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The role of serum biomarkers in the
management of valve disease

The potential roles of circulating biomarkers are:

1. identification of baseline disease activity
and prediction of progressiond allows the
identification of higher risk patients early and
potentially a subset of patients who might
benefit from early surgery (even in the absence
of symptoms)

2. identification of those patients who are less likely
to benefit from valve repair/replacementd some
have severely impaired left ventricular (LV)

function that is unlikely to recover after surgery

3. understanding the aetiology of VHDO to
facilitate the development of future treatment
strategies (eg, tailored medical therapy).




Pathophysiology
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VHD

L | -‘/
Inflammation

Cardiomyocyte ™ -~ Cardiomyocyte necrosis
h)'pel‘lfophy - \j R J r,’%‘ ' : S

Fibrosis

Q - "f \e X D
ol (o U=

low g LA '

capillary s

density _ : e e — @ Fibroblast
& — P o activation

Biomarkers associated with Biomarkers associated with myocardial Biomarkers associated with
myocardial hypertrophy and fibrosis stress myocardial necrosis

« micro BNA: miR 133, miR 21, MIR 29 | w Natriuretic peptides: BNE NT-pro BNP, s Troponin

nST2 MR-proANP, ANP, adrenomedullin —_—

= Galectin-3 = GDF15
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Aortic Stenosis Aortic Regurgitation r
LV Pressure Overload LV Volume Overload

I I

Increased LV wall stress

I

Myocardial release of BNP

* biomarkers of valve leaflet pathology are lacking



PATIENT WITH SUSPECTED HF*
(non-acute onset)

l

ASSESSMENT OF HF PROBABILITY A KapSiohoyua) Khvua) AXERA

|, Clinical history:

History of CAD (M|, revascularization)
History of arterial hypertension

Exposition to cardiotoxic drug/radiation

Use of diuretics

Orthopnoea [ paroxysmal nocturnal dyspnoea

2. Physical examination:

Rales

Bilateral ankle oedema

Heart murmur

Jugular venous dilatation

Laterally displaced/broadened apical beat

3. ECG:
Any abnormality
' ~. All absent
' R
“ =| present N
' \\\\
Assessment ’ ~
PRI | NATRIURETIC PEPTIDES .
i: na & i HF unlikely;
peptides not routinely 4 consider other
done in clinical | 2 gﬁ:«:g?? 2;‘]2-5 pefmt diagnosis
practice ! 235 pe/
] -
| ,//
[ =
| ~
\ J o
Normal®
ECHOCARDIOGRAPHY
|
v
if HF confirmed (based on all available data):

determine actiology and start appropriate treatment




Management of severe AS*

A\ ¥y B
( Symptoms ) A Kap8lohoyikr KAwikr) AXENA
No Yes
1 !
Absence of comorbidity or general
[ LYEF:<20% ] [condition that make benefit unlikely]
No Yes No Yes
v .
( Physically active ) Medical therapy
| | v
Ye
2 ; Low risk and no other
| characteristics that favour TAVI®
Exercise Test ; :
- Yes No
y |
/ .
Symptoms or fall 1 X
in blood pressure Careful individual
_ below baseline evaluation of technical
| l suitability and risk-benefit
No Yes ratio of intervention
vy ¥ modes by the
Heart Team®
Presence of risk
factors® and low
individual surgical risk
I |
No Yes
Y v Y Y Y v

Re-evaluate in
6 months or when
symptoms occur

SAVR

SAVR or TAVI
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@ ESC European Heart Journal (2017) 38, 2739-2786 ESC/EACTS GUIDELINES

European Society doi:10.1093/eurheartj/ehx391
of Cardiology

C) Asymptomatic patients with severe aortic stenosis (refers only to patients eligible for surgical valve replacement)

SAVR is indicated in asymptomatic patients with severe aortic stenosis and systolic LV dysfunction (LVEF <50%) not due to another cause.

SAVR is indicated in asymptomatic patients with severe aortic stenosis and an abnormal exercise test showing symptoms on exercise clearly
related to aortic stenosis.

SAVR should be considered in asymptomatic patients with severe aortic stenosis and an abnormal exercise test showing a decrease in blood
pressure below baseline.

