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Graphical Abstract

Blood biomarkers in left-sided valvular heart disease
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Abstract

Valvular heart disease (VHD) is a common condition that poses several challenges from the standpoints of diagnosis and therapeutic management.
While several studies have explored the role of blood biomarkers in assessing the severity and risk of progression of VHD, as well as in evaluating
related cardiac damage and predicting the occurrence of adverse events, blood biomarkers are generally not considered criteria to trigger valve
intervention in the latest European and American guidelines for VHD management. This review article provides an up-to-date overview of the utility
of blood biomarkers to (i) assess the presence, severity, and progression of left-sided VHD; (ii) establish the presence and extent of cardiovascular
damage; (iii) predict clinical outcomes before and after valve interventions; and (iv) identify patients at risk for early structural valve deterioration,

valve thrombosis, and paravalvular leak.

Introduction

Valvular heart disease (VHD) progression is unpredictable and varies
considerably from one patient to another. There is currently no med-
ical treatment that can halt, or at least, slow down the progression of
VHD and the only treatment available for severe VHD is to repair or
replace the valve. In asymptomatic patients with severe VHD, it remains
unclear whether we should adopt a ‘watchful waiting’ strategy (i.e.

waiting for symptoms or left ventricular dysfunction) or propose an
‘early prophylactic’ intervention.’ Several studies have explored the
role of blood biomarkers in assessing the severity and risk of progres-
sion of VHD as well as evaluating related cardiac damage and predicting
the occurrence of adverse events,* the vast majority focusing on left-
sided VHD. Although blood biomarkers are generally not included as
criteria to trigger valve interventions, the latest European and
American guidelines give an lla recommendation for aortic valve
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Blood biomarkers in left-sided VHD

replacement (AVR) in asymptomatic patients with severe aortic stenosis
(AS) when B-type natriuretic peptide (BNP) or N-terminal proBNP
(NT-proBNP) are markedly elevated (i.e. three-fold increase).'

The aim of this state-of-the-art review is to provide a current state of
knowledge on the utility of left-sided blood biomarkers (Graphical
Abstract) to (i) assess the presence, severity, and progression of
VHD; (ii) establish the presence and extent of cardiovascular damage
in these valvular conditions; (jii) predict clinical outcomes before and
after valvular intervention; and (iv) identify patients at risk of early struc-
tural valve deterioration (SVD), valve thrombosis, and paravalvular leak
(PVL).

Biomarkers to assess the presence,
severity, and progression of
left-sided valvular heart disease

The identification of biomarkers of valve leaflet pathology has been
challenging due to the limited availability of diseased tissues and knowl-
edge about the pathophysiological mechanisms leading to the initiation
and progression of VHD. Moreover, blood markers of inflammation,
calcification, and fibrosis, the key processes that drive many heart valve
disorders, usually reflect the activity of these processes in other more
abundant tissues of the body. Therefore, most blood biomarkers used
in the context of VHD typically reflect the effects of the valvular
lesion—whether regurgitation, stenosis, or a combination of both—
on the myocardium, through mechanisms like myocardial wall stress
and remodelling. As such, the most commonly used blood biomarkers
in clinical practice are the natriuretic peptides (BNP and NT-proBNP),
which rise in response to cardiomyocytes stretch in pressure or volume
overload conditions like aortic and mitral valve disease.® The patho-
physiological mechanisms leading to VHD are exceedingly intricate, in-
volving numerous signalling pathways and genetic factors, which hinder
the development of effective pharmacotherapies. Additionally, accur-
ately predicting the progression of VHD and determining the optimal
timing for valvular intervention remain difficult. Identifying biomarkers
associated with the incidence, severity, or progression of the disease
is of paramount importance to improve therapeutic management of pa-
tients with VHD and even more in the context of AS to address the
underutilization of AVR”™"3 or mitral valve surgery.'

Aortic stenosis

The pathology of AS can be considered in two phases. The early initi-
ation phase has many similarities to atherosclerosis with endothelial
damage, lipid infiltration, and inflammation. Perhaps as a consequence,
the risk factors for AS incidence demonstrate considerable overlap
with atherosclerosis. The later propagation phase, however, differs
from atherosclerosis with a self-perpetuating cycle of leaflet damage,
fibro-calcific thickening, increased mechanical stress, and further leaflet
damage driving disease progression. The factors associated with AS
progression are different from those associated with its incidence, in-
deed the baseline degree of aortic valve calcification appears to be
the strongest predictor of subsequent disease progression. An over-
view of blood biomarkers related to the incidence, severity, and pro-
gression of AS is provided in Figure 1 and Table 1.

Aortic stenosis incidence
Several studies have established a correlation between LDL cholesterol
levels and the incidence of AS."”%° Aortic stenosis patients tend to

exhibit a higher level of small and dense LDL particles, suggesting that
the phenotype of LDL particles may be more critical than LDL levels
alone. These small and dense LDL particles are highly atherogenic, con-
tribute to sustaining chronic inflammation, linger longer in circulation,
and possess a greater capability to infiltrate tissues.>®

The most studied and significant blood biomarker demonstrated to
influence the occurrence of AS is lipoprotein(a) [Lp(a)]. Elevated
Lp(a) levels and corresponding Lp(a) risk genotypes (rs10455872,
rs3798220, kringle IV Type 2 repeat polymorphism) were associated
with increased risk of AS in the general population, with levels
>90 mg/dL predicting a three-fold increased risk."> However, this as-
sociation was not confirmed in patients >70 years.16 In two large pro-
spective cohorts (EPIC-Norfolk and UK Biobank), high Lp(a) levels
(>50 mg/dL) were associated with AS development risk."” The risk
of AS also significantly increased upon genetically determined expos-
ure to raised lipid levels, specifically LDL cholesterol, total cholesterol,
and triglycerides."®

Accumulating evidence indicates that proprotein convertase subtili-
sin/kexin type 9 (PCSK9) may also contribute to incident aortic valve
calcification. Increased plasma levels of PCSK9 correlates with the pres-
ence of AS while the loss-of-function variant PCSK9 R46L is associated
with lower risk of aortic valve disease.”’*? In the FOURNIER study,
patients treated with PCSK9 inhibitors had a lower risk of AS or occur-
rence of AVR.Z A recent post hoc analysis of this trial with evolocumab
has brought attention to the reduction of Lp(a) as a potential thera-
peutic avenue for AS2 In this analysis, patients receiving evolocumab
exhibited a lower incidence of new or worsening AS or AVR compared
with those on placebo [.27% vs .41%; hazard ratio (HR), .48; 95% con-
fidence interval (Cl), .25-.93].

