that Gal-3 concentrations measured in saliva
have prognostic potential and might be an option for a non-
invasive sampling method. However, also in this context,
more studies are needed to confirm these results.*®’

In practice, patients in possession of point-of-care devices,
especially those in the form of a cartridge that are easy to
use, are able to independently measure and communicate re-
sults to the clinician via telephone. This approach would be
very beneficial during the COVID-19 pandemic when
self-isolation is advised. However, in some cases, unfortu-
nately, because point-of care tests are not accessible to ev-
eryone or need a specific training to be employed, a nurse
could visit the patients on a physician’s demand to perform
point-of-care test or collect blood/saliva samples for tests re-
quiring laboratory equipment (such as ELISA).

Worth mentioning, given the proven value of biomarkers
in stratifying patients’ risk, there is of utmost necessity to
adjust clinical predictive score with biomarkers’ levels,
especially in cases when many clinical features of AHF
(such as dyspnoea) could be worsened or misinterpreted
in the setting of severe acute respiratory syndrome
(e.g. SARS-CoV-2).

Usefulness of the HeartLogic alert index coupled
with biomarker measurements

A promising role in the field of home monitoring belongs to
cardiac devices, particularly nowadays with remote

monitoring being sometimes the only solution due to the
overload of hospitals with COVID-19 patients. In fact, because
non-invasive methods, such as scheduled phone calls, have
failed to impact on hard outcomes, it was suggested that
ICDs, CRTs, and pacemakers, collectively called cardiac
implantable electrical devices (CIEDs),'°® could be useful for
this purpose. However, numerous clinical trials assessing the
impact of CIEDs in the management and early detection of
HF turned out to be inconclusive. This was largely due to
the fact that the extraction of data was episodic and that
these data were affected by numerous variables.**>**° For
instance, the OptiVol system by Medtronic, which was devel-
oped to monitor intrathoracic impedance in patients with
InSync Sentrycardiac resynchronization therapy-defibrillator,
Concerto cardiac resynchronization therapy-defibrillator, and
Virtuoso implantable cardioverter-defibrillator devices, aimed
at recognizing early signs of fluid retention before the
appearance of symptoms, has shown to be very sensitive
but lacked specificity.}***3

Recently, new multisensory algorithms associated to CIEDs
have been introduced. These new algorithms constantly
monitor physiological parameters using a multiplicity of
sensors and have been demonstrated to be helpful in
predicting HF patients’ hospitalization needs.””****¢ |n the
recent MultiSENSE study (Multisensor Chronic Evaluation in
Ambulatory Heart Failure Patients study), a novel algorithm
for HF monitoring, called HeartLogic (Boston Scientific), was
provided. This is a composite alert index which combines
data from CIEDs’ sensors chosen to target the different
aspects of HF pathophysiology. In fact, through monitoring
heart sounds, respiration, thoracic impedance, heart rate,
and global patient activity, the HeartLogic index has proved
to detect HF events with high sensitivity and earliness.®*61%7
Because the specificity of these devices is still not optimal, we
suggested that information derived from biomarkers’ levels
during follow-up could be combined with those derived from
multisensory algorithm associated to CIEDs in order to
improve patients’ risk stratification.

A post hoc analysis from the MultiSENSE study showed
that HeartLogic alerts notably increased the predictive power
of NT-proBNP levels for the early notification of worsening
heart failure.® Finally, in a direct comparison, HeartLogic dem-
onstrated similar diagnostic accuracy of NT-proBNP to rule
out AHF in acute settings.**®

In practice, for instance, if a patient is totally asymptomatic
and HeartLogic device shows normal parameters, the detec-
tion of normal levels of biomarkers could reassure the physi-
cian on patient’s stability, so that the time between one visit
and the other can be prolonged and the therapy left un-
changed. However, if in the same asymptomatic patient with
normal HeartlLogic parameters high level of sST2 is detected,
this should raise concerns. The physician should empower
the therapy and plan a closer follow-up, because, as men-
tioned earlier, it was shown that sST2 has the potential to
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predict cardiac deterioration as increased levels of this
biomarker are observed several weeks before a cardiac
event.®2* Furthermore, the detection of high levels of sST2
together with a decrease in thoracic impedance or other
HeartLogic parameters associated with worsening HF
increases the positive predictive value of these tools and
should lead the clinician to investigate if there are any specific
precipitating factors to be promptly addressed and to adjust
the therapy, even if the patient is still asymptomatic.'*®
Conversely, the detection of normal sST2 levels in an
asymptomatic patient whose HeartLogic device shows
abnormal parameters reduces the probability of a real

worsening of HF and suggests a false alert. In the case of a
patient reporting symptoms of worsening HF data deriving
from both HeartlLogic and cardiac biomarkers could help the
clinicians to decide, after a first clinical assessment, when
possible remote, whether the patient can be managed
remotely or needs a visit. In Figure 6, we suggest a possible
algorithm for a remote combining the use of HeartlLogic
device and biomarkers, although further clinical studies are
needed to validate this approach.

