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A B S T R A C T

Background: Patients with a bicuspid aortic valve (BAV) are at risk of developing valve deterioration and aortic
dilatation. We aimed to investigatewhether blood biomarkers are associated with disease stage inpatients with
BAV.
Methods: Serum levels of high sensitivity C-reactive protein (hsCRP), high sensitivity troponin T (hsTnT), N-
terminal pro-B-type natriuretic peptide (NT-proBNP), and total transforming growth factor-beta 1 (TGF-ß1)
were measured in adult BAV patients  with valve dysfunction or aortic pathology. Age-matched general
population controls were included for TGFß-1 measurements. Correlation analyses and multivariable linear
regression were used to determine the association between (2log-transformed) biomarker levels and aortic
valve regurgitation, aortic valve stenosis, aortic dilatation, or left ventricular function.
Results: hsCRP and hsTnT were measured in the total group of 183 patients (median age 34 years, 25th–
75th percentile 23�46), NT-proBNP in 162 patients, and TGF-ß1 beta in 108 patients. Elevated levels of
NT-proBNP were found in 20% of the BAV patients, elevated hsTnT in 6%, and elevated hsCRP in 7%. Higher
hsTnT levels were independently associated with aortic regurgitation [odds ratio per doubling (OR2log)
1.34, 95% CI 1.01;1.76] and higher NT-proBNP levels with aortic valve maximal velocity (ß2log 0.17, 95%CI
0.07;0.28) and aortic regurgitation (OR2log 1.41, 95%CI 1.11;1.79). Both BAV patients with (9.9 � 2.7 ng/mL)
and without aortic dilatation (10.4 � 2.9 ng/mL) showed lower TGF-ß1 levels compared to general
population controls (n = 85, 11.8 � 3.2 ng/mL).
Conclusions: Higher NT-proBNP and hsTNT levels were associated with aortic valve disease in BAV patients.
TGF-ß1 levels were lower in BAV patients than in the general population, and not related to aortic dilatation.
Longitudinal data are needed to further investigate the prognostic value of biomarkers in these patients.

© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

A bicuspid aortic valve (BAV) is an aortic valve with only two
cusps instead of three or with three cusps of which two or more are
fused with a raphe in between the cusps. It is the most common
 reserved.
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congenital heart malformation with a prevalence of 0.5–2% in the
general population [1,2]. BAV is accompanied by aortic valve
stenosis in about 65% of cases and by aortic valve regurgitation in
about 40%, although numbers vary between studies, depending on
the age of the patients [3,4]. Furthermore, approximately 50% of
the BAV patients develop aortic dilatation throughout their
lifetime [5]. To guide the optimal timing for surgical interventions
in patients with BAV, accurate prognostication and monitoring of
disease progression of aortic stenosis, aortic regurgitation, or aortic
dilatation, is of great importance. Circulating blood biomarkers
might provide additional information to determine who is at
highest risk for future complications. Currently, there are limited
data on the use of biomarkers in patients with BAV and the data
that are available mainly focus on aortapathology [6]. It is of great
interest to obtain further insight into alterations of growth factors
and mediators in aortic valve degeneration, aortic dilatation, or
myocardial remodeling. The biomarkers troponin-T and N-termi-
nal pro B type natriuretic peptide (NT-proBNP) may be elevated as
a result of pressure overload in aortic stenosis and volume overload
in aortic regurgitation, which can help to identify patients with
increased left ventricular wall stress who may benefit from earlier
treatment. In older patients with degenerative aortic valve
stenosis, higher C-reactive protein (CRP) is associated with more
severe aortic stenosis [7], but no evidence is available on aortic
valve stenosis in patients with a BAV. Finally transforming growth
factor-beta 1 (TGF-ß1) is found to be elevated in blood samples of
patients with aortic dilatation or syndromes [8–11]. Yet, only small
numbers ranging between 9 and 30 patients with a BAV were
included in these studies. This cross-sectional study aimed to
investigate the association between biomarkers [high sensitivity
(hs) CRP, hs TnT, NT-proBNP, and TGF-ß1] and the degree of aortic
valve stenosis or regurgitation, left ventricular ejection fraction
(LVEF), or aortic diameter in a large cohort of adults with BAV.

