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A B S T R A C T

Background: Secretoneurin (SN) concentrations provide important prognostic information in patients with
myocardial dysfunction. Whether preoperative SN concentrations improve risk assessment in patients with
moderate to severe aortic stenosis (AS) is unknown.
Methods: We included 57 patients with moderate to severe AS referred for presurgical evaluation. All patients
were examined with comprehensive echocardiography, electrocardiogram (ECG), and biochemical measure-
ments and compared to 10 age- and sex-matched healthy subjects.
Results: Median (quartile 1–3) SN concentrations were 141 (121–163) pmol/L in AS patients and 132 (106–148)
pmol/L in control subjects (p= .17). Lower estimated creatinine clearance and use of diuretics, but not standard
ECG or echocardiographic indices and cardiac biomarkers, were associated with increasing SN concentrations.
Fifteen patients (26%) died during 3.5 years median follow-up. SN concentrations were higher in non-survivors
than survivors: 156 (133–209) vs. 140 (116–155) pmol/L, p= .007. Higher SN concentrations were associated
with increased risk of mortality also after adjustment for established risk indices, biomarkers, and status re-
garding valvular surgery: hazard ratio per lnSN 15.13 (95% CI 1.05–219.00); p= .046. Receiver operating
characteristics area under the curve for SN to predict mortality was 0.74 (95% CI 0.60–0.88) compared to 0.73
(0.59–0.87) for high-sensitivity cardiac troponin T and 0.67 (0.51–0.82) for N-terminal pro-B-type natriuretic
peptide. The previously identified cut-off of SN>204 pmol/L in cardiac surgical patients predicted mortality
also in this cohort.
Conclusions: SN concentrations improve risk assessment in patients with moderate to severe AS by providing
additional prognostic information to established risk indices such as echocardiography, ECG, and established
cardiac biomarkers.

1. Introduction

Aortic stenosis (AS) is an important cause of cardiovascular mor-
tality with increasing age [1,2], and there is no curative therapy besides
aortic valve replacement [3]. Clinical examination and echocardio-
graphy are important tools to diagnose AS, to follow disease

progression, and to select patients that may benefit from intervention
[3]. Electrocardiogram (ECG) and circulating biomarkers have also
been proposed for risk assessment, especially in patients with low
physical activity [4–7]. Still, prognostication in elderly patients with
moderate to severe AS is imperfect and new risk markers could there-
fore prove clinically valuable [8].
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Secretoneurin (SN) is a 33-amino acid peptide that is cleaved from
the pro-hormone secretogranin II (SgII) [9]. SN concentrations increase
in cardiac cells during myocardial dysfunction and exert beneficial ef-
fects on the myocardium by protecting against myocardial ischemia/
reperfusion injury, cardiomyocyte apoptosis, and myocardial re-
modeling [10–12]. Recent data have also suggested that SN may in-
fluence cardiomyocyte Ca2+ handling and stabilize cardiomyocyte
Ca2+ homeostasis, which should be of value to protect against life-
threatening arrhythmias [13,14]. We have also found increased circu-
lating SN concentrations in subjects with different types of dysfunc-
tional cardiomyocyte Ca2+ handling [15]. The association between SN
concentrations and cardiomyocyte Ca2+ handling can possibly explain
the strong prognostic information from SN measurements in patients
with myocardial dysfunction. We and other groups have demonstrated
that SN concentrations provide incremental prognostic information to
established risk indices in patients with cardiovascular disease
[13,16,17], in patients undergoing cardiac surgery [18], and in criti-
cally ill patients with infections [19,20]. However, there is no in-
formation in the literature whether SN concentrations may improve risk
prediction in patients with moderate to severe AS. Accordingly, in this
study we hypothesized (i) that SN concentrations are not closely cor-
related with established clinical, echocardiographic, ECG, and labora-
tory variables and (ii) that SN concentrations provide additional prog-
nostic information to established risk indices in patients with moderate
to severe AS.

2. Material and methods

2.1. Patient cohort and control subjects

The study was conducted at Oslo University Hospital,
Rikshospitalet, Oslo, Norway, which is a tertiary surgical center, from
May 2005 to April 2009. A total of 57 consecutive patients with a
previously confirmed diagnosis of moderate to severe AS were included
at a presurgical evaluation visit prior to final surgical decision, and
followed regardless of surgery or not. Transcatheter aortic valve im-
plantation (TAVI) was not available as a routine procedure in this
center during the time of patient inclusion. Patients with aortic regur-
gitation equal to or over grade 3 were not included. Ten age- and sex-
matched controls from outside of the hospital with no previous history
or current symptoms of cardiovascular disease were also recruited.
Medical records were used to collect information regarding current
symptoms, medication, and medical history. New York Heart
Association (NYHA) functional class was determined by two in-
dependent physicians (TE, TO) and discrepancies between the two
(4.7%) were resolved by consensus. The primary outcome of the study
was all-cause mortality obtained from electronic hospital records syn-
chronized with the Norwegian National Registry per August 1, 2012.
The study was approved by the Regional Ethics Committee of the South-
Eastern of Norway and conducted according to the Declaration of
Helsinki. All patients provided written informed approval before at-
tending the study.

2.2. Echocardiography

Echocardiography is a non-invasive imaging method to visualize
cardiac structure and function by ultrasound, normally transthoracic.
Patients and control subjects were examined by echocardiography in
supine left lateral position using a standard transthoracic echocardio-
graphy protocol according to guidelines [21] with Vivid 7 (GE
Vingmed, Horten, Norway). All recordings were stored and later re-
viewed with EchoPAC software (GE Vingmed Ultrasound) by one re-
searcher (TE) who was blinded to concentrations of circulating bio-
markers, but not ECG recordings. Left ventricular (LV) structure was
determined by LV dimension, septal and posterior wall thickness and
mass as recommended [21]. Systolic function was assessed by cardiac

index and by calculating LV ejection fraction (LVEF) by the modified
Simpson's rule and by determining fractional shortening. Cardiac index
was identified by dividing cardiac output (stroke volume x heart rate)
in L/min with the patient's body size (m2). Fractional shortening was
identified by calculating the degree of shortening of the left ventricular
diameter between end-diastole and end-systole. Diastolic function was
determined by pulsed Doppler transmitral early peak (E), late peak (A),
E deceleration time and early diastolic tissue velocity (e’) recorded at
the base of the septal and lateral mitral annulus. By measuring the
velocity through the aortic valve and calculating the mean pressure
gradient and aortic valve area we estimated the aortic valvular orifice
narrowing.

2.3. Electrocardiogram

ECGs were recorded with standardized 12-lead ECG and interpreted
for research purposes by one researcher (JB), blinded to concentrations
of circulating biomarkers and echocardiographic data. We measured
heart rate, PQ interval, and QRS duration manually. Corrected QT
(QTc) interval was calculated by QT interval and heart rate with an
online calculator [22]. Bundle branch block was defined by American
Heart Association guidelines [23].

