Nickel et al. Respiratory Research 2013, 14:130
http://respiratory-research.com/content/14/1/130

RESPIRATORY
RESEARCH

RESEARCH Open Access

Circulating levels of copeptin predict outcome in
patients with pulmonary arterial hypertension
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Abstract

not been studied in PAH.

11-20; p=002).

Objective: To determine the levels of circulating copeptin in patients with pulmonary arterial hypertension (PAH),
and to evaluate its relation with disease severity, outcome and response to treatment.

Background: Vasopressin is a key regulator of body fluid homeostasis. The co-secreted protein copeptin serves as
surrogate for plasma vasopressin levels and increases in acute and chronic left ventricular dysfunction. Copeptin has

Methods: Serum copeptin levels were evaluated in a retrospective cohort of 92 treatment-naive patients with PAH,
39 patients with normal right ventricular hemodynamics (diseased controls) and 14 apparently healthy individuals
(healthy controls). In a second prospective cohort of 15 patients with PAH, serial changes of copeptin levels after
initiation of PAH treatment were measured. Copeptin levels were compared with clinical, biochemical and
hemodynamic parameters as well as response to treatment and clinical outcome.

Results: Circulating copeptin levels were elevated in PAH patients compared to diseased controls (20.1 pmol/I vs.
5.1 pmol/l; p=10.001). Baseline levels of copeptin correlated with NYHA functional class (r=0.46; p=0.01), 6 minute
walking distance (r=-0.26; p=0.04), NT-proBNP (r=0.49, p=0.01), creatinine (r=0.39, p=0.01) and estimated
glomerular filtration rate (r=-0.32, p=0.01). Copeptin levels did not correlate with hemodynamics but decreased
after initiation of PAH therapy (p=0.001). Elevated copeptin levels were associated with shorter survival (p < 0.001)
and independent predictors of mortality in a multiple Cox regression analysis (HR1.4; 95% confidence interval

Conclusions: Patients with PAH had elevated copeptin levels. High circulating levels of copeptin were independent
predictors of poor outcome, which makes copeptin a potentially useful biomarker in PAH.

Introduction
Pulmonary arterial hypertension (PAH) is a disease char-
acterized by progressive remodeling of the pulmonary
vasculature, leading to right ventricular strain and subse-
quent right heart failure [1]. Several clinical, biochemical
and hemodynamic parameters are associated with out-
come [2] but survival in patients with PAH is mainly
dependent on preserved right ventricular function [3].
Common clinical symptoms of advanced right heart
failure are lower extremity edema resulting from volume
overload and disturbed body fluid homeostasis [3]. The
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regulation of body fluid homeostasis in chronic heart
failure is complex and related to cardiac output and per-
ipheral arterial resistance [4].

To compensate for a decrease in effective circulatory
volume, the activation of neurohumoral reflexes medi-
ated by the sympathetic nervous system leads to activa-
tion of the renin-angiotensin-aldosterone system, and
the nonosmotic release of arginine vasopressin (AVP),
all of which result in sodium or water retention [5].

The levels of circulating AVP underlie a complex feed
forward and feedback regulation. Among the stimuli that
lead to AVP release are increased plasma osmolality, de-
creased arterial pressure, reduced cardiac filling and
neurohumoral peptides such as angiotensin [6].
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Once released into the circulation, AVP exerts is per-
ipheral effects by binding to tissue specific receptors.
The two predominant receptors for AVP are the vaso-
pressin 1(V;) and the vasopressin 2(V,) receptor. The V;
receptor mediates arteriolar vasoconstriction and the V,
receptor mediates water reabsorption via induction of
aquaporins in the collecting ducts of the kidney [7].

AVP has a short plasma half-life and is unstable in
isolated plasma [8]. In addition to that, 90% of the circu-
lating AVP protein is bound to platelets, resulting in vary-
ing AVP levels, depending on sampling handling and
storage.”’® The small molecular size of the AVP protein
makes it not suitable for conventional sandwich immuno-
assays [9]. For all of these reasons, AVP measurements
have never become clinical routine.