SAVR should be considered in asymptomatic patients with normal ejection fraction and none of the above-mentioned exercise test abnor-

malities if the surgical risk is low and one of the following findings is present:

e Very severe aortic stenosis defined by a V., >5.5m/s

e Severe valve calcification and a rate of V,,,,, progression >0.3 m/s/year

® Markedly elevated BNF levels (>threefold age- and sex-corrected normal range) confirmed by repeated measurements
without other explanations

e Severe pulmonary hypertension (systolic pulmonary artery pressure at rest >60 mmHg confirmed by invasive measure-

ment) without other explanation.




What is new in the 2017 Valvular Heart Disease Guidelines?
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Changes in recommendations

2012

2017

Indications for surgery in asymptomatic aortic stenosis

llbC

Markedly elevated BNP levels.

llacC

Markedly elevated BNP levels (>threefold age- and sex-corrected normal range)
coenfirmed by repeated measurements without other explanations.




BNP in AS Advances in Heart Failure

Natriuretic Peptides for Risk Stratification of A KapBiohoyucd KAwixd AXENA
Patients With Valvular Aortic Stenosis

Vishal Parikh, MD; Candice Kim, MD: Robert J. Siegel, MD: Reza Arsanjani. MD;
Florian Rader, MD, MSc

Table 1. Correlation of Natriuretic Peptides and New York Heart Association Class in AS

Authaor, year of publication Sample Size Inclusion Criteria BNP Findings NT-proBNP Findings
Katz et al * 2012 64 Severe AS; mean gradient, >40 mmHg Increase with class, P<0.05 Increase with class, P<0.05
Weber et al,'” 2004 146 >Mild AS; LVEF, >45% s Increase with class, P<0.01
Iwahashi et al," 2011 109 AS; peak velocity, 22.5 m/s; mean LVEF  Increase with class, P<0.0001

67+13%
Oriowska-Baranowska et al,'® 2008 147 Severe AS referred for SAVR Increase with class, P<0.0001
Antonini-Canterin et al,® 2008 64 Severe AS; mean LVEF, 54+10% Increase with class, P<0.001
Bergler-Klein et al,* 2004 130 Severe AS; peak velocity, >4 m/s; LVEF, Increase with class, P<0.0001

=50%

Lim etal,’® 2004 70 Severe AS; AVA, <1 cnv¥ Increase with class, P<0.01
Elhmidi et al,™ 2013 373 Severe AS referred for TAVR; LVEF, <35% s Predictor of mortality

Weber et al ” 2006 159 Severe AS; LVEF, >45% X0 Increase with class, P<0.001




Table 2. Correlation of Natriuretic Biomarkers With AS Severity and Other Echo Parameters

Parameter Author, year of publication Sample Size Inclusion Criteria BNP Findings NT-proBNP Findings
Aortic valve area Iwahasi et al," 2011 109 >Moderate AS; peak velocity, Yes: =—0.26; P<0.01
22.5 m/s; mean LVEF 67=13% A Kap8rlohoyikr KAwikr AXENA
Vanderheyden et al.® 2004 40 >Moderate AS; peak velocity, Yes: r=—0.449; P=0.006
=25m/s
Marechaux et al " 2011 135 >Moderate AS; peak velocity. Yes: r=—0.23; P=0.01
22.5 m/s; LVEF, >50%
Ben-Dor et al, ™ 2013 289 Severe AS; AVA, <1 cm? BSA-indexed  No: 3 tertiles, P=0.22
AVA, <0.5cm® m=
Antonini-Canterin et al,"* 2008 64 >Moderate AS; mean AVA, 0.92 cm® Yes: InBNP, r=0.4; P=0.001
Rosca et al, # 2011 48 Severe AS; AVA, <0.6 cm* m~ Yes: InBNP, =-0.31;
P=0.03
Elhmidi et al,'* 2013 373 Severe AS (TAVR) S0 No: P=0.89
Lim etal,™ 2004 70 Severe AS; AVA, <1 cn¥ Yes: r=—0.49; P<0.0001 -
Weber et al,” 2006 159 Severe AS; LVEF, >45% Yes: 1,.=0.38; P<0.001
Cimadevilla etal,"® 2013 361 Asymptomatic >mild AS; mean Yes: r=—0.43;
LVEF, 61+9% P<0.0001
Peak vvelocity Lim et al,™ 2004 70 Asymptomatic severe AS Yes: r=0.33; P<0.05 o
mean gradient Weber et al,”” 2004 146 Asymptomatic >mild AS: LVEF, >45% Yes: =0.04; P<0.01
Cimadevilla et al ' 2013 361 Asymptomatic >mild AS; mean Yes: /=0.34; P<0.0001
LVEF, 61+9%
Weber et al,'” 2004 146 Asymptomatic mild to severe AS; Yes: r=0.39; P<0.01
LVEF, >45%
Marechaux et al ** 2011 135 Symptomatic and asympiomatic; Yes: r=0.32; P<0.0001
peak velocity, 22.5 m/s; LVEF, >50%
Antonini-Canterin et al,” 2008 64 >Moderate AS; mean AVA, 0.92 cm?  No: BNP, r=0.08; P=0.52
mean LVEF, 54+10%
Elhmidi et al.’* 2013 373 Severe AS (TAVR); LVEF, <35% R No: P=0.28
Limetal,™ 2004 70 Asymptomatic severe AS; Yes: r=0.34; P=0.004
AVA, <1 cn¥
Cimadevila et al,"” 2013 361 Asymptomatic >mild AS; mean LVEF, Yes: r=0.34; P<0.0001
61=9%
Katz et al ® 2012 64 Severe AS; mean gradient, >40 mmHg  No: r=0.10; P=0.49