Aortic stenosis severity

B-type natriuretic peptide plasma levels have long been associated with
AS severity®* and symptoms.*® B-type natriuretic peptide plasma levels
have also been reported to be higher in truly severe than in pseudo-
severe low gradient AS.2¢ However, BNP levels do not always reflect
AS severity and may reflect a range of different co-morbidities affecting
the myocardium, as well as age and sex. There is indeed a considerable
overlap of these levels in the elderly population with and without ASE
Moreover, patients with discordant flow-gradient patterns (low flow/
low gradient) may have lower BNP plasma levels than patients with ei-
ther low-flow/high-gradient or normal-flow/high-gradient, despite
markedly lower event-free survival.?’ Interestingly, studies in patients
with heart failure have revealed that acute increases in BNP levels are
often related to an impairment of its antioxidant effect, suggesting
that BNP activity, rather than its plasma concentration, may be a
more relevant parameter.>*

Soluble ST2 (sST2), a circulating biomarker which is believed to re-
flect cardiovascular stress and increased myocardial fibrosis,>> has
been demonstrated to have a prognostic value in patients with heart
failure.>*>” A recent study, which included 86 patients with moderate
to severe AS, reported a significant association between plasma levels
of sST2 and symptom status and AS severity.>? In addition, one study
reported that elevated sST?2 levels are associated with focal myocardial
fibrosis and severe left ventricular hypertrophy,®® while another study
found no correlation between sST2 levels and myocardial fibrosis as as-
sessed by biopsy of the interventricular septum.’

Recently, studies aimed at identifying blood-based biomarker panels,
rather than isolated biomarkers, to improve diagnosis accuracy for se-
vere AS. For instance, the CASABLANCA study developed a score of
AS severity including age and concentrations of NT-proBNP, von
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Figure 1 Blood biomarkers of aortic stenosis incidence, severity, progression, and clinical outcomes. Apo-B, apolipoprotein-B; Apo-ClIl,
apolipoprotein-Clll; Apo-(a), apolipoprotein-(a); AVR, aortic valve replacement; AS, aortic stenosis; BNP, B-type natriuretic peptide; CA-125, cancer
antigen 125; CRP, C-reactive protein; cTnl, cardiac troponin T; FGF-23, fibroblast growth factor 23; GDF-11, growth differentiation factor 11; GDF-15,
growth differentiation factor 15; IL-6, interleukin-6; LDL-C, LDL cholesterol; Lp(a), lipoprotein (a); NT-proBNP, N-terminal pro-B-type natriuretic pep-

tide; OxPL, oxidized phospholipids; vVWVF, von Willebrand factor

Willebrand factor (WWF), and fetuin-A.° In particular, severe AS can be
complicated by chronic bleeding and thus anaemia, particularly that due
to gastrointestinal angiodysplasia (Heyde’s syndrome). This haemor-
rhagic syndrome is associated with acquired Type 2A von Willebrand
syndrome, which is characterized by the loss of the largest multimers
of VWF. The high shear stress induced by the severe AS leads to pro-
teolysis and loss of high-molecular-weight multimers. Abnormalities
of VWF are directly related to the severity of AS and are improved
by valve replacement in the absence of prosthesis—patient mismatch
or paravalvular regurgitation.“"’2 von Willebrand factor responds with-
in minutes to any significant change in haemodynamic valve status, mak-
ing it an accurate marker of the quality of surgical and transcatheter
therapeutic interventions.®> The limitation of the VWF as a biomarker
is that its analysis cannot be obtained in real-time during the procedure.
However, the quantification of the multimers structure of vVWF by clos-
ure time of a membrane coated with collagen and adenosine-5'-
diphosphate (CT-ADP) seems a reliable index of the presence and
severity of several native or prosthetic valve dysfunction, which can eas-
ily and rapidly be measured during the procedure. C-reactive protein
(CRP) has also been identified as a mechanosensitive protein that
undergoes dissociation from a pentameric to a monomeric CRP con-
formation in response to the increase shear stress at the level of the
stenotic aortic valve, which is associated a with AS severity and progres-
sion rate.**

More recently, the analysis of serum metabolome revealed new mar-
kers of AS severity. A first study identified nitric oxide intermediates as
the most distinctive markers of severe AS.>* A second study showed
altered metabolite profiles (acylcarnitine, ketone, and sugar metabol-
ism) in AS patients compared with healthy controls, with bilirubin,

diacylglycerols, and dihydrosphingomyelins being differentially regu-
lated among patients with different flow-gradient characteristics.>*
Another untargeted metabolomic approach including 37 229 metabo-
lites indicated that the top three significantly altered metabolomics
pathways associated with AS severity were the pathways involved in li-
pid metabolism and biosynthesis: glycerophospholipid metabolism,
linoleic acid metabolism, and bile acid biosynthesis.>> Among the vari-
ous related lipid classes, lysophosphatidic acid (LysoPA) species showed
a significant positive correlation with mean pressure gradient and max-
imum velocity and were independently associated with AS severity.

Aortic stenosis progression

In the same study, the levels of LysoPA not only differed significantly be-
tween mild and severe AS, but elevated LysoPA levels were also asso-
ciated with a faster AS progression rate.® Since LysoPA is the end
product of Lp(a), this study extends the findings from the
ASTRONOMER, the Ring of Fire, and SALTIRE | studies regarding
the role of Lp(a) in AS haemodynamic progression.*** In patients from
the ASTRONOMER trial, elevated levels of apolipoprotein(Apo)ClIl-
Lp(a) complexes, in conjunction with Lp(a), OxPL-ApoB or OxPL-
Apo(a) helped identify patients with pre-existing mild to moderate AS
who displayed rapid progression.* In the Ring of Fire and SALTIRE stud-
ies, elevated Lp(a) levels were associated with increased calcification activ-
ity in the aortic valve, faster disease progression on echocardiography and
CT calcium score as well as importantly more rapid progression towards
the need for AVR.**¢ A recent meta-analysis of five large trials confirmed
that elevated Lp(a) was associated with faster haemodynamic AS progres-
sion on echocardiography.®®
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MMP12, C1QTNF1. and GDF15