AVP derives from a precursor protein, pre-pro-
vasopressin, which consists of a signal peptide, AVP,
neurophysin II, and copeptin [10]. These three peptides
are stochiometrically secreted from the posterior pituit-
ary [11]. Thus, copeptin levels can be used as a surrogate
of AVP release [9,12]. Copeptin is a well-established sur-
rogate marker for AVP-release that is stable ex vivo in
serum and plasma and therefore suitable for retrospect-
ive analyses [9].

Copeptin has been shown to be of prognostic import-
ance in a variety of cardiovascular pathologies [13-15].
In chronic left heart failure, increased levels of copeptin
were correlated with hyponatremia and independently
linked to excess mortality [14].

Compared to left heart disease the neurohumoral axis
is less extensively studied in patients with pulmonary
hypertension and right-sided cardiac dysfunction. Pa-
tients with PAH show increased sympathetic nervous
system activity, elevated levels of endothelin, norepin-
ephrine [16] renin and aldosterone [17,18] and it is
likely that the AVP system is also activated. Of note,
elevated plasma volume and low serum sodium con-
centrations are associated with excess mortality in
PAH patients [19,20].

In the present study we studied copeptin levels in pa-
tients with PAH and the potential role of copeptin as
biomarker in this disease.

Patients and controls

We included 107 patients with PAH (Group 1 Dana Point
classification) in this study. The first cohort was studied
retrospectively and consisted of 92, treatment-naive pa-
tients with NYHA functional class II to IV referred to
Hannover Medical School between 2002 and 2010.

The second patient cohort was independent from the
first cohort and consisted of 15 consecutive patients
who were prospectively studied after they had been diag-
nosed with PAH. The PAH targeted therapy for the sec-
ond cohort is shown in Additional file 1: Table S2.
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In all patients, the diagnosis of PAH was based on
standard criteria with confirmation by right heart
catheterization and exclusion of other forms of pulmon-
ary hypertension by echocardiography, pulmonary func-
tion testing, chest X-ray, ventilation—perfusion scanning,
chest computed tomography angiography and laboratory
studies [3].

The first control group (healthy controls) consisted of
14 apparently healthy individuals with no medical his-
tory and who were on no medication. The second con-
trol group consisted of 39 age- and gender-matched
patients who were referred to our clinic for assessment of
pulmonary hypertension by right heart catheterization,
based on the suspicion of PAH by previous functional
heart evaluation. In all patients the diagnosis of PH/PAH
(defined by mPAP > 25 mmHg, PCWP < 15 mmHg) was
ruled out.

Baseline blood samples for the PAH cohorts and the
diseased controls cohort were collected at the time of
the initial right heart catheterization before the initiation
of any PAH-targeted therapy. In the second PAH cohort,
an additional blood sample was obtained during follow
up right heart catheterization after 3 to 6 months. All
blood samples were immediately cooled on ice and cen-
trifuged at 4°C. Serum samples were divided into ali-
quots and stored frozen at —80°C.

All patients and control individuals gave written, in-
formed consent for storage of serum samples and future
biomarker analyses at the time when the samples were
obtained, an approach that was approved by the insti-
tutional review boards of Medical School Hannover
(Nr. 3558).

Biochemical measurements

Quantitative determination of copeptin (CT-proAVP)
values from serum samples was performed using an
immunoluminometric assay (Brahms CT-proAVP LIA,
Brahms GmbH, Hennigsdorf, Germany) on the tube
luminometer Lumat LB 9507 (Berthold Technologies
GmbH, Bad Wildbad, Germany). The functional sensi-
tivity of the assay was shown to be <1.0 pmol/], an inter-
assay CV <10% was found for copeptin concentrations
>2.5 pmol/l. NT-proBNP serum values were quantified
using an electrochemiluminiscence (ECLIA) assay on the
Modular E170 analyser (Roche Diagnostics, Mannheim,
Germany). Serum creatinine was determined enzymati-
cally on the Modular P800 (Roche Diagnostics), and so-
dium values were quantified on the ISE900 by indirect
potentiometry (Roche Diagnostics).