Methods

Study design and patient population

For this study we included the data of two cohorts of adults
with BAV: the BioCon study, an observational prospective cohort
study including consecutive adults with moderate to complex
congenital heart disease enrolled between 2011 and 2013 [12], and
the BAV study, a multicenter observational cohort study performed
between 2014 and 2016 including patients with BAV and/or Turner
syndrome [13]. We extracted data from adult patients from both
cohort studies with BAV and at least one of the following: 1) aortic
valve stenosis (maximal velocity >2.5 m/s), 2) aortic valve
regurgitation (at least moderate), 3) aortic dilatation of the sinus
of Valsalva or ascending aorta (�40 mm and/or aortic size index
�2.1 cm/m2), 4) aortic coarctation, 5) an aortic valve intervention
(balloon dilatation, resection subvalvular stenosis or valve repair),
or 6) Turner syndrome. Patients who previously underwent aortic
valve or aortic replacement were excluded. All three types of a BAV
according to the Sievers classification were included [14]. This
classification is based on the number of raphes, which is a fused
area between two cusps. BAV with no raphe are called type 0,
valves with one raphe type 1, and valves with two raphes type
2. For research purposes, patients underwent physical examina-
tion, two-dimensional thoracic echocardiography (TTE), and
venous blood sampling on the same day. Hypertension was
defined as current use of antihypertensive medication. The study
complied with the Declaration of Helsinki and was approved by the
medical ethical committee of the Erasmus Medical Center (MEC10-
165 and MEC14-225). Written informed consent was provided by
all patients.
TGF-ß1 measurements in general population controls

Between 2014 and 2015, 145 healthy volunteers were prospec-
tively recruited through an advertisement for healthy subjects and
stratified into five age groups: 20–29, 30–39, 40–49, 50–59, and
60–72 years [15]. TGF-ß1 levels were determined. To create an age-
matched reference group, only the participants with an age under
50 years were included for the current study for TGF-ß1
measurements. The inclusion criteria required that subjects had
normal results on physical examination, echocardiography, and
electrocardiography (ECG). Subjects were excluded when they met
any of the following criteria: cardiovascular disease (including
aortic dilatation, aortic valve stenosis, aortic valve regurgitation);
cardiovascular risk factors consisting of hypertension, diabetes
mellitus, hypercholesterolemia; systemic disease or medication
known to influence cardiac function; or the finding of cardiac
abnormalities during examination. Professional athletes, morbidly
obese subjects (body mass index >40 kg/m2), pregnant women,
and women with breast implants were also excluded. All
participants underwent physical examination, TTE, and venous
blood sampling on the same day at the outpatient clinic.

Echocardiography

Standard 2D TTE was performed by an experienced sonogra-
pher. All studies were acquired using harmonic imaging on an iE33
or EPIQ7 ultrasound system (Philips Medical Systems, Best, the
Netherlands) equipped with a �5–1 matrix-array transducer
(composed of 3040 elements operating at 1–5 MHz). The aorta was
measured during diastole with the leading edge-to-leading edge
method from either the standard parasternal long-axis view or
from a more cranial intercostal window to improve visualization of
the ascending aorta [16]. Aortic valve stenosis was defined based
on a peak aortic velocity of >2.5 m/s [17] and aortic valve
regurgitation was classified as no, mild, moderate, and severe
according to the guidelines of the European Association of
Echocardiography/American Society of Echocardiography [18].
Aortic dilatation was defined as an aortic diameter �40 mm or
aortic size index �2.1 cm/m2 at the level of the sinus of Valsalva or
ascending aorta. All measurements of LVEF based on strain
analyses were performed blinded regarding subject identity using
the 2D CPA suite from Tomtec Imaging Systems (Unterschlies-
sheim, Germany).

