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Osteopontin predicts clinical outcome
in patients after treatment of severe
aortic stenosis with transcatheter aortic
valve implantation (TAVI)
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ABSTRACT

Objective Osteopontin (OPN) is an extracellular

matrix protein that plays an integral role in myocardial
remodelling and has previously been shown to be a
valuable biomarker in cardiovascular disease. Because

of the concentric myocardial hypertrophy associated with
severe, symptomatic aortic stenosis (AS), we hypothesised
that OPN expression may have a prognostic value in
patients undergoing transcatheter aortic valve implantation
(TAVI).

Methods We prospectively included 217 patients
undergoing TAVI between February 2011 and December
2013 with a median follow-up of 349 days. Twenty healthy
individuals from the same age range free from structural
heart disease served as controls. The primary endpoint for
the analysis was survival time.

Results Median preprocedural OPN levels (675 ng/mL;
IQR 488.5-990.5 ng/mL) were significantly higher in
patients with severe aortic valve stenosis compared with
healthy controls (386 ng/mL; IQR 324.5-458, p<0.001).
Patients with increased OPN values showed at baseline a
decreased 6 min walk test performance, increased rates
of atrial arrhythmia, and an increased risk of death during
follow-up (HR 2.2; 95% CI 1.3 to 3.5 for the comparison

of the highest vs lowest OPN quartile). Multiple Cox
regression analysis demonstrated that OPN improves the
prediction of an adverse prognosis further than N-terminal
probrain natriuretic peptide.

Conclusions OPN levels at baseline are associated with
adverse outcomes in patients with severe, symptomatic AS
undergoing TAVI.

INTRODUCTION
Transcatheter aortic valve implantation
(TAVI) has become a well-established

method for the treatment of severe symp-
tomatic aortic stenosis (AS) in inoperable
and high-risk patients."™ This assessment
is based on risk stratification for which
the logistic EuroSCORE (Log ES) and the
Society of Thoracic Surgeons (STS) PROM
Score are used"” in addition to further
patientrelated parameters such as aortic
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What is already known about this subject?

» Preprocedural risk stratification of patients
with symptomatic aortic stenosis undergoing
transcatheter aortic valve implantation (TAVI)
remains difficult. There is an ongoing controversy
whether  biomarkers might add relevant
information.

What does this study add?

» Preprocedurally elevated osteopontin levels are
significantly associated with adverse outcome
after TAVI. Thereby osteopontin appears to be
superior to the established biomarker N-terminal
probrain natriuretic peptide.

How might this impact on clinical practice?

» This study provides further evidence that novel
biomarkers such as osteopontin might improve
preprocedural risk stratification in patients
undergoing TAVI. Thus, elevated osteopontin levels
might trigger interventions still to be defined to
optimise the patient’s status before undergoing
TAVI.

mean gradient, left atrial diameter, red cell
distribution width, comorbidities, as well as
preprocedural haemoglobin and others.”’
Currently, all available clinical information
is being judged and weighted by an inter-
disciplinary heart team, consisting of an
interventional cardiologist, cardiac surgeon
and anaesthesiologist, to achieve the best
therapy for each individual patient. In addi-
tion to this strategy, further improvement in
the risk assessment for patients undergoing
TAVImay be expected from biomarkers such
as N-terminal probrain natriuretic peptide
(NTproBNP), high-sensitivity troponin T
(hsTNT) levels and cancer antigen (CA)-
125, which have been shown to provide
further prognostic information.'’™"”
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Table 1 Baseline characteristics of patients requiring TAVI (n=217)

mean=SD, median (IQR) or n (%)

mean=SD, median (IQR) or %

Age (years) 82 (78-86)
Male 96 (44.2%)
BMI (kg/m?) 26.2 (23.7-29.1)
NYHA classification
| 9 (4.2%)
Il 61 (28.1%)
Il 122 (56.2%)
v 25 (11.5%)
AFIB/AFLUT 97 (44.7%)
Significant CAD 161 (74.2%)
Previous cardiac surgery 87 (40.1%)
CoPD 39 (18.0%)
Diabetes 64 (29.5%)
Dyslipidaemia 108 (49.8%)
Hypertension 197 (90.8%)
Peripheral vascular disease 86 (25.4%)
Cerebrovascular disease 33 (15.2%)
GFR
<30mL/min 11 (5.1%)
30-45mL/min 49 (22.6%)
45-60 mL/min 106 (48.9%)
>60 mL/min 51 (23.5%)
STS PROM score 5.2% (3.5-7.8)
<10% 190 (87.6%)
>10% 27 (12.4%)