2.4. Biochemistry

Blood samples were obtained by venipuncture at the time of echo-
cardiography. Blood samples were directly put on ice and centrifuged
for 30min before plasma separation and then stored at −80 °C before
shipment to Akershus University Hospital. SN concentrations were
measured with an in-house radioimmunoassay (RIA) in Li-heparin
plasma at the Department of Medical Sciences, Uppsala University,
Uppsala, Sweden. This assay binds to epitopes in the N-terminal region
of SN (secretogranin II 154–165) as previously reported [24]. The SN
assay has a limit of detection (LoD) of 50 pmol/L, and the coefficient of
variation (CV) is 9% in the lower range (110 pmol/L) and 4% in the
upper range (380 pmol/L). Risk groups defined in a previous study on
patients undergoing cardiac surgery [18] were also assessed in this
cohort; < 124 pmol/L for low-risk, 124–204 pmol/L for intermediate-
risk, and>204 pmol/L for high-risk. Chromogranin A (CgA) con-
centrations were measured by a commercially available RIA (Euro-
Diagnostica AB, Malmö, Sweden) [25], with an LoD of 0.80 nmol/L and
with a CV of 13% in the lower range (3.1 nmol/L) and 9% in the upper
range (17.0 nmol/L). Chromogranin B (CgB) concentrations were
measured with an in-house RIA at Uppsala University Hospital, Sweden,
as previously reported [26], with an LoD of 0.80 nmol/L and a CV of
17% in the lower range (1.40 nmol/L) and 8% in the upper range
(6.40 nmol/L). Cardiac troponin T (cTnT) was measured on an auto-
analyzer (Cobas e411, Roche Diagnostics, Basel, Switzerland) with a
highly sensitive assay (TNT hs STAT, Roche Diagnostics) with an LoD of
5 ng/L and a CV of 10% at 13 ng/L and 99th percentile 14 ng/L. NT-
proBNP concentrations were measured with the proBNP II assay (Roche
Diagnostics) with an LoD of 5 ng/L. CV for the proBNP II assay is 4.5 at
120 ng/L and 4.0 at 580 ng/L in the laboratory at Akershus University
Hospital. Creatinine concentrations were measured with an enzymatic
assay at the hospital laboratory at Oslo University Hospital, Rik-
shospitalet, Oslo, Norway (Roche Diagnostics). We used the Cockcroft-
Gault formula to calculate creatinine clearance [27].

2.5. Statistics

All continuous variables are reported as median (quartile [Q] 1–3)
and we used the Kolmogorov-Smirnov test to assess distribution and the
Mann-Whitney U test to compare groups. Categorical variables are re-
ported as absolute numbers and percentages and the Pearson Chi-
Square test or the Fisher's exact test was used to compare groups.
Spearman rank correlation was used to calculate correlation
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coefficients. Linear regression analyses were used to identify variables
associated with biomarker concentrations and logistic regression
models to identify variables associated with aortic stenosis and mor-
tality. We used the Youden J index to calculate the optimal SN con-
centration cut-off for assessment of long-term mortality. Predictors of
mortality were assessed by Kaplan-Meier plots and the log-rank test
with SN divided by optimal cut-off concentration and prespecified risk-
categories. Cox proportional hazard regression models were used to
assess time to all-cause mortality, and all variables in Table 1 were
tested in univariable Cox proportional hazard regression models.
Variables with p-value< .05 in univariate regression models were
taken into multivariable regression models with backwards selection.
Due to collinearity we performed multivariable linear regression in
separate models. We used receiver operating characteristics (ROC) to

calculate the area under the curve (AUC) with 95% confidence interval
(CI). Due to non-normal distributions, estimated creatinine clearance,
SN, CgA, CgB, high-sensitivity cTnT (hs-cTnT), and NT-proBNP con-
centrations were logarithmically transformed with the natural loga-
rithm (ln) prior to all regression analyses. For statistical calculations we
used IBM SPSS Statistics 25 (IBM Corp, Armonk, NY, USA) and MedCalc
Statistical Software version 14.10.2 (MedCalc Software, Ostend, Bel-
gium).

3. Results

3.1. Baseline characteristics of patients with aortic stenosis and controls

The 57 patients with AS had a median age of 77 (Q1–3 70–80)

Table 1
Baseline characteristics of aortic stenosis patients according to long-term survival.

Survivor Non-survivor P

(n=42, 73.7%) (n=15, 26.3%)

Age (years) 76.0 (69.8–80.0) 78.0 (76.0–81.0) 0.15
Female sex 26 (61.9%) 5 (33.3%) 0.07
Body mass index (kg/m2) 26.1 (23.7–28.1) 24.2 (21.7–27.5) 0.20
New York Heart Association Functional Class 0.10
I 2 (4.8%) 4 (26.7%)
II 26 (61.9%) 6 (40.0%)
III 13 (31.0%) 5 (33.3%)
IV 1 (2.4%) 0 (0.0%)

Estimated creatinine clearance (ml/min) 71.8 (54.5–88.1) 68.5 (41.2–77.7) 0.11
Systolic blood pressure (mmHg) 143 (128–161) 137 (130–155) 0.65
Diastolic blood pressure (mmHg) 80 (70–91) 79 (65–85) 0.35
History of
Coronary artery disease 19 (45.2%) 9 (60.0%) 0.33
Heart Failure 39 (92.9%) 10 (66.7%) 0.02
Hypertension 25 (59.5%) 4 (26.7%) 0.04
Diabetes Mellitus 6 (14.3%) 2 (13.3%) 1.00
Atrial fibrillation 11 (26.2%) 1 (6.7%) 0.15
Chronic obstructive pulmonary disease 2 (4.8%) 3 (20.0%) 0.11

Medication
Beta blocker 20 (47.6%) 7 (46.7%) 1.00
Calcium blocker 8 (19.0%) 1 (6.7%) 0.42
Angiotensin-converting-enzyme inhibitor/Angiotensin II receptor blockers 17 (40.5%) 4 (26.7%) 053
Acetylsalicylic acid 22 (52.4%) 10 (66.7%) 0.38
Warfarin 10 (23.8%) 1 (6.7%) 0.26
Diuretics 18 (42.9%) 7 (46.7%) 0.80
Statins 25 (59.5%) 9 (60.0%) 0.97
Aldosterone antagonist 3 (7.1%) 3 (20.0%) 0.18

Circulating biomarkers
SN (pmol/L) 140 (116–155) 156 (133–209) 0.007
CgA (nmol/L) 6.4 (4.9–8.2) 7.4 (5.9–9.6) 0.12
CgB (nmol/L) 1.9 (1.8–2.0) 2.0 (1.8–2.3) 0.14
cTnT (ng/L) 17.2 (12.1–24.2) 27.3 (16.1–42.2) 0.009
NT-proBNP (ng/L) 694 (283–2251) 1362 (614–3983) 0.06

