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SUMMARY

OBJECTIVE: Early diagnosis and risk stratification may provide a better prognosis in pulmonary embolism (PE). Copeptin has emerged
as a valuable predictive biomarker in various cardiovascular diseases. The aim of this study was to determine the levels of copeptin in
patients with acute PE and to evaluate its relationship with disease severity and PE-related death.

METHODS: Fifty-four patients and 60 healthy individuals were included in this study. Copeptin concentrations and right ventricular dys-
function were analyzed. The correlation between copeptin levels and hemodynamic and echocardiographic parameters was examined.
After these first measurements, patients were evaluated with PE-related mortality at the one-year follow-up.

RESULTS: The copeptin levels were higher in PE patients than in the control group (8.3 ng/mL vs 3.8 ng/mL, p<0.001). Copeptin levels
were found to be significantly higher in patients with PE-related death and right ventricular dysfunction (10.2 vs 7.5 ng/ml, p=0.007;
10.5 vs 7.5 ng/ml, p=0.002, respectively). When the cut-off value of copeptin was 25.85, its sensitivity and specificity for predicting PE
were 71.9% and 85.0%, respectively (AUC=0.762, 95% Cl=0.635-0.889, p<0.001).

CONCLUSIONS: The copeptin measurement had moderate sensitivity and specificity in predicting the diagnosis of PE, and the copeptin
level was significantly higher in patients with PE-related death at the one-year follow-up. Copeptin may be a useful new biomarker in
predicting diagnosis, risk stratification, and prognosis of PE.
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INTRODUCTION

Acute pulmonary embolism (PE) is an obstructive  correctly diagnosed and treated'. Early diagnosis
disease of the pulmonary arterial system associated  and risk stratification may provide better prognosis;
with significant mortality rates, i.e., up to 30%, if not ~ however, there is not yet a particular biochemical
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marker useful for early diagnosis or for providing
prognostic information. In clinical practice, scoring
systems and some biomarkers with proven efficacy,
such as D-Dimer, B-type natriuretic peptide (BNP)
and troponin I, are used in the diagnosis and risk
stratification of acute PE. Since D-Dimer levels may
increase in many clinical conditions (cardiac arrest,
trauma, hemorrhage, malignancies, shock, dis-
seminated intravascular coagulation, and systemic
inflammatory response syndrome), some difficulties
arise in the diagnosis of PE?. The increase of BNP is
highly sensitive but poorly specific for detecting PE
patients at risk for severe adverse events, such as
cardiac arrest, shock, need for intensive care units,
need for thrombolysis, or vasopressors or mechanical
ventilation?. It has been shown that troponin assays
alone cannot be used to diagnose PE. Therefore, for
clinicians, the heterogeneity of troponin assays and
their lack of harmonization result in interpretative
challenges®. Due to the many factors that can affect
D-Dimer, BNP, and troponin levels in PE, results
should be interpreted carefully.

Copeptin, the C-terminal part of pro-arginine vaso-
pressin (AVP), is a glycosylated polypeptide consisting
of 39 amino acids. Unlike AVP, copeptin is stable for
a long time in plasma and is easily measured®. The
clinical use of AVP is limited due to its particularly
short half-life and its instability in frozen plasma’. In
addition, more than 99% of circulating AVP is bound to
platelets, and the small molecular size of AVP does not
make it suitable for conventional immunoassays’. For
these reasons, copeptin is now considered a well-de-
fined surrogate biomarker for AVP. Due to its rapid
release kinetics, copeptin has emerged as a valuable
predictive and prognostic biomarker in several clini-
cal conditions, including acute coronary syndrome,
stroke, shock, and left heart failure®™.

In acute PE, acute anatomical obstruction and
vasoconstriction of the pulmonary artery (PA) result
in increased pulmonary vascular resistance and right
ventricular (RV) dilatation. At the same time, neuro-
humoral activation causes inotropic and chronotropic
stimulation and, as a result, the AVP system is acti-
vated™. Thus, copeptin may show a new pathophys-
iological axis of PE by reflecting a systemic reaction
to impaired hemodynamics due to RV dysfunction in
acute PE. Some studies have reported that copeptin
may be a highly significant prognostic marker in early
mortality and risk stratification in patients with acute
PE®™. In this study, we investigated the copeptin

levels and their relationship with disease severity and
PE-related death in acute PE.

