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ABSTRACT The prognostic value of copeptin, the C-terminal fragment of the precursor protein of
vasopressin which is released upon stress, and hypotension in pulmonary embolism is unknown, especially
if combined with biomarkers reflecting different pathophysiological axes such as myocardial injury (high-
sensitivity troponin T (hsTnT)) and stretch (N-terminal pro-brain natriuretic peptide (NT-proBNP)).

We prospectively studied 268 normotensive pulmonary embolism patients included in a single-centre
cohort study.

Patients with an adverse 30-day outcome (5.6%) had higher copeptin levels than patients with a
favourable course (median (interquartile range) 51.8 (21.6–90.8) versus 13.2 (5.9–39.3) pmol·L−1; p=0.020).
Patients with copeptin levels above the calculated optimal cut-off value of 24 pmol·L−1 had a 5.4-fold
increased risk for an adverse outcome (95% CI 1.68–17.58; p=0.005). We developed a strategy for risk
stratification based on biomarkers. None of 141 patients (52.6%) with hsTnT <14 pg·mL−1 or NT-proBNP
<600 pg·mL−1 had an adverse outcome (low risk). Copeptin ⩾24 pmol·L−1 stratified patients with elevated
hsTnT and NT-proBNP as intermediate–low and intermediate–high risk (5.6% and 20.0% adverse
outcome, respectively). Compared to the algorithm proposed by the 2014 European Society of Cardiology
guideline, more patients were classified as low risk (52.8% versus 17.5%, p<0.001) and more patients in the
intermediate–high risk group had an adverse outcome (20.0% versus 11.6%).

Copeptin might be helpful for risk stratification of normotensive patients with pulmonary embolism,
especially if integrated into a biomarker-based algorithm.
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Introduction
In normotensive patients with acute pulmonary embolism, risk stratification is mandatory to define the
appropriate treatment strategy [1, 2]. According to the current (2014) guideline of the European Society of
Cardiology (ESC), risk assessment should begin with a validated clinical risk prediction score to distinguish
between low and intermediate risk pulmonary embolism [1]. In patients classified at intermediate risk,
further stratification into intermediate–low and intermediate–high risk groups should be based on imaging
procedures for the assessment of right ventricular (RV) dysfunction and laboratory biomarkers. However,
although clinical scores and combination models such as the Bova score [3, 4] were developed with the aim
of identifying patients with elevated risk (intermediate–high risk), the identification of the patient subgroup
that may benefit from more aggressive treatment strategies remains challenging [2].

RV dysfunction is considered to be the critical determinant of outcome in acute pulmonary embolism. The
sudden increase of pulmonary artery pressure may initiate a vicious circle leading to decreased left
ventricular preload and low cardiac output, resulting in systemic hypotension [1, 5]. Vasopressin (also
known as antidiuretic hormone or arginine vasopressin) is a highly conserved peptide that plays a key role
in cardiovascular homeostasis [6]. It is primarily produced in the magnocellular neurons of the
hypothalamus, released upon changes in plasma osmolality, stress and hypotension and induces arteriolar
vasoconstriction and water reabsorption in the kidneys [6]. Since vasopressin is highly unstable in plasma
with a short half-life time of ∼20 min, copeptin, the inactive 39-amino-acid C-terminal fragment of the
precursor protein of vasopressin, which is released in equimolar amounts with vasopressin, can be used as a
surrogate biomarker with high stability in plasma [6]. Due to its fast release kinetics [7], copeptin emerged
as a valuable diagnostic and prognostic biomarker in several acute cardiovascular diseases [8–10] and
conditions [11] allowing therapeutic decision making at the moment of presentation. In acute pulmonary
embolism, copeptin might reflect a novel pathophysiological axis of pulmonary embolism severity by
indicating the systemic response to impaired haemodynamics due to RV dysfunction and failure. Thus,
combination with other biomarkers for risk assessment of acute pulmonary embolism reflecting either
myocardial injury (such as high-sensitivity troponin T (hsTnT) [1, 12, 13]) or myocardial stretch (such as
N-terminal pro-brain natriuretic peptide (NT-proBNP) [1, 14]) appears to be especially useful.

The aim of the present study was to investigate the prognostic impact of copeptin reflecting a new
pathophysiological axis for risk stratification of normotensive pulmonary embolism patients.

