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Abstract

Background: Data is limited evaluating novel biomarkers in right ventricular dysfunction. Normal right heart function
improves the prognosis of patients with heart failure. Therefore, this study investigates the association between the
novel biomarker copeptin and right heart function compared to NT-proBNP.

Methods: Patients undergoing routine echocardiography were enrolled prospectively. Right ventricular function was
assessed by tricuspid annular plane systolic excursion (TAPSE) and further right ventricular and atrial parameters.
Exclusion criteria were age under |8years, left ventricular ejection fraction < 50% and moderate to severe valvular
heart disease. Blood samples were taken for biomarker measurements within 72 h of echocardiography.

Results: Ninety-one patients were included. Median values of copeptin increased significantly according to decreasing
values of TAPSE (P=0.001; right heart function grade I: tricuspid annular plane systolic excursion; TAPSE > 24 mm:
5.20 pmol/L; grade II: TAPSE 18-24 mm: 8.10 pmol/L; grade lll: TAPSE < 18 mm: 26.50 pmol/L). Copeptin concentrations
were able to discriminate patients with decreased right heart function defined as TAPSE < 18 mm (area under the curves
[AUC]: copeptin: 0.793; P=0.001; NT-proBNP: 0.805; P=0.0001). Within a multivariable linear regression model,
copeptin was independently associated with TAPSE (copeptin: T: —4.43; P=0.0001; NT-proBNP: T: —1.21; P=0.23).
Finally, copeptin concentrations were significantly associated with severely reduced right heart function
(TAPSE < 18 mm) within a multivariate logistic regression model (copeptin: odds ratio: 0.94; 95% confidence interval:
0.911-0.975; P=0.001).

Conclusions: This study demonstrates that the novel biomarker copeptin reflects longitudinal right heart function
assessed by standardized transthoracic echocardiography compared with NT-proBNP.
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Introduction

Cardiovascular diseases represent a major health
burden worldwide. Heart failure itself is the leading
cause of cardiovascular death. Patients suffering from
heart failure are associated with increasing risk of hos-
pitalization related to significant expenditures in the
health-care system.! The lifetime risk for patients suf-
fering from heart failure aged 55 years is 33% for men
and 28% for women in Europe.” Therefore, accurate
diagnosis and therapy are essential for each individual
heart failure patient.

Studies commonly focus on left-sided heart failure
either with reduced or preserved ejection fraction; how-
ever, the right ventricle often remains unconsidered. In
a study of 205 stable heart failure patients with left
ventricular systolic dysfunction, de Groote et al.
showed that right ventricular function (RVF) was an
independent predictor of survival.® Notably, even in
patients with advanced left-sided heart failure, RVF
may represent a key factor for prognosis, as demon-
strated by Guazzi and Naeije.* Postcapillary pulmo-
nary arterial hypertension may deteriorate RVF in
the presence of advanced stages of left ventricular
heart failure.>® From the perspective of the right
ventricle, the increasing afterload may lead to myo-
cardial hypertrophy and final dilatation, resulting
in right ventricular longitudinal dysfunction.
Standardized transthoracic echocardiography repre-
sents the most common and accurate diagnostic tech-
nique to evaluate RVF. Tricuspid annular plane
systolic excursion (TAPSE) is regarded as the param-
eter of choice to reflect longitudinal RVF. TAPSE can
be assessed fast, easily and precisely even under bad
ultrasound conditions, featuring a high
interobserver reliability and correlating with right ven-
tricular ejection fraction measured by radionuclide
angiography.®'%!’

Copeptin is released in equimolar mass together
with vasopressin by the hypothalamus.'® Compared
to the potent vasoconstrictive neurohormonal peptide
vasopressin, copeptin, consisting of 39 amino acids,
reveals a longer half-life and is therefore often used
as a surrogate biomarker in patients with heart fail-
ure.'”?* In line, aminoterminal pro-B-type natriuretic
peptide (NT-proBNP) is an established biomarker for
heart failure."® However, there is only limited data
available evaluating the association between copeptin,
NT-proBNP and longitudinal RVF. Therefore, the
present study evaluates whether copeptin is able to
reflect longitudinal RVF compared to NT-proBNP in
patients undergoing standardized transthoracic
echocardiography.

Methods

Study design and population

The Cardiovascular Imaging and Biomarker Analyses
study (clinicaltrails.gov identifier: NCT 03074253) is a
clinically prospective, controlled and mono-centric
study conducted at the University Medical Center
Mannheim, Germany. The present study incorporated
a population subset derived from a patient cohort who
underwent routine echocardiography at the University
Medical Center Mannheim, Germany between 2014
and 2016. Written informed consent was obtained
from all participants or their legal representatives.
For our study, the Declaration of Helsinki was applied,
and it was approved by the local ethics committee (the
medical ethics commission II of the Faculty of
Medicine in Mannheim, University of Heidelberg,
Germany [local ethics reference number: 2014-615 N-
MA]). Patients coming in for routine checkup under-
went transthoracic echocardiography, and blood was
drawn for measuring natriuretic peptides as well as
copeptin and other laboratory markers. Also, relevant
clinical data of each patient were ascertained, such as
medical history and laboratory work-up. Patients
under the age of 18 years or those with a left ventricular
ejection fraction < 50% or moderate to severe valvular
heart disease were excluded from the study. As thisis a
non-interventional, observational study, the diagnostic
procedures and treatment of the patients have not been
modified.