LogES | 20.1% (13.6-32.6)
<20% 107 (49.3%)
>20% 110 (50.7%)

ESII 6.1% (3.8-10.3)
NTproBNP (pg/mL) 2094 (932-4970.5)
Osteopontin (ng/mL) 675 (488.5-990.5)
EF

<35% 25 (11.5%)
35%—45% 42 (19.4%)
46%-54% 41 (18.9%)

>55% (50.2%)

Systolic pulmonary 42 (34-53)
hypertension

<35mm Hg (29.5%)
35-59mm Hg (58.5%)

>59mm Hg (17.1%)

Aortic valve area (cm?) 0.7 (0.6-0.8)
AR>2, invasive (24.9%)

AFIB, atrial fibrillation; AFLUT, atrial flutter; AR, aortic regurgitation; BMI, body mass index; CAD, coronary artery disease; COPD,
chronic obstructive pulmonary disease; EF, ejection fraction; ES Il, EuroSCORE Il; GFR, glomerular filtration rate; Log ES, logistic
EuroSCORE; NTproBNP, N-terminal probrain natriuretic peptide; NYHA, New York Heart Association; STS, Society of Thoracic Surgeons;

TAVI, transcatheter aortic valve implantation.

Osteopontin (OPN) is a glycoprotein that is expressed
in various cell types, including cardiomyocytes and fibro-
blasts and can exist as an immobilised extracellular matrix
molecule as well as a soluble cytokine. Because of its localisa-
tion in the myocardium and its molecular properties, OPN
has been suspected to be involved in the communication
between the extracellular matrix and cardiomyocytes."*
In addition, OPN is required for myofibroblast differ-
entiation in cardiac fibrosis.'” Along these lines, OPN is
markedly upregulated in several animal models of cardiac
hypertrophy and heart failure'® ' as well as in patients with
chronic heart failure due to reduced left ventricular func-
tion," which implies a role in myocardial remodelling in
response to biomechanical stress.

In the context of this background, we hypothesised
that OPN might be of prognostic value in patients with
severe symptomatic AS and cardiac hypertrophy under-
going transcatheter aortic valve replacement.

METHODS

Study design and patient selection

For the purpose of this research, we enrolled a total of
217 patients undergoing TAVI at the University Hospital
Schleswig-Holstein (UKSH) Medical Centre in Kiel
(Germany) between February 2011 and December 2018."
The study was approved by the local ethics committee
and conducted in accordance with the Declaration of
Helsinki. All patients and healthy individuals provided
written informed consent.

Eligibility for TAVI was determined based on the pres-
ence of severe symptomatic AS (as defined by mean
gradient >40mm Hg, Aortic Valve Area (AVA) <1.0cm?
and/or an indexed AVA of <0.6cm2/ m2, respectively), a
high Log ES, EuroSCORE II (ES IT) and STS PROM-Score,
an age typically of more than 75 years, the presence of
porcelain aorta, previous cardiac surgery or chest radiation
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OPN is elevated in patients with symptomatic AS. (A) Median OPN plasma levels in patients with AS (n=217) are

significantly higher compared with the control sample (n=20). 386 ng/mL (IQR 323-470ng/mL) vs 675ng/mL (IQR 488-990.5ng/
mL), p<0.001. (B) In patients with reduced 6 min walk test OPN levels (702 ng/mL; IQR 507-1061 ng/mL) are elevated in
contrast to patients with a walking distance of more than 250 m (528 ng/mL; IQR 432-787 ng/mL), p=0.003. (C) Levels of OPN
in patients with atrial fibrillation or flutter are significantly higher (821 ng/mL; IQR 544-1181ng/mL) than in patients with sinus
rhythm (639 ng/mL; IQR 458-781 ng/mL), p<0.001. AS, aortic stenosis; OPN, osteopontin.

and other comorbidities.”” The decision to perform TAVI
was exclusively based on the decision of the institutional
heart team. For the control group, 20 healthy individuals of
a comparable age spectrum, free of any cardiac abnormali-
ties were chosen from an institutional biobanking database.
The absence of structural cardiac diseases was confirmed by
echocardiography and ECG.