Material and methods
Study subjects and study design
We prospectively studied consecutive normotensive patients aged ⩾18 years with objectively confirmed acute
symptomatic pulmonary embolism at the University Hospital of Göttingen (Göttingen, Germany), who were
included in an ongoing noninterventional cohort study (Pulmonary Embolism Registry of Göttingen)
between September 2008 and August 2014. The study protocol has been described previously [12, 15] and
details and definitions are provided in the online supplementary material. Treatment decisions were made by
the physicians caring for the patient according to the current ESC guideline [16] and not influenced by the
study protocol. Study results were not communicated to the clinicians and thus not used to guide patient
management or to monitor the effects of treatment during the hospital stay or at any time during the 30-day
follow-up period. The study was conducted in accordance with the amended Declaration of Helsinki, the
study protocol was approved by the local independent ethics committee of the Medical University Göttingen
(Göttingen, Germany) and all patients gave written informed consent for their participation in the study.

The primary outcome of the study was an adverse 30-day outcome, defined as pulmonary embolism-related
death or at least one of the following complications: 1) need for intravenous catecholamine administration; 2)
mechanical ventilation; and 3) cardiopulmonary resuscitation. All-cause death within 30 days was defined as
secondary outcome. Causes of death were independently adjudicated by review of the medical records and
autopsy reports (if performed) by three of the contributing authors (K. Hellenkamp, J. Schwung and M. Lankeit).
Death was determined to be pulmonary embolism-related if it was 1) confirmed by autopsy; 2) followed a
clinically severe episode of acute pulmonary embolism; and 3) in the absence of an alternative diagnosis.

Laboratory biomarker testing
Venous blood samples were collected on admission and after 24 h and immediately stored at −80°C.
Plasma levels of copeptin, hsTnT and NT-proBNP were measured as described in the online
supplementary material.

Statistical analysis
Using the modified Kolmogorov–Smirnov test (Lilliefors test) the continuous variables tested in this study
were found not to follow a normal distribution. They are therefore presented as median (interquartile
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range (IQR)). Comparison of continuous variables was performed using the Mann–Whitney U-test and
paired variables were compared using the Wilcoxon test. For comparisons of categorical variables Fisher’s
exact test was used. To test for correlations between continuous variables the Spearman ρ coefficient was
calculated. Additionally, the relationship between variables and copeptin concentrations above the median
was tested using univariable logistic regression analysis and results presented as OR (95% CI). The area
under the curve (AUC) of copeptin, hsTnT and NT-proBNP with regard to study outcomes was
determined using receiver operating characteristic (ROC) analysis and comparison performed using the
test of de Long, de Long and Clarke-Pearson. Youden-index quantification was used to identify the
optimal copeptin cut-off values for prediction of study outcomes. Specificity, sensitivity, negative and
positive predictive values and the negative and positive likelihood ratios were calculated for clinical sores,
biomarkers and combinations of biomarkers. Dichotomisation of the Bova score and the ESC 2014 risk
categories were performed by combining patients stratified as low risk and intermediate–low risk (tested
versus patients classified as intermediate–high risk). To compare the distribution of patients in risk classes
by the use of different risk assessment strategies, the McNemar–Bowker test was used. The prognostic
relevance of comorbidities, haemodynamic, clinical and laboratory findings as well as risk assessment
models with regard to study outcomes were estimated using univariable logistic regression analysis. The
independence of the prognostic value of copeptin levels above the calculated cut-off value with regard to
the primary outcome was tested in multivariable logistic regression models which each parameter
identified as a predictor of copeptin concentrations above the median (online supplementary table S1)
separately. Additionally, parameters univariably associated with an adverse 30-day outcome were included
in a multivariable logistic regression model using backward stepwise selection.

All statistical tests used in this study were two-sided and used a significance level of 0.05. Analyses were
performed using SPSS (version 22.0; SPSS Inc., Chicago, IL, USA).

Results
Baseline study findings
Overall, 268 normotensive patients with confirmed pulmonary embolism were included in the study.
Figure 1 shows the flow chart of patient enrolment and exclusion. The medical history and baseline
characteristics of the study patients are summarised in table 1. The imaging procedures for confirmation of
pulmonary embolism are described in the online supplementary material. In 255 patients (95.1%) RV
function could be assessed using diagnostic multidetector computed tomography (MDCT); of those, 111
patients (43.5%) were diagnosed with RV dysfunction. An echocardiographic examination was performed
within 48 h in 157 patients (58.6%); of those, 77 patients (49.0%) were diagnosed with RV dysfunction. Of
note, 56 patients had evidence of RV dysfunction on both echocardiography and MDCT and in four
patients assessment of RV function was neither performed on MDCT nor on echocardiography.