Therefore, by implementing information derived from
HeartlLogic together with those of biomarkers would increase
the accuracy of the remote follow-up possibly leading to a

Figure 6 Flow diagram demonstrating remote monitoring and controlling for in-home patients with HF risks. HF, heart failure; sST2, soluble suppres-
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reduction of hospital accesses and an early prediction of HF
reactivation, even before symptom onset. This would be of
extreme importance especially in the COVID-19 era that is
characterized by a strong limitation of regular hospital visits.
Organized in-home visits by nurses with the aim to draw
blood and measure sST2 would be an amazing improvement
in follow-up as well. However, being to date the use of these
algorithms limited among patients, this approach may be ap-
plied only in a limited number of cases. In addition, the
HeartLogic-based telemonitoring is available only for patients
implanted with Boston Scientific devices, thus further limiting
its use in daily clinical practice.

Other implantable devices which proved to be promising in
the management of HF patients are those monitoring
pulmonary artery pressure (PAP) changes, being a rise in
ventricular filling pressure the key pathophysiological
mechanism of acute decompensated HF. Among these
devices the one which proved to be more successful is
CardioMEMS, a wireless pressure sensitive device which is
implanted in the distal pulmonary artery and monitors
changes in PAP. This device demonstrated to be a useful
guide in the management of HF, leading to a reduction in
hospitalization rates. The advantage monitoring PAP relies
in the evidence that its changes precede the changes in
thoracic impedance by several days. Based on reliable
data from the CHAMPION trial,**® CardioMEMS HF System
is the only device to have been added to the ESC guidelines
(class of recommendation Ilb) as a telemonitoring and
guiding-therapy tool for HF patients.

Despite the first optimistic data about CardioMEMS, its use
is limited and, especially due to the current cost of the de-
vice, it must be implanted in selected patients. Furthermore,
there are ongoing studies aimed at establishing the reproduc-
ibility and long-term validity of earlier results.*?%7*2

Putting all together

In the setting of AHF the main goals in patient management
are a rapid diagnosis and a precise stratification.
Sublimating all of the aforementioned information and in
an effort for better use of the available data, we propose a
standard operating procedure flowchart schematized in
Figure 7.

When facing a patient presenting to the ED with acute
dyspnoea, the first challenge is to rapidly establish the
underlying cause. Medical history and physical examination,
in addition to bio-humoral tests, can lead to the correct
diagnosis, often revealing a cardiac origin of the respiratory
symptoms. In addition, ultrasonography has proved useful
for the emergency diagnosis of AHF, especially with respect
to heart ultrasound. Nonetheless, echocardiography often
requires dedicated and time-dependent training, being a
prerogative of cardiologists. On the contrary, lung ultrasound

is a quick, reproducible and easy-to-use exam for every
physician working in the emergency setting.**® This powerful
tool provides an accurate pulmonary congestion assessment
in AHF patients, essentially quantifying sonographic B-lines.
Furthermore, lung ultrasound helps to stratify prognosis of
AHF patients, thus its systematic use should be strongly
encouraged.*®*

The most useful biomarkers in the diagnostic phase are
doubtlessly NPs which can rule out a cardiac condition when
negative. Once the diagnosis has been made, other
biomarkers contribute to define the severity of the clinical
pattern, helping the clinician to indicate the adequate setting
of treatment for each patient. Particularly, patients with
NT-proBNP, BNP, sST2 values above 3000 pg/mL, 1000 pg/
mL, 70 ng/L, respectively, which remains constantly elevated
even after 72 hours of treatment, as well as those with Gal-3
levels above 17.8 ng/mL have to be considered at high risk
and hospitalized in order to perform further analysis for an
accurate diagnosis and monitor the patients in person. In
fact, high levels of Gal-3, alone or in association with other
biomarkers, are highly indicative of an irreversible worsening
of patient’s condition for whom an immediate hospitalization
should be considered. For this reason, elevated levels
of these biomarkers could also lead (together with other
factors) the clinician to consider invasive therapies such as
heart transplantation or VAD, both as a bridge to heart
transplantation or as a ‘destination therapy’.

