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Material and methods  

Study design and definitions 

Based on the diagnostic algorithm proposed by the European Society of Cardiology (ESC) guideline 

[1], (at least) one of the following imaging procedures was used for confirmation of PE: contrast-

enhanced multidetector computed tomography (MDCT), ventilation-perfusion lung scan, pulmonary 

angiography or echocardiographic confirmation of mobile thrombi in the right heart or in the 

proximal pulmonary artery. Baseline characteristics, medical history, hemodynamic, clinical and 

laboratory findings were recorded using a standardized questionnaire and 30-day follow-up data 

were obtained from all study patients. Right ventricular (RV) dysfunction on echocardiography 

(performed within 48 hours after diagnosis) was defined as dilatation of the right ventricle (end-

diastolic diameter >30 mm from the parasternal view, or a right/left ventricle diameter ratio >1.0 

from the subcostal or apical view), combined with right atrial hypertension (absence of the 

inspiratory collapse of the inferior vena cava) in the absence of left ventricular or mitral valve disease 

[4]. RV dysfunction on multidetector computed tomography (MDCT) was assessed by an experienced 

radiologist based on the following criteria: 1.) RV dilatation (RV/LV-ratio >1.0), 2.) right atrial (RA) 

dilatation, 3.) dilatation of the main pulmonary artery, and/or 4.) contrast reflux in the inferior vena 

cava. Mild hypotension was defined as systolic blood pressure between 90 and 100 mmHg. 

Tachycardia was defined as heart rate of ≥100 beats per minute (bpm), and hypoxia was defined as 

methemoglobin oxygen saturation <90% regardless whether oxygen was given or not. Chronic 
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cardiopulmonary disease was defined as chronic pulmonary disease (including chronic obstructive 

pulmonary disease, asthma, and interstitial lung disease), chronic heart failure or a history of 

coronary artery disease. The glomerular filtration rate (GFR) was estimated using the Modification of 

Diet in Renal Disease (MDRD) study equation; renal insufficiency was defined as GFR <60 

ml/min/1.73 m2 body-surface area. 

Using the risk assessment algorithm proposed by the 2014 ESC guideline [2], patients were 

classified as low-risk if they had a simplified Pulmonary Embolism Severity Index (sPESI) [3] of 0, no 

evidence of RV dysfunction on echocardiography or MDCT and no elevation of laboratory cardiac 

biomarkers (high-sensitivity troponin T [hsTnT], cut-off value of 14 pg/ml [4, 5] or N-terminal pro-

brain natriuretic peptide [NT-proBNP], cut-off value of 600 pg/ml [6]). Patients with a sPESI ≥1 and 

evidence of both, RV dysfunction and elevated cardiac biomarkers were classified as intermediate-

high-risk. All patients not fitting the low-risk or the intermediate-high-risk category were classified as 

intermediate-low-risk.  

Additionally, patients were stratified into risk classes according the Bova score (0-2 points, low-

risk; 3-4 points, intermediate-low-risk; >4 points, intermediate-high-risk) as previously described [7, 

8]. 

 

Laboratory biomarker testing 

Plasma levels of copeptin were analysed post-hoc in batches after a single thaw by the Institute of 

Clinical Chemistry and Laboratory Medicine of the University Medical Center Mainz, Germany, using 

a commercial available sandwich immunoluminometric assay (B.R.A.H.M.S Copeptin us KRYPTOR 

assay carried out on the KRYPTOR compact PLUS instrument BRAHMS AG, Thermo Scientific, 

Hennigsdorf/Berlin, Germany) [9]. As described in more detail elsewhere [9, 10], the assay is based 

on the measurement of the signal emitted by non-radiative energy transfer from a donor to an 

acceptor with time-delay (Time-Resolved Amplified Cryptate Emission, TRACE). The proximity of 

donor and acceptor if they are part of an immunocomplex and the spectral overlap between donor 

emission and acceptor absorption spectra on the one hand, intensify the fluorescent signal of the 

cryptate and on the other hand they extend the life span of the acceptor signal, permitting the 

measurement of temporally delayed fluorescence [10]. Plasma concentrations of copeptin were 

measured in all patients on admission and in 56 patients (20.9%) after 24 hours.  

Routine laboratory measurements including determination of hsTnT and NT-proBNP plasma 

concentrations were performed at the Department of Clinical Chemistry of the University of 

Göttingen, Germany using quantitative electrochemiluminescence immunoassays (Elecsys 2010; 

Roche Diagnostics, Mannheim, Germany). 

  



3 
 

Results 

Diagnosis of PE  

Diagnosis of PE was confirmed by MDCT in 256 patients (95.5%), ventilation-perfusion lung scan in 11 

patients (4.1%) and pulmonary angiography in three patients (1.1%). Of note, in three patients (1.1%) 

two diagnostic imaging procedures were performed. In one patient with dyspnoea, diagnosis of PE 

was established by echocardiographic evidence of RV dysfunction in combination with diagnosis of 

deep vein thrombosis (DVT) in compression venous ultrasonography.  
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Tables 

Table 1s. Predictors of copeptin concentrations above the median of 13.7 pmol/l 

 
OR (95%CI) p-value 

Risk factors for VTE 

History of VTE 0.59 (0.35-1.00)  0.045 

Unprovoked PE 1.13 (0.70-1.85) 0.618 

Comorbidities 

Malignant tumor  1.56 (0.77-3.15) 0.218 

Chronic cardiopulmonary disease  2.16 (1.29-3.61) 0.003 

Diabetes mellitus 2.70 (1.39-5.24) 0.003 

Renal insufficiency  2.87 (1.63-5.08) <0.001 

Symptoms and clinical status on admission 

Symptom onset <24 hours 1.94 (1.19-3.16) 0.007 

Chest pain 0.58 (0.36-0.95) 0.030 

Syncope  4.16 (1.73-10.00) 0.001 

Mild hypotension 2.26 (0.83-6.13) 0.110 

Tachycardia 1.92 (1.13-3.29) 0.017 

Hypoxia  2.21 (1.20-4.07) 0.011 

RV dysfunction on echocardiography or MDCT  2.22 (1.36-3.63) 0.001 

Laboratory biomarkers 

hsTnT ≥14 pg/ml 4.21 (2.47-7.20) <0.001 

NT-proBNP ≥600 pg/ml 2.38 (1.46-3.90) 0.001 

Parameters (comorbidities, hemodynamic and clinical parameters, laboratory biomarker, imaging 

parameters and risk assessment models) predicting copeptin concentrations above the median of 

13.7 pmol/l using univariable logistic regression analysis. 

Definitions are provided in the Material and methods section of the online supplementary material. 

Abbreviations: OR, odds ratio; CI, confidence interval; VTE, venous thromboembolism; PE, pulmonary 

embolism; RV, right ventricular; MDCT, multidetector computed tomography; hsTnT, high-sensitivity 

troponin T; NT-proBNP, N-terminal pro-brain natriuretic peptide. 

 