All patients undergoing TAVI were treated with
balloon-expandable Edwards SAPIEN XT transcatheter
heart valves that can be used via transfemoral (TF), tran-
sapical (TA) and transaortic (TAo) delivery. The SAPIEN
XT is a bovine pericardial tissue valve available in 23, 26
and 29 mm sizes.

Clinical assessment and data collection

Before TAVI all patients underwent coronary angiog-
raphy, left and right heart catheterisation. Transthoracic
and transoesophageal echocardiographies were obtained
before and (transthoracic only) 7 days after TAVI. In case
of a significant coronary stenosis, percutaneous coronary
intervention (PCI) was performed typically at least 7
days before valve implantation to prevent revascularisa-
tion-related influence on biomarker levels. Basic clinical
assessment was completed by a 12-lead ECG registration,
cerebrovascular duplex ultrasound, pulmonary function
test and a complete laboratory work-up. In addition, all
patients underwent cardiac CT scan as well as a CT angi-
ography.

During the preprocedural clinical assessment the
following supplementary parameters were collected: age,
sex, body mass index (BMI), New York Heart Association
(NYHA) functional classification, degree of coronary
artery disease (CAD), previous heart surgery, degree
of pulmonary hypertension, comorbidities (ie, chronic
obstructive pulmonary disease (COPD), diabetes, dyslip-
idaemia, hypertension, peripheral vascular disease,
cerebrovascular disease and chronic kidney disease based
on glomerular filtration rate (GFR)) and risk assessment
scores (Log ES and STS PROM).

Follow-up assessments: For regular follow-up,
patients were invited to yearly follow-up visits. Before
data extraction, vital status or exact date of the death
of the patients was confirmed by telephone or by their
general practitioners.

Biomarker measurement

Blood samples were collected 1day before TAVI and
processed immediately at the in-house laboratory at
UKSH Kiel. Plasma samples were stored at -80°Cuntil they
were sent to our institution’s core facility for biomarker
measurement. OPN was measured using the Quantikine
Human OPN immunoassay from R&D Systems (Minne-
apolis, USA) that employs the quantitative sandwich
enzyme immunoassay technique. The minimal detection
dose of OPN in this assay is 0.011 ng/mL. NTproBNP was
measured using a system from Roche Diagnostics (Mann-
heim, Germany).

Statistical analysis

Dichotomous and categorical data are presented using
percentages and continuous variables are summarised
using standard statistics, that is, as mean and SD (for
approximately normally distributed variables), or
median, lower and upper quartiles (for not normally
distributed variables). Associations between catego-
rised OPN levels and other clinical variables were
assessed by x2 tests, t-tests or Wilcoxon rank-sum tests,
as appropriate. For survival analyses, all continuous
variables were dichotomised since in our experience
there is often a non-linear relationship between contin-
uous variables and survival which can be modelled by
using appropriate thresholds. For clinical variables,
thresholds are based on previous publications if
available (such as Log ES >20%, STS >10%, GFR, ejec-
tion fraction, valve diseases) or based on upper quartile
(age, BMI, ES II), since most of the variables showed
skewed distributions. Therefore, measured biomarker
levels (OPN, NTproBNP) were categorised in category

Lutz M, et al. Open Heart 2017;4:€000633. doi:10.1136/openhrt-2017-000633

3

“ybBuAdoa Aq parosioid 1sanb Aq 202 ‘0z YoJe uo jwod’fwg esyuadoy/:dny wolj papeojumoq ‘2 T0Z dunt 0T U0 ££9000-2T02-Myuado/9eTT 0T Sk paysiignd 1siy :ueaH uado


http://openheart.bmj.com/

Open Heart 8

O=first to third quartile and category l=fourth quar-
tile. All preprocedural prognostic factors, which were
significant in the log-rank test, were included into a
multiple Cox regression model. Following backward
selection was based upon the likelihood ratio criteria.
The proportional hazard assumption was checked
using weighted residuals and none of the prognostic
factors were found to be significant. In order to inves-
tigate whether baseline OPN values are relevant only
for short-term survival (up to 6 months post TAVI) or
also for longer term survival, we performed additional
survival analysis based on the subsample of patients
surviving at least 6 months (using only baseline vari-
ables as predictors).