Echocardiography

A detailed routine transthoracic echocardiography was
performed for all patients and examined by indepen-
dent doctors. Standard techniques were applied in
order to acquire reproducible images. The assessed
structural indices included systolic function with left
ventricular ejection fraction (LVEF) using Simpsons’
biplane mode, left atrial (LA) size, end-systolic and
-diastolic volumes and diameters, as well as mild val-
vular heart diseases, right atrial (RA) size and RVF
measured by TAPSE. The apical four-chamber view
was adjusted to obtain TAPSE by using the M-mode
cursor optimally aligned along the direction of the tri-
cuspid lateral annulus.® The area as well as the volume
of the RA was measured end-systolic in a four-chamber
view, immediately before opening the tricuspid valve.
Transthoracic echocardiography was performed during
clinical routine by specialized operators (operation
count each >2000 echocardiographies in the past)
and in addition by supervision by advanced attending
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operators (operation count >20,000 echocardiogra-
phies in the past). Specifically, before data analysis,
all studies were finally reviewed by an independent
echo specialist (operation count >20,000 echocardiog-
raphies in the past), who reviewed and in case of incon-
sistent results re-assessed echo measurements based on
the original echocardiographic study and measure-
ments obtained. Echocardiographic analyses were
investigated while blinded to the results of final bio-
marker measurements. The echocardiographic inclu-
sion criteria specified that patients had a preserved
LV function (LVEF > 50%). Consequently, patients
with an LVEF <50% were excluded. Additionally,
patients with moderate and severe heart valve disor-
ders, classified as either stenosis or regurgitation,
were excluded. Furthermore, patients with existing pul-
monary arterial hypertension (PAH) were excluded,
defined as mean pulmonary arterial pressure above
50mmHg, as assessed by echocardiography indicating
no evidence of relevant PAH.

Laboratory analysis

At a single assessment point upon study, inclusion
blood samples by venipuncture were collected within
72h after routine echocardiography. The samples
were taken into serum monovettes or EDTA contain-
ing tubes and centrifuged within 30 min at 2500 g for
10 min afterwards. The plasma and serum were sepa-
rated, cooled liquid nitrogen and stored at —80°C for
further analysis. For generating quantitative data of
copeptin, the copeptin proAVP assay (BRAHMS,
Thermo  Fisher  Scientific Inc., Hennigsdorf,
Germany) was used on the Kryptor compact PLUS
analyzer. The sample matrix was EDTA plasma
which was centrifuged at 2700 g for 15 min after thaw-
ing. Following the CLSI EP17-A2 guideline the Limit
of Detection (LOD) has been assessed as being 0.69
pmol/L and the Limit of Quantification (LOQ) as
beeing 1.23 pmol/L. The mean in healthy controls is
5.10pmol/L with a SD of 3.7. The intra-assay CVs

are < 15% (concentration range 2.0-4.0pmol/L)
and <3% (concentration > 50 pmol/L). The inter-
assay CVs are<18% (concentration range 2.0—

4.0pmol/L) and <5% (concentration > 50 pmol/L).
The direct measuring range is 0.7-500 pmol/L. Due to
no availability of local performance data, all data is
taken from the instructions for use (IFU). The serum
concentration of NT-proBNP, used as a reference bio-
marker, was measured using a proBNP II STAT assay
on a Cobas e 602 analyser (Roche Diagnostics,
Mannheim, Germany). After thawing, the serum was
centrifuged at 2500 g for 10 min. The age-dependent

reference values in an apparently healthy reference
group according to the IFU are as follows. In the age
range from 18 to 44 years, the mean is 35.6 ng/L with a
SD of 30.2 and >75years 211 ng/L with a SD of 62.4.
The CVs for repeatability are 2.0% (concentration of
142ng/L) and 2.0% (concentration 6552ng/L). The
CVs for intermediate precision are 3.5% (concentration
59.3ng/L) and 2.3% (concentration 6552ng/L). The
measuring range is 5-35,000ng/L. Serum creatinine
concentrations were measured using the Creatinine
Jaffe Gen.2 assay on a Cobas ¢ 702 analyzer (Roche
Diagnostics, Mannheim, Germany), and the glomeru-
lar filtration rate (¢GFR) was estimated using the mod-
ification of diet in renal disease (MDRD) formula.'’
These samples were also centrifuged at 2500 g for
10 min. The gender-dependent reference values are in
females 44-80 umol/L and males 62 — 106 umol/L. The
CVs for repeatability are 2.3 % (concentration 72.9
pmol/L) and 1.0 % (concentration 1812 pmol/L). The
CVs for intermediate precision are 3.7 % (concentra-
tion 51.3 pumol/L) and 2.1 % (2005 pmol/L). The mea-
suring range is 15 — 2200 pmol/L. All data is taken
from the IFU.