METHODS
Study design

This single-center prospective study was per-
formed in accordance with the ethical guidelines of
the Declaration of Helsinki and was approved by the
Medical Ethics Committee of the Cukurova University
(Nr. 94). Written informed consent was obtained from
all participants before enrollment. We included 54
patients diagnosed with acute PE who were referred
to the Cukurova University Medical Faculty of Car-
diology and Chest Disease Department (Adana, Tur-
key) between May 2018 and December 2018. The
control group consisted of 60 healthy, age- and gen-
der-matched volunteers who had no medical history,
were on no medication, and came to the cardiology
and chest disease outpatient clinic. When selecting
the control group, careful attention was paid to ensure
they were completely healthy volunteers. Candidates
in the normal control group were excluded if they had
a history of chronic diseases and their biochemical
examination results, electrocardiogram, and echocar-
diography were abnormal. The exclusion criteria of
the study population were as follows: acute or chronic
inflammatory diseases, pulmonary hypertension
(diagnosed by echocardiography), acute or chronic
infectious diseases, history of venous thromboembo-
lism, post-op or bed rest within the past 30 days, renal
failure, and acute coronary syndromes. The severity
of acute PE was defined according to the principles of
the European Society of Cardiology (ESC) Guideline®™®.
Acute PE patients were evaluated regarding PE-related
death and RV dysfunction at the one-year follow-up.
The patients’ clinical statuses were evaluated with
face-to-face assessments and telephone interviews
during the follow-up.

The echocardiographic examination was performed
using the Vivid S5 cardiovascular ultrasound system
with a 3S 1.5 - 3.6 MHz transthoracic probe (GE Med-
ical Systems, Buckinghamshire, UK) to evaluate RV
dimensions and function. The assessment of RV size
was performed by measuring RV end-diastolic mid-cav-
ity diameters from the apical four-chamber view. Tri-
cuspid annular plane systolic excursion (TAPSE) was
measured as the displacement of the lateral tricuspid
annulus toward the apex during the systolic move-
ment of the RV. Individually, the RV dysfunction was
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evaluated for the presence or absence of the following
signs: TAPSE < 15 mm and RV/LV end-diastolic ratio >
1 or mid-cavity RVEDD (right ventricular end-diastolic
diameter) > 35 mm from the apical four-chamber view.
If two or more of these criteria were present, RV dys-
function was diagnosed.

Biochemical analyses

Blood samples were collected from patients and
the control group within a maximum of six hours after
the diagnosis of acute PE to evaluate the acute phase.
Plasma BNP levels were analyzed using an immuno-
assay kit (Biosite Diagnostics, La Jolla, CA). The mea-
surable range of the BNP assays was 5.0 to 5000.0 pg/
mL. Plasma D-dimer levels were assessed using the
Liatest D-Di immuno-turbidimetric assay (Diagnostica
Stago), with> 0.5 pg/mL as the cut-off value. Copeptin
was measured using a commercially available ELISA
kit (EASTBIOPHARM, Hangzhou Eastbiopharm Co.
Ltd., China) with a detection limit of 0.024 ng/mL
and an inter-assay coefficient of 12%. The tubes were
immediately placed on ice and centrifuged at 2,000 x
g for 15 min at 4°C to collect the plasma, which was
divided into aliquots and stored frozen at -80°C for
further analyses.

Statistical analysis

Descriptive data were shown as n and % values in
categorical data and mean + standard deviation and
median interquartile range values in continuous data.
The chi-square test was used for the comparison of
categorical data. The measurement data were tested
for normal distribution by the Kolmogorov-Smirnov
test. The Mann-Whitney U test and Kruskal-Wallis
test were used, wherever appropriate, for the compar-
ison of non-normally distributed measurement data.
The Independent Samples t-test was used in indepen-
dent groups for normally distributed data. Relation-
ships between copeptin and baseline variables were
assessed by Spearman rank correlation coefficients.
The threshold value for copeptin in disease prediction
was determined by the ROC curve analysis. P<0.05 was
considered statistically significant for all analyses. The
analyses were performed using IBM®© SPSS version 20.

RESULTS

The study was conducted with a total of 114 par-
ticipants. Of the participants in the study, 54 (44.4%)
were in the patient group and 60 (55.6%) were in the

control group. The mean age of the patient group
was 56.81+11.3 years, and the mean age of the con-
trol group was 53.73+15.0 years. Gender, age, and
body mass index distributions were similar between
the groups.

The distribution of the characteristics and clinical
features of the patients is shown in Table 1. Intermedi-
ate-high risk PE was diagnosed in 16 patients (29.6%),
intermediate-low risk in 23 (42.6%), and low-risk in 15
(27.8%). Twelve patients (22.2%) were taking thrombo-
lytic treatment, and 42 (77.8%) patients were treated
with heparin according to the current guideline™.
Three patients (5.6%) died during in-hospital or 30-day
observation. PE-related death occurred in 12 patients
(22.2%) at the one-year follow-up.