All statistical analyses were performed using SPSS V.22
and the statistical software R V.3.2.2 (package survival). p
Values <0.05 were considered to be statistically significant,
without adjusting for multiple comparisons.

RESULTS

Baseline patient characteristics

During the recruiting period, a total of n=295 patients
were treated by TAVI at our centre. A total of 217 patients
gave informed consent and completed the follow-up
(median 349 days (IQR: 106-656 days, min 0, max 1081
days), table 1). The median age of our sample was 82
years (IQR 78-86), and 96 patients (44.2%) were male.
For the majority of patients, the TF access was chosen
(56.7%), followed by TA (33.2%) and TAo (10.1%).

With regard to heart failure, enrolled patients were
highly symptomatic with most of the subjects falling
within NYHA class III. Approximately three out of four
displayed significant CAD. Moreover, about 45% of the
patients had a history of atrial fibrillation/atrial flutter
(AFIB/AFLUT). There were no significant differences
in patient characteristics when considering the various
TAVI delivery routes. The most common comorbidity
was hypertension, followed by dyslipidaemia and
diabetes. Many subjects had reduced kidney function
(reduced calculated GFR). Mean values for C-reac-
tive protein, creatinine and haemoglobin were within
normal ranges (data not shown). The baseline median
STS PROM score was 5.24% (IQR 3.5-7.8), whereas
median Log ES and median ES II were 20.1% (IQR
13.6%-32.6%) and 6.1% (IQR 3.8%-10.3%), respec-
tively. Median pre-TAVI NTproBNP level was 2094
(IQR 932-4970.5) pg/mL. Approximately 1 out of 10
patients displayed severely reduced left ventricular
function and a large proportion of subjects presented
with significant pulmonary hypertension. Mean aortic
valve area was 0.67 cm®.

A control group of 20 healthy individuals (10 male)
with a median age of 79 years (IQR 77.3-81.8) was also
available. The health status was proofed by the absence
of relevant cardiovascular diseases or relevant cardiovas-
cular risk factors such as diabetes. Structural heart disease
was ruled out by transthoracic echocardiography.

OPN in patients with severe AS and its association with
clinical variables

The median OPN plasma level in the control sample
(n=20) was 386ng/mL (IQR 323-470ng/mL). Patients
with AS displayed a significantly higher median OPN
plasma level of 675ng/mL (IQR 488.5-990.5ng/mlL,
p<0.001, figure 1A).

To assess the clinical picture associated with OPN
elevations, we correlated the result of a 6 min walk test
to OPN levels. We found a significantly higher level
of OPN (702ng/mL; IQR 507-1061) in patients with
reduced 6 min walk test (lower than 250 m) as compared
with patients with a walking distance of more than 250
m (OPN levels of 528ng/mL; IQR 432-787, p=0.003,
figure 1B). The absolute distance of the 6min walk test
correlated negatively with absolute OPN levels (r = -0.24;
p<0.001). The classification of the level of heart failure
based on the NYHA functional class showed no signifi-
cant relation to OPN levels (p=0.588).

Finally, we found significantly elevated levels of OPN
in patients with AFIB or AFLUT (821ng/mL; IQR
544-1181) in contrast to patients with sinus rhythm
(639ng/mL; IQR 458-781; p<0.001, figure 1C).

Variables associated with elevated preoperative OPN
levels

To further understand which variables might influence
or might be associated with elevated pre-TAVI OPN
levels, we compared patient groups with lower versus
higher OPN levels (first to third quartile vs fourth quar-
tile) (table 2). The well-known prognostic factors AFIB/
AFLUT (p=0.003), elevated STS PROM score (>10%,
p=0.007), Log ES (>20%, p=0.008), ES II (upper quar-
tile, p=0.044), preprocedural aortic valve gradient mean
(p=0.035) and several Valve Academic Research Consor-
tium-2 (VARC-2) criteria were linked to higher OPN
levels. No procedural variables were associated with
elevated OPN levels. All recorded VARC-2 criteria, strat-
ified into the two groups with lower versus higher OPN
levels (first to third quartile vs fourth quartile), are shown
in table 3.