Laboratory testing

Venous blood sampling was performed for study purposes only.
NT-proBNP was measured directly in fresh blood samples with the
use of an electrochemiluminesence immunoassay (Roche Diag-
nostics, Basel, Switzerland) in the clinical chemistry laboratory of
the Erasmus MC. The rest of the serum samples were aliquoted and
stored at �80 �C within two hours after withdrawal. hsTnT and
hsCRP were measured in batches in thawed serum samples using
electrochemiluminesence immunoassays (Roche Diagnostics).
Lower limit of detection was 3 ng/L for hsTnT, 0.3 mg/L for hsCRP,
and 0.6 pmol/L for NT-proBNP. TGF-ß1 measurement was only
performed in the patients of the BAV study and healthy controls,
and was performed by the laboratory medical immunology of the
department of Immunology of the Erasmus MC. Serum concentra-
tion of human activated TGF-ß1 was measured by quantitative
sandwich enzyme-linked immunosorbent assay (ELISA) technique
according to the manufacturer's instructions (Duoset1 ELISA, R&D
Systems Europe, Ltd., Abingdon, UK). Before the assay, the latent
TGF-ß1 contained in patients' serum was activated to the
immunoreactive form using acid activation and neutralization.
The lower limit of detection was 31.25 pg/mL. For the control
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subjects, the protocol of TGF-ß1 measurements was exactly the
same as for the BAV patients.

Statistical analysis

Continuous variables are presented as mean � standard
deviation (SD), or median and interquartile range (IQR). Compari-
son of normally distributed continuous variables was done using
the Student’s t test or, in case of a skewed distribution, the Mann-
Whitney test. Biomarker values below the limit of detection (LoD)
were substituted with a value that was equal to 50% of this LoD, for
analytical purposes. Because of a skewed distribution, all
biomarker levels were 2log transformed for further statistical
analysis. The upper limit of normal for NT-proBNP was 14 pmol/L
(�125 pg/mL), on the basis of the recommended cut-off for the
diagnosis of heart failure in patients presenting with non-acute
symptoms [19]. The upper limit of normal was defined as the 99th
percentile of the reference distribution, which corresponded with
14 ng/L for hsTnT [20] and with 10 mg/L for hsCRP [21]. First, the
Pearson (rP) or Spearman (rS) correlation coefficient between
biomarkers, as well as between biomarkers and patient character-
istics was determined. Second, regression analysis was performed
with biomarker levels as independent variable and disease stage as
dependent variable. For disease stage the following variables were
used: maximum velocity (Vmax) across the aortic valve, aortic
valve regurgitation (no, mild, moderate, and severe), aortic
diameter, and LVEF. When the dependent variable was continuous,
linear regression analysis was used, and in case of an ordinal
variable, ordinal logistic regression analysis was used. Significant
univariable associations were further analyzed in multivariable
analysis. First, we adjusted for age and sex only and secondly also
for Vmax, aortic regurgitation, diameter of the sinus of Valsalva
and ascending aorta, and ventricular function. Significant associa-
tions between biomarker levels and disease stage in multivariable
linear regression analysis, were further analyzed using categories
of disease stages. Aortic valve stenosis was categorized into no
aortic valve stenosis (Vmax <2.5 m/s), mild aortic valve stenosis
(Vmax 2.5–3.9 m/s), and severe aortic valve stenosis (Vmax �4.0
m/s). Aortic regurgitation was analyzed categorical as no, mild, and
Fig. 1. Flow charts of participants from the BioCon and BAV study in blood marker ana
BAV, bicuspid aortic valve; hsCRP, high sensitivity C-reactive protein; hsTnT, high sensiti
transforming growth factor beta 1.
moderate/severe aortic valve regurgitation. A sensitivity analysis
was performed by excluding Turner patient. Third, we compared
biomarkers levels between patients with either aortic valve
stenosis or regurgitation and patients without both aortic valve
stenosis or regurgitation. Also biomarker levels were compared
between BAV patients with different Sievers classifications.
Missing data were handled by multiple imputation with five
iterations [22]. All tests were two-sided and a p-value of <0.05
was considered statistically significant. All statistical analyses
were performed using SPSS, version 21.0 (SPSS Inc., Chicago, IL,
USA).