Statistical analysis

The statistical analysis was performed using SPSS (ver-
sion 25.0 optimized for macOS). RVF was measured by
TAPSE and also indirectly by RA area. The study pop-
ulation was diverted into three subgroups: TAPSE
>24mm, TAPSE 1824mm, TAPSE<18mm.
Continuous variables are presented as mean or
median and interquartile ranges (IQRs; 25th to 75th
percentile), whereas category variables are presented
as percentages. Two-tailed P < 0.05 was considered sta-
tistically significant. Kolmogorov-Smirnov test was
used to check whether the neurohormonal
measurements were normally distributed or not. Non-
normally distributed data were calculated as logarith-
mic for univariable correlation. When data was not
normally distributed with significant deviations from
the Gaussian distribution, Kruskal-Wallis was assessed
to compare differences in copeptin and NT-proBNP
concentrations among the different subgroups of
RVF. Correlation between copeptin and baseline vari-
ables, such as NT-proBNP and echocardiographic
parameters, was assessed using Pearson correlation.
To identify variables that influence RVF a backward
stepwise multivariable linear regression analysis was
performed. The area under the curves (AUC) of receiv-
er operating characteristics (ROC) of copeptin and
NT-proBNP were generated to assess the ability to pre-
dict right ventricular (RV) dysfunction grade III given
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with 95% confidence intervals. ROC curves were gen-
erated for TAPSE<18mm and TAPSE < 14mm.
Comparisons of AUCs were performed by the
method of Hanley et al.>> Multivariable linear regres-
sion analysis was performed in order evaluate superi-
ority for the association of copeptin with TAPSE over
NT-proBNP and clinical variables.

Results

Study population

A total of 91 patients were enrolled. The baseline char-
acteristics are described (Table 1). Mean age was

Table |I. Baseline characteristics of study population.

Characteristic Patients (n=91)

Age, mean (range; IQR®) 66 (22-97; 58-79)

Gender, n (%)
Male 49 (54)
Female 42 (46)
Cardiovascular risk factors, n (%)
Arterial hypertension 77 (87)
Hypercholesterinemia 42 (47)
Cardiac family history 12 (13)
Smoker 33 (37)
Diabetes mellitus 26 (29)
Adipositas 23 (26)

Laboratory parameters, median (IQR?)
Creatinine (tmol/L)
GFR (mL/min/m?)

Medical history, n (%)

88.00 (68.64—115.28)
67.02 (48.86-84.80)

Chronic heart failure 71 (80)
NYHA | 28 (31)
NYHA Il 16 (18)
NYHA [lI 26 (29)
NYHA IV I ()

Atrial fibrillation 38 (43)
Paroxysmal 22 (25)
Persistent 12 (13)
Permanent 4 (4)

Coronary artery disease 49 (55)
Single vessel disease 10 (1)
Il vessel disease 14 (16)
Il vessel disease 25 (28)
Myocardial infarction 25 (28)
Chronic kidney disease 20 (22)
COPD I (12)
Asthma 4 (4)

Cancer 22 (25)

IQR: interquartile range.

66 years (range 22-97years); sex was almost equally
distributed (54% vs. 46% females). Longitudinal
RVF was assessed by TAPSE, and the population
was divided into three subgroups: TAPSE >24 mm
(n=23), TAPSE 18-24mm (n=155), TAPSE < 18 mm
(n=13). The cardiovascular risk factors arterial hyper-
tension (87%) and hypercholesterinemia were most
common (47%). No evidence of relevant chronic
kidney disease was found in the present cohort
(median eGFR of 67ml/min/m? median creatinine
88.00 umol/L). The distribution of echocardiographic
parameters in the overall cohort and in TAPSE sub-
groups is shown (Table 2). No relevant differences of
echocardiographic parameters were evident in between
these groups.

Copeptin and echocardiographic parameters

Copeptin correlated significantly (Table 3) with
TAPSE (r=-0412; P=0.0001), RA diameter
(r=0.275; P=0.010), RA area (r=0.256; P=0.010),
RA volume (r=0.375; P=0.001), RV volume
(r=0.218; P=0.039) and E/E' (r=0.378; P=0.0001).
Median copeptin concentrations were significantly
higher in patients with RA area > 18cm? compared
to <18cm? (15.4pmol/L vs. 10.6 pmol/L; P=0.002)
(data not shown). Finally, copeptin correlated signifi-
cantly with NT-proBNP (r=0.646; P=0.0001). No
correlation in between both biomarkers and LVEF
was found.

Copeptin reflects different stages of RV dysfunction
according to TAPSE

Copeptin  concentrations increased according to
decreasing stages of TAPSE (P=0.001) (Figure 1(a)).
Accordingly, NT-proBNP concentrations increased
significantly (P=0.002) (Figure 1(b)). The mean
value of copeptin in RVF grade 1 (TAPSE > 24 mm)
was 7.5pmol/L (median: 5.2pmol/L), in RVF grade
II (TAPSE 18-24mm) was 12.7pmol/L (median:
8.1 pmol/L) and in RVF grade III (TAPSE < 18 mm)
was 32.3 pmol/L (median: 26.5 pmol/L).