Associated with AS severity

Table 1 Blood biomarkers associated with presence, severity, myocardial consequences and progression in aortic
stenosis
Biomarker(s) Main findings Optimal References
cut-points
Presence
Lp(a) Three-fold increased risk of AS in the general population >90 mg/dL sl
Increased risk of calcific aortic valve stenosis [HR (95% Cl):1.86 (1.30-2.67)] > 50 mg/dL v
Lipid levels Risk of developing AS: [OR (95% Cl): 1.52 (1.22-1.90); per .98 mmol/L for - 18
LDL-cholesterol, 1.03 (.80—-1.31); per .41 mmol/L for HDL-cholesterol,
and 1.38 (.92-2.07); per 1 mmol/L for triglycerides
LDL-cholesterol Associated with the development of AS [OR (95% Cl): 1.12 (1.03-1.23)]; + - 1
10-year increase
Total cholesterol Serum concentrations of total cholesterol are higher in patients with AS (P - 0
<.001)
PCSK9 Old Pcsk9™~ mice have lower aortic valve calcification — 2
AS is less prevalent in carriers of the PCSK9 R46L variant [OR (95% CI): .80 = 2223
(.70-91); P=.001] and PCSK9 expression is higher in the aortic valves of
AS patients
AS severity and myocardial consequences
BNP Associated with AS severity and symptoms Three-fold 2428
NT-proBNP Increased levels in patients who developed symptoms compared with those 2
who remained asymptomatic
Hs cTnT Associated with LV mass and higher risk of AVR 0
Hs cTnl Plasma cTnl concentration is associated with advanced hypertrophy and - 631
replacement myocardial fibrosis as well as AVR or cardiovascular death
[HR (95% Cl): 1.77 (1.22-2.55)]
sST2 Associated with AS severity and symptoms >23 ng/mL 32
Nitric oxide Metabolites related to nitric oxide synthesis are higher in patients with AS - 33
before AVR compared with controls and show no reversal towards
control values after AVR
Bilirubin, diacylglycerols and Differences between AS subtypes are found for metabolites belonging to - 3
dihydrosphingomyelins haemoglobin metabolism, diacylglycerols, and dihydrosphingomyelins
Glycerophospholipid metabolism, The top 3 significantly alter metabolomics pathways associated with AS - »
linoleic acid metabolism, and bile acid severity
biosynthesis
LysoPA Associated with AS severity - 3
miRNAs miR-21: myocardial and plasma levels are significantly associated with higher 3
LV fibrosis in AS patients compared with the controls and correlate
directly with the echocardiographic mean transvalvular gradients
miR-22: highly expressed in calcified valve tissues and inhibition of miR-22 ¥
significantly negate the calcification process
miR-204: deficiency in diseased valves and in AV interstitial cells from diseased 38
valves
miR-210: levels are two-fold increased in AS patients compared with controls 39
(P=.002)
miR-378: lower levels are associated with LV hypertrophy 0
CRP Associated with AS severity (CRP is an independent predictor of severe AS - #
(OR: 3.51, P=.015)
42

Continued
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Table 1 Continued
Biomarker(s) Main findings Optimal References
cut-points
Progression
LysoPA Faster AS haemodynamic progression rate - »
Lp(a) Faster AS progression rate and need for AVR - 436
Lp(a) and CRP AS haemodynamic progression rate is observed in patients with both high Lp(a) > 50 mg/dL v
Lp(a) and CRP (>2 mg/dL) levels, but the effect of Lp(a) is only modestly =~ CRP > 2 mg/dL
influenced by CRP levels
CRP Faster AS haemodynamic progression rate CRP > 3 mg/dL et
Lp-PLA2 Positive correlation between its activity and a faster progression rate of mild  Lp-PLA; Activity ®
AS in patients >114
Apo-Clll-Lp(a) complexes with Lp(a), Associated with faster progression rate in patients with mild to moderate AS - 4B
OxPL-ApoB or OxPL-Apo(a)
Small and dense LDL particles Associated with faster progression of AS = *
ACE and Angll Associated with faster progression of AS - E0
DPP-4 DPP-4 inhibitors slow the progression rate of AS = 2
MMP12 Associated with faster progression of AS - 2

ACE, angiotensin-converting enzyme; Angll, angiotensin Il; Apo-Clll-Lp(a), apolipoprotein-CllI-lipoprotein(a); AS, aortic stenosis; AV, aortic valve; AVR, aortic valve replacement; BNP,
B-type natriuretic peptide; CRP, C-reactive protein; DPP-4, dipeptidyl peptidase-4; Hs cTnl, high-sensitivity cardiac troponin I; Hs cTnT, high-sensitivity cardiac troponin T; Lp(a),
lipoprotein(a); Lp-PLA2, lipoprotein-associated phospholipase A2; MMP12, matrix metalloproteinase-12; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCSK9, proprotein

convertase subtilisin/kexin type 9; sST2, soluble suppression of tumorigenicity 2.

A heightened proportion of circulating small and dense LDL particles
has been associated with an accelerated progression of AS.*
Unfortunately, multiple randomized controlled trials have consistently
demonstrated that statins do not influence the progression of AS, high-
lighting key differences between the initiation and propagation phases
of the disease.

Other studies reported higher CRP serum levels in rapid AS progres-
sors,41’47 while data from the ASTRONOMER trial indicated that the
fastest AS haemodynamic progression rate was observed in patients
with both high Lp(a) (>50 mg/dL) and CRP (>2 mg/dL) levels, but
the effect of Lp(a) was only modestly influenced by CRP levels."”

The lipoprotein-associated phospholipase A2 (Lp-PLA2) plays a role
in the mineralization process and is highly expressed in stenotic aortic
valves. It utilizes ox-LDLs and ox-PLs as substrates and generates free
fatty acids and lysophosphatidylcholine, which exhibit pro-inflammatory
and pro-calcifying properties.®® A recent study demonstrated a positive
correlation between elevated Lp-PLA?2 activity and a faster progression
rate of the disease in patients with mild AS.*® This suggests that meas-
uring Lp-PLA?2 activity could be beneficial in predicting AS progression
in patients at the early stages of the disease.

In patients operated on for severe symptomatic AS, higher circulating
levels of angiotensin Il (Ang Il) were associated with inflammation and
tissue remodelling within the explanted aortic valve.*” Additionally,
higher circulating levels of angiotensin-converting enzyme (ACE) and
Ang Il were associated with faster AS progression. Retrospective non-
randomized studies reported Ang Il receptor blockers, but not ACE in-
hibitors, are associated with less fibro-calcific process of aortic valve
leaflets, especially in women,®® and slower progression of AS.>%>"

In the context of endothelial dysfunction, dipeptidyl peptidase-4
(DPP-4) secretion induces osteogenic differentiation. In a retrospective

study and animal study of AS, DPP-4 inhibitors have been shown to
slow the progression rate of AS.>> Conversely, an exploratory study
of 248 patients did not demonstrate the protective effect of evogliptin,
a DPP-4 inhibitor, on aortic valve calcification.®”

In a recent large-scale proteomic analysis, three extracellular matrix
remodelling proteins [MMP12, C1QTNF1, and growth differentiation
factor 15 (GDF-15)] were significantly associated with the presence
of moderate or severe AS and MMP12 showed a strong association
with AS haemodynamic progression.*?