Statistical analysis

Variables are presented as absolute numbers, percentage or
median (interquartile range). Differences in demographic,
clinical, biochemical and hemodynamic variables between
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PAH-patients and non-PAH-patients were assessed using
Spearman rank correlation for continuous variables, x* test
for nominal variables, and NYHA class. Differences in
copeptin levels among the healthy and diseased controls
and the first PAH cohort and PAH-subgroups were
assessed using Kruskal-Wallis one-way analysis of variance.
Differences among patients with copeptin levels below or
above 13.2 pmol/l were calculated by using Mann—Whitney
U-test for continuous, and x*-test for categorical variables.

Relations between copeptin level and baseline variables
were assessed by Spearman rank correlation coefficients.
The Wilcoxon signed rank test was used to compare
changes in variables after initiation of treatment.

For survival analysis death or lung transplantation was
defined a priori as the primary composite endpoint. For
Cox regression analysis variables were categorized as in-
dicated in Table 1. Simple Cox regression analyses were
performed to identify predictors of death. For multiple
stepwise forward Cox regression, copeptin was tested
with biochemical variables (N-terminal prohormone of
brain natriuretic peptide, creatinine, estimated glomeru-
lar filtration rate calculated according the Chronic
Kidney Disease Epidemiology Collaboration formula
(eGFR-CKD-EPI), serum sodium concentration). For
this analysis, variables with a p-value of less then 0.05
were entered and variables with a p-value of greater
than 0.1 were removed.

Receiver operating characteristics curves (ROC) of NT-
proBNP and copeptin were generated and c-statistics were
calculated to obtain the NT-proBNP and copeptin cutoff
with the highest sensitivity and specificity to predict the
risk of death or transplantation after 3 years in cohort 1.

Kaplan Meier curves were generated to estimate and
illustrate survival in patients.

Statistical significance between groups were assessed
using the Log-Rank (Mantel Cox) method.

P-values < 0.05 were considered statistically significant.

Results

Patient’s characteristics

The first (retrospective) patient cohort consisted of 92
patients (66% female) with a median age of 57 (IQR
48-69) years. Median follow up was 55 (IQR 39-72)
months. Of the 92 patients, 27 died (29%) and 3 under-
went lung transplantation (3%).

The second (prospective) cohort consisted of 15 patients
(62% female) with a median age of 58 (IQR 49-65) years.
No patient was lost to follow up.

The diseased control group consisted of 39 patients
(68% female) with a median age of 53 (IQR 37-71) years.
There were no significant differences in age or gender
between the PAH cohorts and the diseased control
group (Table 2). The final diagnoses of the diseased con-
trols were: chronic obstructive pulmonary disease (30%),
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Table 1 Risk of death in relation to demographic, clinical,
hemodynamic and biochemical baseline assessment

A: Single parameter cox regression analysis for clinical,
biochemical and hemodynamic parameters, including copeptin

Single model
Parameter HR (CI) p-value
Age (per 5 yearst) 1.0 (09 -1.1) 0.464
Gender 13 (06 - 2.5) 0.521
6MWD (30 m|) 13 (1.1-15) 0.001
NYHA 24 (1.2 -34) 0.012
Edema 10(05-12) 0.835
S-Na (1 mmol/l |) 1101-12) 0.023
Creatinine (per 10 pg/I 1) 10(1.0-12) 0.015
eGFR (CKD-EPI) (per 10 ml/min ) 14(12-22) 0.013
NT-proBNP (per 100 pg/ml 1) 1.2 (1.1 -1.5) 0.019
Copeptin (per 5 pmol/I 1) 19 (14 -24) 0.001
RA (per T mmHg 1) 12(00-14) 0.040
mPAP (per 5 mmHg 1) 1.0 (08 - 14) 0.081
Cl (05 ml/min/m? |) 13(12-16) 0018
PVR (50 dyn - sec- cm” 1 1.109-12) 0.105
VO, (=5% |) 13(1.1-13) 0.017
B: Stepwise forward cox regression analysis for biochemical
variables including copeptin
Stepwise forward model
for clinical variables
including copeptin
Parameter HR (CI) p-value
S-Na (1 mmol/l |) 10(09-12) 0.796
Creatinine (per 10 pg/l 1) 0.7 (05-11) 0.819
eGFR (CKD-EPI) (per 10 ml/min |) 09(09-10 0.129
NT-proBNP (per 100 pg/ml 1) 09 (08-12) 0.581
Copeptin (per 5 pmol/I 1) 14 (1.1 -2.0) 0.015

Data are from the retrospective cohort (cohort 1).