463 patients with confirmed PE included in PERGO 

between September 2008 and August 2014

Patients excluded
n=0  Denial of consent or withdrawal of previously given   

  consent for participation in PERGO

n=18 PE was an accidental finding obtained during the   

  diagnostic workup for another suspected disease

n=12 Acute myocardial infarction, LV decompensation or   

  respiratory decompensation responsible for clinical   

  presentation and symptoms

n=44 Haemodynamic instability on admission (high-risk PE)

n=27 Severe renal insufficiency with GFR 

  <30 mL·min–1·1.73 m–2 or need for haemodialysis

n=41 Systemic therapy with glucocorticoids

n=0 Diabetes insipidus or known pituitary tumour

n=53 Missing blood samples on admission or incomplete data

268 patients included in final analysis

FIGURE 1 Flow chart of patient enrolment and exclusion. Definitions are provided in the material and methods
section of the online supplementary material. PE: pulmonary embolism; PERGO: Pulmonary Embolism
Registry of Göttingen; LV: left ventricular; GFR: glomerular filtration rate.
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Initial treatment of the study patients consisted of either anticoagulation with unfractionated heparin or
low molecular weight heparin/fondaparinux at weight-adjusted dosage and 29 patients (10.8%) received
reperfusion therapy. Of those, 17 patients were included in the Pulmonary Embolism Thrombolysis
(PEITHO) study [17] and randomised to single-bolus tenecteplase versus placebo, 12 patients received
early systemic thrombolysis and two patients included in the PEITHO study additionally underwent
surgical embolectomy.

Copeptin plasma levels on admission ranged between 0.9 and 705.0 pmol·L−1 with a median (IQR)
concentration of 13.7 (5.9–44.5) pmol·L−1. We observed a weak correlation of copeptin concentrations with

TABLE 1 Medical history and baseline characteristics of the study patients

All study patients Copeptin <14 pmol·L−1 Copeptin ⩾14 pmol·L−1 p-value

Subjects n 268 134 134
Male 128 (47.8) 58 (43.3) 70 (52.2) 0.178
Age years 70.5 (53–77) 62.5 (46–74) 72.5 (64–79) <0.001
BMI kg·m−2 27.8 (24.8–31.2) 28.0 (25.0–32.1) 27.6 (24.5–30.6) 0.300
Risk factors for VTE
History of VTE 85/267 (31.8) 50/133 (37.6) 35 (26.1) 0.049
Previous trauma/surgery# 55 (20.5) 28 (20.9) 27 (20.1) 1.000
Travel/immobilisation# 67 (25.0) 31 (23.1) 36 (26.9) 0.573
Pregnancy/post-partum¶ 1 (0.4) 1 (0.7) 0 (0) 1.000
Unprovoked PE+ 160 (59.7) 78 (58.2) 82 (61.2) 0.709

Comorbidities
Malignant tumour§ 37 (13.8) 15 (11.2) 22 (16.4) 0.288
Chronic cardiopulmonary disease 93 (34.7) 35 (26.1) 58 (43.3) 0.005
Diabetes mellitus 49 (18.3) 15 (11.2) 34 (25.4) 0.004
Anaemia 91 (34.0) 41 (30.6) 50 (37.3) 0.302
Renal insufficiency 73 (27.2) 23 (17.2) 50 (37.3) <0.001

Symptoms and clinical status on admission
Symptom onset <24 h 130 (48.5) 54 (40.3) 76 (56.7) 0.010
Chest pain 155/267 (58.1) 86/133 (64.7) 69 (51.5) 0.035
Dyspnoea 233/267 (87.3) 116/133 (87.2) 117 (87.3) 1.000
Syncope 32 (11.9) 7 (5.2) 25 (18.7) 0.001
Systolic blood pressure mmHg 130 (120–150) 130 (120–150) 130 (120–141) 0.017
Mild hypotension 19/262 (7.3) 6/130 (4.6) 13/132 (9.8) 0.152
Heart rate bpm 88 (74.25–105) 84 (75.5–97.5) 91 (73.5–110.0) 0.042
Tachycardia 80/264 (30.3) 31/132 (23.5) 49/132 (37.1) 0.022
Hypoxia 62/224 (27.7) 21/107 (19.6) 41/117 (35.0) 0.011
RV dysfunction on echocardiography 77/157 (49.0) 29/69 (42.0) 48/88 (54.5) 0.148
RV dysfunction on MDCT 111/255 (43.5) 45/130 (34.6) 66/125 (52.8) 0.004

Laboratory biomarkers
hsTnT pg·mL−1 24.6 (8.6–57.9) 11.2 (4.9–43.8) 36.1 (15.1–73.7) <0.001
hsTnT ⩾14 pg·mL−1 166/266 (62.4) 61/132 (46.2) 105/134 (78.4) <0.001
NT-proBNP pg·mL−1 687 (122–2564) 309 (74–1640) 1238 (290–3775) <0.001
NT-proBNP ⩾600 pg·mL−1 138/267 (51.7) 55/134 (41.0) 83/133 (62.4) 0.001