Studies have demonstrated that vitamin K antagonist (VKA) treat-
ment is linked to dysregulation of the y-carboxylation of matrix-Gla
proteins (MGPs), which is protective of ectopic and thus valvular calci-
fication.”® In the future, monitoring biomarkers, and especially the
changes in the ratio of carboxylated (active) to uncarboxylated (in-
active) forms of MGP may be interesting to assess and predict the
risk of aortic valve calcifications during VKA treatment.

Finally, several randomized clinical trials are currently ongoing to ex-
plore whether therapies can slow down or halt the progression of AS: nia-
cin (EAValLL, NCT02109614), PCSK9 inhibitors (NCT03051360), Lp(a)
lowering using pelacarsen [Lp(a)FRONTIERS CAVS, NCT05646381], re-
nin—angiotensin—aldosterone system inhibitors (ARBAS, NCT04913870),
or DPP-4 inhibitors (EVOID-AS, NCT05143177).

Aortic regurgitation

Aortic regurgitation (AR), especially after transcatheter AVR (TAVR),
has been associated with lower levels of high-molecular-weight multi-
mers of VWF. Indeed, turbulent flow induced by AR provokes an exces-
sive cleavage of the high-molecular-weight multimers of VWF.
Turbulent flow occurs also in mitral regurgitation (MR) and AS,
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Figure 2 Blood biomarkers of mitral regurgitation/mitral valve prolapse incidence, severity, progression, and clinical outcomes. Apo-A1,
apolipoprotein-A1; BNP, B-type natriuretic peptide; Lp(a), lipoprotein(a); MR, mitral regurgitation; MVP, mitral valve prolapse; PBP, platelet basic pro-

tein; PMR, primary mitral regurgitation

especially when severe.”! Recent data have emphasized the value of®* a
point-of-care measure of VWF factor-dependent platelet function
[closure time (CT) adenosine diphosphate (ADP)]. Perturbation of
VWE affects haemostasis, which can be evaluated with CT-ADP.
However, except in a defined clinical setting, such as transcatheter
intervention (aortic or mitral valve), the use of VWF or CT-ADP may
be limited to assess the severity of AR and other VHD.

Mitral regurgitation

The exploration of the metabolic profile associated with MR revealed a
decreased level of formate, lactate, lysine, alanine, 2-oxoisocaproate,
2-hydroxyisovalerate, calcium, isoleucine, tryptophan, and dihydrothy-
mine, along with an increased level of octanoate, creatine, glutamine,
2-hydroxybutyrate, acetate, acetone, N-acety| glycoproteins, and cre-
atinine.”? Recent studies have demonstrated lower plasma levels of
haptoglobin, platelet basic protein (PBP), and complement component
C4b in patients with degenerative MR.”*>”* Haemolysis and platelet dys-
function may be related to the disease, probably as markers of in-
creased shear stress. Lower plasma levels of HDL and Apo-A1 were
also associated with MR severity.”* However, despite being of great sci-
entific interest, microRNAs, proteomic and metabolic profiles are not
yet ready to be used in clinical routine to identify mitral valve prolapse,
the severity of the disease, or its evolution. The mitral valve shares a
similar pathological process with the aortic valve, leading to stenosis;
however, limited data are available regarding its relationship with
Lp(a). While one study found an association with mitral stenosis, an-
other found it only with mitral calcification.”>”® Interestingly, Lp(a)
was linked to the onset of mitral valve calcification but not its

progression, mirroring findings for aortic valve calcification in that par-
ticular study.”” B-type natriuretic peptide activation in MR reflects pri-
marily the ventricular and atrial overload consequences rather than the
degree of MR, however, higher BNP level independently predicts ad-
verse events.”*®" An overview of blood biomarkers of MR and mitral
valve prolapse incidence, severity, progression, and clinical outcomes is
provided in Figure 2 and Table 2.

Biomarkers associated with cardiac
damage in valve disease

Aortic stenosis

Natriuretic peptides (B-type natriuretic peptide,
N-terminal pro-B-type natriuretic peptide, and their
ratios)

An overview of blood biomarkers of cardiac damage in AS is provided in
Figure 3. B-type natriuretic peptide and NT-proBNP have been exten-
sively validated in AS,zs’29 but also in atrial fibrillation, heart failure, and
mortality before or after intervention.*®*~*" Unfortunately, both BNP
and NT-proBNP levels increase with age, are different between men
and women, and dependent on the assay used (especially for
BNP).”>?3 Thus, thresholds to define impaired left ventricular function
vary from one study to another. The concept of ‘clinical activation’ or
natriuretic peptide ratio, which is the ratio of the measured to the max-
imal normal value of the natriuretic peptide for the age and sex of the
patient and for the used assay, has been proposed to overcome these
sex/agefassay variabilities. A BNP ratio >2 or 3 appears to have an
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Table2 Blood biomarkers associated with presence, severity, progression and outcomes in other native valvular heart

diseases

Biomarker(s)

Main findings

Optimal References

cut-points

Mitral regurgitation

Metabolic profile

A decrease level of formate, lactate, lysine, alanine, 2-oxoisocaproate, -

72

2-hydroxyisovalerate, calcium, isoleucine, tryptophan, and dihydrothymine, and an
increased level of octanoate, creatine, glutamine, 2-hydroxybutyrate, acetate,
acetone, N-acetyl glycoproteins, and creatinine are associated with MR

