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Abstract 

Background: Venous thromboembolism (VTE) is a frequent condition, particularly in patients 

with obesity, as excess body weight itself represents a significant risk factor. Direct oral 

anticoagulants (DOACs) are the preferred treatment, but existing data for their use in obese 

populations primarily relied on body weight or body mass index (BMI), without accounting for 

body composition.  

Objectives: The BIARIVA prospective, single-center, cross-sectional pilot study investigated 

whether body composition affects coagulation monitoring parameters in VTE patients receiving 

oral factor (F.) Xa inhibitors rivaroxaban or edoxaban across a wide range of BMI categories. 

Methods: Patients were assigned to various weight categories based on their BMI: group I = 

BMI 18–25 kg/m2, group II = BMI 30–35 kg/m2, group III = BMI >35 kg/m2. Body composition 

comprising fat mass (FM) and fat-free mass (FFM) was determined by two different 

bioimpedance analysis (BIA) systems. Coagulation monitoring parameters evaluated were anti-

F.Xa activity levels and plasma concentration levels at trough, at peak and the absolute 

anticoagulant increase. The primary endpoint was the association between body composition 

and coagulation measurements, assessed by correlation analysis.  

Results: Thirty-six patients on rivaroxaban treatment and 35 patients on edoxaban treatment 

were finally analysed. The main finding in the BIARIVA study was a significant negative 

correlation observed in the edoxaban group for the absolute FFM with peak plasma 

concentration levels (BIA method 1: rs = -0.439, p = 0.008; BIA method 2: rs = -0.431, p = 

0.010) and with the absolute increase in plasma concentration levels from trough to peak (BIA 

method 1 and 2: rs = -0.446, p = 0.007). No significant correlations of body composition 

measures with coagulation parameters were found in the rivaroxaban group. 

Conclusion:  The BIARIVA study indicates that body composition may affect specific 

coagulation measurements in patients on anticoagulant treatment with edoxaban. However, 

further research is needed to clarify the role of body composition in this context and to assess 

potential clinical implications. 
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Kurzfassung  

Hintergrund: Venöse Thromboembolien (VTE) sind eine häufige Erkrankung, insbesondere 

bei Patient*innen mit Adipositas, da Übergewicht selbst einen bedeutsamen Risikofaktor 

darstellt. Direkte orale Antikoagulanzien (DOACs) sind die bevorzugte Therapie, jedoch 

basieren verfügbare Daten zur Anwendung bei adipösen Patient*innen auf Körpergewicht oder 

Body-Mass-Index (BMI), ohne die Körperzusammensetzung zu berücksichtigen. 

Ziele: Die prospektive, monozentrische, Pilot-Querschnittsstudie BIARIVA untersuchte, 

inwiefern die Körperzusammensetzung die Gerinnungsparameter bei VTE-Patient*innen mit 

einem breiten BMI-Spektrum unter einer Antikoagulationstherapie mit den oralen Faktor-Xa-

Inhibitoren Rivaroxaban oder Edoxaban beeinflusst.  

Methoden: Geeignete Patient*innen wurden anhand des BMI in verschiedene Kategorien 

eingeteilt: Gruppe I = BMI 18–25 kg/m², Gruppe II = BMI 30–35 kg/m², Gruppe III = BMI >35 

kg/m². Die Körperzusammensetzung, bestehend aus Fettmasse (FM) und fettfreier Masse 

(FFM), wurde mit zwei verschiedenen Bioimpedanzanalyse (BIA)-Systemen bestimmt. Die 

erhobenen Gerinnungsparameter umfassten die Anti-Faktor-Xa-Aktivität und die 

Plasmakonzentrationen, jeweils zum Tal- und Spitzenspiegel sowie die absolute Zunahme der 

Antikoagulationsaktivität. Als primärer Endpunkt wurde der Zusammenhang zwischen 

Körperzusammensetzung und Gerinnungsparametern definiert und mittels Korrelationsanalyse 

analysiert. 

Ergebnisse: Für die finale Analyse wurden 36 Patient*innen in der Rivaroxaban-Gruppe und 

35 Patient*innen in der Edoxaban-Gruppe berücksichtigt. Die zentrale Erkenntnis in der 

BIARIVA-Studie war eine signifikante negative Korrelation in der Edoxaban-Gruppe zwischen 

der absoluten FFM und den Spitzen-Plasmakonzentrationen (BIA-Methode 1: rs = -0,439, p = 

0,008; BIA-Methode 2: rs = -0,431, p = 0,010) und der absoluten Zunahme der 

Plasmakonzentration vom Tal- zum Spitzenspiegel (BIA-Methode 1 und 2: rs = -0,446, p = 

0,007). In der Rivaroxaban-Gruppe wurden keine signifikanten Korrelationen zwischen 

Körperzusammensetzung und Gerinnungsparametern gefunden. 

Schlussfolgerung:  Die BIARIVA-Studie legt nahe, dass die Körperzusammensetzung 

spezifische Gerinnungsparameter bei Patient*innen unter Antikoagulation mit Edoxaban 

beeinflussen könnte. Zur definitiven Klärung der Rolle der Körperzusammensetzung in diesem 

Kontext und potenzieller klinischer Konsequenzen sind weitere Studien erforderlich. 
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1 Introduction  

1.1 Venous thromboembolism (VTE) 

Venous thromboembolism (VTE) comprises the clinical manifestations of deep vein 

thrombosis (DVT) and pulmonary embolism (PE).1 PE frequently results from venous blood 

clots originating from the deep venous vascular bed and migrating to the lungs as emboli.2 In 

clinical routine, DVT appears twice as common as PE, whether or not DVT is present in 

conjunction with PE.3 In general, VTE constitutes the third most prevalent cardiovascular 

entity.2,4 The entire spectrum of thromboembolic conditions – including myocardial infarction, 

ischaemic stroke and VTE – is the leading cause of death worldwide and is estimated to account 

for one in four deaths.2 Time trend analyses from European, Australian, Asian and North 

American populations report an increase in annual incidence rates over the past decades, but a 

decrease in case fatality rates due to the establishment of more effective therapies and 

interventions as well as improved adherence to clinical guidelines.1,5-15 

1.1.1 Epidemiology 

The incidence of VTE is up to 269/100,000 as found in a Danish population.16 Annual incidence 

estimates for VTE are reported highest in European populations and are substantially lower in 

Asian populations.16,17 For PE, incidence estimates are reported lowest in Asian populations by 

39/100,000 and higher in the United States by 115/100,000.18,19 For DVT, incidence estimations 

range from 53/100,000 in an Asian population to 162/100,000 in a Swedish population.20,21 

Lifetime prevalence in an adult German population for DVT is 3–5%.22  

1.1.2 Risk factors 

The pathogenesis of VTE is multifactorial and results from the interaction between patient-

specific risk factors and setting-related risk factors. Furthermore, predisposing risk factors may 

be either permanent or transient, with the majority of VTE events being associated with 

transient risk factors.23 Of note, almost one third of patients experience VTE of unknown cause 

without any identifiable risk factors.22 Patient-related risk factors encompasses a range of 

conditions, comprising previous VTE events, a family history of VTE, thrombophilia, increased 

age, overweight and obesity, active cancer, pregnancy, hormonal contraception or hormone 

replacement therapies, and autoimmune disease, among others. In contrast, the major setting-

related risk factors include surgery and/or trauma with immobilisation, hospitalisation for an 
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acute medical illness, systemic infection, central venous lines, and long-distance travels. A 

distinction into strong risk factors (Odds Ratio [OR] >10), moderate risk factors (OR 2–9) and 

weak risk factors (OR <2) is recommended.1 After an initial VTE event, the risk of recurrence 

remains elevated throughout life compared with individuals without prior VTE.24 

A triad describing three categories of factors contributing to thrombogenesis was first published 

in the late 19th century by Rudolf Virchow, comprising abnormalities of the blood vessel wall 

(endothelial dysfunction and/or injury), abnormalities of blood constituents 

(hypercoagulability), and abnormalities of blood flow (haemodynamic changes).25 Typical risk 

factors for VTE are attributable to those Virchow’s categories.  