Risk assessment models
ESC 2014 algorithm
Low 47 (17.5) 41 (30.6) 6 (4.5) <0.001
Intermediate–low 135 (50.4) 63 (47.0) 72 (53.7) 0.328
Intermediate–high 86 (32.1) 30 (22.4) 56 (41.8) 0.001

Bova scoreƒ

Low 130 (48.7) 84 (62.7) 46 (34.6) <0.001
Intermediate–low 93 (34.8) 41 (30.6) 52 (39.1) 0.159
Intermediate–high 44 (16.5) 9 (6.7) 35 (26.3) <0.001

Data are presented as n, n (%), median (interquartile range) or n/N (%), unless otherwise stated. Risk factors, comorbidities, symptoms,
haemodynamics, laboratory values and PE severity classification in all study patients and according to the median copeptin level are presented.
BMI: body mass index; VTE: venous thromboembolism; PE: pulmonary embolism; bpm: beats per minute; RV: right ventricular; MDCT:
multidetector computed tomography; hsTnT: high-sensitivity troponin T; NT-proBNP: N-terminal pro-brain natriuretic peptide; ESC: European
Society of Cardiology. #: within the past 4 weeks; ¶: 6 weeks after delivery; +: defined as absence of a temporary or reversible risk factor such
as surgery, trauma, immobilisation, travel, contraception/hormone replacement therapy or pregnancy; §: defined as active or under treatment
within the past 6 months; ƒ: one patient could not be classified using the Bova score due to missing data. Definitions are provided in the
material and methods section of the online supplementary material.
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age (r=0.314, p<0.001), NT-proBNP (r=0.318, p<0.001) and hsTnT (r=0.363, p<0.001) and a weak inverse
correlation with glomerular filtration rate (r=−0.308, p<0.001). Differences in medical history and baseline
characteristics of study patients with copeptin concentrations below the median compared to patients with
copeptin above the median are shown in table 1. Additionally, as shown in online supplementary table S1, a
number of parameters were associated with copeptin concentrations above the median.

To further investigate the kinetics of copeptin, we measured copeptin concentration in blood samples
collected 24 h after admission in a subgroup of 56 patients (20.9%). In these patients, median (IQR)
copeptin levels decreased from 14.7 (5.4–34.7) to 8.7 (4.6–14.8) pmol·L−1 after 24 h (p<0.001; fig. 2). All
but three patients showed either a decrease of copeptin concentration after 24 h or had copeptin
concentrations below the calculated optimal cut-off value. Two patients with increased copeptin levels after
24 h (patient 1: from 0.9 to 95.7 pmol·L−1; patient 2: from 66.6 to 562.2 pmol·L−1) had major bleedings
(upper gastrointestinal and retroperitoneal, respectively) requiring emergency interventions (intubation
and catecholamine administration) and blood transfusions.

Prognostic value of copeptin with regard to study outcomes
Within the first 30 days, 15 patients (5.6%) reached the primary outcome (adverse 30-day outcome) and
nine patients (3.4%) reached the secondary outcome (all-cause 30-day death). More specifically, 11
patients needed catecholamine administration, 11 patients required mechanical ventilation, six patients
underwent cardiopulmonary resuscitation and four patients died due to the initial pulmonary embolism.
Patients who reached the primary outcome had higher copeptin levels on admission compared to patients
with a favourable clinical course (median (IQR) 51.8 (21.6–90.8) versus 13.2 (5.9–39.3) pmol·L−1,
p=0.020). ROC analysis yielded an AUC of 0.68 for copeptin with regard to an adverse 30-day outcome,
which tended to be smaller compared to hsTnT (0.72, p=0.66) and NT-proBNP (0.81, p=0.070; fig. 3). A
copeptin concentration of 24 pmol·L−1 was identified as the optimal cut-off value in our patient
population. While the prognostic sensitivity of copeptin was lower, it was associated with a higher
prognostic specificity if compared to hsTnT and NT-proBNP (cut-off values 14 pg·mL−1 and 600 pg·mL−1,
respectively; table 2). Using univariable logistic regression analysis, copeptin levels ⩾24 pmol·L−1 were
associated with a 5.4-fold increased risk for an adverse 30-day outcome (95% CI 1.68–17.58; p=0.005). As
shown in table 3, besides copeptin, diabetes mellitus, hypoxia, tachycardia and the ESC 2014 algorithm
were identified as univariable predictors of the primary outcome. The highest odds ratio was observed for
patients with copeptin ⩾24 pmol·L−1, hsTnT ⩾14 pg·mL−1 and NT-proBNP ⩾600 pg·mL−1. Importantly,
the predictive value of copeptin ⩾24 pmol·L−1 remained independent after adjustment for each variable
found to be associated with copeptin levels above the median (shown in online supplementary table S1).