BNP in AS

LVESD Antonini-Canterin et al,"* 2008
LVEDD

LVEDVI Vanderheyden et al, ® 2004
LVEDDI Marechaux et al *' 2011
LVEDD Elhmidi et al,** 2013
LAVI Song et al,¥ 2010

PASP Marechaux et al *' 2011

Ben-Dor et al,™ 2013

LVMI regression Neverdal et al * 2006

64

40
135
373

124

135

289

>Moderate AS; mean AVA, 0.92 cm?;
mean LVEF, 54+10%

>Moderate AS; peak velocity, 22.5 m/s
>Moderate AS; peak velocity, 22.5 m/s
Severe AS (TAVR)

Severe AS; mean gradient, >40 mmHg
or AVA, <1.0 cm’®

>Moderate AS; peak velocity, 22.5 m/s;

LVEF, >50%

Severe AS; AVA, <1 cm* BSA-indexed
AVA, <0.5cm* m~

Severe AS, mean gradient,
>50 mmHg

A Kap8rlohoyikr KAwikr AXENA

Yes: InBNP, r=0.44;
P<0.001

Yes: InBNP, r=0.38;
P<0.002

Yes: i=0.57; P<0.0001
Yes: r=0.23; P=0.0009

Yes: r=0.45; P<0.0001

Yes: P=0.03

42% reduction of LVMI and
54% reduction of BNP level
at 12 mo

Yes: positive
correlation, P<0.001
Yes: =0.551; P=0.001




BNP in AS

BNP indicative of symptoms

NtBNP pmol/L
BNP pg/mL

1400 20007
1200 ¢ 1750
1000

800-

o

o

o
|
|

AS asympt AS sympt AS asympt  AS sympt

BNP NT-proBNP
Median: 79 vs 172 pg/mL 356 vs 1025 pg/mL




BNP in AS
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BNP level might indicate early myocardial deterioration (GLS).

29

20 1

e® R =-0.62, P < 0.001

- GLPSS %
®

=i
e
—l

0 500 1000 1500 2000 2500 3000
MNT-proBNP pg/mL

NT-proBNP>800 pg/mL and global longitudinal peak systolic strain
> 13% significantly predicts the need for aortic valve replacement




BNP in asymptomatic AS patients : Risk Score
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The score includes the severity of valve pathology (peak flow velocity) with BNP as a
measure of LV wall stress leading to hypertrophy, fibrosis, and eventually reduced

ventricular function.

Table 2. Predictors of Outcome in the Development Cohort by Univariable and Multivariable Analysis

Univariable Analysis Multivariable Analysis

Variable Odds Rafio (05% CI) P (dds Ratio (95% CI) P
Female sex 265 (1.08-6.5) 0.03 5.2 (1.46-18.6) .M
Serum BNP* 40(22-1.9 0.0004 187 (1.84-8.1) 0.0001
Theee-leaflet valve 43 (1.7-10.7) 0,002 2.34 (0L56-9.7) 0.24
Calcification score 34 31 (1.3-7.5) 0.0 241 (061-7.2) 0.23
Peak velocityt 5.4 (2.45-11.8) 0.0001 6.2 (21-17.9) 0.004
Transaortic mean pressure gradient} 1.09 (1.05-1.13) 00001 1.14 (0.93-1,3%) &2
Aortic valve area§ 0.59 (0.47-0.74) 0.0001 0.86 (L63-1.16) 0.32
Indexed valve areal| 0.42 (0.28-063) 0.0004 0.7 (0.4-1.2) 0.23