1.1.2.1 Age 

VTE is known to increase with age, with the highest incidence observed in patient populations 

older than 80 years (1,134/100,000).19 The median age at the first event of VTE is 60 years, and 

nearly 60% of all VTE events occur in patients older than 60 years.26  

1.1.2.2 Gender 

Regarding sex, women develop VTE more frequently in premenopausal ages, but men have 

higher incidence between 60 and 80 years. In populations over 80 years of age, women exhibit 

a higher incidence of VTE than men, largely due to their longer life expectancy.27 

1.1.2.3 Obesity 

Obesity is a well-established and independent risk factor for VTE, with obese individuals 

having a significantly higher risk of developing VTE compared with those of normal weight.28 

The body mass index (BMI) is a widely used method for the classification of overweight and 

obesity.29 

1.1.2.4 Hormone use 

Intake of oestrogen-containing oral contraception, hormone replacement therapy and in-vitro 

fertilisation are typical risk factors for VTE. In women of reproductive age, the use of 

oestrogen-based oral contraceptives represents the most frequent risk factor for VTE. 

Combined oral contraceptives containing oestrogen and progestogen are associated with up to 

a six-fold increase in VTE risk compared with baseline. Notably, third-generation combined 

formulations confer a higher risk than second-generation contraceptives.30-34  
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1.1.2.5 Pregnancy 

Acute PE still remains one of the leading causes of maternal death in high-income countries 

around the world.35,36 During pregnancy, the risk for VTE rises continuously and reaches its 

peak in the post-partum period.37 Additional risk factors comprising in-vitro fertilisation, prior 

VTE, obesity, medical illness as well as obstetric specifications and complications (multiple 

pregnancy, hyperemesis gravidarum, maternal age >35 years, prolonged uterine contractions, 

stillbirth, pre-eclampsia, post-partum bleeding, caesarian section) further increase the VTE risk 

in pregnant women.38-40  

1.1.2.6 Cancer-associated thrombosis (CAT) 

CAT presents one of the most frequent complications in patients with active cancer disease. 

Approximately 20% of all VTE events are associated with cancer, and cancer patients are 

associated with a lifetime risk for VTE up to 30% depending on type of cancer and type of 

cancer therapies. 41-43 In patients with an event of VTE, the incidence of newly diagnosed cancer 

is up to six-fold higher as compared to sex- and age-matched controls.44 The highest risk of 

being diagnosed with cancer occurs within the first few months following acute unprovoked 

VTE in patients older than 50 years.45,46 The one-year incidence of cancer is approximately 1% 

in association with a provoked VTE, but 5% with unprovoked VTE. Patients with pancreatic, 

lung, brain, or gastric cancer, as well as those with haematological malignancies – particularly 

in the presence of metastatic disease – are at highest risk of CAT.47,48 Of note, extensive cancer 

screening allows cancer to be diagnosed earlier, but evidence for screening to reduce cancer-

related morbidity and mortality is missing.49  

1.1.2.7 Thrombophilia 

Thrombophilia is either inherited – including Factor V Leiden (FVL) mutation, prothrombin 

G20210A mutation, and deficiencies of antithrombin (AT), protein C or protein S – or acquired, 

such as antiphospholipid syndrome (APS). Inherited thrombophilia is found in almost one third 

of VTE patients.50 The prevalence is highest in the general population for heterozygous FVL 

and prothrombin G20210A mutations, but the associated thrombotic risk is relatively mild. 

Some forms of thrombophilia – such as deficiencies in protein C, protein S, or AT – are 

classified as severe due to their higher associated risk of VTE, but they are relatively rare in the 

general population. Clinical characteristics suggestive of inherited thrombophilia comprise 

VTE at younger age (<50 years) and associated with weak risk factors, pronounced family 

history for VTE (affection of first-degrees family members at young age), recurrent VTE 
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(mostly at young age), and VTE at unusual sites (e.g. splanchnic vein thrombosis, cerebral vein 

thrombosis).51 

1.1.3 Clinical aspects and presentation of deep vein thrombosis (DVT) 

DVT is predominantly located in lower extremity veins including pelvic, femoral, popliteal or 

distal veins in the calf. Typical symptoms comprise pain, swelling, tension, prominent 

superficial veins and cyanosis. DVT in the lower extremity veins can either originate in distal 

veins and extend proximally, referred to as ascending thrombosis, or arise in the proximal veins 

and extend distally, referred to as descending thrombosis. Events of descending thrombosis are 

rare as compared with ascending thrombosis and are usually associated with vein compression 

of extravascular cause or anatomic variations (e.g. May-Thurner-syndrome or constitutional 

inferior vena cava [IVC] aberration). Due to an extensive limitation in venous return flow in 

the proximal deep venous bed, patients suffering from descending thrombosis often present 

with severe clinical symptoms from venous congestion.  

In later stages of the disease, recanalisation of affected veins may be either partial or complete. 

In case of persisting impairment of the venous return, patients may experience post-thrombotic 

syndrome (PTS).22 PE is the most serious complication in the acute phase of DVT, but can also 

occur in association with thrombosis of superficial or muscle veins. Of note, the risk of PE is 

more pronounced in patients with clot formation in the proximal deep venous bed as compared 

with affection of distal deep veins in the calf only.22  

Clots can also develop in the veins of the upper extremities, representing the second most 

common manifestation of DVT, but accounting only for 5–7% of cases. 52-54 Anatomic variants 

including neurovascular compression syndromes and muscle overstrain may contribute to the 

formation of DVT at this site. Furthermore, upper extremity DVT typically occurs in the 

presence of significant risk factors, such as central venous catheters, active cancer, trauma, or 

surgery, and most commonly affects the subclavian vein.22 The risk for PE in association with 

upper extremity DVT is reported up to 14%.52,54,55  

Further manifestations include thrombosis in cerebral, sinus, and visceral veins. Cerebral and 

sinus vein thrombosis are rare, with a reported incidence of 1.3/100,000. Of note, 75% of 

thrombotic events in cerebral and sinus veins are found in females. Clinical symptoms caused 

by either the increase in intracranial pressure and oedema or infarction are often unspecific, but 

may comprise headache, seizure, emesis, papilloedema, impaired consciousness, dysarthria and 
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aphasia.56-58 Visceral vein thrombosis encompasses thrombosis in portal, mesenteric or splenic 

veins, but also Budd-Chiari-Syndrome. With an incidence of up to 3/100,000, portal vein 

thrombosis is the most frequent manifestation of visceral vein thrombosis.59 The risk for portal 

vein thrombosis is highest in advanced liver disease, with a cumulative incidence of nearly 