As demonstrated by C statistics (Figure 2), copeptin
as well as NT-proBNP were able to discriminate the
diseased right ventricle with TAPSE below 18 mm
(copeptin:  AUC: 0.793; 95% CI: 0.641-0.944;
P=0.001; NT-proBNP: AUC: 0.805; 95% CI: 0.676—
0.934; P=0.001). Furthermore, both copeptin and
NT-proBNP were able to discriminate TAPSE
<14mm (Figure 3), (copeptin: AUC: 0.801; 95% CI:
0.608-0.994; P=0.003; NT-proBNP: AUC: 0.794;
95% CI: 0.622-0.965; P=0.004). However, no signifi-
cant difference was observed between the AUCs of
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Table 2. Distribution of echocardiographic indices according to TAPSE sub-groups (median (IQR)).

All patients TAPSE > 24 mm TAPSE 18-24 mm TAPSE < 18 mm P

(n=91) (n=23) (n=>55) (n=13)
Parameter P
EF (%) 58 (56-65) 63 (56-65) 58 (56-63) 58 (57-64) 0.428
FS (%) 33 (29-42) 36 (3042) 31 (28-40) 40 (31-42) 0.122
LVEDD (mm) 46 (42-50) 46 (43-52) 46 (43-50) 40 (39-46) 0.333
LVESD (mm) 30 (27-33) 30 (27-32) 30 (27-35) 30 (25-32) 0.789
LVPW (mm) 12 (10-13) I (9-12) 12 (10-13) 12 (11-13) 0.616
IVSdiast (mm) 12 (10-14) Il (10-14) 12 (10-14) 14 (11-14) 0.633
RA (mm) 36 (34-40) 37 (3441) 36 (34-40) 42 (36—46) 0.036
LA (mm) 41 (37-45) 40 (35-45) 40 (36-—45) 43 (41-45) 0.395
RV-area (cm?) 18 (15-21) 18 (16-20) 18 (15-21) 15 (14-23) 0.841
RV-volume (cm?) 38 (28-51) 38 (30-45) 38 (27-51) 40 (27-60) 0.971
LV-area (cm?) 34 (30-39) 34 (31-39) 35 (314l1) 31 (27-31) 0.097
LV-volume (cm?) 112 (91-148) 118 (91-137) 116 (94-159) 91 (81-110) 0.094
Aorta (mm) 31 (26-36) 32 (29-36) 30 (25-33) 32 (30-37) 0.157
E’ med (m/s) 0.06 (0.05-0.08) 0.06 (0.05-0.10) 0.06 (0.04-0.08) 0.08 (0.06-0.08) 0.583
E’ lat (m/s) 0.08 (0.06-0.10) 0.08 (0.06-0.11) 0.08 (0.06-0.09) 0.10 (0.07-0.14) 0.637
E/E 10 (8-14) 10 (8-13) 10 (8-14) 16 (12-16) 0.119

IQR: interquartile range; EF: ejection fraction; FS: fractional shortening; LVEDD: left ventricular enddiastolic diameter; LVESD: left ventricular
endsystolic diameter; LVPW: left ventricular posterior wall; IVSdiast: interventricular septal diameter; RA: right atrium; LA: left atrium; RV: right
ventricle; LV: left ventricle; E'med: velocity to tissue Doppler medial; E'lat: velocity to tissue Doppler lateral; E/E’: ratio of mitral inflow (E), velocity to

tissue Doppler (E'); TAPSE: tricuspid annular plane systolic excursion.

Table 3. Univariable correlations between echocardiographic
parameters and biomarkers.

Parameter Copeptin (pmol/L) NT-proBNP (ng/L)
TAPSE r=-0.412; P=0.0001 r=-0.368; P=0.0001
RA diameter r=0.275; P=0.010 r=0.266; P=0.011
(mm)
RA area r=0.256; P=0.016 r=0.434; P=0.0001
RA volume r=0.375; P=0.001 r=0.550; P=0.0001
RV volume r=0.218; P=0.039 r=0.064; P=0.545
LVEF r=-0.184; P=0.077 r=-0.142; P=0.169
LV Volume r=0.027, P=0.800 r=-0.091, P=0.387
E/E' r=20.378; P=0.0001 r=20.494; P=0.0001

Note: Bold values indicate statistically significant P values (P < 0.05).

copeptin and NT-proBNP (Hanley method; TAPSE
<18mm, P=0.911; TAPSE <14 mm, P=0.938).>

Multivariable linear regression model

A backward stepwise multivariable linear regression
model adjusted for sex, age, creatinine and NT-
proBNP revealed that was copeptin independently
associated with TAPSE (copeptin: regression coeffi-
cient B: —0.017; standard error: 0.004; Beta —0.429; T

—4.43; P=0.0001), while being superior to NT-proBNP
(regression coefficient B: —0.038; standard error:
0.0001; Beta: —0.145; T: —1.21, P=0.23) and further
clinical variables (Table 4).