Analysis of predictors of survival in patients undergoing
aortic valve replacement by TAVI

In the next step, we analysed which factors were associ-
ated with mortality in this patient cohort. In table 4 we
summarised the results of the comparison of survival
times for all variables individually. Significantly
increased risk for premature death was observed in
patients presenting with AFIB or AFLUT (p=0.018) and
COPD (p=0.009). Moreover, we found that an elevated
STS PROM score >10% (p=0.017), Log ES >20%
(p<0.001), upper quartile of ES II (>10.3%, p=0.016),
preprocedural NTproBNP levels in the upper quartile
(p=0.035), TAo and TA access (compared with TF)
and some VARC-2 outcomes (including kidney injury)
were associated with increased mortality after the TAVI
procedure.
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OPN first to third quartile (h=163)  OPN fourth quartile (n=54) p Value

Male (%) 138 (46.0%) 84 (38.9%) 0.43

Delivery route (%) 0.259

Transaortic 21 (9.8%) 24 (11.1%)

NYHA classification 0.588

I 49 (30.1%) 12 (22.2%)

v 17 (10.4%) 8 (14.8%)

Dyslipidaemia 86 (52.8%) 22 (40.7%) 0.158

GFR 0.161

30-45mL/min 33 (15.2%) 16 (7.4%)

>60 mL/min 44 (20.3%) 7 (3.2%)

COPD 29 (17.8%) 10 (18.5%) 1.000

Previous cardiac surgery 65 (39.9%) 22 (40.7%) 1.000

STS PROM score 4.8 (3.1-6.7) 6.9 (5.1-9.8) 0.252

>10% 14 (8.6%) 13 (24.1%)

<20% 89 (54.6%) 18 (33.3%) 0.011

ESII 5.64 (3.5-10.03) 8.57 (5.13-14.74) 0.004

>10.3% 34 (64.81%) 19 (35.19%)

<1.39 125 (76.7%) 39 (72.2%) 0.584

NTproBNP (pg/mL) 1787 (857-3879) 3303.5 (1360-8429) 0.003

>4970.5 32 (19.6%) 22 (40.74%)

<35% 17 (10.4%) 8 (14.8%)

46%-54% 29 (17.8%) 12 (22.2%)
Continued
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Table 2 Continued

OPN first to third quartile (n=163) OPN fourth quartile (n=54) p Value
Preprocedural AVG mean 38.66+19.56 35.98+15.48 0.035
30-day mortality 9 (5.52%) 6 (11.11%) 0.212

AFIB, atrial fibrillation; AFLUT, atrial flutter; AVG, aortic valve gradient; BMI, body mass index; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease; EF, ejection fraction; ES Il, EuroSCORE Il; GFR, glomerular filtration rate; Log ES, logistic EuroSCORE;
NTproBNP, N-terminal probrain natriuretic peptide; NYHA, New York Heart Association; OPN, osteopontin; STS, Society of Thoracic

Surgeons; TAVI, transcatheter aortic valve implantation.

Importantly, OPN levels in the highest quartile also
showed a significant association with reduced survival
time after TAVI (p=0.002). Figure 2 illustrates the
Kaplan-Meier curves based on dichotomised OPN levels.
Panel A shows the upper quartile of OPN compared
with the lower three quartiles (prespecified cut-off).
Even when stratifying OPN levels into all four quartiles
the uppermost (fourth) quartile demonstrated a signif-
icant difference compared with the other quartiles
emphasising the selectivity of this cut-off (figure 2B),
p=0.019 (log rank test). Interestingly, preoperative OPN
levels are however only prognostic for survival within
the first 6 months after TAVI. Within the subgroup of
patients still alive after 6 months, baseline OPN levels
are not related to further survival (p=0.32, log rank test,
figure 2C).