40%. The clinical presentation mainly depends on the extent and location of the thrombotic 

event, ranging from symptoms associated with intestinal infarction to those of acute liver 

failure. Of note, up to 25% of thrombotic events in visceral veins are even asymptomatic and 

detected incidentally.60  

1.1.4 Clinical aspects and presentation of pulmonary embolism (PE) 

Symptoms of acute PE are often non-specific and comprise dyspnoea, chest pain, syncope, or 

haemoptysis.61-63 Chest pain is usually caused by pleural irritation due to pulmonary infarction 

with distal emboli, but may sometimes have a character of angina in central PE due to right 

ventricular (RV) ischaemic condition.1,64 Nevertheless, also asymptomatic PE discovered by 

incidence during diagnostic workup for another disease might appear. Haemodynamic 

instability from PE alone is relatively rare, but if present, the central pulmonary arteries are 

typically involved. The European Society of Cardiology (ESC) defines haemodynamic 

instability in the context of PE by cardiac arrest, or obstructive shock, or persistent hypotension 

(Figure 1). The failure of RV function due to pressure overload is assumed the primary cause 

leading to death in association with severe PE. Occlusion of at least 30% of the entire 

pulmonary artery bed by emboli is required to increase pulmonary artery pressure (PAP).1 

Mechanical obstruction of pulmonary arteries in combination with vasoconstriction in the 

affected lung area as mediated by release of thromboxane A2 and serotonine cause a rise in 

pulmonary vascular resistance (PVR).65,66 This sudden increase in PVR induces RV dilatation 

and, thus, alters the contractility of the RV myocardium. Compensatory mechanisms – 

including systemic vasoconstriction, inotropic and chronotropic stimulation by neurohumoral 

activation, and prolonged RV contraction time – result in an increasing PAP, but also improved 

pulmonary vascular bed perfusion and a temporary stabilisation of systemic blood pressure 

(BP).1 An electrocardiogram (ECG) showing a right bundle branch block is a common finding 

in severe PE, which mirrors exacerbated ventricular desynchronisation due to prolonged RV 

contraction, and, thus, leftward bowing of the intraventricular septum. As a consequence, left 

ventricular (LV) filling is narrowed and leads to a reduction in cardiac output, systemic 

hypotension and haemodynamic instability.67,68  
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Figure 1. Haemodynamic criteria for patients with suspected PE 
(Figure created by Katharina Kurzmann-Gütl, based on recommendations from the ESC guideline for 
the diagnosis and management of acute pulmonary embolism, published by Konstantinides et al.1, 
reproduced with permission from the publisher) 
BP = blood pressure; ESC = European Society of Cardiology; PE = pulmonary embolism 
*persistent hypotension is not caused by new-onset arrhythmia, hypovolaemia, or sepsis 

 

Beyond the acute effects of PE, chronic thromboembolic pulmonary hypertension (CTEPH) 

represents a serious long-term complication. CTEPH is defined a dual-pathway vasculopathy, 

with persistent pulmonary artery obstruction following PE, but also showing  changes including 

intimal hyperplasia and vessel wall remodeling in smallest pulmonary vessels.69 CTEPH affects 

approximately 3% of patients following PE and typically evokes within the first two years after 

the acute event. CTEPH has a strong impact on the long-term outcome, with five-year survival 

rates in patients with a median PAP >40 mmHg of 30%.70-72 

1.1.5 Diagnosis of deep vein thrombosis (DVT) 

1.1.5.1 Clinical probability 

When lower extremity vein thrombosis is suspected, clinical probability is usually assessed 

based on patients’ history and physical examination. Validated scores such as the Wells-Score 

may help to determine clinical probability. The Wells-Score is available with two levels or three 

levels. By using the two-level-score, DVT confirmation is predicted for high-probability 

patients in 28% and for low-probability patients in only 6%.73 By using the three-level-score, 

DVT confirmation is predicted for high-probability patients in 53%, for intermediate-
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probability patients in 27%, and for low-probability patients in only 5%.74-76 Current guidelines 

recommend to evaluate clinical probability as the first step within a diagnostic work-up by 

validated scores or, alternatively, for very experienced investigators, also empirically.22 The 

assessment of the clinical probability presents a key step, as subsequent diagnostics are guided 

by its results.  

1.1.5.2 D-Dimer 

D-Dimer levels rise in plasma during acute thrombosis due to concurrent activation of 

coagulation and fibrinolysis, but they can also be elevated in a variety of other conditions, 

including cancer, infection, inflammatory diseases, pregnancy, and several others. D-Dimer 

testing is associated with a high negative-predictive value allowing to rule out VTE with 

negative test results.  In contrast, confirmation of VTE should not be based solely on positive 

D-Dimer levels, as their positive predictive value is low. In general, D-Dimer measurement is 

recommended as the next diagnostic step in patients with a not-high clinical probability for 

DVT. Notably, recent guidelines recommend for vascular specialists to primarily perform 

imaging by use of sonography to confirm or exclude DVT suspicion, regardless of clinical 

probability, but D-Dimer measurement may help if sonography does not safely rule out DVT.22  

1.1.5.3 Imaging 

Patients with a high clinical probability for DVT are recommended for further diagnostic work-

up by imaging. The imaging method of first choice is duplex-supported compression 

sonography (ds-CS) of the entire deep venous system of the respective leg. Alternatively, a 

point-of-care sonography (POC) approach, with examination of femoropopliteal veins, or an 

even more limited strategy of two-point sonography, with examination of common femoral and 

popliteal veins only, provide options in case of limited expertise with sonography. Both of these 

limited strategies require repeated investigation within four to seven days. The rationale behind 

this limited sonography approach is to image proximal DVT even during the first examination, 

but also ascending DVT originating from distal clots within a repeated sonography. 22 Evidence 

supporting the safety of these limited sonography strategies is available.77-80 However, DVT 

will be confirmed only in 14–32% in an unselected patient population, with the majority of 

patients without DVT confirmation during the first examination remaining for a second one to 

be done.81  
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Some specific cases may require further diagnostic imaging, especially when thrombotic 

involvement of pelvic veins or the IVC is suspected and information from sonography is 

insufficient. Magnetic resonance tomography (MRT) venography or computed tomography 

(CT) venography present appropriate imaging options, but bring some disadvantages such as 

intravenous application of contrast media, radiation exposure with CT examinations and limited 

feasibility with MR examinations in context with implants. Of note, conventional phlebography 

is outdated in recent times.22 Figure 2 summarises a diagnostic algorithm for patients with 

suspected DVT based on recommendations from the current guideline published by 

Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften (AWMF).22  

1.1.5.4 Diagnosis of thrombosis at unusual sites 

When upper extremity DVT is suspected, compression sonography alone is not sufficient for 

most cases, but colour-coded duplex sonography (CCDS) may add substantive information in 

order to exclude or confirm thrombosis. Of note, a combined examination with compression 

sonography and CCDS demonstrated sensitivity of 91% and specifity of 93%.22 Sonography is 

the tool of first choice recommended within the diagnostic work up, but clinical probability 

determination – e.g. by use of the Constans clinical probability score – together with D-Dimer 

measurement may help if sonography is not available.22,82 In the rare cases where additional 

imaging is required, MRT or CT venography is preferred over conventional phlebography.22  

In patients with suspected visceral vein thrombosis, imaging is of utmost importance, either by 

sonography and/or by CT or MRT modalities.22 Of note, sonography of mesenteric veins is 

often insufficient and may require further imaging to reliably confirm or exclude thrombosis. 