Discussion

The present study aimed to determine the relationship
between copeptin and longitudinal RVF reflected by
the echocardiographic parameter TAPSE. It was dem-
onstrated that copeptin concentrations significantly
increased alongside decreasing stages of longitudinal
RVF and valuably discriminated RV dysfunction clas-
sified by TAPSE <18mm. Copeptin significantly
increased according to three different stages of RVF
reflected by TAPSE. Copeptin was able to discriminate
patients with TAPSE <18mm as well as< 14mm,
which are both known predictors of adverse clinical
outcome.'"'®??  Furthermore, copeptin correlated
with TAPSE, RA parameters as well as with RV
volume as well as with NT-proBNP. Even after multi-
variable adjustment in a linear regression model,
copeptin revealed superior association with TAPSE
compared to NT-proBNP and other clinical variables.
The present study therefore delivers novel insights
about the diagnostic potential of the biomarker
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Figure |. Distribution of Copeptin (a) and NT-proBNP (b) serum concentrations according to subgroups of reduced TAPSE. Data
are presented as medians with 25th and 75th percentiles (boxes) and 5th and 95th percentiles/whiskers).

TAPSE: tricuspid annular plane systolic excursion.
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Figure 2. Receiver-operating characteristic (ROC) curves
revealing valuable discrimination of patients with reduced TAPSE
of < I8 mm by serum concentrations of copeptin and NT-
proBNP.

TAPSE: tricuspid annular plane systolic excursion.

copeptin to diagnose RVF after exclusion of patients
with LV dysfunction and PAH, which may become
useful for clinical routine diagnostics, even in combi-
nation with NT-proBNP.

Transthoracic echocardiography represents the stan-
dard diagnostic technique to assess RVF, since it is
commonly available, ecasily to perform and highly
cost efficient. Further diagnostic imaging modalities,
e.g. cardiac magnetic resonance imaging and real-time
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Figure 3. Receiver-operating characteristic (ROC) curves
revealing valuable discrimination of patients with reduced TAPSE
of <14 mm by serum concentrations of Copeptin and
NT-proBNP.

TAPSE: tricuspid annular plane systolic excursion.

three-dimensional or speckle-tracking echocardiogra-
phy represent rather advanced techniques and are
therefore not suitable to assess RVF during clinical
routine in every patient.'>'* TAPSE represents the
main parameter for assessing RVF by transthoracic
echocardiography. Due to the anatomy of the right
ventricle, ventricular stroke volume is mainly generated
by longitudinal shortening rather than by the reduction
of the diameter of the radial cavity.?® This explains the
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Table 4. Multivariable linear regression model to evaluate associations with TAPSE.

Parameter Beta B Standard error T Adjusted P
Age 0.031 0.001 0.004 0.29 0.773

Sex 0.127 0.086 0.124 0.69 0.489
Creatinine (umol/L) -0.075 —-0.074 0.104 -0.70 0.483
AHT -0.037 -0.058 0.163 -0.35 0.726
CAD -0.070 -0.034 0.047 -0.71 0.480
NT-proBNP (ng/L) —0.154 -0.038 0.0001 -1.21 0.230
Copeptin (pmol/L) -0.429 -0.017 0.004 —4.43 0.0001

AHT: arterial hypertension; CAD: coronary artery disease.
Note: Bold values indicate statistically significant P values (P < 0.05).

strong correlation between RVF and TAPSE, as
recently demonstrated by Vizzardi et al.'* This concept
was proven by further studies, thereby proposing
TAPSE as the predominant surrogate parameter for
RVF.'-131¢ The present study further demonstrated
that copeptin also correlated with RA area and
volume, indicating further impairment of RVF.

RV dysfunction very often reflects the beginning of
end-stage heart failure after years of predominantly left
ventricular systolic dysfunction. Therefore, persistent
biventricular failure is limiting the prognosis of each
patient suffering from heart failure.*?”-*® Moreover,
an acute myocardial infarction (AMI) not only repre-
sents acute myocardial cell death but can also be fol-
lowed by RA impairment as a distinct feature leading
to an impaired RVF.? In line, the therapeutic options
for RV dysfunction are limited as well, and supportive
scientific evidence is rare.**3* Although surgical tricus-
pid valve replacement or annuloplasty, interventional
tricuspid valve repair, as well as right ventricular assist
devices exist as therapeutic options, they merely aim to
delay global heart failure and do not represent
causal therapies even as a consequence of left-sided
heart failure.**3°

The evaluation of novel cardiac biomarkers to assess
RVF is strongly needed. In order to avoid potential
bias from left-heart pathologies, e.g. LVEF < 50% or
moderate to severe aortic or mitral valve disorders, it is
essential to exclude these conditions from biomarker
studies evaluating the diagnostic value of candidate
biomarkers for RVF. Copeptin was initially investigat-
ed in patients suffering from AMI.**3® Thereafter,
copeptin was further evaluated in the context of heart
failure. Within the biomarker in acute heart failure
(BACH) study, Maisel et al. demonstrated the valuable
prognostic capacity to predict 90-day all-cause mortal-
ity.* The prognostic value of copeptin was proven by
further studies in patients suffering from chronic heart

failure.>**"4%42 Copeptin already has been analysed in
left-sided heart failure or PAH. However, the diagnos-
tic value of copeptin for exclusive RVF has rarely been
investigated and therefore was the primary aim of the
present study.