TABLE 1. THE BASELINE CHARACTERISTICS, CLINICAL
SYMPTOMS, AND COMORBIDITIES OF THE STUDY
COHORT

n | (%)
Subjects Control 60 | (55.6)
Patient 54 | (44.4)
Symptoms Chest pain 10 | (18.5)
Dyspnea 17 | (31.5)
Syncope 9 |(16.7)
Signs/symptoms of DVT 18 | (333)
Risk factors for VTE Previous trauma/surgery 12 | (222)
Lower extremity DVT 19 |(35.2)
Travel/immobilisation 10 | (185)
Unprovoked 13| (240)
Risk Categories Low-risk 15 | (27.8)
Intermediate-low risk 23 | (42.6)
Intermediate-high risk 16 | (29.6)
Comorbidities Chronic compensated heart | 14 | (25.9)
failure
Chronic pulmonary disease | 11 | (20.4)
Obesity | (204)
Diabetes mellitus 10 | (185)
Anemia 8 (14.8)
Hemodynamic status | Mild hypotension 14 | (25.9)
at presentation Tachycardia 24 | (44.5)
Hypoxia 16 | (29.6)
PE-related death 2 | (22.2)
Rv Dysfunction 13 | (240)

DVT: deep vein thrombosis, RV: Right ventricle, VTE: Venous thromboembolism

The levels of troponin I (0.31+0.44 vs 0.16+0.22
ng/mL; p<0.014), BNP (524+361 vs 1681247 pg/mL;
p<0.001) and D-Dimer (4.125+3.154 vs 1.327+2.345 ng/
mL; p<0.001) were higher in acute PE patients com-
pared to the control group. Copeptin was higher in
PE patients than in the control group (8.3 vs 3.8 ng/
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mL; p<0.001). In addition, copeptin was found to be
significantly higher in patients with PE-related death
and RV dysfunction at the one-year follow-up (10.2 vs
7.5 ng/ml, p=0.001 for PE-related death; 10.5 vs 7.5
ng/ml, p=0.002 for RV dysfunction) (Table 2). When
the cut-off value of copeptin was taken as >5.85, its
sensitivity and specificity for predicting PE were 71.9%
and 85.0%, respectively (AUC=0.762, 95% CI=0.635-
0.889, p<0.001) (Figure 1). Their negative and positive
predictive values were 83.4% and 80.2%, respectively.

TABLE 2. EXAMINATION OF COPEPTIN LEVELS
ACCORDING TO DEMOGRAPHIC AND CLINICAL
FEATURES

Copeptin p
Median | (Interquartile
Range)
Control 3.8 (3.0-4.6)
Subjects - <0.001
Patient 83 (7.0-9.5)
Female 5.2 (4.3-8.2)
Gender 0.304
Male 47 (3.3-75)
Low-risk 6.1 (5.6-6.7)
Risk Intermediate-low | 8.3 (7.4-9.2)
) risk <0.001
Categories
Intermediate-high | 10.5 (9.4-11.2)
risk
B No 75 6.7-84
PE-related ( ) 0,001
death Yes 102 | (95-119)
No 75 6.8-8.8
Rv . ( ) 0002
Dysfunction | Yes 105 (87-12)

RV: Right ventricle

FIGURE1

Copeptin levels showed a linear increase as the
risk category increased according to post-hoc analysis
results. Copeptin concentration in low-risk PE was
6.1 ng/mL, in intermediate-low-risk PE it was 8.3 ng/
mL, and in intermediate-high risk PE it was 10.5 ng/
mL (p<0.001 for each). Moderate and positive correla-
tions were found between copeptin and pulse, RVEDD,
and RV/LV ratio (r=0.571, p<0.001; r=0.588, p<0.001;
r=0.504, p=0.003, respectively). There were strong
and positive correlations between copeptin and the
respiratory rate (r=0.705, p<0.001). There was a strong
and negative correlation between copeptin and arterial
oxygen saturation (r=-0.726, p<0.001), and a moderate
and negative correlation between copeptin and TAPSE
(r=-0.461, p=0.008).

DISCUSSION

The main findings of this study are as follows: 1)
The copeptin measurement had moderate sensitivity
and specificity for predicting acute PE; 2) Copeptin
was significantly higher in patients with PE-related
death and in patients who developed acute RV failure
at the one-year follow-up; 3) Copeptin levels increased
as the risk class increased in patients with acute PE.

Copeptin is stoichiometrically secreted with AVP
from the neurohypophysis and is more stable than
AVP, thus overcoming the limitations and difficulties
of AVP measurement®. Copeptin is released into the
blood circulation in life-threatening stress condi-
tions. These include heart failure™, acute coronary
syndrome?®, sepsis™, pulmonary hypertension®, and
acute PEB™,

Copeptin appears to be particularly useful for the
prognostic assessment of acute diseases due to its
rapid release kinetics?. In their study, Kalkan et al.”"
reported that the group including patients with acute
PE had higher copeptin levels compared to those with-
out acute PE. The cut-off value of copeptin was 4.84
ng/dL for the diagnostic predictor of acute PE and had
a sensitivity of 68.1% and specificity of 83.7% in this
study. In our study, when the cut-off value of copeptin
was >5.85 ng/mL, its sensitivity and specificity were
71.9% and 85.0%, respectively, for the diagnostic pre-
dictor of acute PE (AUC=0.762, 95% CI=0.635-0.889,
p<0.001).