Sensitivity and specifity for CT and MRT venography for the evaluation of for mesenteric veins 

have proven superiority over sonography.83,84   

1.1.6 Diagnosis of pulmonary embolism (PE) in haemodynamically stable patients 

As PE is a potentially life-threatening condition, the initial decision is whether the patient 

presents as haemodynamically stable or unstable, based on clearly defined criteria (Figure 1). 

Further diagnostic steps are determined based on the patient’s haemodynamic status. 
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Figure 2. Diagnostic algorithm for DVT 
(Figure created by Katharina Kurzmann-Gütl, based on recommendations from the AWMF guideline, 
published by Linnemann et al.22) 
* If POCUS is not available, establishment of anticoagulant treatment is recommended until 
confirmation or exclusion of DVT suspicion 
AWMF = Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften; CT = 
computed tomography; DVT = deep vein thrombosis; ds-CS = duplex-supported compression 
sonography; MRT = magnetic resonance tomography; POCUS = point-of-care ultrasound 
 
  

1.1.6.1 Clinical probability 

For patients presenting in a haemodynamically stable condition, the first diagnostic step is to 

classify patients into distinct categories of clinical probability, either by use of empirical clinical 

expert judgement or by use of prediction rules.1,22 Clinical expert judgement – even if including 

commonplace diagnostic tools such as chest X-rays and ECG to rule out differential diagnoses 

– has proven a certain value, but does not allow for standardisation.1,22 Accordingly, clinical 

prediction rules have become central for the determination of clinical probability. The most 

frequently used prediction rules are the revised Geneva score and the Wells score for PE. Both 

of these rules are available as an original version, but also as externally validated simplified 

versions.85-90 For the original Wells criteria, PE is expected to be confirmed in approximately 

10% of patients with low probability, 30% of those with intermediate probability, and 65% of 

those with high probability. In case of using simplified scores, which do distinct into two instead 
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of three categories only, PE is expected to be confirmed in approximately 12% in the not-high 

probability group and 30% in the high-probability group.91 

Furthermore, the Pulmonary Embolism Rule-Out Criteria (PERC) have been created with an 

intention for use in an emergency department setting. The underlying idea was that applying a 

diagnostic algorithm for PE to all patients that present at an emergency department with 

dyspnoea and chest pain is resource consuming, but also very costly. With using the PERC rule, 

safe-exclusion of PE without any further diagnostic procedures is suggested for VTE-naïve 

patients with an age <50 years, a heart rate <100 bpm (beats per minute), oxygen saturation 

>94%, and in the absence of unilateral leg swelling, haemoptysis, recent trauma/surgery and 

hormone use. Notably, the low overall prevalence of PE in studies evaluating the PERC limits 

the generalisability of safely excluding suspected PE using this rule.92,93 

1.1.6.2 D-Dimer 

D-Dimer tests are recommended in patients assigned to a not-high probability group. D-Dimer 

tests in combination with clinical probability applied accurately allow for exclusion in 

approximately 30% of all patients with a suspicion of PE.94-96 In case of elevated D-Dimer 

levels, further diagnostic imaging is necessary. To reduce the need for imaging, cut-off 

adjustment for D-Dimer levels either by age (age x 10/µg/L for patients aged >50 years) or by 

clinical probability are recommended. Adjustment of the D-Dimer cut-off according to clinical 

probability is implemented in the YEARS rule, consisting of three clinical Wells items (signs 

of DVT, haemoptysis, and PE is more likely than any other diagnosis) in combination with D-

Dimer measurement. When applying the YEARS rule, PE can be safely ruled out either in 

patients without presence of any of the three Wells criteria and D-Dimer levels below 1000 

ng/mL, or in patients with at least one of the three Wells criteria but D-Dimer levels <500 

ng/mL.97,98 Notably, POC D-Dimer assays in outpatients have lower sensitivity and negative 

predictive value than standard laboratory tests, and are appropriate only for patients with a low 

clinical probability.99,100 

1.1.6.3 Imaging 

Appropriate imaging techniques in patients with either high clinical probability or not-high 

clinical probability but elevated D-Dimer levels comprise computed tomographic pulmonary 

angiography (CTPA), scintigraphy and pulmonary angiography.1,22 Magnetic resonance 

angiography (MRA) provides a promising future technique in this field, but available data do 
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not allow to recommend MRA in this setting for clinical routine due to low sensitivity, a high 

proportion of inconclusive scans, but also low availability in an emergency setting.101,102  

Pulmonary angiography presents the historical gold standard, but is rarely used in recent times 

due to its invasive character, lack of availability, highest radiation exposure (effective dose 10–

20 mSv) and particularly for the reason of less-invasive strategies as CTPA providing similar 

diagnostic accuracy.103  

Multi-detector CTPA is widely available in most centers and offers excellent accuracy, low 

rates of inconclusive results, and short acquisition times. Therefore, CTPA presents the imaging 

modality of first choice for the evaluation of pulmonary arteries down to the subsegmental 

level.1,22 Notably, CTPA may provide substantial information regarding alternative diagnoses 

in case of PE exclusion. Nevertheless, limitations comprise exposure to radiation (effective 

dose 3–10 mSv) and iodine contrast. Major concern with the use of CTPA exists in young 

females and especially in those being pregnant or breastfeeding, but also in patients with severe 

renal insufficiency, hyperthyroidism or iodine allergy.104-106  

Scintigraphy, which presents an alternative to CTPA, may be conducted either as a planar 

ventilation/perfusion (V/Q) scan or as a V/Q single-photon emission computed tomography 

(SPECT) scan. Performing only a perfusion scan might be acceptable in patients with a normal 

chest x-ray. Adding a ventilation scan increases specificity by allowing the detection of 

ventilation–perfusion mismatch, as ventilation is expected to be preserved in hypoperfused 

segments in acute PE. Even if V/Q scans require a lower radiation dose compared with CTPA 

(approximately 2 mSv), availability is limited and results are inconclusive in up to 50% of cases. 

Further disadvantages of V/Q scans comprise the inter-observer variability in interpretations 

and the lack of possibility to provide an alternative diagnosis.1 V/Q SPECT allows to 

significantly decrease the proportion of non-diagnostic tests, with only a maximum of 5% tests 

remaining inconclusive. However, limitations include variability in techniques and diagnostic 

criteria, a lack of validation in prospective studies, and limited data on diagnostic accuracy.107-

110  

Notably, a sonographic approach combining transthoracic echocardiography (TTE), ds-CS and 

lung sonography should be taken into consideration if neither CTPA nor scintigraphy is 

available or feasible.22  
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In general, TTE is not mandatory in the diagnostic work-up of haemodynamically stable 

patients, but is a useful tool for risk stratification by demonstrating signs of RV pressure 

overload and dysfunction, as seen in acute severe PE.111 Typical signs in the assessment of RV 

pressure overload and dysfunction comprise RV enlargement, RV dilatation with basal RV/LV 

ratio >1.0, Mc Connell sign, flattening of the intraventricular septum, IVC distension with 

diminished inspiratory collapsibility, thrombus detection in right heart cavities, decrease in 

tricuspid annular plane systolic excursion (TAPSE), decrease of peak systolic velocity of the 

tricuspid annulus, and a 60/60 sign, which describes the co-existence of acceleration time of 

pulmonary ejection <60 ms and mid-systolic notch with mildly elevated <60 mmHg peak 

systolic gradient at the tricuspid valve.1 Of note, these findings are not specific for PE, but may 

also occur in association with a variety of cardiac and respiratory diseases. Therefore, TTE 

might offer misleading incidental findings (e.g. LV dysfunction or valvular heart disease) in up 

to 10% of PE patients.112  

Ds-CS of the limbs presents a useful test especially in patients where CTPA is contraindicated. 