Estimated HRs, 95% Cls, and p values were calculated by simple and forward
Cox regression analyses.

Definition of abbreviations: 6MWD 6 minute walking distance, NYHA New York
Heart Association, S-Na Serum Sodium concentration, eGFR (CKD-EPI)
estimated glomerular filtration calculated according the Chronic Kidney
Disease Epidemiology Collaboration formula, NT-proBNP N-terminal prohormone
of brain natriuretic peptide, RA right atrial pressure, mPAP mean pulmonary artery
pressure, Cl cardiac index, PVR pulmonary vascular resistance, SvO, mixed venous
oxygen saturation.

sleep apnea (5%), valvular heart disease (8%), interstitial
lung disease (23%), connective tissue disease (34%). In pa-
tients with CTD the diagnoses related to dyspnea were
non-specific interstitial pneumonia, pleural effusion, atelec-
tasis, respiratory muscle weakness and pericardial effusion.

Baseline copeptin levels are elevated in patients with

PAH

The mean copeptin level of PAH patients was four to
five times higher compared to diseased controls and
ten times higher compared to healthy controls. Median
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Table 2 Baseline characteristic Of PAH-Patients and controls
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PAH cohort 1 PAH cohort 2 Diseased controls Healthy controls
(n=92) (n=15) (n=39) (n=14)
Age (years) 57 (48-69) 58 (49-65) 53 (37-71) 39 (27-53)
Gender (female%) 66 62 68 29
6MWD [m] 335 (248-427) 352 (295-413) 389 (280-510)
NYHA class [%]
I 0 0 40
Il 24 20 42
Il 71 67 18
v 5 13 0
Edema [%] 39 45 14
S-Na [mmol/I] 139 (137-142) 140 (138-141) 142 (139-144)
Creatinine [ug/1] 83 (67-95) 85 (73-98) 79 (67-93)
eGFR (CKD-EPI) [ml/min] 83 (68-98) 103 (79-99) 894 (72-118)
NT-proBNP [pg/ml] 2125 (588-3225) 2063 (990-2466) 474 (80-6998)
Copeptin [pmol/I] 20.1 (7-25) 245 (8-37) 5.1 (2-7) 18 (14-22)
RA [mmHg] 6.1 (4-9) 7.7 (5-8) 1.9 (2.5
PCWP [mmHdg] 86 (5-11) 79 (4-9) 78 (3.0
mPAP [mmHg] 46 (37-54) 49 (43-56) 176 (12-23)
I [ml/min/m?] 24 (1.8-2.8) 1.9 (1.6-2.5) 26 (23-2.8)
PVR [dyn»seccm’s] 792 (469-1024) 1004 (696-1325) 191 (120-271)
SVO, [%] 63.1 (57-70) 61.2 (56-68) 72 (67-77)
Diagnosis [%)
IPAH 64 63 -
PAH associated with Congenital heart disease 11 7 -
PAH associated with Connective tissue disease 25 30 -

Shown are baseline data from PAH cohort 1, cohort 2 as well as diseased and healthy controls.

Except for sex, NYHA class, edema and diagnosis (%), data are shown as median (interquartile range, IQR).