Haptoglobin, PBP, C4b Lower levels are observed in patients with degenerative MR - 2
HDL and Apo-A1 Lower levels are associated with MR severity — 73
Lp(a) Elevated levels are associated with mitral and aortic valve calcification and aortic valve - e
stenosis
Lp(a) was associated with the onset of mitral valve calcification but not its progression - 7
over time
BNP BNP ratio < 1 in asymptomatic patients is associated with good prognosis, even in = ELe2
severe MR
Serial BNP measurements are proposed to detect onset of LV impairment and trigger = &
intervention
BNP levels are associated with myocardial health rather than MR severity and are - 8
associated with mortality and heart failure
miRNAs miR-409-3p could be a biomarker of heart failure - 8
miR-133a might indicate irreversible myocardial damage = g
Aortic regurgitation
High-molecular-weight Lower plasma levels are associated with the presence of aortic regurgitation - 71
multimers of vVWF
Hs cTnT and red cell Association between hs-TnT [OR (95% Cl): 1.38 (1.08-1.69); P=.02] and RDW [OR - &
distribution width (95% ClI): 1.53 (1.01-2.33); P = .03] in predicting post-operative major complications
including death in patients with severe symptomatic AR undergoing aortic valve
surgery
BNP In asymptomatic AR, BNP may play an important role in assessing subclinical - 8

deterioration and predicting worse clinical outcomes

ANP, atrial natriuretic peptide; Apo-A1, apolipoprotein A1; AR, aortic regurgitation; BNP, B-type natriuretic peptide; hs cTnT, high-sensitivity cardiac troponin T; Lp(a), lipoprotein(a); LV,
left ventricle; PBP, platelet basic protein; RDWV, red cell distribution width; vVWF, von Willebrand factor.

important impact on mortality.* Therefore, a BNP ratio >3 has been
proposed as a Class lla recommendation for AVR in low-risk patients
with asymptomatic AS in the current European and American guide-
lines for the management of patients with VHD.>?

High-sensitivity troponins

The second most common blood biomarkers in VHD are the cardiac
troponins (cTn). Cardiac troponins are widely used to diagnose myo-
cardial infarction as it is secreted in the bloodstream from the myocyte
cytosolic pool after cardiac injury. The development of high-sensitivity
(hs) assay allows measurement of lower levels of troponins and there-
fore, detection of early myocardial injury associated with VHDs before
the development of overt myocardial dysfunction. In AS populations, hs
cardiac troponin | (cTnl) is associated with the degree of left ventricular
hypertrophy and myocardial fibrosis rather than the severity of asso-
ciated coronary artery disease.®>' Cardiac troponin | (cTnl) was used

as a screening tool to detect subclinical left ventricular decompensation
in the EVOLVED randomized controlled trial, in order to help optimize
the timing of aortic valve intervention.”® In the future, elevated hs cTnl
could be used to identify patients with asymptomatic severe AS who
should be referred to early AVR.

Other biomarkers

Several biomarkers related to cardiovascular stress and myocardial fi-
brosis (sST2, GDF-15, and galectin 3) and micro-RNA related to cardiac
remodelling and injury (miR-210, miR-21, miR-133, miR-22, miR-486,
miR-204, etc.) have been associated with VHDs severity, symptoms
and/or outcomes.**™*

In several small AS studies, elevated plasma levels of these biomar-
kers have been associated with symptom status, AS severity, several
parameters of cardiac remodelling, and outcomes.****%>=%8 The human
epididymis protein 4 (HE4) is a four-disulfide core domain 2 (WFDC2)
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Figure 3 Blood biomarkers of cardiac damage in aortic stenosis. AS, aortic stenosis; GDF-15, growth differentiation factor 15; HE4, human epididymis
protein 4; hs cTn, high-sensitive cardiac troponin; NT-proBNP, N-terminal pro-B-type natriuretic peptide; sST2, soluble suppression of tumorigenicity 2

acidic protein that is known as a protease inhibitor that suppresses the
activities of multiple proteases, such as serine proteases and matrix me-
talloproteinases.”” "' This is a promising blood biomarker which has
been associated with renal and cardiac fibrosis, increased rates of heart
failure, and cardiac events.'”>7'%* In recent studies including patients
with severe AS, higher levels of HE4 prior to TAVR were associated
with diffuse myocardial fibrosis and increased rates of adverse events
following the procedure.'®

In AS, lower miR-378 has been associated with more advanced left ven-
tricular hypertrophy,4o miR-21 with left ventricular fibrosis,® miR-210
with mortality®®, and miR-133a has been found to be a predictor of regres-
sion of left ventricular hypertrophy after surgical AVR (SAVR).'%

Mitral regurgitation

Overall, very few studies have been performed to assess myocardial
damage in other VHDs. In MR, these new biomarkers are even less
studied, and results are conﬂicting.m7'108 In primary MR, the BNP ratio
could be used to trigger intervention in asymptomatic patients.
Interestingly, the impact of BNP ratio appears to be blunted after early
intervention, underlining the possibility of reversibility of cardiac dam-
age.®! Moreover, a BNP ratio <1 in asymptomatic patients is correlated
with good prognosis under medical management, even in severe
MR 8182 Serial BNP measurements have also been proposed to detect
onset of left ventricular impairment and trigger intervention,®* keeping
in mind the natural variation of natriuretic peptide levels.' In MR pa-
tients, miR-409-3p, one of the most potent fibrinogen downregulating
miRs while decreasing fibrinogen production, could be a biomarker of
heart failure incidence,® and miR-133a might indicate irreversible myo-
cardial damage.86

Biomarkers associated with clinical
outcomes before and after
intervention

Several blood biomarkers can provide a readout that associates with
clinical outcomes in patients with advanced VHD both before and
after valve intervention. It is important to highlight that the presence
of symptoms remains the primary criterion for considering interven-
tion in VHD. However, this criterion is subjective and often influenced
by multiple factors, which may explain why a substantial proportion of
patients—around one-third in case of severe AS—experience no im-
provement in symptoms or functional capacity following interven-
tion."""" In this context, blood biomarkers could play a crucial
role in providing accurate and objective insights into the impact of
VHD and may serve as a valuable tool in the decision-making process.
An overview of blood biomarkers associated with clinical outcomes,
before and after intervention is provided in Table 3.

Aortic stenosis

Prior to aortic valve replacement

Any biomarker that identifies patients who transition more rapidly to-
wards severe AS and thus the need for AVR would be of clinical value.
As discussed, elevated Lp(a) are consistently associated with more ra-
pid disease progression, and this translates into patients requiring AVR
than those with normal levels. A recent proteomic analysis identified
interleukin-6 (IL-6) and fibroblast growth factor 23 (FGF-23) as strong
predictors of adverse outcomes in AS.""® miRNA-21 was associated
with mortality in patients with AS3® Recently, mRNA-101-3p was
found in the myocardium of patients with AS which correlated with
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Table 3 Blood biomarkers associated with outcomes in aortic stenosis
Biomarker(s) Main findings Optimal References
cut-points

Hs cTnT Higher plasma levels are associated with all-cause mortality [HR (95% Cl): 18.0 (2.4— >.027 g/L 12-114
136.4)]

Hs cTnl Higher plasma levels are associated with AVR or cardiovascular death [HR (95% Cl): - 6
1.77 (1.22-2.55), P=.002]