Echocardiographic variables
Left ventricular end-diastolic dimension (mm) 50.5 (47.0–55.3) 56.0 (49.0–57.0) 0.15
Interventricular septal end-diastolic dimension (mm) 12.0 (11.0–13.3) 12.0 (11.0–13.0) 0.54
Left ventricular end-diastolic posterior wall dimension (mm) 10.0 (9.0–11.3) 9.0 (8.0–11.0) 0.06
Left ventricular relative wall thickness 0.44 (0.40–0.49) 0.39 (0.32–0.45) 0.03
Left ventricular mass (g) 228.9 (174.3–272.4) 219.1 (178.1–272.5) 0.94
Left ventricular ejection fraction (%) 61.0 (52.5–64.0) 53.0 (40.0–66.0) 0.25
Fractional shortening (%) 40.0 (34.5–46.0) 31.0 (25.0–47.0) 0.13
Left ventricular cardiac index (L/min/m2) 2.6 (2.2–3.0) 2.7 (2.4–3.0) 0.94
Aortic valve area (cm2) 0.65 (0.50–0.80) 0.70 (0.50–1.00) 0.36
Aortic valve velocitymax (m/s) 4.6 (3.9–5.3) 4.3 (3.1–5.3) 0.37

Aortic valve replacement Surgery 31 (73.8%) 3 (20.0%) <0.001
Type of surgery 0.001
No surgery 11 (26.2%) 12 (80.0%)
AVR 19 (45.2%) 2 (13.3%)
AVR+CABG 12 (28.6%) 1 (6.7%)

CgA indicates chromogranin A; CgB, chromogranin B; hs-cTnT, high-sensitivity cardiac Troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SN,
secretoneurin.
Continuous variables are expressed as median (inter quartile range, quartile1–3).
Categorical variables are expressed as number (percentage, %).
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years, 31 patients (54.4%) were female, and the median BMI was 25.6
(Q1–3 23.4–27.9) kg/m2. Patients in the control group (n=10) had
similar age, sex, and BMI as the patients with AS, but not echocardio-
graphic indices reflective of moderate to severe AS (Supplementary
Table 1). Median SN concentration was 141 (Q1–3121–163) pmol/L in
patients with AS and 132 (106–148) pmol/L in the control subjects
(p= .17). Concentrations of hs-cTnT and CgA were not increased in AS
patients, while CgB and NT-proBNP concentrations were significantly
higher in AS patients compared to the healthy control subjects
(Supplementary Table 1).

3.2. SN concentrations and long-term mortality in patients with aortic
stenosis

A total of 15 patients (26%) with AS died during a median follow-up
of 3.5 (Q1–3 2.9–3.8) years. Clinical characteristics, biomarker con-
centrations, and echocardiographic and ECG indices for survivors and
non-survivors are presented in Table 1 and Supplementary Table 2. We
found a number of established clinical risk variables to be higher among
non-survivors.

Circulating SN concentrations were also higher in non-survivors
compared to survivors: 156 (Q1-3 133-209) pmol/L versus 140
(116–155) pmol/L, p= .007 (Table 1). The optimal cut-off based on the
Youden J index for SN in discriminating long-term mortality was
147 pmol/L. This cut-off yielded a sensitivity of 67% (95% CI 38–88%),
specificity of 74% (58–86%), positive likelihood ratio of 2.6 (1.4–4.7),
and negative likelihood ratio of 0.5 (0.2–0.9) in predicting mortality.
Patients with SN concentrations above the optimal cut-off (n=21,
37%) had worse prognosis than patients with SN concentrations below
the cut-off (Fig. 1; p= .005 with the log-rank test). hs-cTnT con-
centrations also separated AS patients with a poor and favorable out-
come (p= .009), while CgA, CgB, or NT-proBNP concentrations did not
differ between survivors and non-survivors (Table 1). In multivariable
Cox proportional hazard analysis that adjusted for clinical character-
istics, established cardiac biomarkers and echocardiographic para-
meters, higher concentrations of SN were associated with increased risk
of mortality: hazard ratio per lnSN 15.13 (95% CI 1.05–219.00),
p= .046 (Table 2 and Supplementary Table 3). Patients with SN con-
centrations above the optimal cut-off (147 pmol/L) experienced ~7
times increased risk of mortality compared to patients below the op-
timal cut-off in adjusted models: HR 6.83 (1.74–26.81), p= .006. The

Fig. 1. Cumulative survival in patients with aortic stenosis
according to the optimal cut-off concentration (147 pmol/L)
for secretoneurin measured prior to aortic valve replacement
surgery.
The event rate in the group above cut-off was compared to the
event rate in the group below cut-off by the log-rank test.
Below optimal cut-off corresponds to secretoneurin con-
centrations equal or below 147 pmol/L (blue solid line) and
above cut-off corresponds to secretoneurin concentrations
above 147 pmol/L (red striped line). (For interpretation of the
references to colour in this figure legend, the reader is re-
ferred to the web version of this article.)

Table 2
Predictors of mortality in patients with aortic stenosis.

HR 95% CI P Wald
Univariate analyses
Age (per one year) 1.06 0.99–1.14 0.09 2.82
Female sex 0.38 0.13–1.13 0.08 3.04
Body mass index (per one kg/m2) 0.91 0.80–1.04 0.91 1.94
New York Heart Association Functional

Class (I/II vs III/IV)
1.13 0.39–3.32 0.82 0.05

Estimated creatinine clearance (per one
ml/min)

0.24 0.06–1.04 0.06 3.65

Systolic blood pressure (per mmHg) 0.99 0.97–1.02 0.58 0.31
Diastolic blood pressure (per mmHg) 0.98 0.94–1.01 0.21 1.58
History of:
Coronary artery disease 1.68 0.60–4.74 0.32 0.98
Heart failure 0.25 0.09–0.74 0.01 6.28
Hypertension 0.29 0.09–0.90 0.03 4.59
Diabetes Mellitus 0.93 0.21–4.11 0.92 0.01
Atrial fibrillation 0.22 0.03–1.70 0.15 2.09
Chronic obstructive pulmonary disease 3.91 1.09–14.05 0.04 4.37

Medication
Beta blocker 0.95 0.34–2.62 0.92 0.01
Calcium blocker 0.32 0.04–2.45 0.27 1.20
Angiotensin-converting-enzyme
inhibitor/Angiotensin II receptor
blockers

0.58 0.19–1.82 0.35 0.89

Acetylsalicylic acid 1.65 0.56–4.83 0.36 0.84
Warfarin 0.25 0.03–1.91 0.18 1.79
Diuretics 1.12 0.41–3.09 0.83 0.05
Statins 0.96 0.34–2.69 0.94 0.01
Aldosteron antagonist 2.57 0.72–9.16 0.15 2.12