Copeptin levels on admission did not differ in patients reaching the secondary outcome if compared to
patients who survived the first 30 days (23.4 (5.9–38.9) pmol·L−1 versus 13.6 (6.0–44.3) pmol·L−1,
p=0.695). Furthermore, neither copeptin ⩾24 pmol·L−1 (p=0.585) nor exceeding the calculated optimal
cut-off value for the secondary outcome of 19 pmol·L−1 (p=0.413) were associated with an increased risk
for 30-day all-cause death.

Optimising risk assessment by integration of copeptin in a novel biomarker-based strategy
When combining the three investigated biomarkers (hsTnT, NT-proBNP and copeptin), specificity and
positive predictive value with regard to the primary study outcome reached 0.83 and 0.20, respectively

FIGURE 2 Copeptin plasma levels on
admission and after 24 h in a
subgroup of 56 patients.
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(table 2). Additionally, using a multivariable logistic regression model with backward stepwise selection
including parameters univariably associated with an adverse 30-day outcome (shown in table 3), the final
model consisted of copeptin ⩾24 pmol·L−1 (OR, 4.13, 95% CI 1.24–13.78; p=0.021), hsTnT ⩾14 pg·mL−1

and NT-proBNP ⩾600 pg·mL−1 (odds ratios were not calculable for either of these). Therefore, we tested
whether a novel stepwise biomarker-based strategy might help to optimise risk stratification of normotensive
pulmonary embolism patients. Based on the excellent negative predictive value of hsTnT and NT-proBNP,
we used these two biomarkers as the first step. As shown in figure 4a, 141 patients (52.8%) with hsTnT
<14 pg·mL−1 or NT-proBNP <600 pg·mL−1 were classified as low risk. Importantly, none of them had an
adverse 30-day outcome. In a second step, in patients with elevated hsTnT and NT-proBNP levels, copeptin
⩾24 pmol·L−1 was used to classify patients in an intermediate–low and an intermediate–high risk subgroup.
Of 71 (26.6%) patients stratified as intermediate–low risk, 5.6% had an adverse 30-day outcome and of the
55 (20.6%) patients stratified as intermediate–high risk, 20.0% had an adverse 30-day outcome.

Comparing this biomarker-based strategy with the ESC 2014 algorithm (fig. 4b), more patients were
categorised as low risk (141 (52.8%) out of 267 patients versus 47 (17.5%) out of 268 patients; p<0.001)

0.6

1.0

0.8

0.4

0.2

0.0

S
e

n
s
it

iv
it

y

1-specificity

0.0 0.2 0.4 0.6 0.8 1.0

Copeptin: AUC 0.68, 95% CI 0.52–0.83

hsTnT: AUC 0.72, 95% CI 0.62–0.82

NT-proBNP: AUC 0.81, 95% CI 0.74–0.89

FIGURE 3 Receiver operating
characteristic curve for copeptin,
high-sensitivity troponin T (hsTnT)
and N-terminal pro-brain natriuretic
peptide (NT-proBNP) with regard to
an adverse 30-day outcome. AUC:
area under the curve.

TABLE 2 Prognostic performances of laboratory biomarkers and risk assessment models with regard to an adverse 30-day
outcome

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

LR+
(95% CI)

LR−
(95% CI)

Laboratory biomarker
hsTnT ⩾14 pg·mL−1 1.00 (0.80–1.00) 0.40 (0.34–0.46) 0.09 (0.06–0.14) 1.00 (0.96–1.00) 1.67 (1.50–1.84)
NT-proBNP ⩾600 pg·mL−1 1.00 (0.80–1.00) 0.51 (0.45–0.57) 0.11 (0.07–0.17) 1.00 (0.97–1.00) 1.96 (1.80–2.32)
Copeptin ⩾24 pmol·L−1 0.73 (0.48–0.89) 0.66 (0.60–0.72) 0.11 (0.07–0.19) 0.98 (0.94–0.99) 2.18 (1.54–3.10) 0.40 (0.17–0.93)
Copeptin ⩾24 pmol·L−1 and

hsTnT ⩾14 pg·mL−1 and
NT-proBNP ⩾600 pg·mL−1

0.73 (0.48–0.89) 0.83 (0.77–0.87) 0.20 (0.12–0.32) 0.98 (0.95–0.99) 4.25 (2.80–6.30) 0.32 (0.14–0.75)

Risk assessment models
ESC 2014 algorithm

(intermediate–high risk
versus low risk/intermediate–low risk)