Acute PE is associated with a high mortality rate.
In their study, Hellenkamp et al.?? found a 7.6-fold
higher risk of PE-related death in the group with high
copeptin levels. In our study, it was found that patients
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with PE-related death at the one-year follow-up had sig-
nificantly higher levels of copeptin. Limited biomarkers
have been identified in the diagnosis and risk stratifi-
cation of PE and for predicting acute RV failure, which
is the most common cause of death in acute PE™. Vaso-
pressin is engaged in myocardial remodeling through
its V1 receptor on cardiomyocytes, causing increased
ventricular hypertrophy, decreased contractility, and
the process of myocardial fibrosis®. Even though AVP
is mainly derived from the LV, these data increase the
probability that elevated AVP levels in PE patients play
a role in RV remodeling. In our study, copeptin was
significantly higher in patients with PE in whom RV
dysfunction developed. In addition, we found a signifi-
cant positive correlation between copeptin and the R/
LV ratio and RVEDD and a significant negative correla-
tion between copeptin and TAPSE. The activation of the
AVP system — calculated by copeptin levels — might
be an early indication of neurohumoral stimulation in
patients with RV dysfunction.

In this study, copeptin levels reflected PE severity.
Risk assessment using the algorithm proposed by the
2019 ESC guideline requires three steps (assessment
of hemodynamic stability, laboratory test/imaging
methods, and calculation of the pulmonary embolism
severity index score), resulting in a complicated and
costly approach™. Wyzgat et al." reported a relation-
ship between the severity of the disease and increased

1.Bperformed a

copeptin levels in PE. Hellenkamp et a
study including 268 PE patients, and it was concluded
that copeptin could be useful for risk stratification. For
these reasons, there is an increasing need for rapid
alternative biomarker-based strategies in predicting
acute PE diagnosis and risk assessment. Our findings
suggest that copeptin may be an essential marker in
predicting the diagnosis and PE-related deaths.

We recognize some limitations of this study.
It was a single-center study with a relatively small
sample size. To eliminate the contributing effect of

comorbidities on the deaths of patients with PE, the
study had many exclusion criteria that limit the gen-
eralizability of our study.

CONCLUSION

Copeptin levels are elevated in patients with PE,
and the measurement of copeptin concentration may
help in predicting diagnosis, risk stratification, and
prognosis of acute PE patients. Multicenter and more
extensive studies are necessary to determine its role
in predicting acute normotensive PE patients and con-
firm the prognostic value of copeptin.
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RESUMO

OBJETIVO: O diagndstico precoce e a estratificacdo de risco podem proporcionar um melhor progndstico em casos de embolia pulmonar
(EP). A copeptina surgiu como um valioso biomarcador preditivo de vdrias doengas cardiovasculares. O objetivo deste estudo é determinar
os niveis de copeptina em pacientes com EP aguda e avaliar a sua relagdo com a severidade da doenga e mortes relacionadas a EP.

METODOS: Um total de 54 pacientes e 60 individuos sauddveis foram incluidos neste estudo. As concentragdes de copeptina e disfungdes
ventriculares direitas foram analisadas. A correlagdo entre os niveis de copeptina e pardmetros ecocardiogrdficos e hemodindmicos foi
examinada. Apds essas primeiras medigdes, os pacientes foram avaliados em relagdo a mortalidade relacionada ¢ EP apés um ano.

RESULTADOS: Os niveis de copeptina foram maiores em pacientes com EP do que no grupo de controle (8,3 ng/mL vs 3,8 ng/mL,
p<0,001). Os niveis de copeptina eram significativamente maiores em pacientes com mortes relacionadas d EP e disfungdo ventricular
direita (10,2 vs 7,5 ng/ml, p=0,007; 10,5 vs 7,5 ng/ml, p=0,002, respectivamente). Com um valor de corte 25,85 para a copepting, sua
sensibilidade e especificidade preditivas para EP foram 71,9% e 85,0%, respectivamente (AUC=0,762, 95% |C=0,635 - 0,889, p<0,001).

CONCLUSAO: A medigdo da copeptina teve sensibilidade e especificidade preditivas moderadas para o diagnéstico de EP, e o nivel de
copeptina foi significativamente maior em pacientes com mortes relacionadas d EP apds um ano. A copeptina pode ser um novo bio-
marcador preditivo (til para o diagnéstico, a estratificagdo de risco e o progndstico de PE.

PALAVRAS-CHAVE: Biomarcadores. Morte. Embolia pulmonar/diagnéstico. Embolia pulmonar/mortalidade. Arginina vasopressina/
metabolism.
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