HE4 Higher serum levels of HE4 are associated with higher rates of treatment futility, >130 pmol/L 8
rehospitalization for heart failure, and all-cause mortality

miRNAs miR-133 predictor of regression of LV hypertrophy after SAVR 106

IL-6 and FGF-23 Predict heart failure hospitalization (using machine-learning multimarker models) - s

sST2 Higher plasma levels are associated with long-term mortality (following both SAVR and - 7116118
TAVR)

BNP Higher plasma levels are associated with long-term mortality (following both SAVR and - S5
TAVR)

NT-proBNP Higher plasma levels are associated with long-term mortality (following both SAVR and - 489.119
TAVR)

CA-125 Higher plasma levels are associated with increased risk of adverse events following - 120
TAVR [HR (95% CI): 2.18 (1.11-4.26); P=.023] and MACE [HR (95% Cl): 1.77
(1.05-2.98); P=.031]

GDF-11 Higher plasma levels are associated with post-op complications and re-hospitalizations - =
after AVR

GDF-15 Higher plasma levels are associated with poor prognosis after TAVR - 22

Hypoalbuminaemia Lower serum levels are associated with increased mortality after TAVR (P <.001) <3.5g/dL 123

High-molecular-weight Reduced ratio is associated with increased mortality at 1-year post-intervention <8 C2 212

multimers VWF ratio
CT-ADP Increased CT-ADP is associated with increased mortality at 1-year post-intervention >180s €2
Red blood cell distribution width Baseline RDW is independently associated with all-cause mortality after TAVR >15.5% 126

expansion

[adjusted HR (95% Cl): 2.70 (1.40-522), P=003]

ACE, angiotensin-converting enzyme; Angll, angiotensin II; Apo-Clll-Lp(a), apolipoprotein Clll-lipoprotein(a); AS, aortic stenosis; AVR, aortic valve replacement; BNP, B-type natriuretic
peptide; CA-125, cancer antigen 125; CRP, C-reactive protein; CT-ADP, closure time with adenosine diphosphate; DPP-4, dipeptidyl peptidase-4; FGF-23, fibroblast growth factor 23;
GDF-11, growth differentiation factor 11; GDF-15, growth differentiation factor 15; HE4, human epididymis protein 4; Hs cTnl, high-sensitivity cardiac troponin I; Hs cTnT, high-sensitivity
cardiac troponin T; IL-6, interleukin-6; Lp(a), lipoprotein(a); Lp-PLA2, lipoprotein-associated phospholipase A2; LV, left ventricle; MMP12, matrix metalloproteinase-12; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; PCSK9, proprotein convertase subtilisin/kexin type 9; sST2, soluble suppression of tumorigenicity 2; TAVI, transcatheter aortic valve

implantation; vVWF, von Willebrand factor.

increased preoperative valvulo-arterial impedance, Ang Il receptor,
ACE, and left ventricular mass regression after surgery.'®’ A recent
study including patients with low-flow, low-gradient AS reported an in-
cremental value of hs ¢TnT in adjunction to BNP for predicting in-
creased risk of mortality.'”’

After aortic valve replacement

Post-AVR, once the valve has been replaced, events are more closely re-
lated to myocardial health and left ventricular decompensation.
Endpoints such as heart failure, AS-related hospital admissions, cardiovas-
cular death, and death are of particular importance. Consistent studies
have demonstrated that elevated plasma levels of BNP and NT-proBNP
are associated with adverse outcomes, including long-term mortality, fol-
lowing both SAVR and TAVR *8%""? Elevated plasma levels of cTnl are also
associated with post-AVR outcomes including cardiovascular and all-cause
death,® and hs cTnT levels are associated with worse outcomes after

intervention for severe AS'® and severe AR® Carbohydrate antigen
125 (CA-125) is a glycoprotein that is secreted by mesothelial cells in
the context of tissue inflammation and injury. Elevated plasma levels of
CA-125 are associated with symptoms, an increased risk of adverse clinical
events following TAVR, and have demonstrated incremental value over
BNP, the logistic EuroSCORE, and New York Heart Association functional
class."*® Growth differentiation factor 11 is involved in the aging processes
and may represent a marker of patients’ frailty. Growth differentiation fac-
tor 11 has been found to be a predictor of post-operative complications
and re-hospitalizations after AVR."*' Growth differentiation factor 15 is in-
creased in patients with AS and appears to be a soluble correlate of pa-
tients’ frailty, independent of indices of left ventricular dysfunction.'”
sST2 has been found to be a powerful predictor of all-cause mortality fol-
lowing TAVR and SAVR. Hypoalbuminaemia, a well-known indicator of
frailty, has been associated with poor prognosis after TAVR and could
thus be useful for risk stratification prior to AVR.'*® Following AVR,
VWEF inactivation is also observed in cases of significant PVL or
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| STRUCTURAL VALVE DETERIORATION |
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Figure 4 Biomarkers of structural valve deterioration. Apo-B, apolipoprotein-B; ApoB/ApoA, apolipoprotein-B/apolipoprotein-A; BMP-2, bone morpho-
genetic protein 2; Cfal, cyclopropane-fatty-acid-phospholipid synthase 1; cMGP, activated matrix-Gla-protein; FGF-23, fibroblast growth factor 23; HVD,
haemodynamic valve deterioration; IL-6, interleukin-6; Lp(a), lipoprotein(a); Lp-PLA2, lipoprotein-associated phospholipase A2; NF-kB, nuclear factor
kappa-light-chain enhancer; PPM, patient-prosthesis mismatch; PTH, parathyroid hormone; PCSK9, proprotein convertase subtilisin/kexin type 9; RANKL/
RANK; receptor activator of NF-kB/receptor activator of NF-kB ligand; SAVR, surgical aortic valve replacement; TGF-, transforming growth factor B

prosthesis—patient mismatch causing highly turbulent flow.®*"%* A recent
study showed that the ratio of high-molecular-weight multimers of
VWF normalized after TAVR in patients without residual PVL but
did not normalize or partially normalize when post-implantation PVL
was |:>resent.f’2'125 This study also showed that a reduced ratio of
high-molecular-weight multimers of VWF was associated with increased
mortality at 1-year post-intervention. While these data suggest that VWF
could be useful post-AVR to biologically detect the presence of high shear
stress phenomena such as PVL, prosthesis—patient mismatch, or progres-
sive re-narrowing of aortic prosthesis, whether vVWVF could be used as a sur-
rogate marker of AS severity in order to help decide the appropriate timing
of AVR remains to be elucidated. Red blood cell distribution width expan-
sion, associated with inflammation, renal dysfunction, and atherosclerosis,
is also associated with increased mortality after TAVR.'%