The finding of proximal DVT in this setting warrants treatment initiation without further 

diagnostic testing.113  Patients with suspected PE and an indirect confirmation by detection of 

DVT should be assessed for their PE severity the same way as patients with direct PE 

confirmation.1 

1.1.7 Diagnosis of pulmonary embolism (PE) in haemodynamically unstable patients 

In contrast to haemodynamically stable patients, TTE is recommended as the first diagnostic 

step if patients with suspected PE present in haemodynamically compromised condition. The 

absence of RV overload or dysfunction excludes PE as the cause of instability, while its 

presence supports immediate reperfusion therapy when CTPA is not feasible.114 If 

echocardiographic signs of RV overload and/or dysfunction are verified, immediate CTPA is 

recommended, if available. Figure 3 summarises a diagnostic algorithm for stable and unstable 

patients with suspected PE based on recommendations from current guidelines.1,22   

1.1.8 Diagnosis of venous thromboembolism (VTE) during pregnancy 

VTE clinically presents with comparable symptoms in pregnant and non-pregnant women, but 

during pregnancy, these symptoms are more difficult to distinguish from pregnancy-related 

physiological complaints.1 Therefore, VTE is confirmed only in 2–7% of suspected cases in 
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pregnant women.115-118 In pregnant women with suspected DVT, sonography is recommended 

as the diagnostic modality of first choice.119  

 

 
 
Figure 3. Diagnostic algorithm for PE 
(Figure created by Katharina Kurzmann-Gütl, based on recommendations from the AWMF guideline, 
published by Linnemann et al.22, and the ESC guideline, published by Konstantinides et al.1) 
AWMF = Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften; CTPA = 
computed-tomography pulmonary angiography; ds-CS = duplex-supported compression sonography; 
ESC = European Society of Cardiology; PE = pulmonary embolism; POCUS = point-of-care ultrasound; 
RV = right ventricular; TTE = transthoracic echocardiography; V/Q = ventilation/perfusion 
 

As pregnancy is associated with an increased risk for isolated pelvic vein thrombosis, ds-CS 

and CCDS comprising bilateral flow determination in femoral veins is required. If sonography 

does not allow to rule out or to confirm DVT, options for further diagnostic work-up include 

D-Dimer measurement, follow-up sonography within four to seven days, and/or conduction of 

native MR phlebography. As D-Dimer levels are associated with a physiological increase 

during pregnancy, their specifity is even more reduced as compared to non-pregnant patients 

and, thus, they are not routinely recommended within the diagnostic algorithm for DVT in 

pregnancy.22 While up to 85% of pregnant women have normal D-Dimer levels in the first 

trimester, this proportion decreases to about one-third in the second trimester and to as few as 

4% in the third trimester.119 Native MR-phlebography allows for imaging of the IVC and the 
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pelvic veins and is considered harmless in the second and third trimester of pregnancy.120 

Application of gadolinium contrast media during pregnancy does not present an absolute 

contraindication, but requires for thorough evaluation of potential benefits and risks.121-123  

In pregnant women with suspected PE and haemodynamically stable condition, D-Dimer 

testing plays a relevant role, as recently incorporated into current clinical guidelines.124 The 

pregnancy-adapted YEARS algorithm has been developed as a safe tool to rule out PE during 

pregnancy. It allows D-dimer levels up to 1,000 ng/mL (instead of the standard 500 ng/mL 

threshold) in women who meet none of the three high-probability criteria. These criteria include 

clinical signs of DVT, haemoptysis, and PE being the most likely diagnosis. If at least one of 

these three criteria is present, only a D-Dimer level below 500 ng/mL is accepted for PE-rule 

out and, thus, all others require further imaging.125 Even if foetal radiation doses with modern-

technology protocols for both CTPA and V/Q scans are far below the threshold for 

complications as associated with exposure to radiation, and also the effect on maternal risk for 

cancer has been reported to be negligible, there is still a strong effort to avoid radiation exposure 

during pregnancy.115,126-130 Therefore, sonographic evaluation of DVT is recommended in 

pregnant women in whom rule-out of PE suspicion failed with D-Dimer measurement.124 For 

those with an established diagnosis of DVT with sonography, PE is considered confirmed and, 

in general, there is no need for further imaging. For pregnant women in whom imaging is still 

required, CTPA using pregnancy-adapted protocols is recommended, but V/Q scans may be 

conducted as an alternative.1,22,124  

Haemodynamically unstable women with suspected pregnancy-related PE should be evaluated 

in the same manner as non-pregnant patients. In the presence of RV dysfunction reported from 

TTE, further evaluation with CTPA is also indicated during pregnancy. In both 

haemodynamically stable and unstable women with suspected PE, a multidisciplinary 

Pregnancy Heart Team should be involved in management decisions.124 

1.1.9 Risk stratification in patients with confirmed pulmonary embolism (PE) 

Risk stratification is mandatory for all patients with a confirmed diagnosis of acute PE. Risk 

stratification indicates the individual risk of early death in association with PE and has a 

relevant impact on treatment decisions. All PE patients in a haemodynamic unstable condition 

are categorised high-risk. For the remaining haemodynamically stable patients, further 



 

23 
 

assessment is required, including evaluation of RV dysfunction (by laboratory and/or imaging 

tests) as well as comorbidities and other factors that may adversely affect prognosis.1,22 

 Laboratory biomarkers to assess myocardial injury in the context of PE include cardiac 

troponins I and T, while B-type natriuretic peptide (BNP) and N-terminal pro-BNP (NT-

proBNP) serve as markers of RV dysfunction. In haemodynamically stable patients, these 

laboratory parameters may help to detect patients with an elevated PE-related risk. Cardiac 

troponins, BNP and NT-proBNP within a normal range have a high negative predictive value 

and allow for safe exclusion of unfavourable early clinical outcomes.131,132 

Among echocardiographic parameters, an RV/LV diameter ratio ≥1.0 and a TAPSE <16 mm 

are reported most commonly for their association with a poor prognosis.133 Beyond TTE, CTPA 

can also detect RV dysfunction by demonstrating RV enlargement, including RV end-diastolic 

diameter and RV/LV ratio. Reviewing the available evidence, a meta-analysis reported an 

increased RV/LV ratio of ≥1.0 to be associated with a two-and-a-half-fold increase of risk for 

all-cause mortality, and with an even five-fold increase of risk for PE-related mortality.134  

In addition to imaging and laboratory findings, baseline parameters reflecting comorbidities 

and aggravating conditions should be assessed to provide a comprehensive evaluation of a 

patient’s individual mortality risk and early outcome. The original Pulmonary Embolism 