Results

Patient characteristics

The patient selection process is shown in Fig. 1. A total of
183 patients were included with a median age of 34 (IQR 23�46)
years of which 82 (45%) were female (Table 1). NT-proBNP
measurement was available in 162 patients (89%). In a subset of
108 (58%) patients, total TGF-ß1 levels were determined. Patients
in whom TGF-ß1 was measured were significantly older, had larger
aortic diameters, and fewer patients had or were previously
treated for an aortic coarctation compared to the total group of
188 patients. In the total group, a BAV Sievers type 0 was found in
27 (25%) subjects, Sievers type 1 in 144 (79%) subjects, and Sievers
type 2 in 12 (6%) subjects. Moderate or severe aortic valve
regurgitation was found in 50 (27%) patients, aortic valve stenosis
in 80 (44%) patients, and aortic dilatation in 98 (54%) patients. Both
aortic valve regurgitation (at least moderate) and aortic valve
stenosis was found in 34 (19%) patients. LVEF of less than the lower
limit (5th percentile) of the healthy group, which was 45%, was
found in 69 (38%) of the BAV patients.

Blood biomarkers

The levels of each biomarker are shown by scatterplots in
Fig. 2. An elevated NT-proBNP level was found in 37 (20%) patients,
an elevated hsTnT level in 10 (6%) patients, and an elevated hsCRP
lysis.
vity troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TGF beta 1,



Table 1
Baseline characteristics.

hsCRP and hsTnT
(total group)

NT pro-BNP TGFß1 (only measured
in BAV study)

Healthy controls for
TGFß1 measurements

n = 183 n = 162 n = 108 n = 85

Age (years) 34 (23�46) 31 (23�43) 38 (25�52)a 36 (28�42)
Female sex 82 (45%) 72 (44%) 42 (39%) 43 (51%)
Height (cm) 176 (164�183) 176 (165�183) 178 (162�186) 175 (167�182)
Weight (kg) 75 � 15 75 � 15 75 � 15 73 � 13
Systolic blood pressure (mmHg) 127 � 17 127 � 17 126 � 16 123 � 12
Diastolic blood pressure (mmHg) 79 � 11 79 � 11 78 � 11 78 � 8
Aortic diameter, sinus of Valsalva (mm) 35 � 6 35 � 6 37 � 6a 31 � 3a

Aortic diameter, ascending aorta (mm) 36 � 8 36 � 8 38 � 7a 29 � 3a

Left ventricular ejection fraction (%) 47 � 8 47 � 8 46 � 8 52 � 4a

BAV morphology
Sievers type 0 27 (15%) 22 (14%) 27 (25%) –

Sievers type 1 144 (79%) 128 (79%) 70 (65%) –

Sievers type 2 12 (6%) 12 (7%) 11 (10%) –

Comorbidities
Aortic coarctation 59 (32%) 57 (35%) 15 (14%)a 0 (0%)
Aortic regurgitation > mild 50 (27%) 46 (28%) 32 (30%) 0 (0%)
Aortic valve stenosis (Vmax�2.5 m/s) 80 (44%) 70 (43%) 44 (41%) 0 (0%)
Diabetes mellitus 1 (1%) 0 (0%) 1 (1%) 0 (0%)
Hypertension 40 (22%) 33 (20%) 25 (23%) 0 (0%)
Hypercholesterolemia 10 (6%) 6 (4%) 8 (7%) 0 (0%)
Turner syndrome 22 (12%) 14 (9%) 20 (19%) 0 (0%)

Previous aortic valve intervention
Surgical aortic valve repair 5 (3%) 4 (3%) 1 (1%) 0 (0%)
Percutaneous balloon dilatation 18 (10%) 18 (11%) 12 (11%) 0 (0%)
Resection subvalvular stenosis 7 (4%) 7 (4%) 0 (0%) 0 (0%)