Circulating biomarkers
SN (per log unit) 4.98 1.33–18.62 0.02 5.70
CgA (per log unit) 1.48 0.81–2.70 0.21 1.60
CgB (per log unit) 9.47 0.87–103.30 0.07 3.40
hs-cTnT (per log unit) 2.85 1.29–6.33 0.01 6.65
NT-proBNP (per log unit) 1.71 1.04–2.81 0.04 4.40

Aortic valve replacement 0.13 0.04–0.46 0.002 10.00

Multivariable analysis (−2 Log Likelihood= 78.7)
SN (per log unit) 15.13 1.05–219.00 0.046 3.97
NT-proBNP (per log unit) 2.08 1.07–4.08 0.03 4.60
Hypertension 0.21 0.06–0.81 0.02 5.17

CgA indicates chromogranin A; CgB, chromogranin B; hs-cTnT, high-sensitivity
cardiac Troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SN,
secretoneurin.
Creatinine clearance, SN, hs-cTnT, and NT-proBNP are logarithmically trans-
formed.
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ROC-AUC to predict mortality was 0.74 (95% CI 0.60–0.88) for SN,
0.73 (0.59–0.87) for hs-cTnT and 0.67 (0.51–0.82) for NT-proBNP. SN
concentrations above the previously identified cut-off of SN>204
pmol/L in cardiac surgical patients predicted mortality also in this
cohort (log-rank test; p < .001; Supplementary Fig. 1).

3.3. Variables associated with high SN concentrations

Patients with SN concentrations above the optimal cut-off of
147 pmol/L were older, had lower estimated creatinine clearance, more
frequent use of diuretics, higher concentrations of hs-cTnT and NT-
proBNP, and higher maximal aortic valve velocity (Table 3). Higher
concentrations of SN correlated with lower estimated creatinine clear-
ance and heart rate, use of diuretics or aldosterone antagonists, and
higher concentrations of CgA and hs-cTnT (Supplementary Table 4). In
multivariable linear regression analysis, lower estimated creatinine
clearance and the use of diuretics were associated with higher SN
concentrations (r2= 0.24, Supplementary Table 5).

4. Discussion

In this prospective cohort of patients with moderate to severe AS
referred for presurgical evaluation, we found that SN concentrations
were associated with mortality and not closely correlated with estab-
lished risk indices. Hence, SN measurements seem to identify a sub-
group of AS patients with poor prognosis that is not identified by
clinical risk factors, echocardiographic indices, ECG indices, and es-
tablished cardiac biomarkers.

Cardiac biomarkers have been proposed as additional tools for se-
lecting patients with AS for intervention [3]. We and other groups have
demonstrated that both hs-troponin and NT-proBNP provide incre-
mental prognostic information to established risk models in cardiac
surgical patients and patients with valvular heart disease [5,28–30].
However, based on current knowledge, troponins primarily reflect
cardiac injury and B-type natriuretic peptides are considered bio-
markers reflective of cardiomyocyte strain [31,32]. Given the complex
and integrated pathophysiology of patients with AS [13,19,33,34],
biomarkers that provide additional prognostic information to estab-
lished risk indices such as echocardiography, ECG, and established
cardiac biomarkers, should have potential to improve risk assessment in
AS. SN is such a novel and promising circulating cardiovascular bio-
marker that has been found associated with cardiomyocyte Ca2+

handling [13,15] and systemic stress pathways [19,33]. SN is expressed
and secreted in many tissues throughout the body [35–37], including
the myocardium [13], and is eliminated by the kidneys [38]. We have
previously shown that SN does not seem closely correlated with es-
tablished risk indices in patients with acute myocardial dysfunction,
severe infections, and in patients that undergo cardiac surgery
[13,17–20], thereby providing incremental prognostic value to estab-
lished risk indices across a spectrum of conditions with myocardial
dysfunction.

In line with previous results, we found no close correlations

Table 3
Baseline characteristics of patients with aortic stenosis according to the optimal
cut-off concentration of secretoneurin.

SN concentration
< 147 pmol/L

SN concentration
≥ 147 pmol/L

P

(n=36, 63%) (n= 21, 37%)

Age (years) 76.0 (69.3–79.0) 79.0 (73.0–82.5) 0.047
Female sex 22 (61.1%) 9 (42.9%) 0.18
Body mass index (kg/m2) 25.8 (23.3–27.5) 24.6 (23.1–32.0) 0.60
New York Heart Association

Functional Class
0.45

I 3 (8.3%) 3 (14.3%)
II 22 (61.1%) 10 (47.6%)
III 11 (30.6%) 7 (33.3%)
IV 0 (0.0%) 1 (4.8%)

Estimated creatinine clearance
(ml/min)

77.2 (56.8–90.4) 52.8 (42.5–77.1) 0.02

Systolic blood pressure (mmHg) 140 (124–155) 148 (134–170) 0.09
Diastolic blood pressure (mmHg) 79 (70–86) 80 (67–95) 0.51
History of:
Coronary artery disease 16 (44.4%) 12 (57.1%) 0.36
Heart Failure 32 (88.9%) 17 (81.0%) 0.41
Hypertension 17 (47.2%) 12 (57.1%) 0.47
Diabetes Mellitus 3 (8.3%) 5 (23.8%) 0.13
Atrial fibrillation 8 (22.2%) 4 (19.0%) 1.00
Chronic obstructive pulmonary
disease

2 (5.6%) 3 (14.3%) 0.35

Medication
Beta blocker 15 (41.7%) 12 (57.1%) 0.26
Calcium blocker 6 (16.7%) 3 (14.3%) 1.00
Angiotensin-converting-
enzyme inhibitor/
Angiotensin II receptor
blockers

11 (30.6%) 10 (47.6%) 0.20

Acetylsalicylic acid 19 (52.8%) 13 (61.9%) 0.50
Warfarin 7 (19.4%) 4 (19.0%) 1.00
Diuretics 12 (33.3%) 13 (61.9%) 0.04
Statins 20 (55.6%) 14 (66.7%) 0.41
Aldosterone antagonist 2 (5.6%) 4 (19.0%) 0.18

Circulating biomarkers
CgA (nmol/L) 6.2 (5.0–8.3) 6.7 (5.7–9.4) 0.12
CgB (nmol/L) 1.9 (1.8–2.0) 1.9 (1.8–2.3) 0.16
hs-cTnT (ng/L) 17.0 (11.8–23.4) 25.9 (15.5–40.7) 0.01
NT-proBNP (ng/L) 655 (269–1988) 1362 (538–3072) 0.04

Echocardiographic variables
Left atrial area (cm2) 22.8 (15.5–26.7) 21.6 (19.4–28.5) 0.51
Left ventricular end-diastolic
dimension (mm)

55.0 (47.0–56.0) 55.0 (48.0–56.5) 0.38

Interventricular septal end-
diastolic dimension (mm)

12.0 (11.0–13.0) 12.0 (11.0–15.0) 0.24

Left ventricular end-diastolic
posterior wall dimension
(mm)