Pathophysiologically, decreased renal blood flow as
a consequence of low cardiac output during systolic
heart failure activates the renin—angiotensin—aldoste-
rone system (RAAS) leading to peripheral vasocon-
striction.  Increased plasma concentrations of
angiotensin II stimulate the nucleus supraopticus and
nucelus paraventricularis of the hypothalamus to
increase the vasopressin secretion.*® Furthermore, in
the presence of heart failure, activation of barorecep-
tors due to volume overload in both atria leads to
increased vasopressin secretion. The so-called Gauer-
Henry-reflex is fed back via afferents leading from both
atria to the hypothalamus.* Since copeptin is secreted
in equimolar mass as vasopressin by the hypothalamus,
both biomarkers are increased in the presence of heart
failure.****> The vasoconstrictive effects of vasopres-
sin have recently been reported in the context of
cardiogenic shock, where the vasopressin-mediated
endothelin release increased both cardiac and cerebral
blood flow.** Together with the RAAS-mediated vaso-
constriction, more reflecting the increasing afterload
during worsening congestive heart failure either
within systemic or pulmonary circulation, both patho-
physiologic concepts may explain the potential clinical
diagnostic value of copeptin even in isolated RV
dysfunction.®?”*

Biomarker research primarily focuses on the evalu-
ation of novel candidate markers in rare disease con-
ditions, especially by evaluating their comparative
diagnostic capacity. This combined approach reveals
the chance to detect novel pathways, which are obvi-
ously present, as shown in the present population of
patients with isolated longitudinal RVF assessment.
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The evaluation of the novel biomarker copeptin
showed comparable diagnostic potential to NT-
proBNP, which is the main finding of the present
research. Furthermore, copeptin might bear the poten-
tial to provide additional diagnostic information to
NT-proBNP because of different pathophysiological
pathways. As mentioned in the study limitations, this
needs to be evaluated in larger randomized controlled
studies.

Taken together, the present study demonstrated that
copeptin concentrations inversely correlate with
decreasing longitudinal RVF. Furthermore, stages
of clinically relevant RV dysfunction as defined by
TAPSE below 18 or 14 mm were demonstrated to be
reliably discriminated by copeptin concentrations.
Until today, the diagnosis of heart failure poses a chal-
lenge and needs improvement with its clinical handling.
Especially the right ventricle has been neglected much
too often, although RV dysfunction is strongly associ-
ated with clinical outcomes — as emphasized in the
guidelines.® Copeptin as a screening biomarker could
potentially allow an earlier detection of right ventricu-
lar impairment — even in the presence of preserved LV
function in the present study. Revealing information
about RVF could help to adjust heart failure therapy
earlier and therefore improve the prognosis of each
heart failure patient. Implementing both biomarkers —
with comparable diagnostic capacities for RVF, i.e.
copeptin and NT-proBNP — in a multimodal approach
may reveal further benefits. These may consist in eval-
uating patients with combined right and left heart
failure, where either copeptin or NT-proBNP may out-
weigh the weaknesses of each other due their different
pathophysiology and stimuli for synthesis. Future
larger, prospective, randomized and controlled studies
need to re-evaluate the diagnostic yield of copeptin
compared with NT-proBNP. Using multimodal imag-
ing approach, e.g. by echocardiography together both
biomarkers may allow a more precise assessment of
right heart function and failure. Moreover, sequential
follow-ups with serial blood measurements would
potentially reveal even more insights. Before imple-
menting copeptin into clinical routine, also the cost—
benefit ratio needs to be investigated further.

Limitations of the study

This was a single-centre study with a limited sample size
and therefore results cannot easily be transferred to the
general population. Echocardiographic assessment was
performed using a standard 2D ultrasound device, while
3D or 2D speckle-tracking echocardiography was not

applied. Measurements of Tei-Index and radial RVF
were beyond the scope of the present study, since both
represent less confirmatory markers of RVF. Future
and large-scaled multicentre studies are needed to re-
evaluate our findings and further translate them into
patients with global heart failure in relation to adequate
assessment of both right and left ventricular function.

Conclusion

Circulating plasma copeptin concentrations were sig-
nificantly elevated in patients suffering from isolated
right heart failure and were able to discriminate
reduced RVF defined as TAPSE< 18 and 14mm.
The novel biomarker copeptin may bear the potential
to become a useful additional biomarker in the assess-
ment of chronic heart failure patients, especially in
those suffering from isolated RV or end-staged global
heart failure, while accomplishing the clinical and echo-
cardiographic evaluation by pathophysiological bio-
chemical aspects.

Acknowledgements

The copeptin assay kits were kindly provided by BRAHMS (Thermo Fisher
Scientific Inc., Hennigsdorf, Germany).

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship, and/
or publication of this article.

Ethical approval

This study was approved by the local ethics commission II of the Faculty of
Medicine Manheim, University of Heidelberg.

Guarantor
MBe.

Contributorship

MH participated in data acquisition, data analysis, statistical analysis, litera-
ture research and drafted the first manuscript. MN, MBe conceived the study,
participated in its design and coordination, participated in data and statistical
analysis and interpretation and helped to draft and revise the manuscript for
important intellectual content. SHK, JM, UA, MZ participated in data acqui-
sition, data analysis and literature research and helped to draft the first man-
uscript. AH, SL and MF revised the article for important intellectual content.
UH, MK participated in the study design and critically revised the article for
important intellectual content. MBo and IA critically revised the article for
important intellectual content. TR, TB participated in data analysis, carried
out the immunoassays and revised the article for important intellectual con-
tent. MBe conceived the study, participated in its design and coordination and
revised the article for important intellectual content. All authors read and
approved the final version of the article.