Values are presented as mean (SD) or median (IQR) for continuous variables and N (%) for categorical variables. Data represent non-imputed values. Missing values were
present for blood pressure (1% in BAV patients), aortic diameter at the sinus of Valsalva (1% in BAV patients), ascending aortic diameter (2% in BAV patients and 1% in
healthy controls), and left ventricular ejection fraction (8% in BAV patients and 14% in healthy controls).
BAV, bicuspid aortic valve; hsCRP, high sensitivity C-reactive protein; hsTnT, high sensitivity troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TGF beta 1,
transforming growth factor beta 1.
a Significantly different from the total group, p-value <0.05. Values of 0 (0%) could not be tested for significance.
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level in 12 (7%) patients. In our reference cohort of 85 volunteers,
mean TGF-ß1 levels were 11.8 � 3.2 ng/mL and not significantly
associated with age (rp = 0.13, p = 0.227) or sex (11.6�2.7 ng/mL in
men vs 12.0�3.6 ng/mL in women, p = 0.640) (Supplemental). A
significantly lower TGF- ß1 was found in both BAV patients with
aortic dilatation (9.9 � 2.7 ng/mL) and BAV patients without aortic
dilatation (10.4 � 2.9 ng/mL) compared to healthy controls with
tricuspid aortic valve (TAV) (11.8 � 3.2 ng/mL) (Fig. 3), also after
correction for age. We found significant correlations between
Fig. 2. Biomarker levels in adults with BAV. Biomarker levels are presented at the Y-ax
represents the upper limit of normal, defined as the 99th percentile of the reference distri
of normal for NT-proBNP was 14 pmol/L (�125 pg/mL), on the basis of the recommen
symptoms.
BAV, bicuspid aortic valve; hsCRP, high sensitivity C-reactive protein; hsTnT, high sensit
transforming growth factor beta 1.
hsCRP and hsTnT (rs = 0.15, p = 0.042), hsCRP and NT-proBNP (rs =
0.35, p < 0.001), and NT-proBNP and TGF-ß1 (rs=�0.24, p = 0.025).

None of the biomarkers showed an association with aortic
diameter or left ventricular function in multivariable analysis
(Table 2). A two-fold higher hsTnT level was independently
associated with an increased risk of one higher grade of aortic
regurgitation by a factor of 1.34 (95% CI 1.01;1.76). When aortic
valve regurgitation was categorized as no, mild, or moderate/
severe, hsTnT was only significantly higher in the patients with
is on the 2log-scale. The continuous line represents the median. The dashed line
bution for hsCRP and hsTnT, corresponding with 10 mg/L and 14 ng/L. The upper limit
ded cut-off for the diagnosis of heart failure in patients presenting with nonacute

ivity troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TGF beta 1,



Fig. 3. TGF beta 1 levels in BAV patients with and without aortic dilatation (�40 mm
and/or aortic size index �2.1 cm/m2) and healthy controls. Biomarker levels are
presented at the Y-axis on the 2log-scale. The continuous line represents the median.
BAV, bicuspid aortic valve; TGF beta 1, transforming growth factor beta 1.

Table 2
Linear or ordinal logistic regression analysis of biomarkers and continuous variables re

Correlation analysis 

Correlation coefficient 

Log2 hsCRP
Aortic valve stenosis (Vmax in m/s) 0.00 

Aortic valve regurgitation (no, mild, moderate, severe) �0.02 

Aortic diameter at the level of sinus of Valsalva (mm) 0.00 

Aortic diameter at the level of ascending aorta (mm) 0.01 

Left ventricular ejection fraction (%) 0.01 

Log2 hsTnT
Aortic valve stenosis (Vmax in m/s) 0.11 

Aortic valve regurgitation (no, mild, moderate, severe) 0.16 

Aortic diameter at the level of sinus of Valsalva (mm) 0.29 

Aortic diameter at the level of ascending aorta (mm) 0.19 

Left ventricular ejection fraction (%) 0.10 

Log2 NT-proBNP

Aortic valve stenosis (Vmax in m/s) 0.19 

Aortic valve regurgitation (no, mild, moderate, severe) 0.14 

Aortic diameter at the level of sinus of Valsalva (mm) �0.04 

Aortic diameter at the level of ascending aorta (mm) 0.03 

Left ventricular ejection fraction (%) 0.17 

Log2 TGFß1
Aortic valve stenosis (Vmax in m/s) �0.11 

Aortic valve regurgitation (no, mild, moderate, severe) �0.01 

Aortic diameter at the level of sinus of Valsalva (mm) 0.19 

Aortic diameter at the level of ascending aorta (mm) �0.03 

Left ventricular ejection fraction (%) �0.13 

Bold = significant in multivariable analysis.
hsCRP, high sensitivity C-reactive protein; hsTnT, high sensitivity troponin T; NT-proB
factor beta 1.
a Adjusted for age, sex, Vmax, aortic valve regurgitation, aortic diameters, and left v
b Beta coefficient was given for linear regression analysis performed with Vmax, aortic 

given for ordinal logistic regression analysis performed with aortic regurgitation (no
c Not significant after adjustment for only age and sex.
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moderate/severe aortic valve regurgitation compared to patients
with no aortic valve regurgitation (Fig. 4).