10.0 (8.25–11.0) 10.0 (9.0–12.0) 0.18

Left ventricular relative wall
thickness

0.41 (0.38–0.47) 0.45 (0.38–0.49) 0.39

Left ventricular mass (g) 212 (165–272) 241 (189–284) 0.18
Left ventricular ejection
fraction (%)

61.0 (50.3–63.8) 58.0 (48.5–65.0) 0.44

Fractional shortening (%) 40.0 (31.0–47.0) 38.0 (28.5–44.0) 0.20
Left ventricular cardiac index
(L/min/m2)

2.64 (2.38–3.00) 2.72 (2.16–2.98) 0.52

E/e´ 14.8 (12.1–19.8) 18.7 (9.6–25.2) 0.33
E/A ratio 0.82 (0.72–1.05) 0.76 (0.50–1.03) 0.38
Mitral valve deceleration time
(ms)

244 (189–299) 207 (156–301) 0.26

Aortic valve area (cm2) 0.70 (0.60–0.88) 0.60 (0.50–0.80) 0.06
Aortic valve velocitymax (m/s) 4.25 (3.76–5.00) 4.95 (4.44–5.44) 0.049

Electrocardiogram variables
Ventricular frequency (beats/
min)

76 (63–89) 70 (63–77) 0.20

Supraventricular tachycardia 9 (25.0%) 1 (4.8%) 0.07
PQ interval (ms) 161 (141–182) 178 (148–198) 0.13
QRS duration (ms) 95 (87–114) 102 (98–109) 0.22
QTc interval (ms) 443 (426–461) 437 (421–450) 0.61
Bundle branch block 3 (8.3%) 3 (14.3%) 0.66
Sokolow-Lyon (mm) 27 (19–35) 26 (20–34) 0.93

Table 3 (continued)

SN concentration
< 147 pmol/L

SN concentration
≥ 147 pmol/L

P

(n=36, 63%) (n= 21, 37%)

Aortic valve replacement 23 (63.9%) 11 (52.4%) 0.39

CgA indicates chromogranin A; CgB, chromogranin B; hs-cTnT, high-sensitivity
cardiac Troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SN,
secretoneurin.
Continuous variables are expressed as median (Q 1–3).
Categorical variables are expressed as absolute number (%).
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between circulating SN concentrations and established risk indices. As
previously reported for patients with acute heart failure, we did not find
universally increased SN concentrations in patients with moderate to
severe AS compared to age- and gender-matched controls. In contrast,
we find that SN concentrations are specifically increased among AS
patients with the worst prognosis, thereby providing a signal of espe-
cially increased risk in a subgroup of AS patients. We also validate
previous data on cut-offs for risk based on SN measurements [18] as we
in this cohort identified SN concentration 147 pmol/L to discriminate
long-term mortality, which is within the range of previously established
cut-offs of 122 pmol/L and 175 pmol/L for SN in cohorts of critically ill
patients [17,19]. We also used this cohort of patients with valvular
heart disease to validate an SN concentration of 204 pmol/L as a dis-
criminator of high risk cardiac surgical patients. Of note, although SN
concentrations correlated with CgA and CgB concentrations, we found
SN to provide superior prognostic information to other granin proteins.
This is also in line with previous data in critically ill patients with in-
fections [19]. Given the lack of associations between SN and echo-
cardiographic and ECG indices and cardiac biomarkers, and no differ-
ence in SN concentration between AS patients and healthy control
subjects, SN does not seem to reflect structural heart disease per se. In
contrast, we believe SN reflects additional pathophysiology that seems
to influence outcome in patients with myocardial dysfunction
[10,13,17]. Based on other studies [13,15,19,33], SN concentrations
seem to integrate information on systemic stress pathways, cardio-
myocyte Ca2+ handling, and renal dysfunction, although this study was
not designed to validate this model. Accordingly, there is still a need for
additional experimental and clinical studies to determine the exact
pathophysiology associated with high SN concentrations in patients
with myocardial dysfunction.

4.1. Strengths and limitations

This study has some strengths and limitations. One strength is the
extensive phenotyping of these patients, as well as comprehensive
phenotyping of the control subjects including a standardized echo-
cardiographic examination. We also have prospective data and our re-
sults validate previously reported data. Limitations include a single-
center study restricted to patients with moderate to severe AS and the
lack of TAVI procedure during the study period. Accordingly, our
findings should be validated in other, larger cohorts. The relatively low
number of events may have undermined the power to detect subtle
clinical associations in adjusted analyses, but we believe this will rather
attenuate the association between SN and mortality and not explain the
results of this study. The number of controls in this study is small and a
validation cohort should aim to have a higher number of controls.
Finally, we do not have information on the cause of death. However,
the main cause of death will most likely be cardiovascular given the
advanced cardiac disease and age in our patients.

5. Conclusion

In conclusion, we found preoperative concentrations of SN to pro-
vide incremental prognostic information to established risk indices in
patients with moderate to severe AS. Moreover, SN was not closely
correlated to established risk indices, which supports SN as a biomarker
that reflects additional pathophysiology of relevance for outcome in
patients with moderate to severe AS.

Acknowledgements

We would like to thank patients and control subjects in the aortic
stenosis study for their valuable contribution. We would like to ac-
knowledge the contribution by Lillian Lundeby at Oslo University
Hospital, Rikshospitalet for collection of blood samples and data col-
lection. We thank the technicians and physicians at the Department of

Cardiology, Oslo University Hospital, Rikshospitalet, for their con-
tribution to the echocardiographic examinations. We would also like to
acknowledge the contribution by the Division of Diagnostics and
Technology, Akershus University Hospital, Lørenskog Norway, espe-
cially Siri Mortensen and Line Bugge Klem Steffarud for cTnT and NT-
proBNP measurements.

Declarations of interest

JB, MNL, LGK, TE: These authors declare that they have no conflicts
of interests. HR, GC, and TO are partners in a patent (PCT/
GB0818650.4) filed by the University of Oslo regarding the use of se-
cretoneurin as a biomarker in patients with cardiovascular disease and
patients with critical illness. HR, GC, and TO have financial interests in
CardiNor AS, which holds the license to commercialize secretoneurin.
MS, TO, and HR have also received personal fees from CardiNor AS. TO
has served on advisory boards and received speaker's honoraria and
travel funding from Roche Diagnostics and Roche Diagnostics provided
hs-TnT and NT-proBNP kits at a reduced price via Akershus University
Hospital. PLM, TO and HR have also received personal fees from
Novartis.

Funding information

This work was supported by Akershus University Hospital and the
University of Oslo.

Author contribution statement

JB: data analysis, writing up the first draft of the paper, critical
review of paper, approval of final version; PLM: data analyses, critical
review of paper, approval of final version; MNL: data analyses, critical
review of paper, approval of final version; LGK: patient recruitment,
critical review of paper, approval of final version; MS: biochemical
analyses, critical review of paper, approval of final version; GC: study
design, critical review of paper, approval of final version; TE: patient
recruitment, echocardiographic examination, critical review of paper,
approval of final version; TO: study design, critical review of paper,
approval of final version; HR: study design, critical review of paper,
approval of final version.