OPN for risk stratification of postprocedural survival

For the evaluation of OPN as a predictor of reduced
survival in combination with other (well-known)
mortality-associated factors, a Cox regression analysis
was performed (table 5). Similar to the single-factor
Kaplan-Meier analyses combined with log rank tests,
Cox analysis was used to compare the upper quartile
to the lower three quartiles of continuous variables.
This analysis shows that increased OPN levels consid-
ered individually have a HR for adverse outcome of
2.15 (95% CI 1.3 to 3.5, p=0.002). In subsequently
performed multiple Cox regression analysis, surpris-
ingly NTproBNP did not remain significant when
adjusted for OPN. In contrast, the upper quartile
of OPN itself revealed an HR of 2.06 (CI 1.2 to 3.5,
p=0.005). Moreover, our analysis revealed that Log ES

Table 3 Postprocedural outcome according to the VARC-2 criteria

OPN first to third quartile (n=163) OPN fourth quartile (n=54) p Value

30-day mortality 9 (5.52%) 6 (11.11%) 0.212
VARC-2 myocardial infarction 3(1.8%) 1(1.9%) 0.996
VARC-2 stroke 8 (4.5%) 1 (1.9%) 0.457
VARC-2 disabling stroke 5 (3.1%) 0 0.335
VARC-2 bleeding 23 (14.1%) 13 (24.1%) 0.095
VARC-2 life-threatening bleeding 6 (3.7%) 2 (3.7%) 1.000
VARC-2 major bleeding 10 (6.1%) 10 (18.5%) 0.012
VARC-2 acute kidney injury 4(2.5%) 7 (13.0%) 0.006
VARC-2 acute kidney injury stage 3 1(0.6%) 5(9.3%) 0.004
VARC-2 vascular complications 22 (13.5%) 9 (16.7%) 0.654
VARC-2 major vascular complications 3 (1.8%) 1(1.9%) 1.000
VARC-2 persistent high-degree AV block 9 (5.5%) 3(5.6%) 1.000
VARC-2 pacemaker implantation 11 (6.7%) 5(9.3%) 0.306
VARC-2 conversion to open surgery 1(0.6%) 1(1.9%) 0.437
VARC-2 TAVI-in-TAVI deployment 5 (3.1%) 4 (7.4%) 0.231
Valve regurgitation post TAVI 0.204

0 61 (37.42%) 18 (33.33%)

I 78 (47.85%) 30 (55.56%)

I 24 (14.72%) 5 (9.26%)

1l 0 1 (1.85%)

AV, atrioventricular; OPN, osteopontin; TAVI, transcatheter aortic valve implantation; VARC-2, Valve Academic Research Consortium-2.
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Table 4 Association of baseline variables with mortality
until last follow-up

p Value (log-rank test)

Age 0.950
Male 0.548
BMI 0.182
NYHA classification 0.483
Delivery route 0.048
AFIB/AFLUT 0.018
Significant CAD 0.098
Previous cardiac surgery 0.820
COPD 0.009
Diabetes mellitus 0.182
Dyslipidaemia 0.428
Hypertension 0.961
Peripheral vascular disease 0.682
Cerebrovascular disease 0.063
GFR 0.172
STS PROM score >10% 0.017
Log ES >20% <0.001
ES 11 >10.3% (Q4) 0.016
NTproBNP >4970.5 pg/mL (Q4) 0.035
OPN >990.5ng/mL (Q4) 0.002
EF (category) 0.778
Systolic pulmonary hypertension 0.238
Aortic valve area 0.387
Preprocedural AR invasive >2 0.410
Post-TAVI AR >2 0.153

Acute kidney injury (VARC-2) <0.001

Acute kidney injury, stage 3 <0.001

AFIB, atrial fibrillation; AFLUT, atrial flutter; AR, aortic regurgitation;
BMI, body mass index; CAD, coronary artery disease; COPD,
chronic obstructive pulmonary disease; EF, ejection fraction; ES

Il, EuroSCORE II; GFR, glomerular filtration rate; Log ES, logistic
EuroSCORE; NTproBNP, N-terminal probrain natriuretic peptide;
NYHA, New York Heart Association; OPN, osteopontin; STS,
Society of Thoracic Surgeons; TAVI, transcatheter aortic valve
implantation; VARC, Valve Academic Research Consortium-2.