Definition of abbreviations: 6MWD 6 minute walking distance, NYHA New York Heart Association, S-Na Serum Sodium concentration, eGFR (CKD-EPI) estimated
glomerular filtration calculated according the Chronic Kidney Disease Epidemiology Collaboration formula, NT-proBNP N-terminal prohormone of brain natriuretic
peptide, RA right atrial pressure, PCWP pulmonary capillary wedge pressure, mPAP mean pulmonary artery pressure, C/ cardiac index, PVR pulmonary vascular
resistance, SvO, mixed venous oxygen saturation, IPAH idiopathic pulmonary arterial hypertension.

copeptin levels in the two PAH cohorts were 20.1 pmol/l
(IQR 7-25) and 24.5 pmol/l (IQR 8-37) respectively.
There were no statistical significant differences between
patients with IPAH or APAH (Additional file 1: Table S4).
The median copeptin level in the diseased control group
was 5.1 pmol/l (IQR 2-7) and 1.8 pmol/l (IQR 1.4-2.2) in
the healthy controls. Both statistically different from the
two PAH cohorts (p < 0.001) (Table 2, Figure 1).

NT-proBNP and copeptin ROC analysis

Receiver operating characteristic of NT-proBNP and
copeptin to predict mortality after 3 years showed that
the area under the curve (AUC) for NT-proBNP was 0.71
(CI 0.59-0.83, 0.02) and 0.77 (CI 0.64 -0.86, p = 0.001) for
copeptin. The best cutoff level to predict survival for NT-
proBNP was 1288 pg/ml (sensitivity of 71%, specificity
of 63%) and 13.2pmol/l (sensitivity of 70%, specificity

of 78%) for copeptin respectively (Additional file 2:
Figure S1).

Baseline copeptin levels correlate with parameters of
disease severity in PAH

Patients presenting with baseline copeptin levels above the
copeptin cutoff of 13.2 pmol/l presented with higher NYHA
class (p=0.01), increased creatinine levels (p =0.04), de-
creased eGFR-CKD-EPI (p =0.03) and higher NT-proBNP
levels (p < 0.001). There were no significant differences in
both groups regarding demographic data, 6MWD, S-Na
concentration, presence of edema, or hemodynamic pa-
rameters (Table 3).

There was a significant correlation between NYHA
class and copeptin levels (r = 0.46, p < 0.01) (Table 4). Pa-
tients presenting in NYHA class II had lower levels of
copeptin compared to patients presenting in NYHA III
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Figure 1 Copeptin levels in controls and patients with PAH
from cohort 1 at baseline. Data are shown as median (IQR).
Differences between the groups were assessed using Kruskal-Wallis
one-way analysis of variance. * indicates p < 0.05.

or IV, respectively; 8.2 pmol/l (IQR 4—14), vs. 20.3 pmol/
1 (IQR 14-28), vs. 35.9 pmol/l, (IQR 26-49) (p < 0.001)
(Additional file 3: Figure S2).

Copeptin levels were negatively correlated with 6 MWD
(r=-0.26, p=0.04) and eGFR-CKD-EPI (r=-0.32, p=
0.01). Circulating copeptin levels at baseline were not as-
sociated with serum sodium concentration frequency of
edema (r=0.05, p=0.39; r=0.09, p=045) but strongly
related to NT-proBNP levels (r=0.59, p<0.001). NT-
proBNP levels were related to 6MWD (r = —-0.51, p < 0.01),

Table 3 Baseline characteristics in relation to copeptin levels
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NYHA class (r=0.29, p=0.04), creatinine (r=0.32, p=
0.01), eGFR-CKD-EPI (r = -0.40, p < 0.03), right atrial pres-
sure (RA) (r=0.41, p<0.01), cardiac index (CI) (r = -0.51,
p <0.01), pulmonary vascular resistance (PVR) (r =0.35,
p=0.01) and mixed venous oxygen saturation (Sv0,)
(r=-0.60, p<0.01) (Table 4).

Baseline copeptin levels are associated with outcome
Univariate Cox Regression analysis showed that baseline
copeptin levels were a significant prognostic indicator of
poor outcome (HR 1.9, CI 1.4-2.4, p <0.001). Multiple
forward Cox Regression analysis showed that copeptin
levels remained a significant predictor of mortality when
tested against NT-proBNP, serum sodium concentration
(S-Na) and eGFR CKD-EPI (HR 1.4; 95%, CI 1.1-2.0, p=
0.04) (Table 1).