Variables are given al baseline unless indicated otherwise, 01 indicates confidence interval,
*Ddds ratos are expressed per kg unit increase in marker kevels.
f0dds ratics are expressed per 1 unit increase =2

H0dds ratios are expressed per 1 unil increase =10,

Hldds ratios are expressed per 0.1 increase 0.5,

|0dds ratios are expressed per 01 increase 0.3
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Heart Valve Disease

B-Type Natriuretic Peptide ®c“,sm,k
Clinical Activation in Aortic Stenosis

Impact on Long-Term Survival

Marie-Annick Clavel, DVM, PHD, Joseph Malouf, MD, Hector I. Michelena, MD,

Rakesh M. Sur, MD, DPHiL, Allan S. Jafte, MD, Douglas W. Mahoney, MS,
Maurice Enriquez-Sarano, MD
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BNP in AS
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Patients at risk: Follow-up, (years)

— A1 A7 318 178 48
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Kaplan-Meier Curves of Overall Survival

The Kaplan-Meier cunes of overall survival are shown according to BNP ratio strata
of patients in the whole cohort (A) and in asymptomatic patients with normal left
ventricular gjection fraction and no previous myocardial infarction (B). Percentages
represent Syear and 8year survival. Abbreviation as in Figue 1.




BNP in AS

Table 3 Correlation between BNP and echocardiographic

and catheterization parameters

r value P value
Echocardiography (n = 109)
LVEDD (mm) 0.41 <.0001
LVESD (mm) 0.52 <.0001
LVFS (%) ~-0.45 <.0001
LVEF (%) -0.4 <.0001
LVMI (@/m?) 0.73 <.0001
Peak aortic PG (mm Hg) 0.24 <.01
AVAI (cm®/m?) ~0.26 <.01
Transmitral flow
E velocity (m/sec) 0.37 .001
A velocity (m/sec) -0.5 <.0001
E-Dct (msec) ~0.36 .001
E/A 0.68 <.0001
Right heart catheterization (n = 81)
Mean PCWP (mm Hg) 0.1 NS
Systolic PAP (mm Hg) 0.25 <.05
Diastolic PAP (mm Hg) 0.23 <.05
Mean PAP (mm Hg) 0.23 <.05
LV catheterization (n = 46)
LVSP (mm Hg) 0.23 NS
LVEDP (mm Hg) 0.4 <.0001
LVEDVI (mL/m?) 0.46 <.0001
LVESVI (mL/m?) 0.61 <.0001

LVEF (%)
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Survival after AVR
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Figure 3 Event-free survival in patients classified according to
BNP > 312 pg/dL or = 312 pg/dL. Event-free survival rates
within 36 months, as evaluated by a Kaplan-Meier curve, are
shown. Patients with preoperative BNP > 312 pg/mL had alower

event-free survival rate than patients with preoperative BNP =
312 pg/mL (log rank, x® = 10.21, P = .001).



Table 5 Univariate and multiple logistic regression analyses for the prediction of perioperative complication

Univariate Multivariate e«, £ :/
Variables Odds ratio 95% CI P value Odds ratio 959 CI P value >5toAoyixr KAk AXENA

Age > 75 y (yes) 6.26 1.62-24.09 .08 2.74 0.84-9.84 101

Female gender 1.08 0.45-2.62 .86

NYHA > 2 1.83 0.72-4.69 .2

BAV 0.86 0.36-2.10 .73

CAD 0.91 0.31-2.65 .86

Diuretics 214 0.89-5.15 .09

Diabetes (yes) 1.22 0.43-3.51 7

Hypertension (yes) 1.01 0.43-2.36 .98

Dyslipidemia (yes) 1.57 0.67-3.67 3

LVEF < 50% 417 1.03-16.84 .04 1.99 0.48-8.92 .343

LVMI = 180 g/m® 4.14 1.31-12.9 .015 219 0.71-6.83 172

BNP = 312 pg/mL 7.79 2.69-26.44 <.0001 5.58 1.82-20.16 .0o2

Table 7 Univariate and muitiple logistic regression analyses for the prediction of prognosis within 3 years