278

Annals of Clinical Biochemistry 58(4)

ORCID iD
Michael Behnes @ https://orcid.org/0000-0001-5970-0093

References

1.

Wang J, Tan GJ, Han LN, et al. Novel biomarkers for cardiovascular risk
prediction. J Geriatr Cardiol 2017; 14: 135-150.

. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the

diagnosis and treatment of acute and chronic heart failure: the Task Force
for the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC). Developed with the special con-
tribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart
Fail 2016; 18: 891-975.

. de Groote P, Millaire A, Foucher-Hossein C, et al. Right ventricular ejec-

tion fraction is an independent predictor of survival in patients with mod-
erate heart failure. J Am Coll Cardiol 1998; 32: 948-954.

. Guazzi M and Naeije R. Pulmonary hypertension in heart failure: patho-

physiology, pathobiology, and emerging clinical perspectives. J Am Coll
Cardiol 2017; 69: 1718-1734.

. Ameri P, Bertero E, Meliota G, et al. Neurohormonal activation and

pharmacological inhibition in pulmonary arterial hypertension and related
right ventricular failure. Heart Fail Rev 2016; 21: 539-547.

. Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the echocardiographic

assessment of the right heart in adults: a report from the American Society
of Echocardiography endorsed by the European Association of
Echocardiography, a registered branch of the European Society of
Cardiology, and the Canadian Society of Echocardiography. J 4m Soc
Echocardiogr 2010; 23: 786688, 685-713; quiz.

. Humbert M, Morrell NW, Archer SL, et al. Cellular and molecular patho-

biology of pulmonary arterial hypertension. J Am Coll Cardiol 2004; 43:
135-248S.

. Vonk-Noordegraaf A, Haddad F, Chin KM, et al. Right heart adaptation

to pulmonary arterial hypertension: physiology and pathobiology. J Am
Coll Cardiol 2013; 62: D22-D33.

. Melenovsky V, Hwang SJ, Lin G, et al. Right heart dysfunction in heart

failure with preserved ejection fraction. Eur Heart J 2014; 35: 3452-3462.

. Ghio S, Recusani F, Klersy C, et al. Prognostic usefulness of the tricuspid

annular plane systolic excursion in patients with congestive heart failure
secondary to idiopathic or ischemic dilated cardiomyopathy. Am J Cardiol
2000; 85: 837-842.

. Scrutinio D, Catanzaro R, Santoro D, et al. Tricuspid annular plane sys-

tolic excursion in acute decompensated heart failure: relevance for risk
stratification. Can J Cardiol 2016; 32: 963-969.

. Lu KJ, Chen JX, Profitis K, et al. Right ventricular global longitudinal

strain is an independent predictor of right ventricular function: a multi-
modality study of cardiac magnetic resonance imaging, real time three-
dimensional echocardiography and speckle tracking echocardiography.
Echocardiography 2015; 32: 966-974.

. Guazzi M, Bandera F, Pelissero G, et al. Tricuspid annular plane systolic

excursion and pulmonary arterial systolic pressure relationship in heart
failure: an index of right ventricular contractile function and prognosis.
Am J Physiol Heart Circ Physiol 2013; 305: H1373-H1381.

. Vizzardi E, Bonadei I, Sciatti E, et al. Quantitative analysis of right ven-

tricular (RV) function with echocardiography in chronic heart failure with
no or mild RV dysfunction: comparison with cardiac magnetic resonance
imaging. J Ultrasound Med 2015; 34: 247-255.

. Frea S, Pidello S, Bovolo V, et al. Prognostic incremental role of right

ventricular function in acute decompensation of advanced chronic heart
failure. Eur J Heart Fail 2016; 18: 564-572.

. Tadic M. Multimodality evaluation of the right ventricle: an updated

review. Clin Cardiol 2015; 38: 770-776.

. Levey AS, Coresh J, Greene T, et al. Expressing the modification of diet in

Renal Disease Study equation for estimating glomerular filtration rate
with standardized serum creatinine values. Clin Chem 2007; 53: 766-772.

. Neuhold S, Huelsmann M, Strunk G, et al. Comparison of copeptin, B-

type natriuretic peptide, and amino-terminal pro-B-type natriuretic pep-
tide in patients with chronic heart failure: prediction of death at different
stages of the disease. J Am Coll Cardiol 2008; 52: 266-272.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

34.

35.

37.

38.

39.

40.

. Land H, Schutz G, Schmale H, et al. Nucleotide sequence of cloned cDNA

encoding bovine arginine vasopressin-neurophysin II precursor. Nature
1982; 295: 299-303.

Nickel NP, Lichtinghagen R, Golpon H, et al. Circulating levels of copep-
tin predict outcome in patients with pulmonary arterial hypertension.
Respir Res 2013; 14: 130.

Holwerda DA. A glycopeptide from the posterior lobe of pig pituitaries. I.
Isolation and characterization. Eur J Biochem 1972; 28: 334-339.

Zhong Y, Wang R, Yan L, et al. Copeptin in heart failure: review and
meta-analysis. Clin Chim Acta 2017; 475: 36-43.