Mitral regurgitation

Blood biomarkers have also demonstrated an association with clinical
outcomes in other forms of VHD. Again, BNP and NT-proBNP are
the most widely studied. In patients with primary MR, BNP levels are
also associated with markers of cardiac damage rather than the severity
of the valve lesion and provide a strong prediction of future cardiovas-
cular events, in particular death and heart failure.”®

Biomarkers associated structural
valve deterioration, valve
thrombosis, and paravalvular leak

Structural valve deterioration

Over the past two decades, the number of bioprosthetic valve
implantations, either surgically or percutaneously, has drastically

increased.*® This rise is largely due to the expansion of TAVR, whose
indications have been extended to lower risk and/or younger patients,
as well as the preference for biological over mechanical valves, driven
by the advantages of avoiding long-term anticoagulation. Despite im-
portant advances in valve design and both transcatheter and surgical
procedures, bioprosthetic valves are still prone to SVD and respon-
sible for significant morbidity, mortality, and valve re-intervention dur-
ing follow-up. Early detection of SVD is thus crucial to avoid
irreversible cardiac damages and adverse clinical outcomes. Clinical,
biological, and imaging biomarkers can help in identifying patients at
risk for early SVD-related haemodynamic dysfunction, allowing indivi-
dualized primary prevention and follow-up strategies, and also in help-
ing to anticipate bioprosthetic valve failure and plan for valve
re-intervention procedures (Figure 4).

Clinical and biological markers associated with SVD are summar-
ized in Table 4. Younger age is debated because studies’ endpoints
were re-intervention which is more often considered in young vs
old patients for the same degree of SVD. Imaging-based studies did
not confirm this association.'®’ Intriguingly, female sex was found to
be associated with SVD."*? This finding could be related to the
phospho-calcic metabolism dysregulation associated with menopause
and osteoporosis, such as observed in hyperparathyroidism or chron-
ic kidney disease. Several pathways were identified as SVD promoters
by activating pro-calcific mechanisms in the bioprosthetic valve tissues:
matrix-GLA-protein, fetuin-A, osteoprotegerin/RANK/RANKL, and
fibroblast growth factor-23/Klotho axis.'®* Interestingly, VKAs may
also promote SVD through blockage of the matrix-GLA-protein path-
way."** Obesity and metabolic disorders affect one-third of patients
implanted with a bioprosthesis and are strongly associated with early
SVD, especially metabolic syndrome, dyslipidemia, and diabetes
(HOMA index)"**™"3” by inducing endothelial dysfunction, oxidative
stress, local and systemic inflammation (LT, macrophages, transforming
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Table 4 Blood biomarkers associated with structural valve deterioration, paravalvular leak, thrombosis and adverse

events in prosthetic valves

Main findings

Oxidized-LDLs/HDL ratio

Apo-B

ApoB/ApoA-1 ratio

Total cholesterol and triglycerides

sCD14

Calcium-phosphorus product

Thrombosis

IgM and IgG anticardiolipin antibodies

Neutrophil/lymphocyte ratio, platelet/
lymphocyte ratio and CRP

PVL

High-molecular-weight multimers of vVWWF

CT-ADP

Outcomes

NT-proBNP, haemoglobin, reticulocyte
production, LDH, haptoglobin and
schistocytes

High-molecular-weight multimers of vVWF

CT-ADP

High plasma levels of PCSK9 are associated with bioprosthetic
SVD

High plasma levels of oxidized-LDL/HDL ratio are associated
with bioprosthetic SVD

High plasma levels of Apo-B and ApoB/ApoA-| ratio are
associated with bioprosthetic SVD

High plasma levels of ApoB/ApoA-I ratio are associated with
bioprosthetic SVD

High plasma levels of total cholesterol and triglycerides are
associated with re-intervention for valve failure in young
patients (<57 years)

High plasma levels of sCD14 are associated with bioprosthetic
SVD

Higher calcium-phosphorus product is a strong predictor of
bioprosthesis calcification

Higher plasma levels may result in thrombosis in mitral, aortic
and tricuspid prosthetic valve

Higher plasma levels are potential inflammatory biomarkers of
mitral thrombosis

Lower plasma levels are associated with the presence of
paravalvular leaks

Higher CT-ADP is associated with the presence of paravalvular
leaks

Associated with the risk of developing heart failure and severe
haemolysis

Lower plasma levels are associated with increased mortality at 1
year following TAVR [adjusted HR (95% Cl): 3.24 (1.58-6.63),
P=.001]

Higher CT-ADP is associated with an increased rate of late
major/ life-threatening bleeding complications [adjusted HR
(95% Cl): 3.08 (1.62-5.81), P =.0005] and 1-year mortality
[adjusted HR (95% Cl): 3.86 (1.91-7.75), P <.001]

Optimal cut-points References
>305 ng/mL 137-140
>25.4U/L 137140
_ 137-140
_ 137-140
Total cholesterol level 132
>240 mg/dL or triglycerides
>123 mg/dL
_ 141
_ 142
_ 143
_ 144
_ 62
_ 145
_ 146,147
<8 62
>180's 62148

Apo-B, apolipoprotein-B; ApoB/ApoA-1, apolipoprotein B/apolipoprotein A-1 ratio; CRP, C-reactive protein; CT-ADP, closure time with adenosine diphosphate; IgG, immunoglobulin G;
IgM, immunoglobulin M; LDH, lactate dehydrogenase; NT-proBNP, N-terminal proB-type natriuretic peptide; PCSK9, proprotein convertase subtilisin/kexin type 9; PVL, paravalvular leak;
SCD14, soluble cluster of differentiation 14; SVD, structural valve deterioration; vWF, von Willebrand factor.

growth factor beta-1 protein, IL-6, TNF-a. and NF-kB) and lipid infiltra-
tion (LDL, LPa, Lp-PLA2 and PCSK9). High plasma level of PCSK9
(>305 ng/mL), oxidized-LDLs/HDL ratio (>25.4 U/L), Apo-B and
ApoB/ApoA- ratio are predictors of bioprosthetic SVD."*”~"*" In patients
younger than 57 years, total cholesterol >240 mg/dL or triglycerides
>123 mg/dL were demonstrated to be two predictors of re-intervention
for valve failure."*