A two-fold higher NT-proBNP level was independently associ-
ated with a mean 0.17 (95% CI 0.07;0.28) m/s higher Vmax. In
addition, a two-fold higher NT-proBNP level was independently
associated with an increased risk of one higher level of aortic
regurgitation by a factor of 1.41 (95% CI 1.11;1.79). When aortic
valve stenosis was categorized into three groups, NT-proBNP levels
were only significantly higher in patients with severe aortic valve
stenosis (Vmax >4.0 m/s) compared to patients with no aortic
valve stenosis (Fig. 4). No significant differences in NT-proBNP
levels were found between the three categories of aortic valve
regurgitation. The comparison between patients with either aortic
stenosis or aortic regurgitation and patients without stenosis and
regurgitation can be found in Supplemental. Supplemental shows
the comparison in biomarker level between patients with different
Sievers classification. When Turner patients were excluded from
the analysis, the results remained the same.

Discussion

This cross-sectional study investigated the levels of hsCRP,
hsTNT, NTproBNP, and TGF-ß1 in a large cohort of adults with BAV.
We can conclude that a substantial number of patients with BAV
have elevated levels of NT-proBNP, hsTnT, and hsCRP. TGF-ß1 levels
were found to be lower in patients with BAV than in a healthy age-
matched control population with TAV. A higher NT-proBNP was
significantly associated with a higher maximum velocity across the
aortic valve and more severe aortic valve regurgitation. In addition,
higher hsTnT levels were associated with more severe aortic valve
regurgitation. Specifically, high levels of NT-proBNP were present
in patients with severe aortic stenosis (�4.0 m/s) and high levels of
presenting disease progression.

Univariable regression analy-
sis

Multivariable regression ana-
lysisa

p-value ß or OR (95% CI)b p-value ß or OR (95% CI)b p-value

0.981 0.02 (-0.07;0.11) 0.300
0.827 0.99 (0.85;1.15) 0.716
0.996 0.02 (-0.51;0.56) 0.938
0.855 0.01 (-0.64;0.67) 0.972
0.191 0.01 (-0.57;0.83) 0.725

0.132 0.09 (-0.04;0.22) 0.164
0.035 1.29 (1.03;1.57) 0.030 1.34 (1.01;1.76) 0.041
<0.001 1.56 (1.17;1.95) <0.001 0.07 (-0.61;0.76) 0.838c

0.011 1.39 (0.44;2.33) 0.004 �0.40 (-1.40;0.60) 0.431c

0.260 0.49 (-0.63;1.61) 0.384

0.016 0.16 (0.05;0.26) 0.003 0.17 (0.07;0.28) 0.002
0.070 1.22 (1.01;1.47) 0.035 1.41 (1.11;1.79) 0.005
0.593 �0.18 (-0.81;0.46) 0.592
0.694 0.16 (-0.64;0.95) 0.693
0.035 0.94 (0.08;0.09) 0.033 0.36 (-0.73;1.44) 0.518c

0.277 �0.38 (-0.88;0.12) 0.137
0.944 0.92 (0.37;2.30) 0.866
0.045 3.01 (0.10;5.92) 0.043 1.32 (-1.06;3.70) 0.278c

0.758 �0.60 (-4.37;3.18) 0.757
0.205 �2.60 (-6.59;1.38) 0.200

NP, N-terminal pro-B-type natriuretic peptide; TGF beta 1, transforming growth

entricular ejection fraction.
diameter, or left ventricular ejection fraction as dependent variables. Odd ratio was
, mild, moderate, severe) as dependent variable.