Nootens M, Kaufmann E, Rector T, et al. Neurohormonal activation in
patients with right ventricular failure from pulmonary hypertension: rela-
tion to hemodynamic variables and endothelin levels. J Am Coll Cardiol
1995; 26: 1581-1585.

Kalkan AK, Ozturk D, Erturk M, et al. The diagnostic value of serum
copeptin levels in an acute pulmonary embolism. Cardiol J 2016; 23:
42-50.

Hanley JA and McNeil BJ. A method of comparing the areas under receiv-
er operating characteristic curves derived from the same cases. Radiology
1983; 148: 839-843.

Schneider M and Binder T. Echocardiographic evaluation of the right
heart. Wien Klin Wochenschr 2018; 130: 413-420.

Morgenthaler NG, Struck J, Jochberger S, et al. Copeptin: clinical use of a
new biomarker. Trends Endocrinol Metab 2008; 19: 43-49.

Guendouz S, Rappeneau S, Nahum J, et al. Prognostic significance and
normal values of 2D strain to assess right ventricular systolic function in
chronic heart failure. Circ J 2012; 76: 127-136.

Schuster A, Backhaus SJ, Stiermaier T, et al. Impact of right atrial phys-
iology on heart failure and adverse events after myocardial infarction.
J Clin Med 2020; 9: 10-11.

Raina A and Meeran T. Right ventricular dysfunction and its contribution
to morbidity and mortality in left ventricular heart failure. Curr Heart Fail
Rep 2018; 15: 94-105.

Damy T, Kallvikbacka-Bennett A, Goode K, et al. Prevalence of, associ-
ations with, and prognostic value of tricuspid annular plane systolic excur-
sion (TAPSE) among out-patients referred for the evaluation of heart
failure. J Card Fail 2012; 18: 216-225.

32. Harjola VP, Mebazaa A, Celutkiene J, et al. Contemporary management

of acute right ventricular failure: a statement from the Heart Failure
Association and the Working Group on Pulmonary Circulation and
Right Ventricular Function of the European Society of Cardiology. Eur
J Heart Fail 2016; 18: 226-241.

. Gorter TM, van Veldhuisen DJ, Bauersachs J, et al. Right heart dysfunc-

tion and failure in heart failure with preserved ejection fraction: mecha-
nisms and management. Position statement on behalf of the Heart Failure
Association of the European Society of Cardiology. Eur J Heart Fail 2018;
20: 16-37.

Ashraf H and Rosenthal JL. Right heart failure: causes and clinical epi-
demiology. Cardiol Clin 2020; 38: 175-183.

Kendsersky P and Ward C. Right ventricular failure and congenital heart
disease. Cardiol Clin 2020; 38: 239-242.

. Stallone F, Twerenbold R, Wildi K, et al. Prevalence, characteristics and

outcome of non-cardiac chest pain and elevated copeptin levels. Heart
2014; 100: 1708-1714.

Potocki M, Reichlin T, Thalmann S, et al. Diagnostic and prognostic
impact of copeptin and high-sensitivity cardiac troponin T in patients
with pre-existing coronary artery disease and suspected acute myocardial
infarction. Heart 2012; 98: 558—-565.

Balmelli C, Meune C, Twerenbold R, et al. Comparison of the perform-
ances of cardiac troponins, including sensitive assays, and copeptin in the
diagnostic of acute myocardial infarction and long-term prognosis
between women and men. Am Heart J 2013; 166: 30-37.

Maisel A, Xue Y, Shah K, et al. Increased 90-day mortality in patients
with acute heart failure with elevated copeptin: secondary results from the
Biomarkers in Acute Heart Failure (BACH) study. Circ Heart Fail 2011; 4:
613-620.

Yan JJ, Lu Y, Kuai ZP, et al. Predictive value of plasma copeptin level for
the risk and mortality of heart failure: a meta-analysis. J Cell Mol Med
2017; 21: 1815-1825.


https://orcid.org/0000-0001-5970-0093
https://orcid.org/0000-0001-5970-0093

Harbriicker et al.

279

41.

42.

Dungen HD, Tscholl V, Obradovic D, et al. Prognostic performance of
serial in-hospital measurements of copeptin and multiple novel biomarkers
among patients with worsening heart failure: results from the MOLITOR
study. ESC Heart Fail 2018; 5: 288-296.

Pozsonyi Z, Forhecz Z, Gombos T, et al. Copeptin (C-terminal pro
arginine-vasopressin) is an independent long-term prognostic marker in
heart failure with reduced ejection fraction. Heart Lung Circ 2015; 24:
359-367.

43.

44,

45.

Hans-Christian Pape AK and Silbernagel S. Physiologie. Stuttgart: Georg
Thieme Verlag, 2019, p.1028.

Lukaszyk E and Malyszko J. Copeptin: pathophysiology and potential
clinical impact. Adv Med Sci 2015; 60: 335-341.

Zhang P, Wu X, Li G, et al. Prognostic role of copeptin with all-cause
mortality after heart failure: a systematic review and meta-analysis. Ther
Clin Risk Manag 2017; 13: 49-58.



	table-fn1-0004563221989364
	table-fn2-0004563221989364
	table-fn3-0004563221989364
	table-fn4-0004563221989364
	table-fn5-0004563221989364