Smoking increases oxidative stress and thus promotes the early onset
of SVD." CD14, a membrane glycoprotein present at the surface of
monocytes and macrophages, can be secreted by these cells or the liver,
and the soluble form of CD14 (sCD14) has been related to SYD.'*'
Finally, a higher calcium-phosphorus product is a strong predictor of bio-
prosthesis calcification and patients with lower preoperative creatinine
clearance (<30 mL/min) are at higher risk of >Stage 2 SVD.'*?
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Valve thrombosis

Clinical prosthetic valve thrombosis is a rare but serious complication
of valve replacement, most often encountered with mechanical pros-
theses. Thrombosis of a bioprosthetic valve is usually diagnosed in
the early post-operative period, when endothelialization of the suture
zone is not yet complete. The significant morbidity and mortality asso-
ciated with this condition warrants rapid diagnostic evaluation. In valve
thrombosis, biological tests typically show slightly modified inflamma-
tory markers and/or a subtherapeutic anticoagulation profile (inter-
national normalized ratio, specific anti-Xa activity). D-dimer, which
detects the presence of cross-linked fibrin degradation products, has
been demonstrated to be a useful marker of coagulation activation
and may consequently be raised in patients with thrombosis of a bio-
prosthetic valve. IgM and IgG anticardiolipin antibodies may result in
a tendency to thrombosis in mitral, aortic, and tricuspid prosthetic
valves and could be considered in all these patients."? Increased neu-
trophil/lymphocyte ratio, platelet/lymphocyte ratio, and CRP are po-
tential inflammatory biomarkers of mitral thrombosis."**

Paravalvular leak

Circulating biomarkers may also help to identify patients with significant
residual PVL who may benefit from additional valve intervention. von
Willebrand factor is implicated in platelet adhesion and aggregation at
sites of vascular injury. After TAVR, high-molecular-weight multimers
of VWF ratio may help to detect significant residual aortic PVL.62
Additionally, recent data have emphasized the value of a point-of-care
measure of vVWF-dependent platelet function (CT ADP) in the monitor-
ing of immediate PVL. A post-procedural CT-ADP lower than 180 s is a
predictor of significant PVL following TAVR and may independently con-
tribute to major/life-threatening bleedings."* These data should still be
confirmed in larger patient cohorts from independent centres to ensure
their reliability and generalizability. Of note, the PFA-100 data do not ac-
curately reflect overall platelet reactivity, and since the results might be
influenced by medication, low platelet count, haematocrit and levels of
VWEF antigen, the specificity of this technology remains a major limitation.

In patients with chronic PVL, monitoring NT-proBNP, haemoglobin,
reticulocyte production, lactate dehydrogenase, haptoglobin and exam-
ination for schistocytes is important to determine the risk of developing
heart failure and severe haemolysis, which would argue for further

intervention.' ¢4

Future perspectives

Multiomic approaches to biomarker discovery led to the emergence of
several new potentially promising biomarkers. Some biomarkers,
particularly those from recent metabolomic studies and miRNAs or
long-coding RNAs, still need to be validated in large and diverse clinical
cohorts. Thus, additional data on novel biomarkers are still needed. In
addition, as described in heart failure therapy, biomarkers could be used
to identify the optimal timing for intervention, stratify risk, and assess
the response to both interventional and pharmaceutical therapies.
One could hope that with specific biomarkers, disease progression,
myocardial impairment, and post-intervention complications could be
monitored in VHDs in the future.

Interestingly, all the presented biomarkers do not have the same trig-
gers and power and thus, their levels are not perfectly correlated. The
association of their evaluation could then be synergistic and comple-
mentary. The first interesting association is the co-evaluation of BNP
and troponin. Indeed, elevation of both BNP and troponin appear to

add prognostic value when compared with only one elevated biomark-
er in patients with low-flow, low-gradient AS."* In a recent publication
by Lindman et al.,"*® a new concept of cardiovascular stress multimar-
ker approach in a population of asymptomatic and symptomatic pa-
tients undergoing SAVR has been studied. The biomarkers reflected
diverse pathways such as myocyte injury, myocyte stress, inflammation,
fibrosis, and neurohormonal activation. They found that an increasing
number of elevated biomarkers forming a multimarker score, such as
NT-proBNP, hs ¢TnT, HE4, sST2, CA-125, hs CRP, and GDF-15,
were associated with higher mortality and higher rate of all-cause and
cardiovascular hospitalization after SAVR. A similar multimarker ap-
proach has been also validated in patients with severe AS undergoing
TAVR."% These findings suggest that a multimarker approach may be
useful in the surveillance of asymptomatic patients with severe AS
and may serve as a trigger for AVR even before symptoms occur and
when natriuretic peptide levels are still low.

Finally, it should be emphasized that the number of studies exploring
the association between biomarkers and tricuspid regurgitation is very
limited and that individual blood biomarker specificity is still lacking in
VHDs. This limitation underscores the need for combining multiple bio-
markers to improve diagnostic accuracy and prognostic assessment.
With a multimarker approach, it may be possible to capture a more
comprehensive picture of the underlying disease processes, enhancing
the precision of clinical decision-making.

Conclusions

Several biomarkers that reflect differential pathological processes have
been shown to have an incremental value over classic and echocardio-
graphic criteria and clinical assessment for risk stratification in patients
with VHD. Established blood biomarkers such as Lp(a), BNP,
NT-proBNP, and hs troponin can be useful in assessing the severity and
progression of VHD and the optimal timing for intervention. The plasma
levels of Lp(a) or OxPL can be used to identify patients with AS who are at
risk of fast stenosis progression and could be considered for Lp(a) lower-
ing drugs in the future. An elevated BNP ratio or an increase in BNP or
NT-proBNP during follow-up in the individual patient or an elevated hs
cTnl may be used in the clinical setting to identify patients with asymptom-
atic severe AS who should be considered for early AVR.

However, there are major overlaps of the value ranges of these
blood biomarkers between different groups of severity and prognosis,
and further research will be necessary to determine the meaningful clin-
ical thresholds for individual patients (i.e. men vs women).

Emerging biomarkers hold promise for risk stratification and indi-
vidualized disease management. Contemporary data suggest that
combining multiple biomarkers to develop a global score reflecting
VHD activity at the level of the valve and the myocardium need to
be confirmed. Ultimately, a multimarker approach may be useful to
optimize the timing of surgery in patients with VHD or the occur-
rence of bioprosthetic valve failure after surgical or transcatheter
valve replacement.

Additionally, the important lack of evidence and data on biomarkers
in VHD of the mitral, tricuspid, pulmonary valves, and even on regurgi-
tation of the aortic valve needs to be addressed in the future to help the
management of the patients suffering from these diseases.

Supplementary data

Supplementary data are not available at European Heart Journal online.
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