Fig. 4. NT-proBNP and hsTnT levels in patients with different stages of aortic valve stenosis and aortic valve regurgitation.
Biomarker levels are presented at the Y-axis on the 2log-scale. The continuous line represents the median.
NT-proBNP, pro-B-type; hsTnT, high-sensitivity troponin T.

L.R. Bons et al. / Journal of Cardiology 76 (2020) 287–294292
hsTnT were present in patients with moderate to severe aortic
valve regurgitation.

In contrast to imaging biomarkers, blood biomarkers can be
obtained in all patients and at relatively low cost, making them
very suitable as diagnostic and useful in prediction models. This
study already showed that patients with BAV have higher levels of
NT-proBNP, hsTnT, and hsCRP and lower levels of TGF- ß1, which
can help us to understand the pathophysiology of complications in
patients with BAV. In addition, this is the first study that evaluated
associations between biomarkers and disease stage in this specific
group of patients with BAV and demonstrated that particularly NT-
proBNP and hsTNT may have potential prognostic value in adults
with a BAV. Whether biomarker levels can predict deterioration of
aortic valve pathology and can be used for clinical decision-making
in BAV patients should be further investigated in longitudinal
studies.

NT-proBNP in BAV patients

NT-proBNP is associated with ventricular dysfunction in
patients with congenital aortic valve stenosis [23] and is elevated
in older individuals with calcified aortic valve stenosis [24] or
aortic valve regurgitation [25]. In older patients with aortic
stenosis, the prognostic value of NT-proBNP has also been proven
[26,27]. However, BAV patients differs genetically, histopathologi-
cally, and in age from the patient group of aortic valve degeneration
represented in literature. BAV patients are prone to develop aortic
valve stenosis, aortic valve regurgitation, or aortic dilatation at a
relatively young age [28]. We showed that NT-proBNP levels are
associated with aortic valve stenosis and regurgitation in BAV
patients. NT-proBNP expression is induced by diastolic and systolic
myocardial wall stretch [29]. This can be a result of both aortic
valve stenosis and regurgitation due to increased left ventricular
pressure afterload or volume overload respectively. Two studies
[29,30] that included relatively old patients with aortic valve
stenosis, showed that NT-proBNP and BNP are already elevated in
patients with normal LV end-diastolic pressure or left atrial
pressure, compared to controls. This might suggest that NT-proBNP
is already elevated before patients with aortic valve stenosis or
regurgitation develop increased pressures and compensated
hypertrophy. However, to answer the question whether NT-
proBNP could help to identify BAV patients with future LVEF
deterioration, longitudinal studies are required.

hsTnT in BAV patients

Troponin T, a marker of myocardial injury, is not only elevated in
acute coronary syndrome, but it can also be elevated in chronic
heart failure [31] as a result of multiple suspected contributing
mechanisms including cardiomyocyte damage from inflammatory
cytokines or oxidative stress, apoptosis, or a stretch-related
mechanism [32]. Troponin T levels also have a predictive value
of long-term outcome in patients with non-ischemic heart failure
[33]. Again these studies are performed in older patients compared
to the BAV patients included in our study and therefore probably
represent another disease etiology. Although we did not find an
association between hsTnT levels and LVEF, we did find that hsTnT
levels were associated with more severe aortic valve regurgitation
in BAV patients. One hypothetical explanation might be the
reduced coronary blood flow during diastole found in patients with
aortic regurgitation [34,35], which can result in cardiomyocyte
damage and therefore increased hsTnT levels. A reduced coronary
blood flow is also found in patients with aortic stenosis [36], while
aortic stenosis was not associated with increased hsTnT levels in
our cohort.

hsCRP in BAV patients

In older patients with aortic stenosis, Galante et al. found that
inflammatory markers, such as CRP, were elevated [37]. Statins
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have been tested and suggested as a new treatment to reduce the
progression of aortic valve stenosis, because they reduce vascular
inflammatory processes besides their already known cholesterol-
lowering effect [38]. Nevertheless, large randomized controlled
trials did not find an effect of statin therapy on cardiovascular
events, mortality, or valve dynamics in patients with aortic valve
stenosis [39]. In our study, CRP levels did not show an association
with the severity of aortic valve stenosis in BAV patients,
suggesting that inflammation is less likely to be involved as the
underlying process of aortic valve stenosis development in BAV
patients. This finding confirms that indeed there is no clear role for
statin therapy. A theory of dilatation of the aorta is presumed to be
a process of inflammation, in this study we did not find an
association between aorta diameter and the level of hsCRP. The
reason for this could be that this process only plays a role in late
stage of dilatation and the number of patients with a large aortic
diameter might have been too small.