0.67 (0.42–0.85) 0.70 (0.64–0.75) 0.12 (0.06–0.20) 0.97 (0.94–0.99) 2.22 (1.48–3.32) 0.48 (0.23–0.98)

Bova score (intermediate–high risk
versus low risk/intermediate–low risk)

0.33 (0.15–0.58) 0.85 (0.80–0.88) 0.11 (0.05–0.24) 0.96 (0.92–0.98) 2.15 (1.00–4,66) 0.79 (0.55–1.13)

Sensitivity, specificity, positive and negative predictive values and positive and negative likelihood ratios of dichotomised/dichotomous
biomarkers, risk assessment models and combination of biomarkers with regard to an adverse 30-day outcome. PPV: positive predictive value;
NPV: negative predictive value; LR+/−: positive/negative likelihood ratio; hsTnT: high-sensitivity troponin T; NT-proBNP: N-terminal pro-brain
natriuretic peptide; ESC: European Society of Cardiology.
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without additional adverse events in this subgroup. Furthermore, more patients classified as intermediate–
high risk had an adverse outcome compared to the intermediate–high risk group based on the ESC 2014
algorithm (20.0% versus 11.6%; fig. 4).

Using the Bova score, 130 out of 267 (48.7%) patients were classified as low risk and none of them
reached the primary outcome. However, further stratification by the use of the Bova score did not help to
fine-tune risk assessment: patients classified as intermediate–low risk (93 patients (34.8%)) and
intermediate–high risk (44 patients (16.5%)) had an almost identical rate of an adverse 30-day outcome
(10.8% and 11.4%, respectively).

Discussion
Copeptin: a novel biomarker in normotensive pulmonary embolism
The present study is the first demonstrating the prognostic importance of copeptin in normotensive
patients with acute pulmonary embolism. Copeptin has been identified as a valuable biomarker for
diagnosis and risk stratification in numerous cardiovascular conditions. For example, in patients with heart
failure, copeptin was a valuable predictor of mortality [18, 19]. NICKEL et al. [20] demonstrated that
elevated copeptin levels were independently associated with poor outcome in patients with pulmonary
arterial hypertension. In agreement with these reports, in the present study, patients with chronic
cardiopulmonary diseases presented more frequently with copeptin levels above the median. Copeptin
levels have been found to be higher in patients with renal insufficiency [21] or diabetes mellitus [22].
Accordingly, in our study population we found more often copeptin levels above the median in patients
with diabetes mellitus or with renal insufficiency (table 1). Of note, the median copeptin concentration of
14 pmol·L−1 in the present patient population was identical to the optimal cut-off value calculated for
patients with acute myocardial infarction (AMI) [9, 10].

Due to its fast release kinetics [7], copeptin appears to be particularly useful for prognostic assessment of
acute diseases, e.g. in the emergency department [11]. In combination with hsTnT it allowed rapid and
reliable exclusion of AMI at presentation [9, 10]. Concordantly, in the present study all but three patients
with initially elevated copeptin levels had a decrease in copeptin concentrations 24 h after admission (fig.
2). Two of the three cases with increased copeptin levels after 24 h were explained by major bleedings
requiring emergency interventions or blood transfusions.

In our study, patients with an adverse 30-day outcome had higher copeptin levels on admission compared
to patients with a favourable clinical course. Moreover, copeptin levels above the calculated optimal cut-off
value of 24 pmol·L−1 were associated with a 5.4-fold increased risk for an adverse 30-day outcome which

TABLE 3 Predictors of an adverse 30-day outcome

OR (95% CI) p-value

Comorbidities
Malignant tumour 1.61 (0.43–6.00) 0.478
Chronic cardiopulmonary disease 1.70 (0.60–4.84) 0.321
Diabetes mellitus 3.26 (1.10–9.62) 0.033
Renal insufficiency 2.48 (0.87–7.10) 0.091

Symptoms and clinical status on admission
Syncope 1.93 (0.51–7.25) 0.330
Hypoxia 3.85 (1.28–11.60) 0.017
Tachycardia 3.76 (1.29–10.95) 0.015
Mild hypotension 2.08 (0.43–9.99) 0.360
RV dysfunction on echocardiography or MDCT 2.91 (0.90–9.38) 0.074

Laboratory biomarkers
hsTnT ⩾14 pg·mL−1 OR not calculable
NT-proBNP ⩾600 pg·mL−1 OR not calculable
Copeptin ⩾24 pmol·L−1 5.44 (1.68–17.58) 0.005
Copeptin ⩾24 pmol·L−1 and hsTnT ⩾14 pg·mL−1 and NT-proBNP ⩾600 pg·mL−1 13.00 (3.91–42.72) <0.001