Kaplan Meier survival analysis showed that patients
with a ROC derived cutoff copeptin level <13.2 pmol/
| at baseline had a significantly better survival compared
to patients with a copeptin level > 13.2 pmol/l (Figure 2).
The estimated median survival of patients with a copeptin
level <13.2 pmol/l was 103 months (IQR 132-84), com-
pared to 52 (IQR 84 — 24) months in patients with a
copeptin level >13.2 pmol/l (p < 0.001).

Copeptin <13.2 pmol/l (n=54) Copeptin >13.2 pmol/l (n=38) p-value

Age (years) 552 (45-67) 574 (50-71) 0.63
Gender (%female) 72 52 0.49
6MWD [m] 344 (252-489) 303 (202-406) 043
NYHA class [%] 0012
Il 32 13

Il 67 76

% 2 11

Edema (%) 35 45 038
S-Na [mmol/I] 139 (138-143) 139 (136-141) 046
Creatinine [ug/I] 87.2 (61-94) 91.5 (71-105) 0.04
eGFR (CKD-EPI) [ml/min] 87 (74-99) 78 (60-93) 0.03
NT-proBNP [pg/ml] 1562 (351-18) 3057 (1678-4531) <0.001
RA [mmHg] 53 (2-8) 78 (2-12) 043
PCWP [mmHdg] 88 (6-12) 8.1 (6-10) 045
mPAP [mmHg] 45 (32-67) 46.2 (39-54) 0.56
I [ml/min/m?] 25(1.9-29) 2.2 (19-29) 0.12
PVR [dyn - sec- cm™] 777 (419-1032) 814 (541-980) 0.26
SVO, (%] 65 (58-73) 60 (56-67) 0.06

PAH patients from cohort 1 were dichotomized according their copeptin levels (<13.2 pmol/l or >13.2 pmol/l) and demographic, clinical, biochemical and
hemodynamic variables from both groups were compared. Differences were calculated by using Mann-Whitney U-test for continuous and x? -test for

categorical variables.

Except for sex, NYHA class and edema (%), data are shown as median (interquartile range, IQR).

Definition of abbreviations: 6MWD 6 minute walking distance, NYHA New York Heart Association, S-Na Serum Sodium concentration, eGFR (CKD-EPI) estimated
glomerular filtration calculated according the Chronic Kidney Disease Epidemiology Collaboration formula, NT-proBNP N-terminal prohormone of brain natriuretic
peptide, RA right atrial pressure, PCWP pulmonary capillary wedge pressure, mPAP mean pulmonary artery pressure, C/ cardiac index, PVR pulmonary vascular

resistance, SvO, mixed venous oxygen saturation.
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Table 4 Correlations of serum copeptin levels and serum
NT-proBNP levels with demographic, clinical, biochemical
and hemodynamic parameters

Copeptin NT-proBNP
Parameter rho p rho p
Age (years) 021 0.05 0.18 021
Gender (female%) 013 0.09 -0.85 049
6MWD [m] -0.26 0.04 -0.51 0.01
NYHA class 0.46 0.01 0.29 0.04
Edema 0.06 048 0.168 0.18
S-Na [mmol/I] 0.19 045 -003 0.83
Creatinine [ug/I] 0.39 0.01 0.32 0.01
eGFR (CKD-EPI) [ml/min] -0.32 0.01 -0.40 0.03
NT-proBNP [pg/ml] 0.49 0.01 - -
Copeptin [pmol/1] - - 0.49 0.01
RA [mmHg] 0.19 0.06 0.41 0.01
PCWP 0.09 041 023 0.14
mPAP [mmHg] 0.06 091 023 0.07
Cl [ml/min/m?] -0.14 0.18 -0.51 0.01
PVR [dyn - sec-cm™] 0.06 057 035 0.01
SvVO; [%)] -0.22 0.07 -0.60 0.01

Data are from the retrospective cohort (cohort 1).

The relations between copeptin and NT-proBNP levels and baseline variables
were assessed by Spearman rank correlation coefficients.