TGF-beta 1 in BAV patients

There has been attention for biomarkers in BAV-associated aortic
pathology, focusing on matrix metalloproteinases (MMPs), tissue
inhibitors of metalloproteinase (TIMP), and TGF-ß [6,40]. Although
TGF-ß also seems to be important in thoracic aortic aneurysm
development in BAV [41], we did not find an association between
serum TGF-ß1 levels and aortic diameter in BAV patients. Our results
did show, however, that TGF-ß1 levels are decreased in patients with
BAV, both with and without aortic dilatation. This is in line with a
study investigating aortic tissue, since they found that a higher
proportion of TGF-ß sequestered in the extracellular matrix found in
BAV compared to a TAV, probably leads to less free TGF-ß being
available to activate the TGFß-pathway [42]. The development of
aortic dilatation in BAV patients does not seem to be associated with
an increased TGF-ß signaling, such as in Marfan and Loeys-Dietz
syndrome. This is confirmed by another study, which also presented
a group of non-dilated BAV patients in whom TGF-ß was less
expressed in aortic tissue [43]. This different activation of the TGF-ß
pathway in aortic dilatation between BAV patients and patients with
Marfan or Loeys-Dietz syndrome needs further attention. Contra-
dictory, other studies presented results with higher TGF-ß1 in BAV
patients [10,11] or no difference in TGF-ß1 between BAV and TAV
participants [9], but these studies contained only 30, 24, and 12 BAV
patients. Also it is important to mention that platelets are a major
source of TGF-ß1 in the circulation. It has been shown that patients
with BAV tend to have a higher mean platelet volume [44], indicating
increased platelet activation. If this increased platelet activation had
affected the TGF-ß1 measurements, BAV patients would have had
higher TGF-ß1 levels. However, we found lower levels of TGF-ß1 in
BAV patients, but no information on platelet levels was available to
substantiate this assumption.

In addition, we provided reference values for TGF-ß1, based on
85 healthy volunteers without aortic dilatation with an age range
from 20 to 50 years. The mean TGF-ß1 levels that we found (11.8 �
3.2 ng/mL) were both lower [45] or higher [8,9] than in previously
published studies. This could possibly be due to differences in
affinity of the antibodies in the immunoassays or inclusion of
different reference groups (patient without BAV versus local
population). Since the current literature presents a large variation
in reference levels of circulating TGF-ß1, reference levels should be
measured with the same technique, preferably measured in the
same laboratory.

Limitations

Some limitations of our study need to be addressed. The lack of
follow-up data prevented us to evaluate the longitudinal
prognostic value of these biomarkers. In addition, patients who
previously underwent aortic valve or aortic replacement were
excluded and therefore BAV patients with the most severe disease
stage were less likely to be included in this study. Finally,
measurements of LVEF were based on strain analyses in both
BAV patients and healthy controls, while the biplane method of
disks is the currently recommended 2D method to assess LVEF [46].
A substantial variation between techniques has to be taken into
account, with the values found in our study being lower compared
to the values referred to as abnormal by the guidelines: LVEF of
<52% for men and <54% for women are suggestive of abnormal LV
systolic function [16].

Conclusion

A substantial number of patients with BAV have elevated levels
of NT-proBNP, hsTnT, and hsCRP and they show lower levels of TGF-
ß1 compared to healthy controls with TAV. In BAV patients, higher
NT-proBNP was associated with more severe aortic valve stenosis
and regurgitation, while higher hsTnT levels were associated with
more severe aortic valve regurgitation. No independent association
between hsCRP and TGF-ß1 with the degree of aortic valve stenosis
or regurgitation, LVEF or aortic diameter was found. This is the first
step toward the identification of a biomarker that can be used in
prognostic staging and risk prediction.
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