Risk assessment models
ESC 2014 algorithm (intermediate–high risk versus low risk/intermediate–low risk) 4.66 (1.54–14.09) 0.006
Bova score (intermediate–high risk versus low risk/intermediate–low risk) 2.73 (0.89–8.42) 0.080

Definitions are provided in the material and methods section of the online supplementary material. RV: right ventricular; MDCT: multidetector
computed tomography; hsTnT: high-sensitivity troponin T; NT-proBNP: N-terminal pro-brain natriuretic peptide; ESC: European Society of
Cardiology.
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remained independent in a multivariable logistic regression model using backward stepwise selection.
However, elevated copeptin levels were not associated with an increased risk for all-cause death within
30 days. This finding indicates that copeptin, as a marker of the systemic response to impaired
haemodynamics due to RV failure predicts pulmonary embolism-related complications in the acute phase

hsTnT and NT-proBNP negative

55 patients

0 (0%) adverse outcome

hsTnT and/or NT-proBNP positive

45 patients

1 (2.4%) adverse outcome

hsTnT and NT-proBNP negative

35 patients

0 (0%) adverse outcome

hsTnT and/or NT-proBNP positive

133 patients

14 (10.5%) adverse outcome

sPESI 0

100 patients (37.3%)

1 (1.0%) adverse outcome

sPESI ≥1

168 patients (62.7%)

14 (8.3%) adverse outcome

268 normotensive patients with acute PE

15 (5.6%) adverse outcome

b)

a) 268 normotensive patients with acute PE#

15 (5.6%) adverse outcome

RV dysfunction

8 patients

0 (0%) adverse outcome

No RV dysfunction

47 patients

0 (0%) adverse outcome

RV dysfunction

86 patients

10 (11.6%) adverse outcome

Intermediate–high risk

86 patients (32.1%)

10 (11.6%) adverse outcome

Intermediate–low risk

135 patients (50.4%)

5 (3.7%) adverse outcome

Low risk

47 patients (17.5%)

0 (0%) adverse outcome

Intermediate–high risk

55 patients (20.6%)

11 (20.0%) adverse outcome

Intermediate–low risk

71 patients (26.6%)

4 (5.6%) adverse outcome

Low risk

141 patients (52.8%)

0 (0%) adverse outcome

No RV dysfunction

47 patients

4 (8.5%) adverse outcome

hsTnT and NT-proBNP positive

126 patients

15 (11.9%) adverse outcome

Copeptin <24 pmol·L–1

71 patients

4 (5.6%) adverse outcome

Copeptin ≥24 pmol·L–1

55 patients

11 (20.0%) adverse outcome

hsTnT or NT-proBNP negative

141 patients

0 (0%) adverse outcome

FIGURE 4 Risk assessment strategies of normotensive patients with pulmonary embolism. a) Risk assessment with a new biomarker-based
strategy based on N-terminal pro-brain natriuretic peptide (NT-proBNP), high-sensitivity troponin T (hsTnT) and copeptin. b) Risk assessment as
proposed by the 2014 European Society of Cardiology (ESC) guideline. Number (%) of patients with an adverse 30-day outcome are shown for each
step. HsTnT levels ⩾14 pg·mL−1 and NT-proBNP levels ⩾600 pg·mL−1 were defined as positive. #: in one patient with elevated hsTnT
(109.8 pg·mL−1) levels, NT-proBNP plasma concentrations could not be measured on admission. Thus, stratification to risk classes using the
biomarker-based strategy was not possible and the patient was excluded. Of note, in four patients neither multidetector computed tomography
nor an echocardiographic examination for assessment of right ventricular function was performed; three of them were classified as intermediate–
low risk and one patient as low risk using the ESC 2014 algorithm shown in b). Definitions are provided in the material and methods section of the
online supplementary material. PE: pulmonary embolism; sPESI: simplified Pulmonary Embolism Severity Index; RV: right ventricular.
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of pulmonary embolism (which might require more aggressive treatment regimens) rather than providing
general prognostic information (e.g. all-cause mortality) such as, for example, the biomarker
growth-differentiation factor-15 [23].

Risk stratification of normotensive pulmonary embolism
The algorithm for risk assessment proposed by the current 2014 ESC guideline suggests the identification
of low-risk patients based on a negative simplified Pulmonary Embolism Severity Index (sPESI) (in the
absence of elevated cardiac biomarkers and absence of RV dysfunction on imaging procedures, if
performed) [1]. Indeed, in our study population none of the patients in the ESC 2014 low-risk group
reached the primary outcome. However, compared to previous cohort studies classifying approximately
one-third of pulmonary embolism patients as low risk based on the sPESI [13, 24], in our study the
proportion of patients as categorised as low risk by the ESC 2014 algorithm was as low as 17.5% (fig. 4b).
This might be explained, at least in part, by the fact that biomarker testing and assessment of RV function
were performed as a part of the study protocol in all patients. Notably, out of 100 (37.3%) patients with a
sPESI of 0, one patient with an adverse 30-day outcome would have been missed without further testing.