Significant correlations are highlighted in boldface.

Definition of abbreviations: 6MWD 6 minute walking distance, NYHA New York
Heart Association, S-Na Serum Sodium concentration, eGFR (CKD-EPI)
estimated glomerular filtration calculated according the Chronic Kidney
Disease Epidemiology Collaboration formula, NT-proBNP N-terminal prohormone
of brain natriuretic peptide, RA right atrial pressure, PCWP pulmonary capillary
wedge pressure, mPAP mean pulmonary artery pressure, C/ cardiac index,

PVR pulmonary vascular resistance, SvO, mixed venous oxygen saturation.
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Baseline copeptin levels add prognostic information to
baseline NT-proBNP levels

Kaplan Meier survival analysis showed that patients with
a ROC derived cutoff NT-proBNP level <1288 pg/ml
and a copeptin level <13.2 pmol/l at baseline had signifi-
cant better chances of survival compared to patients
with an elevation above the cutoff in both biomarkers.
The estimated median survival of patients with a NT-
proBNP and copeptin below the ROC derived cutoffs
was 114 month (IQR 128-89), compared to 47 month
(IQR 61-33) in patients with an elevation in both bio-
markers (p < 0.001) (Figure 3).

Copeptin levels decrease after initiation of PAH targeted
treatment

After initiation of PAH targeted therapy, there was significant
improvement in all measured pulmonary hemodynamic var-
iables. Changes in NYHA class and 6MWD did not reach
clinical significance. Copeptin levels decreased signifi-
cantly from 24.5 pmol/l at baseline to 15.8 pmol/l after 3
to 6 months of treatment (p=0.01) (Additional file 1:
Table S1).

Changes in copeptin levels did not correlate with
changes in pulmonary or systemic hemodynamic param-
eters. There was no correlation between changes in
6MWD, eGFR-CKD-EPI, S-Na and changes in copeptin,
however the association between changes in NT-
proBNP and changes in copeptin was significant (r =
0.53, p =0.01) (Additional file 1: Table S3).

Discussion

Copeptin as a New biomarker in PAH

Copeptin has emerged as a promising surrogate target
for measurement of vasopressin concentration and also
seems useful in cardiovascular disease [21,22].

100 — —=— Copeptin <13.2 pmol/
= T Tbtee==4 — Copeptin >13.2 pmol/l
2 804
2
? 60-
E
2 40+
o
& 20-
p=0.001
0 L] L] L] ] 1
0 12 24 36 48 60
Month at risk
Number of remaining cases
Copeptin <13.2pmol/l 54 54 43 32 27 22
Copeptin >13.2pmol/l 38 34 24 15 10 7

Figure 2 Probability of survival according to baseline copeptin levels above or below the ROC derived cutoff of 13.2 pmol/I.
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Figure 3 Probability of survival according to baseline NT-proBNP and copeptin levels above or below the ROC derived cutoffs.

Patients with PAH presented with markedly elevated
copeptin levels compared to patients without a diagnosis of
PAH. Increased copeptin levels were associated with a higher
risk of death and an independent predictor of poor outcome.

Copeptin levels were significantly correlated with
NYHA class, 6MWD and kidney function, all of which
being indicators of more severe disease and poor out-
come in PAH patients [3,23-25].

As reported in patients with left ventricular heart fail-
ure [14] PAH patients showed a strong association be-
tween copeptin and NT-proBNP levels at baseline and
after initiation of treatment. It is known (and confirmed
in this study) that NT-proBNP shows clear associations
with pulmonary hemodynamics and it is released mainly
by the right atrium in PAH patients [16,26]. Given the in-
dependence of copeptin from pulmonary hemodynamics
and the consistent correlation with NT-proBNP at base-
line and after beginning of PAH targeted therapy, copeptin
levels might reflect neurohumoral activation due to al-
tered right ventricular function. Therefore elevated copep-
tin levels at baseline and during follow up could add
important prognostic information that is not captured by
right heart catheterization or NT-proBNP levels alone.
Multimarker strategies for risk stratification are increas-
ingly used in patients with coronary syndrome [27] and
left heart failure [15,28].