Severity Index (PESI) incorporates 11 variables (age, sex, cancer, chronic heart failure, chronic 

pulmonary disease, heart rate ≥110 bpm, systolic blood pressure <100 mmHg, respiratory rate 

>30 breaths per minute, temperature <36 °C, altered mental status, arterial oxyhaemoglobin 

saturation <90%) with various weighting to estimate 30-day mortality following acute PE. The 

PESI stratifies patients into five risk classes, from risk class I, associated with very a low 30-

day mortality up to 1.6%, to risk class V, associated with a very high 30-day mortality up to 

24.5%.135 The simplified PESI (sPESI) requires only five variables derived from the original 

PESI which are equally weighted (one point score each) to stratify patients into low 30-day 

mortality risk (1.0% with zero score points) and high 30-day mortality risk (10.9% with ≥one 

score point).136 Notably, PESI and also sPESI have undergone extensive validation.135-141 

Integrating these risk indicators enables stratification of patients with pulmonary embolism into 

high, intermediate-high, intermediate-low, or low risk of early mortality.The high risk group is 

made up of patients with haemodynamic instability, PESI class of at least III or sPESI ≥ one 

point, imaging signs of RV dysfunction and elevated laboratory markers (troponins or also 
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BNP/NT-proBNP). Patients classified as high-risk – representing approximately 12% of all 

acute PE cases – have a 30-day mortality exceeding 20%. For the low-risk category, patients 

are haemodynamically stable, fall into PESI class I or II or have a sPESI score of zero points, 

and show no signs of RV dysfunction on laboratory testing or imaging. Low-risk patients 

account for approximately 22% of acute PE cases and have a predicted 30-day mortality <1%. 

Table 1 presents risk stratification in patients with acute PE, distinguishing four risk 

categories.1,22  

1.1.10 Management of acute venous thromboembolism (VTE) 

Decisions regarding the acute treatment of VTE should be based on the extent and severity of 

the disease. In patients with acute DVT, treatment consists primarily of anticoagulation, with 

compression therapy also playing an important role. Patients with PE likewise require 

anticoagulation, but those with severe disease additionally need reperfusion strategies as well 

as haemodynamic and respiratory support.1,22 Interventional treatment options for both PE and 

DVT increasingly gain importance in clinical practice, but remain reserved for selected cases.142  

In recent times, hospitalisation is not mandatory for all patients with an acute diagnosis of VTE. 

For patients with isolated DVT, hospitalisation is recommended particularly for those with 

severe symptoms, those with high risk of bleeding, those with advanced liver and/or kidney 

disease, those who are pregnant and also those with extended and proximal thrombosis affecting 

pelvic veins or even more proximal veins. For patients with PE, treatment decisions are strongly 

guided by the risk category assigned during risk stratification (Table 1). Patients with low-risk 

PE are potentially suitable for ambulatory management, but the final decision regarding home 

treatment or also early discharge is to be made individually. In this context, assessment of 

alternative indications for hospitalisation, available family and social support, and access to 

immediate medical care is essential.1,22 The Hestia criteria present a checklist of clinical 

parameters and questions which are useful to fully understand PE-severity, comorbidities and 

also feasibility of home treatment. If at least one criterion is fulfilled or at least one question is 

answered with “yes”, hospitalisation is recommended.143 All patients with intermediate-risk PE 

are recommended for hospitalisation, and those showing pronounced signs of RV dysfunction 

are even recommended for close monitoring, as haemodynamic deterioration may occur. 

Patients with high-risk PE as defined by haemodynamic instability should receive treatment 

and monitoring in an intensive care unit (ICU) setting.1,22  
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For high-risk patients, clinical decision making should arise from an Pulmonary Embolism 

Response Team (PERT), bringing together specialists from different disciplines including 

cardiology, vascular medicine, emergency medicine, pulmonology, anaesthesiology and 

intensive care, cardiac surgery, vascular surgery and radiology (including interventional 

radiology).1,142 Notable, there is no exact definition on how to composite PERT, as this may 

vary with resources and expertise present in each hospital treating patients with acute PE.144   

 

Early mortality risk 

(30-day mortality) 

Risk indicators 

Haemodynamic 

instability 

PESI  III–V 

or sPESI ≥1  

RV dysfunction

(TTE or CTPA)

↑ Troponins/ 

NT-proBNP  

High + + + + 

Intermediate high - + + + 

Intermediate low - + One or none + 

Low - - - - (if assessed) 

Table 1. Risk stratification in patients with acute PE  
(Reproduced with modification from the ESC guideline for the diagnosis and management of acute 
pulmonary embolism, published by Konstantinides et al.1, reproduced with permission from the 
publisher) 
CTPA = computed tomography pulmonary angiography; ESC = European Society of Cardiology; NT-
proBNP = N-terminal pro B-type natriuretic peptide; PE = pulmonary embolism; RV = right ventricular; 
(s)PESI = (simplified) pulmonary embolism severity index; TTE = transthoracic echocardiography 

 

1.1.11 Anticoagulation 

Anticoagulation represents the central pillar of acute VTE treatment and should be initiated at 

the latest immediately upon confirmation of VTE, or even during the diagnostic work-up. This 

approach is in line with current guideline recommendations across different societies and 

continents.1,22,142,145 The rationale behind anticoagulant therapy is not to resolute the thrombus, 

but to avoid thrombus progression and appositional growth. Anticoagulant treatment affects the 

coagulation cascade by shifting the balance towards anticoagulant factors and allowing for 

thrombus resolution by endogenous fibrinolysis.22 In patients with DVT, prevention of 

embolism to the pulmonary circulation and thus, prevention of PE, is of utmost importance.22 

Following an acute phase, maintenance of anticoagulant treatment is required for at least three 

to six months.1,22,145 In the long term, extended anticoagulation aims to reduce VTE recurrence 

as well as complications, including CTEPH and PTS.22  
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1.1.11.1 Parenteral anticoagulants 

 Parenteral anticoagulants are most frequently used in clinical practice for the initial treatment 

phase. The most relevant therapeutic agents comprise low-molecular weight heparin (LMWH), 

unfractionated heparin (UFH), the synthetic pentasaccharid fondaparinux, and the direct 

thrombin inhibitor argatroban.   

Both UFH and LMWH require binding to AT as an initial step, inducing a conformational 

change that accelerates the inhibition of factor (F).Xa and thrombin. The anticoagulant effect 

of heparins can be reversed with protamine, which acts by displacing heparins from its binding 

to AT. Only a certain proportion of heparin molecules contains the AT-binding site required 

for the binding of heparin to AT. For UFH preparations, the average amount of molecules with 

an AT-binding site – so-called high-affinity material (HAM) – typically ranges from 30% to 

50%. UFH unfolds its anticoagulant effect by inhibition of both F.Xa and thrombin, but the 

inhibition of thrombin requires a simultaneous docking of heparin to AT and thrombin. In 

contrast, binding of UFH to AT is sufficient to unfold F.Xa inhibition. LMWH is produced 

from UFH by depolimerisation and, therefore, has a significantly lower relative molecular mass 

(ranging from 1,000 to 10,000 for LMWH compared with 5,000 to 30,000 for UFH), but also 

lower proportions of HAM. Consequently, higher doses are required for LMWH compared with 

UFH. While UFH inhibits F.Xa and thrombin to a similar extent, LMWH shows a predominant 

inhibition of F.Xa.146 Compared with UFH, LMWH offers several advantages, including simple 

subcutaneous administration once daily (od) or twice daily (td), minimal need for laboratory 

monitoring and dose adjustment, and a lower risk of heparin-induced thrombocytopenia (HIT). 