At the other end of the risk spectrum, the PEITHO study demonstrated that in normotensive pulmonary
embolism patients with elevated troponin levels and RV dysfunction on echocardiography or MDCT, the
primary endpoint (death or haemodynamic decompensation within 7 days) was reduced by administration
of thrombolysis (OR 0.44, 95% CI 0.23–0.87; p=0.015) [17]. However, the complication rate in the placebo
group was comparably low (28 (5.6%) out of 499 patients) if compared to cohort studies. For example,
BOVA et al. [3] observed a 30-day pulmonary embolism-related complication rate of 29.2% for patients
with a Bova score stage III (intermediate–high risk). In our study, patients classified as intermediate–high
risk by the use of the Bova score and ESC 2014 algorithm had a similar rate of an adverse 30-day outcome
(11.6% and 11.4%, respectively).

A novel stepwise biomarker-based risk assessment strategy
Risk assessment using the algorithm proposed by the 2014 ESC guideline requires three steps (assessment
of haemodynamic stability, calculation of the sPESI and laboratory testing/imaging procedures), resulting
in a complex and time-, person- and potentially cost-intensive approach. Although our study was
performed at a university hospital, only 157 (58.6%) patients received an echocardiographic examination
within 48 h, demonstrating the limited availability (which might be even greater in smaller hospitals).
However, this might also be caused by the more frequent use of MDCT for evaluation of RV (dys-)
function in our institution considering the subjective observer-related nature of echocardiographic findings
and the lack of a validated definition of RV dysfunction. Given these limitations of the ESC 2014
algorithm, we developed a novel stepwise biomarker-based strategy which might help to optimise risk
stratification of normotensive pulmonary embolism.

As shown in previous cohorts [12–14], in the present study hsTnT and NT-proBNP yielded an excellent
negative predictive value (100% each). Consequently, we used hsTnT <14 pg·mL−1 or NT-proBNP
<600 pg·mL−1 to identify low-risk patients. Importantly, by this approach as many as 52.8% of the patients
were categorised as low risk and none of them reached the primary outcome. Thus, the biomarker-based
strategy appeared to be superior for the identification of normotensive pulmonary embolism patients at
low risk compared to ESC 2014 algorithm [1] (52.8% without adverse outcome versus 17.5% without
adverse outcome, p<0.001). In a second step, in patients with elevated hsTnT and NT-proBNP levels,
copeptin ⩾24 pmol·L−1 was used to identify 55 (20.6%) patients at intermediate–high risk. The rate of an
adverse 30-day outcome in this group was nearly doubled compared to the ESC 2014 algorithm [1] or
Bova score [3] (20.0% versus 11.6% versus 11.4%, respectively). Additionally, the Bova score failed to select
the patient subgroup at highest risk: patients classified as intermediate–low and intermediate–high risk had
an almost identical rate of an adverse 30-day outcome (10.8% and 11.4%, respectively). Thus, the
biomarker-based strategy appeared to be superior for the identification of normotensive pulmonary
embolism patients at intermediate–high risk who might be candidates for thrombolytic therapy. However,
given the high bleeding rate (especially intracranial) in the PEITHO study [17], further efforts are
warranted to determine the best strategy for identification of intermediate–high risk pulmonary embolism
patients with a low bleeding risk in whom thrombolysis appears to be safe.

Limitations
Some potential limitations of our study should be mentioned. First, although the number of patients with
an adverse 30-day outcome was low given the single-centre study design, the rate of an adverse 30-day
outcome (5.6%) was comparable to other cohort studies and trials [3, 12, 13, 17, 24]. Second, the cut-off
value of copeptin and the biomarker-based strategy were derived from the present patient cohort. Thus,
external validation of the present study findings in a multicentre cohort is necessary to confirm the
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usefulness of copeptin and the novel simple biomarker-based strategy for risk stratification of
normotensive pulmonary embolism.

Conclusions
Pending external validation, copeptin might be a useful novel biomarker reflecting the systemic response
to impaired haemodynamics due to RV failure and thus a new pathophysiological axis for risk
stratification of normotensive patients with acute pulmonary embolism. A novel simple biomarker-based
strategy based on hsTnT, NT-proBNP and copeptin classified more patients as low risk, none of whom
reached the primary outcome, and more patients in the intermediate–high-risk group had an adverse
outcome compared to the algorithm proposed by the 2014 ESC guideline and the Bova score.
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