Copeptin was shown to provide additional information
to troponin in the triage of chest pain patients and to
improve the diagnostic performance of NT-proBNP in
predicting risk of all-cause mortality in patients with
chronic heart failure [22,28].

Given the limitations of a NT-proBNP when it comes
to predicting individual outcomes in PAH, the combin-
ation of copeptin with NT-proBNP might help to distin-
guish a patient population with particular high risk for
fatal outcome.

Copeptin and indicators of neurohumoral activation in
PAH

Peripheral edema and ascites are common presentations
in patients with advanced PAH and indicators of in-
creased neurohumoral activation. The role of neurohu-
moral mediators in PAH is of great interest since the
pathophysiology of volume overload in right heart failure
is not well understood. There is cumulating evidence
for increased neurohumoral activation in PAH. It was
shown that PAH patients have elevated levels of nor-
epinephrine [16], renin, aldosterone, elevated plasma
volume and hyponatremia in advanced disease [17-20]. In
this report we show that copeptin levels are also strikingly
elevated in PAH, providing further evidence for increased
neurohumoral activation in those patients.

Unlike previously reported in patients with chronic left
heart failure [14] we found no significant correlation be-
tween circulating copeptin levels and other indicators of
increased neurohumoral activation (e.g. decreased serum
sodium concentrations or the presence of edema). One
explanation could be a lack of statistical power in this
study due to relatively low sample size compared to
studies in patients with left heart failure. However, a re-
cent clinical study in acute heart failure patients did also
find no association of right ventricular preload, copeptin
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levels, serum sodium concentration and the presence of
edema [29].

Decreased serum sodium concentration and peripheral
edema in chronic heart failure are associated with
chronically elevated levels of neurohumoral mediators,
and are usually seen in late disease stages when decom-
pensation occurs. Activation of the AVP system, mea-
sured by copeptin levels, in contrast, appears to occur
early in the course of the disease.

Taken together, these data might suggest that activation
of the AVP system - measured by copeptin levels - is
not the primary cause of volume overload and hypo-
natremia among patients with right heart strain, but
might reflect an early indication of neurohumoral stimu-
lation. But the exact relationship between neurohumoral
hormones and other mediators of sodium and fluid
homeostasis in the setting of right heart strain needs fur-
ther investigation.

Vasopressin in right ventricular failure

Vasopressin release is triggered following reduced car-
diac output and activation of baroreceptors in the ca-
rotid sinus [30] leading to systemic vasoconstriction and
renal water retention [5].

The lack of association of copeptin with cardiac output
and mixed venous oxygen saturation, but the strong cor-
relation with functional parameters like 6MWD and
NYHA class provides evidence that activation of the AVP-
system reflects an interplay of a variety of different factors,
rather than cardiac function alone, that determine overall
cardiovascular performance in PAH patients.

The decrease of copeptin levels after initiation of PAH
targeted therapy suggests that longitudinal copeptin mea-
surements might provide important information about
cardiovascular stress and response to treatment.

Excessive neurohumoral activation contributes to the
development of symptoms of heart failure by altering
vascular resistance, blood volume and cardiac contractil-
ity [31]. In addition, vasopressin is involved in cardiac
remodeling via its Vireceptor on cardiomyocytes, lead-
ing to increased protein-synthesis, cardiac hypertrophy,
decreased contractility and development of myocardial
fibrosis [32,33]. These observations, although mostly
derived from the left ventricle, raise the possibility
that elevated vasopressin levels in PAH patients might
also play a role in right ventricular remodeling [34].

Limitations of the study

This was a single-center, mostly retrospective study with
a limited sample size, especially in the prospective co-
hort. Given the descriptive nature of the current study,
this manuscript does not address the causes or physio-
logic mechanisms for elevated copeptin levels in patients
with PAH.
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Conclusions

Circulating copeptin levels are elevated in patients with
PAH and have the potential to become useful bio-
markers in the assessment of PAH patients adding inde-
pendent information to the clinical, biochemical and
hemodynamic assessment.
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