Finally, patients in a ‘grey zone’ with intermediate levels of
NPs (higher-than-normal but below 1000 pg/mL for BNP and
3000 pg/mL for NT-proBNP) and sST2 values between
35-70 ng/mL should be observed in ED and re-evaluated after
24 h. Lastly, whenever values of all biomarkers are under the
mentioned thresholds, patients are identified as ‘low risk’.
For these, after the initial stabilization an early discharge
should be considered.

In addition, during chronic follow-up a gradual increase of
sST2 concentration or/and an increase of more than 15% in
Gal-3 values should prompt medical attention because it
predicts a worsening of patients’ conditions. Also, in these
settings, these parameters may influence the clinician’s
decision towards invasive therapies such as VAD or heart
transplantation (both as a ‘bridge’ or ‘destination’ therapy),
as mentioned earlier.

COVID-19 infection and cardiac
biomarkers

In addition to the impact of the COVID-19 pandemic on the
care of uninfected patients with HF, two other aspects must
be considered. First, HF patients as well as those with other
cardiovascular comorbidities have been found to be at in-
creased risk for severe COVID 19 disease and complications
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Figure 7 Flow diagram demonstrating the usefulness of multimarker approach for finer patient’s management and decision-making process in the ED.
BNP, B-type or brain natriuretic peptide; ED, emergency department; Gal-3, galectin-3; NT-proBNP, N-terminal pro B-type natriuretic peptide; sST2,

soluble suppression of tumourigenicity; VAD, ventricular assist device.
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of infection,'*> and worse outcome.?® Specifically, in a

recent comparative risk assessment analysis from the USA,
nearly two-thirds of COVID-19-related hospitalizations among
US adults were estimated to be attributable to four major
cardiometabolic conditions, including HF.%?’

Second, myocardial injury is frequent in patients with
severe COVID-19, presenting a multifactorial origin. Severe
hypoxia in the context of respiratory distress syndrome,*?®
pre-existing coronary plaque disruption,*?® microvascular
thrombosis,**° and direct virus-induced cytotoxicity*>* appear
the most important underlying pathophysiological factors.

Accordingly, the development of HF represents a shared
consequence of these mechanisms, with a negative impact
on patients’ prognosis.**>™3* From this point of view, cardiac
biomarkers have been suggested to play a major role in
predicting the prognosis of patients with COVID-19 infection,
thus indicating the need for more intensive monitoring
and more aggressive treatment. A large retrospective study
demonstrated an association between elevation of cardiac
biomarkers  (troponin, creatine kinase-MB  (CK-MB),
NT-proBNP or myoglobin) and both increased risk of 28 day
all-cause mortality and more severe symptoms and disease
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progression.’® In another recently published article, high
concentrations of CK-MP, procalcitonin, NT-proBNP, BNP, tro-
ponin, and D-dimers have been shown to predict severity and
survival for patients with COVID-19 as well.**® Several other
studies have confirmed the relationship between high tropo-
nin values and a worse prognosis in patients with COVID-19
infection.*?%*37713% |t s still not clear whether this relation-
ship is due to a more severe form of COVID-19 or to a more
extensive cardiac damage or both.*** Troponin elevation dur-
ing SARS-COV-2 infection can be underpinned by several
causes. Despite myocarditis, stress cardiomyopathy, and myo-
cardial infarction are well-recognized mechanisms, the largest
percentage of myocardial injury appears attributable to pri-
mary noncardiac conditions, such as pulmonary embolism,
critical illness, and sepsis.*3?

At the same time, no established therapies exist for myo-
cardial injury associated with COVID-19; however, dosing
these biomarkers is a useful tool to stratify patients’ risk
and therefore predict a more severe course of the disease
and the need for a more aggressive approach such as invasive
mechanical ventilation.3”**® |n addition, Yuan et al. con-
ducted a study involving patients with COVID-19 infection
with the aim of investigating whether biomarkers may indi-
cate safe delay in transthoracic echocardiography until the
risk of infection recedes. The study proved that troponin
and BNP levels were highly correlated with urgent need for
transthoracic echocardiography.*4°

Concerning emerging biomarkers, it has been shown that
MR-ProADM, GDF-15, and Cystatin-C are strong predictors
of COVID-19 outcome, further reinforcing their potential
usefulness in the clinical arena.
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