(HR 2.09, CI 1.2 to 3.5; p=0.005), AFIB/AFLUT (HR
1.71, CI 1.1 to 3.0; p=0.046), TA access (when compared
with TF access) and COPD were the other independent
risk factors for reduced survival. Among patients who
survived at least 6 months after TAVI, the only baseline
risk factor that was associated with further survival was

COPD (p=0.007).
Effect of combination of OPN with NTproBNP

We analysed the effects of the combination of the
two humeral biomarkers NTproBNP and OPN. More
often than expected by chance, these biomarkers
were concordant in patients undergoing TAVI (both

elevated or both not elevated, p=0.002 for associa-
tion of NTproBNP and OPN, see table 2). Elevation
of both factors (high BNP and high OPN) leads to a
strong, significant increase of the HR to 2.82 (95% CI
1.5 to 5.4, p=0.002) indicating joint effects of OPN
and NTproBNP (see table 6). Risks associated with just
one elevated biomarker were lower and not significant
with the small number of discordant patients available.
Estimated HRs are compatible with a multiplicative
risk model. The corresponding Kaplan-Meier survival
curves are shown in figure 3.

DISCUSSION

Aortic valve stenosis is the most prevalent form of heart
valve disease leading to surgical valve replacement in
the western world.”" * One of the principal clinical
problems and indicators of an increased risk is the
development and progression of left ventricular hyper-
trophy as well as the progress towards chronic heart
failure. As described above, it has been shown before
that OPN levels are markedly upregulated in cardiac
hypertrophy, heart failure and amyloidosis, and there-
fore associated with decompensation and death.'
* In this study, we measured plasma OPN levels in
patients with severe symptomatic AS prior to TAVI.
Given its upregulation in left ventricular hypertrophy
and fibrosis,”> OPN levels might help identify patients
at highest risk for decompensation or death. The aim
was to evaluate the potential of OPN as a biomarker
for predicting mortality. The presented findings might
help improve preprocedural risk stratification and
detection of patients at high risk for adverse outcome
prior to aortic valve replacement.

Role of OPN in cardiac fibrosis and hypertrophy

The results shown here for patients with severe symptom-
atic AS are concordant with data from our group wherein
increased OPN levels have been described in adult
patients with heart failure."” Rosenberg et al illustrated
that elevated OPN levels were associated with a higher
4-year death rate in patients with heart failure.'” In an
additional analysis of NTproBNP levels together with
OPN levels, Rosenberg presented a significantly increased
4-year death rate from 50% (elevated NTproBNP only) to
73% (elevated NTproBNP and elevated OPN).

Our findings are also consistent with elevated OPN levels
in several animal models of cardiac disease. We were able
to show earlier that mice with left ventricular hypertrophy
caused by overexpression of constitutively active calcineurin
A or chronic angiotensin II infusion exhibited signifi-
cant upregulation of cardiac OPN." Further, Matsui et al
showed that OPN expression was significantly enhanced in
mice with inducted cardiac hypertrophy due to increased
mechanical stress.”* Pathophysiologically, OPN levels are
upregulated by angiotensin II, which itself represents an
important inductor of cardiac fibrosis.”” Conversely, exper-
imental studies with OPN knockout mice revealed that
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OPN deficiency abolished angiotensin Il-induced cardiac
fibrosis.”” OPN also plays a critical role in the Ang-II-depen-
dent upregulation of miR-21 in cardiac fibrosis.”’

Role of OPN in TAVI risk stratification

The use of biomarkers in preoperative or preproce-
dural risk stratification in patients with AS is still being
discussed. Besides evaluation of short-term effects such

as intraprocedural assessment of aortic regurgitation,27
biomarkers are typically considered as markers of long-
term prognosis. Thus, implementation of biomarkers in
the risk stratification together with the typical clinical
scores such as the Log ES, ES II or the STS score might
add helpful information for the optimal choice of the
method used (conventional vs TAVI). In this context,
biomarkers such as hsTNT, NTproBNP, CA-125 and
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Table 5 Results of survival time analyses in patients undergoing TAVI (multiple Cox regression analysis)

Tested variables Crude HR (95% Cl) p Value Adjusted HR (95% Cl) p Value (Cox)
NTproBNP >4970.5 1.71 (1.0t0 2.8) 0.037 ns

OPN >990.5 2.15(1.3110 3.53) 0.002 2.06 (1.210 3.5) 0.005

Log ES >20% 2.41 (1.51t0 4.0 0.001 2.09 (1.24 10 3.51) 0.005
ES11>10.3% 1.89(1.1103.2) 0.018 ns

STS PROM score >20% 2.03(1.1103.7) 0.019 ns
AFIB/AFLUT 1.80 (1.1103.0) 0.020 1.71 (1.04 to0 2.83) 0.046

COPD 1.99(1.2103.4) 0.011 1.77 (1.04 to 3.04) 0.036

TA access* 1.59(1.0t02.7) 0.075 2.01 (1.1210 3.42) 0.011

TAo access* 2.43 (1.1105.6) 0.038 2.19(0.94 t0 5.11) 0.071

*Compared with transfemoral.