Univariate Multivariate
Variables Odds ratio 95% ClI P value Odds ratio 95% CI P value

Age > 75 y (yes) 1.81 0.41-8.06 43

Female gender 2.23 0.52-9.59 .28

NYHA > 2 1.83 0.72-4.69 2

BAV 0.21 0.02-1.73 15

CAD 512 1.17-22.36 .03 5.67 1.11-29.02 .04
Diuretics 214 0.89-5.15 .09

Diabetes (yes) 413 0.97-17.67 56

Hypertension (yes) 19 0.37-9.80 45

Dyslipidemia (yes) 2.31 0.57-9.35 24

LVEF < 50% 2.59 0.57-11.78 22

LVMI > 180 g/m? 3.89 0.94-16.06 .06

BNP > 312 pg/mL 6.88 1.61-29.30 .009 8.8 1.83-42.35 .006
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BNP in LFLGAS (TOPAS study)
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Figura 3. A, Kaplan-Magicr survival curve for the entire study population according to baseline BNP <550 or =550 pg/mL. B, Kaplan-
Meior survival curve for patients who underwent medical freatment according fo baseline BNP <550 or =550 pg/mL. C, Kaplan-Meiar
survival curve for patients who underwent surgical treatment according to basaline BNF <550 or =550 pg/mL. D, Kaplan-Makor sur-
vival curve for the entire study population according to baseline BNP <550 or =550 pg/mL and contractile reserve defined by increase

of stroke volume =20% (ASV =20%) or <20% (ASV <20%) at peak DSE. AVR indicates aortic valve replacement; SV, stroke volume.




BNP in TAVI
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BNP in TAVI: lack of improvement after TAVI

Predictors of the lack of improvement in N-terminal prohormone B-type natriuretic peptide levels at 6- to 12-month follow-up (n = 69 of 179 patients) Wikr) AXENA

Variable Univariate p Value Multivariate Model p Value
Or (95% C1) Or (95% CI)

Clinical variable
Age (yrs) 0.98 (0.92-1.01) 0.124
Men 1.20 (0.65-2.22) 0557
Diabetes 1.04 (0.55-1.96) 0909
Hypertension 0.75 (0.29-1.91) 0.545
NYHA functional class -1V 0.57 (0.27-1.20) 0.139

=== Chronic atrial fibrillation 2.56 (1.20-5.43) 0.015 240 (1.06-544) 0.036

Coronary artery disease 0.71 (0.39-1.31) 0.275
Previous coronary artery bypass graft 1.39 (0.74-2.59) 0307
Cerebrovascular disease 0.78 (0.36-1.71) 0.545
Peripheral vascular disease 1.60 (0.86-2.99) 0.142
Chronic obstructive pulmonary disease 1.28 (0.64-2.55) 0.489
Estimated glomerular filtration* 1.02 (0.89-1.16) 0.815
Transfemoral approach 1.50 (0.79-2.83) 0.208
Procedural success' 0.55 (0.22-1.29) 0.162

Echocardiographic variable before procedure
Left ventricular ejection fraction (%) 1.01 (0.99-1.03) 0415

‘Mean gradient (mm Hg) 0.97 (0.95-0.99) 0.011 .98 (0.95-0.99) 0.025

Aortic valve area (cm®) 2.59 (0.63-10.7) 0.189
Pulmonary systolic arterial pressure (mm Hg) 1.00 (0.98-1.03) 0.797
Moderate-to-severe mitral regurgitation 1.99 (1.01-3.99) 0.049 2.11(1.03-4.34) 0.042
Stroke volume index lml/m:) 1.02 (0.98-1.05) 0.480
Left ventricular mass index (g/mz) 0.99 (0.99-1.01) 0.835

Echocardiographic variable after procedure
Left ventricular ejection fraction (%) 1.01 (0.98-1.03) 0.556
Mean gradient (mm Hg) 0.97 (0.92—-1.02) 0.265
Aortic valve area (cm”) 1.67 (0.63-4.38) 0.301
Moderate-to-severe aortic regurgitation 1.21 (0.58-2.54) 0.603
Severe prosthesis mismatch 0.97 (0.37-2.55) 0.958
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