In general, UFH is administered intravenously as a continuous, weight-adjusted infusion and 

requires close monitoring of activated partial thromboplastin time (aPTT).147,148 In case of any 

need for monitoring of anticoagulant treatment with LMWH, anti-F.Xa activity measurements 

is recommended.148,149  

UFH is most commonly used in haemodynamically unstable PE patients and in those with 

advanced renal impairment. Additionally, UFH may be preferred temporarily in pregnant 

women requiring peripartum anticoagulation.1,22,119,150 In haemodynamically stable patients, 

LMWH and fondaparinux are preferred over UFH due to their more favourable safety and 

efficacy profiles.1,147,151-154 For fondaparinux, which contains a heparin-like AT-binding site 

and selectively inhibits F.Xa, advantages are comparable to those of LMWH, including a fixed-

dose od subcutaneous administration and a low risk of HIT.22,146 Direct thrombin inhibitors – 
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most commonly argatroban in clinical practice – exert their anticoagulant effect independently 

of AT. Due to its reversible binding to thrombin, argatroban has a favourable safety profile. 

However, its use in clinical practice remains largely restricted to patients with HIT, owing to 

the need for continuous intravenous administration, close aPTT monitoring, and dose 

adjustment.146,155  

1.1.11.2 Vitamin K antagonists (VKAs) 

For several decades, VKAs – including phenprocoumon, acenocoumarol, and warfarin – have 

constituted the standard treatment for VTE. The mechanism of anticoagulant activity is based 

on the inhibition of the synthesis of vitamin K dependent coagulation factors II, VII, IX and X 

in the liver. Because initiation of VKA treatment is associated with a transient hypercoagulable 

state – due to a more rapid decline of natural anticoagulants such as protein C compared with 

procoagulant factors – concomitant heparin administration is recommended until VKAs has 

achieved a therapeutic anticoagulant effect, as confirmed by coagulation monitoring.146 On the 

one hand, VKAs are highly effective in preventing recurrent VTE, with a relative risk  reduction 

of approximately 85% compared with placebo. On the other hand, they are associated with 

major bleeding rates of approximately 2.1% within the first six months of treatment and a case 

fatality rate of 11%.156,157 Intracranial bleeding accounts for 8.7% of all major bleeding events 

in VTE patients receiving VKAs, with a risk of mortality of approximately 46%.158 Apart from 

bleeding issues, VKAs necessitate strict coagulation monitoring by measurement of the 

international normalized ratio (INR) and adequate dose adaptions. In recent times, oral 

anticoagulant treatment for VTE with VKAs is rare.1,22,145,159  

1.1.11.3 Direct oral anticoagulants (DOACs) 

Following general recommendations from recent guidelines, most patients should preferably be 

treated with DOACs, comprising the direct thrombin inhibitor dabigatran and F.Xa inhibitors 

apixaban, edoxaban and rivaroxaban.1,22,145 This guidance is based on results from huge 

international, randomised-controlled trials (RCTs) reporting comparable effectiveness and a 

favourable safety profile for DOACs compared with VKAs, LMWH and fondaparinux.160-165 

In addition, DOACs also provide practical advantages such as stable pharmacodynamics and 

pharmacokinetics, no need for routine monitoring, and less interactions with food and drugs. 

Pharmacokinetic key characteristics of the DOACs including bioavailability, renal clearance, 

time to peak and elimination half-life are presented in Table 2. DOACs may be either started 

directly after confirming the diagnosis of VTE or at any later time point. For the initial treatment 
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phase, only the F.Xa inhibitors apixaban and rivaroxaban are approved as monotherapy, 

requiring a higher initial dosing regimen. In contrast, dabigatran and edoxaban require a lead-

in phase of a minimum of five days with parenteral anticoagulants. However, DOACs are not 

recommended in patients suffering from severe renal impairment (defined by a glomerular 

filtration rate [GFR] below 15 mL/min for apixaban, rivaroxaban and edoxaban, and below 30 

mL/min for dabigatran), during pregnancy and lactation, and in patients with severe APS.1,22 

 

 Dabigatran166,167 Apixaban168 Edoxaban169 Rivaroxaban170,171 

Bioavailability 3–7% 50% 62% 100%*  

Renal clearance 80% 27% 50% 35% 

Time to peak  3 h 3 h 2–4 h 2–4 h 

Elimination half-life 12–17 h 12 h 10–14 h 5–13 h 

Table 2. Pharmacokinetic key characteristics of the DOACs 
DOACs = direct oral anticoagulants 
* Only in case of intake together with food 
 

1.1.11.3.1 Phase III trials 

The AMPLIFY trial compared the safety and efficacy of apixaban with conventional treatment 

by use of enoxaparin and warfarin within a randomised-controlled double-blind setting. A total 

of 5,395 patients with an acute event of DVT and/or PAE was enroled. Patients assigned to the 

apixaban study group received apixaban 10 mg td for the first seven days, followed by apixaban 

5 mg td for six months. The primary efficacy outcome, which was a composite of VTE 

recurrence and VTE-related death, occurred in 2.2% of patients in the apixaban group and in 

2.7% in the conventional treatment group. Regarding safety, major bleeding was reported in 

0.6% of patients in the apixaban group and in 1.8% of patients in the conventional treatment 

group. Based on these results, the AMPLIFY authors concluded that fixed-dose apixaban as a 

stand-alone strategy was non-inferior to conventional therapy in terms of efficacy, while 

significantly reducing major bleeding events.172 

For rivaroxaban, the EINSTEIN program evaluated the concept of using rivaroxaban alone for 

the acute treatment of VTE and, thus, replacing both heparin and VKAs. Both EINSTEIN-DVT 

and the EINSTEIN-PE were conducted randomised-controlled, open-label trials with a non-

inferiority design for the primary efficacy endpoint of recurrent VTE. In total, 8,282 patients 
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were randomised. Patients in the experimental group received rivaroxaban 15 mg td for an 

initial phase of 21 days and thereafter rivaroxaban 20 mg od for at least three months and up to 

12 months. Non-inferiority of rivaroxaban compared to standard treatment using enoxaparin 

and VKAs was demonstrated in patients with DVT (rate of recurrence: 2.1% in the rivaroxaban 

group versus 3.0% in the conventional treatment group) and in those with PE (rate of 

recurrence: 2.1% in the rivaroxaban group versus 1.8% in the conventional treatment group). 