AFIB, atrial fibrillation; AFLUT, atrial flutter; COPD, chronic obstructive pulmonary disease; ES Il, EuroSCORE II; Log ES, logistic EuroSCORE;
ns, non-significant; NTproBNP, N-terminal probrain natriuretic peptide; OPN, osteopontin; STS, Society of Thoracic Surgeons; TA,
transapical; Tao, transaortic; TAVI, transcatheter aortic valve implantation.

others have already been shown to have relevant value
in risk stratification''™” ' and may be further supported
by OPN. Surprisingly, the OPN levels did not correlate
significantly with the extent of heart failure, as measured
by NYHA classification.

The findings of the present study revealed that in
patients suffering from severe symptomatic aortic valve
stenosis and undergoing TAVI increased OPN levels are
associated with higher mortality and premature death
within the first 6 months. More importantly, OPN levels
provided prognostic information independently from
clinical risk scores and other biomarkers. Nevertheless,
the combination of OPN with NTproBNP revealed a joint
effect of OPN with both biomarkers leading to additional
prognostic value.

In summary, OPN represents a useful and powerful
biomarker providing additional prognostic information
in addition to established clinical parameters in patients
with severe aortic valve stenosis and TAVI procedure.
Further ‘multibiomarker’ analyses are needed to identify
an optimal combination of biomarkers and to further
evaluate their potential role in risk stratification. So far,

Table 6 Analysis of joint effects of pre-TAVI NTproBNP and
pre-TAVI OPN levels

Group n HR (95% CI)

(1) NTproBNP low, OPN low 131 1
(2) NTproBNP high, OPN 32 1.41 (0.69 to 2.89) ns

p Value

low

(3) NTproBNP low, OPN 32 1.92 (0.86 t0 3.77) ns
high

(4) NTproBNP high, OPN 22 2.82(1.48105.37) 0.002
high

ns, non-significant; NTproBNP, N-terminal probrain natriuretic
peptide; OPN, osteopontin; TAVI, transcatheter aortic valve
implantation.

the clinical view and use of clinical scores supported by
biomarkers takes an important place in preprocedural
risk assessment. This could give more evidence in the
decisions made by the heart teams and facilitate the
process of identifying high-risk patients. These patients
could be analysed and treated in an appropriated way to
address their elevated periprocedural mortality risk. New
biomarkers appear to support a beneficial role in risk
stratification.

Limitations

Limitations of the present study are as follows: (1)
Our sample size with more than 200 patients might
still not be sufficient for adequate OPN risk assess-
ment. (2) Not all consecutive patients undergoing
TAVI could be recruited for the registry in this period
of time (217 out of 295). (3) Our investigation was
conducted as a single-centre trial. However, in a single
centre many procedures are standardised as opposed
to a multicentre situation where the risk of unknown
bias is high. (4) By choosing to not adjust for multiple
comparisons the risk of type 1 error increases. (5) The
device that has been used (Edwards Lifesciences Sapien
XT) is largely replaced by the Edwards Lifesciences
Sapien-3, but the main focus of this study was to eval-
uate the risk of patients with severe AS, independent
of the type of the valve prosthesis used. (6) As OPN
is not cardiac specific and is elevated in other condi-
tions, there might be increased mortality as a result of
comorbidity. (7) Myocardial mass as a reliable param-
eter of cardiac hypertrophy was not measured routinely
in these patients. Thus, a precise correlation of OPN
values with cardiac hypertrophy is not possible.

CONCLUSIONS
OPN levels are elevated in patients with AS and correlate
with several clinical parameters. Furthermore, OPN is
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a strong predictor of mortality in patients undergoing
TAVI and can expand the prognostic power of established
biomarkers in these patients. Future studies should focus
on the evaluation of OPN’s capability in advancing the clin-
ical judgement of patients with AS.
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