Patient consent

All patients provided written informed approval before attending
the study.

Ethical approval

The study was approved by the Regional Ethics Committee of the
South-Eastern of Norway and conducted according to the Declaration of
Helsinki.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.clinbiochem.2019.06.008.

References

[1] V.T. Nkomo, J.M. Gardin, T.N. Skelton, J.S. Gottdiener, C.G. Scott, M. Enriquez-
Sarano, Burden of valvular heart diseases: a population-based study, Lancet 368
(9540) (2006) 1005–1011, https://doi.org/10.1016/S0140-6736(06)69208-8.

[2] N. Rezzoug, B. Vaes, C. de Meester, J. Degryse, G. Van Pottelbergh, C. Mathei,
W. Adriaensen, A. Pasquet, J.L. Vanoverschelde, The clinical impact of valvular
heart disease in a population-based cohort of subjects aged 80 and older, BMC
Cardiovasc. Disord. 16 (2016) 7, , https://doi.org/10.1186/s12872-016-0184-8.

[3] H. Baumgartner, V. Falk, J.J. Bax, M. De Bonis, C. Hamm, P.J. Holm, B. Iung,

J. Brynildsen, et al. Clinical Biochemistry 71 (2019) 17–23

22

https://doi.org/10.1016/j.clinbiochem.2019.06.008
https://doi.org/10.1016/j.clinbiochem.2019.06.008
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1186/s12872-016-0184-8


P. Lancellotti, E. Lansac, D. Rodriguez Munoz, R. Rosenhek, J. Sjogren, P. Tornos
Mas, A. Vahanian, T. Walther, O. Wendler, S. Windecker, J.L. Zamorano, E.S.C.S.D.
Group, 2017 ESC/EACTS guidelines for the management of valvular heart disease,
Eur. Heart J. 38 (36) (2017) 2739–2791, https://doi.org/10.1093/eurheartj/
ehx391.

[4] A.S. Shah, C.W. Chin, V. Vassiliou, S.J. Cowell, M. Doris, T.C. Kwok, S. Semple,
V. Zamvar, A.C. White, G. McKillop, N.A. Boon, S.K. Prasad, N.L. Mills, D.E. Newby,
M.R. Dweck, Left ventricular hypertrophy with strain and aortic stenosis,
Circulation 130 (18) (2014) 1607–1616, https://doi.org/10.1161/
CIRCULATIONAHA.114.011085.

[5] H. Rosjo, J. Andreassen, T. Edvardsen, T. Omland, Prognostic usefulness of circu-
lating high-sensitivity troponin T in aortic stenosis and relation to echocardio-
graphic indexes of cardiac function and anatomy, Am. J. Cardiol. 108 (1) (2011)
88–91, https://doi.org/10.1016/j.amjcard.2011.02.346.

[6] H. Rosjo, M.B. Dahl, A. Bye, J. Andreassen, M. Jorgensen, U. Wisloff,
G. Christensen, T. Edvardsen, T. Omland, Prognostic value of circulating microRNA-
210 levels in patients with moderate to severe aortic stenosis, PLoS One 9 (3)
(2014) e91812, , https://doi.org/10.1371/journal.pone.0091812.

[7] S.K. Gardezi, S. Coffey, B.D. Prendergast, S.G. Myerson, Serum biomarkers in
valvular heart disease, Heart 104 (4) (2018) 349–358, https://doi.org/10.1136/
heartjnl-2016-310482.

[8] M. Martinez-Selles, A. Bayes-Genis, Asymptomatic severe aortic stenosis: bio-
markers are welcome, Heart (2018), https://doi.org/10.1136/heartjnl-2018-
314122.

[9] A. Bartolomucci, R. Possenti, S.K. Mahata, R. Fischer-Colbrie, Y.P. Loh, S.R. Salton,
The extended granin family: structure, function, and biomedical implications,
Endocr. Rev. 32 (6) (2011) 755–797, https://doi.org/10.1210/er.2010-0027.

[10] H. Rosjo, M. Stridsberg, G. Florholmen, K.O. Stenslokken, A.H. Ottesen, I. Sjaastad,
C. Husberg, M.B. Dahl, E. Oie, W.E. Louch, T. Omland, G. Christensen,
Secretogranin II; a protein increased in the myocardium and circulation in heart
failure with cardioprotective properties, PLoS One 7 (5) (2012) e37401, , https://
doi.org/10.1371/journal.pone.0037401.

[11] R. Kirchmair, M. Egger, D.H. Walter, W. Eisterer, A. Niederwanger, E. Woell,
M. Nagl, M. Pedrini, T. Murayama, S. Frauscher, A. Hanley, M. Silver,
M. Brodmann, W. Sturm, R. Fischer-Colbrie, D.W. Losordo, J.R. Patsch,
P. Schratzberger, Secretoneurin, an angiogenic neuropeptide, induces postnatal
vasculogenesis, Circulation 110 (9) (2004) 1121–1127, https://doi.org/10.1161/
01.CIR.0000139884.81390.56.

[12] R. Kirchmair, R. Gander, M. Egger, A. Hanley, M. Silver, A. Ritsch, T. Murayama,
N. Kaneider, W. Sturm, M. Kearny, R. Fischer-Colbrie, B. Kircher, H. Gaenzer,
C.J. Wiedermann, A.H. Ropper, D.W. Losordo, J.R. Patsch, P. Schratzberger, The
neuropeptide secretoneurin acts as a direct angiogenic cytokine in vitro and in vivo,
Circulation 109 (6) (2004) 777–783, https://doi.org/10.1161/01.CIR.0000112574.
07422.C1.

[13] A.H. Ottesen, W.E. Louch, C.R. Carlson, O.J. Landsverk, J. Kurola, R.F. Johansen,
M.K. Moe, J.M. Aronsen, A.D. Hoiseth, H. Jarstadmarken, S. Nygard, M. Bjoras,
I. Sjaastad, V. Pettila, M. Stridsberg, T. Omland, G. Christensen, H. Rosjo,
Secretoneurin is a novel prognostic cardiovascular biomarker associated with car-
diomyocyte calcium handling, J. Am. Coll. Cardiol. 65 (4) (2015) 339–351, https://
doi.org/10.1016/j.jacc.2014.10.065.

[14] H.E. Ter Keurs, P.A. Boyden, Calcium and arrhythmogenesis, Physiol. Rev. 87 (2)
(2007) 457–506, https://doi.org/10.1152/physrev.00011.2006.

[15] A.H. Ottesen, C.R. Carlson, O.S. Eken, M. Sadredini, P.L. Myhre, X. Shen, B. Dalhus,
D.R. Laver, P.K. Lunde, J. Kurola, M. Lunde, J.E. Hoff, K. Godang, I. Sjaastad,
V. Pettila, I.G. Lunde, T. Omland, M.K. Stokke, G. Christensen, H. Rosjo,
W.E. Louch, Secretoneurin is an endogenous CAMKII inhibitor that attenuates
Ca2+−dependent arrhythmia, Circ. Arrhythm. Electrophysiol. 12 (4) (2019 Apr)
e007045, https://doi.org/10.1161/CIRCEP.118.007045.

[16] J. Hasslacher, G.F. Lehner, U. Harler, R. Beer, H. Ulmer, R. Kirchmair, R. Fischer-
Colbrie, R. Bellmann, S. Dunzendorfer, M. Joannidis, Secretoneurin as a marker for
hypoxic brain injury after cardiopulmonary resuscitation, Intensive Care Med. 40
(10) (2014) 1518–1527, https://doi.org/10.1007/s00134-014-3423-4.

[17] P.L. Myhre, A.H. Ottesen, M. Okkonen, R. Linko, M. Stridsberg, S. Nygard,
G. Christensen, V. Pettila, T. Omland, H. Rosjo, F.L.S. Group, Prognostic value of
secretoneurin in patients with acute respiratory failure: data from the FINNALI
study, Clin. Chem. 62 (10) (2016) 1380–1389, https://doi.org/10.1373/clinchem.
2016.258764.

[18] J. Brynildsen, L. Petaja, P.L. Myhre, M.N. Lyngbakken, S. Nygard, M. Stridsberg,
G. Christensen, A.H. Ottesen, V. Pettila, T. Omland, H. Rosjo, Circulating secreto-
neurin concentrations after cardiac surgery: data from the FINNish acute kidney
injury heart study, Crit. Care Med. (2019), https://doi.org/10.1097/CCM.
0000000000003670.

[19] H. Rosjo, M. Stridsberg, A.H. Ottesen, S. Nygard, G. Christensen, V. Pettila,
R. Linko, S. Karlsson, T. Varpula, E. Ruokonen, T. Omland, F.S. Groups Finnsepsis,
Prognostic value of secretoneurin in critically ill patients with infections, Crit. Care
Med. 44 (10) (2016) 1882–1890, https://doi.org/10.1097/CCM.
0000000000001832.

[20] H. Rosjo, S. Masson, P. Caironi, M. Stridsberg, M. Magnoli, G. Christensen, G. Moise,
M.C. Urbano, L. Gattinoni, A. Pesenti, R. Latini, T. Omland, A.B.S. Investigators,

Prognostic value of secretoneurin in patients with severe sepsis and septic shock:
data from the albumin Italian outcome sepsis study, Crit. Care Med. 46 (5) (2018)
e404–e410, https://doi.org/10.1097/CCM.0000000000003050.

[21] R.M. Lang, L.P. Badano, V. Mor-Avi, J. Afilalo, A. Armstrong, L. Ernande,
F.A. Flachskampf, E. Foster, S.A. Goldstein, T. Kuznetsova, P. Lancellotti,
D. Muraru, M.H. Picard, E.R. Rietzschel, L. Rudski, K.T. Spencer, W. Tsang,
J.U. Voigt, Recommendations for cardiac chamber quantification by echocardio-
graphy in adults: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging, J. Am. Soc. Echocardiogr. 28 (1)
(2015) 1–39 e14, https://doi.org/10.1016/j.echo.2014.10.003.

[22] MCCalc©, Corrected QT Interval (QTc), https://www.mdcalc.com/corrected-qt-
interval-qtc, (2005-2018) , Accessed date: 15 March 2018.

[23] E.M. Antman, D.T. Anbe, P.W. Armstrong, E.R. Bates, L.A. Green, M. Hand,
J.S. Hochman, H.M. Krumholz, F.G. Kushner, G.A. Lamas, C.J. Mullany, J.P. Ornato,
D.L. Pearle, M.A. Sloan, S.C. Smith Jr., J.S. Alpert, J.L. Anderson, D.P. Faxon,
V. Fuster, R.J. Gibbons, G. Gregoratos, J.L. Halperin, L.F. Hiratzka, S.A. Hunt,
A.K. Jacobs, J.P. Ornato, ACC/AHA guidelines for the management of patients with
ST-elevation myocardial infarction; a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (Committee to
Revise the 1999 Guidelines for the Management of patients with acute myocardial
infarction), J. Am. Coll. Cardiol. 44 (3) (2004) E1–E211, https://doi.org/10.1016/j.
jacc.2004.07.014.

[24] M. Stridsberg, B. Eriksson, E.T. Janson, Measurements of secretogranins II, III, V
and proconvertases 1/3 and 2 in plasma from patients with neuroendocrine tu-
mours, Regul. Pept. 148 (1–3) (2008) 95–98, https://doi.org/10.1016/j.regpep.
2008.03.007.

[25] H. Rosjo, S. Nygard, K.M. Kaukonen, S. Karlsson, M. Stridsberg, E. Ruokonen,
V. Pettila, T. Omland, F.S. Group, Prognostic value of chromogranin A in severe
sepsis: data from the FINNSEPSIS study, Intensive Care Med. 38 (5) (2012)
820–829, https://doi.org/10.1007/s00134-012-2546-8.

[26] H. Rosjo, C. Husberg, M.B. Dahl, M. Stridsberg, I. Sjaastad, A.V. Finsen,
C.R. Carlson, E. Oie, T. Omland, G. Christensen, Chromogranin B in heart failure: a
putative cardiac biomarker expressed in the failing myocardium, Circ. Heart Fail. 3
(4) (2010) 503–511, https://doi.org/10.1161/CIRCHEARTFAILURE.109.867747.

[27] D.W. Cockcroft, M.H. Gault, Prediction of creatinine clearance from serum creati-
nine, Nephron 16 (1) (1976) 31–41.

[28] J. Brynildsen, L. Petaja, V. Pettila, S. Nygard, S.T. Vaara, R. Linko, M. Okkonen,
T.A. Hagve, L. Soininen, R. Suojaranta-Ylinen, M.N. Lyngbakken, T. Omland,
H. Rosjo, The predictive value of NT-proBNP and hs-TnT for risk of death in cardiac
surgical patients, Clin. Biochem. 53 (2018) 65–71, https://doi.org/10.1016/j.
clinbiochem.2018.01.012.

[29] J. Holm, M. Vidlund, F. Vanky, O. Friberg, E. Hakanson, S. Walther, R. Svedjeholm,
EuroSCORE II and N-terminal pro-B-type natriuretic peptide for risk evaluation: an
observational longitudinal study in patients undergoing coronary artery bypass
graft surgery, Br. J. Anaesth. 113 (1) (2014) 75–82, https://doi.org/10.1093/bja/
aeu088.

[30] A.A. Fox, S.K. Shernan, C.D. Collard, K.Y. Liu, S.F. Aranki, S.M. DeSantis,
P. Jarolim, S.C. Body, Preoperative B-type natriuretic peptide is as independent
predictor of ventricular dysfunction and mortality after primary coronary artery
bypass grafting, J. Thorac. Cardiovasc. Surg. 136 (2) (2008) 452–461, https://doi.
org/10.1016/j.jtcvs.2007.12.036.

[31] K. Thygesen, J.S. Alpert, A.S. Jaffe, B.R. Chaitman, J.J. Bax, D.A. Morrow,
H.D. White, E.S.C.S.D. Group, Fourth universal definition of myocardial infarction
(2018), Eur. Heart J. 40 (3) (2019) 237–269, https://doi.org/10.1093/eurheartj/
ehy462.

[32] L.B. Daniels, A.S. Maisel, Natriuretic peptides, J. Am. Coll. Cardiol. 50 (25) (2007)
2357–2368, https://doi.org/10.1016/j.jacc.2007.09.021.

[33] H. Rosjo, P.K. Opstad, J.E. Hoff, K. Godang, G. Christensen, M. Stridsberg,
T. Omland, Effect of short- and long-term physical activities on circulating granin
protein levels, Regul. Pept. 185 (2013) 14–19, https://doi.org/10.1016/j.regpep.
2013.06.003.

[34] J. Joseph, S.Y. Naqvi, J. Giri, S. Goldberg, Aortic stenosis: pathophysiology, diag-
nosis, and therapy, Am. J. Med. 130 (3) (2017) 253–263, https://doi.org/10.1016/
j.amjmed.2016.10.005.

[35] R. Fischer-Colbrie, A. Laslop, R. Kirchmair, Secretogranin II: molecular properties,
regulation of biosynthesis and processing to the neuropeptide secretoneurin, Prog.
Neurobiol. 46 (1) (1995) 49–70.

[36] V.L. Trudeau, C.J. Martyniuk, E. Zhao, H. Hu, H. Volkoff, W.A. Decatur, A. Basak, Is
secretoneurin a new hormone? Gen. Comp. Endocrinol. 175 (1) (2012) 10–18,
https://doi.org/10.1016/j.ygcen.2011.10.008.

[37] G. Schurmann, A.E. Bishop, P. Facer, U. Eder, R. Fischer-Colbrie, H. Winkler,
J.M. Polak, Secretoneurin: a new peptide in the human enteric nervous system,
Histochem. Cell Biol. 104 (1) (1995) 11–19.

[38] R. Ischia, R.W. Gasser, R. Fischer-Colbrie, U. Eder, A. Pagani, L.X. Cubeddu,
P. Lovisetti-Scamihorn, G. Finkenstedt, A. Laslop, H. Winkler, Levels and molecular
properties of secretoneurin-immunoreactivity in the serum and urine of control and
neuroendocrine tumor patients, J. Clin. Endocrinol. Metab. 85 (1) (2000) 355–360,
https://doi.org/10.1210/jcem.85.1.6314.

J. Brynildsen, et al. Clinical Biochemistry 71 (2019) 17–23

23

https://doi.org/10.1093/eurheartj/ehx391
https://doi.org/10.1093/eurheartj/ehx391
https://doi.org/10.1161/CIRCULATIONAHA.114.011085
https://doi.org/10.1161/CIRCULATIONAHA.114.011085
https://doi.org/10.1016/j.amjcard.2011.02.346
https://doi.org/10.1371/journal.pone.0091812
https://doi.org/10.1136/heartjnl-2016-310482
https://doi.org/10.1136/heartjnl-2016-310482
https://doi.org/10.1136/heartjnl-2018-314122
https://doi.org/10.1136/heartjnl-2018-314122
https://doi.org/10.1210/er.2010-0027
https://doi.org/10.1371/journal.pone.0037401
https://doi.org/10.1371/journal.pone.0037401
https://doi.org/10.1161/01.CIR.0000139884.81390.56
https://doi.org/10.1161/01.CIR.0000139884.81390.56
https://doi.org/10.1161/01.CIR.0000112574.07422.C1
https://doi.org/10.1161/01.CIR.0000112574.07422.C1
https://doi.org/10.1016/j.jacc.2014.10.065
https://doi.org/10.1016/j.jacc.2014.10.065
https://doi.org/10.1152/physrev.00011.2006
https://doi.org/10.1161/CIRCEP.118.007045
https://doi.org/10.1007/s00134-014-3423-4
https://doi.org/10.1373/clinchem.2016.258764
https://doi.org/10.1373/clinchem.2016.258764
https://doi.org/10.1097/CCM.0000000000003670
https://doi.org/10.1097/CCM.0000000000003670
https://doi.org/10.1097/CCM.0000000000001832
https://doi.org/10.1097/CCM.0000000000001832
https://doi.org/10.1097/CCM.0000000000003050
https://doi.org/10.1016/j.echo.2014.10.003
https://www.mdcalc.com/corrected-qt-interval-qtc
https://www.mdcalc.com/corrected-qt-interval-qtc
https://doi.org/10.1016/j.jacc.2004.07.014
https://doi.org/10.1016/j.jacc.2004.07.014
https://doi.org/10.1016/j.regpep.2008.03.007
https://doi.org/10.1016/j.regpep.2008.03.007
https://doi.org/10.1007/s00134-012-2546-8
https://doi.org/10.1161/CIRCHEARTFAILURE.109.867747
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0135
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0135
https://doi.org/10.1016/j.clinbiochem.2018.01.012
https://doi.org/10.1016/j.clinbiochem.2018.01.012
https://doi.org/10.1093/bja/aeu088
https://doi.org/10.1093/bja/aeu088
https://doi.org/10.1016/j.jtcvs.2007.12.036
https://doi.org/10.1016/j.jtcvs.2007.12.036
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1016/j.jacc.2007.09.021
https://doi.org/10.1016/j.regpep.2013.06.003
https://doi.org/10.1016/j.regpep.2013.06.003
https://doi.org/10.1016/j.amjmed.2016.10.005
https://doi.org/10.1016/j.amjmed.2016.10.005
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0175
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0175
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0175
https://doi.org/10.1016/j.ygcen.2011.10.008
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0185
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0185
http://refhub.elsevier.com/S0009-9120(19)30324-8/rf0185
https://doi.org/10.1210/jcem.85.1.6314

	Circulating secretoneurin concentrations in patients with moderate to severe aortic stenosis
	Introduction
	Material and methods
	Patient cohort and control subjects
	Echocardiography
	Electrocardiogram
	Biochemistry
	Statistics

	Results
	Baseline characteristics of patients with aortic stenosis and controls
	SN concentrations and long-term mortality in patients with aortic stenosis
	Variables associated with high SN concentrations

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	mk:H1_17
	mk:H1_18
	Funding information
	mk:H1_20
	Author contribution statement
	mk:H1_22
	Patient consent
	mk:H1_24
	Ethical approval
	mk:H1_26
	Supplementary data
	References