In the EINSTEIN-PE study, major bleeding occurred in 1.1% of patients treated with 

rivaroxaban compared with 2.2% in those receiving conventional therapy. For the EINSTEIN-

DVT trial, the primary safety was defined as a composite of major bleeding and clinically-

relevant non major bleeding (CRNMB), which was reported in 8.1% of patients in each 

treatment group.162,165 Moreover, the EINSTEIN-DVT study also conducted a double-blind, 

randomised, event-driven superiority trial in parallel, comparing extended treatment with 

rivaroxaban 20 mg od to placebo for an additional six or 12 months. Patient were eligible for 

this EINSTEIN-Extension trial if they had already completed treatment of acute VTE for at 

least six months and up to 12 months (either rivaroxaban or VKAs) and if there was equipoise 

with regard to the need for continued anticoagulant treatment. The EINSTEIN-Extension study, 

which included approximately 1,200 patients, demonstrated superior efficacy of rivaroxaban, 

with recurrent VTE occurring in 1.3% of patients compared with 7.1% in the placebo group. In 

terms of safety, major bleeding or CRNMB occurred more frequently with rivaroxaban than 

with placebo, with a statistically significant difference for overall bleeding. Notably, major 

bleeding events were also more common in the rivaroxaban group, but this difference was not 

statistically significant.162 

The HOKUSAI-VTE trial, which was randomised, double-blind and designed a non-inferiority 

study, investigated the early use of the oral F.Xa inhibitor edoxaban after initial treatment with 

enoxaparin or UFH for at least five days in patients with acute DVT and/or PE. Patients were 

randomised either to receive edoxaban 60 mg od, edoxaban 30 mg od (in case of impaired renal 

function with a GFR between 30 mL and 50 mL/min or body weight below 60 kg) or VKAs. 

Study treatment was prescribed for at least three months and up to 12 months. Notably, 8,292 

patients underwent randomisation. Within the HOKUSAI trial, edoxaban has proven non-

inferiority in terms of efficacy, with rates of symptomatic recurrent VTE of 3.2% in the 

edoxaban group and 3.5% in the VKA group. In terms of safety, major bleeding and CRNMB 
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occurred in 8.5% of edoxaban patients and in 10.3% of warfarin patients, which was statistically 

significant for superiority.164 

Evidence for the use of the direct oral thrombin inhibitor dabigatran in patients with acute VTE 

derives from RE-COVER and RE-COVER II trials. In the RE-COVER randomised, double-

blind, non-inferiority trial, patients with acute VTE received initial parenteral anticoagulation 

for a median of nine days before randomisation to dabigatran 150 mg td or warfarin. A total of 

2,539 patients underwent randomisation. The primary outcome of recurrent symptomatic VTE 

through six months occurred in 2.4% of dabigatran patients and in 2.1% of warfarin patients, 

which was statistically significant for non-inferiority. For safety, major bleeding through six 

months was reported in 1.6% of dabigatran patients and in 1.9% of warfarin patients.161 The 

RE-COVER II trial, which was initiated to extent findings of the original RE-COVER study, 

was essentially identical in design. The authors of the RE-COVER II trial concluded that 

dabigatran provides comparable efficacy, but a lower risk of bleeding than warfarin, thereby 

confirming the findings of the original RE-COVER study.160,161  

A meta-analysis of phase III trials demonstrates an up to 4% reduction in major bleedings for 

DOACs compared with VKAs, with particularly pronounced reductions in intracranial and fatal 

bleeding (relative reductions of 63% and 64%, respectively). Notably, DOACs were also 

associated with fewer CRNMB events.173 However, the number needed to treat (NNT) when 

using DOACs instead of VKAs to prevent a single major bleeding event is  relatively high (n = 

149). When examining bleeding outcomes in greater detail, the risk of all assessed bleeding 

complications was significantly lower with DOACs than with VKAs, with the exception of 

major gastrointestinal bleeding.174 

1.1.11.3.2 Coagulation monitoring 

Coagulation monitoring is not routinely required in patients receiving DOACs, but may help in 

specific situations (e.g. acute bleeding or need for urgent surgery, suspected drug-drug 

interactions) to assess drug exposure and anticoagulant activity. Specific coagulation assays 

have been developed to measure DOAC plasma concentration levels and, thus, to assess 

anticoagulant activity.175-177 Anti-F.Xa chromogenic assays used in combination with validated 

calibrators for the F.Xa inhibitors apixaban, rivaroxaban and edoxaban, and the diluted 

thrombin time (dTT) for dabigatran, are available as an alternative to the measurement of 

plasma concentration levels.178 Expected trough and peak levels for patients receiving DOACs 
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for a diagnosis of VTE were published in 2021 by the International Council for Standardization 

in Haematology (ICSH) and are presented in Table 3.179 Routine coagulation monitoring tests 

such as prothrombin time (PT) and aPTT may be affected by the intake of DOACs, but do not 

provide an accurate measurement of the anticoagulant activity and are, thus, not reliable.178 

1.1.11.3.3 Reversal strategies 

Although bleeding complications are reduced with DOACs compared with VKAs, the lack of 

specific antidotes initially raised major concerns when DOACs were introduced into clinical 

practice. To date, antidotes are available, comprising idarucizumab, which is a humanised 

antibody fragment specifically binding dabigatran, and andexanet-alpha, which is a 

recombinant inactive human F.Xa non-specifically binding F.Xa. Idarucizumab may be used in 

patients on anticoagulant treatment with dabigatran when presenting with major or life 

threatening bleeding or requiring for emergency surgery. Administration of idarucizumab 5 g 

has shown to completely reverse the anticoagulant activity within minutes in most patients. As 

low levels of dabigatran might also reappear after 12 to 24 hours, close and continued 

monitoring is required.180  

 

 Dabigatran 

(150 mg td) 

Apixaban 

(5 mg td) 

Edoxaban 

(60 mg od) 

Rivaroxaban 

(20 mg od) 

Trough 
levels 
(ng/mL) 

60 (39–95) 63 (22–177)  19 (10–39)  

* 16 (8–32) 

32 (6–239) 

Peak  
levels 
(ng/mL) 

175 (117–275) 132 (59–302 )  234 (149–317) 

*164 (99–225)  

215 (22–535) 

Table 3. Expected trough and peak plasma levels with full-dose anticoagulant treatment for VTE 
Expected reference levels as published by Douxfils et al.179 are expressed as median (interquartile range) 
for dabigatran and edoxaban, median (5th–95th percentile) for apixaban, and mean (10th–90th percentile) 
for rivaroxaban 
* levels to be applied for patients receiving edoxaban 30 mg  
od = once daily; td = twice daily; VTE = venous thromboembolism 
 
 
 
Andexanet-alpha can, in principle, be used for the reversal all oral F.Xa inhibiting 

anticoagulants. However, in the European Union, it is approved only for patients treated with 

apixaban or rivaroxaban who present with life-threatening or uncontrolled bleeding. 
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Andexanet-alpha is administered according to two dosing regimens, determined by the interval 

since the last intake of the anticoagulant agent (< eight hours or ≥ eight hours) and its dose. For 

both the high-dose and the low-dose regimen, an initial bolus over 15 to 30 minutes is followed 

by an infusion over two hours.181 However, even if specific antidotes are available, 

observational data in patients suffering from major bleedings indicate that (activated) 

prothrombin complex concentrate (PCC) may substantially contribute to restore intact 

haemostasis.182-186  Thus, application of (activated) PCCs is to be considered in patients with 

life-threatening bleeding, but without access to specific reversal agents.178 

1.1.11.4 Factor (F.) XI inhibitors 

Although DOACs dominate routine practice due to the favourable pharmacological profile and 

ease of use, the risk of bleeding remains clinically relevant. Fear of bleeding contributes to 

under-use und under-dosing of anticoagulant treatment, and a high-risk bleeding profile 

remains the most important contraindication to long-term anticoagulation.187-189 As a 

consequence, ongoing research is focused on developing next-generation anticoagulant agents 

that prevent thrombosis without impairing haemostasis, for example by selectively targeting 

the intrinsic coagulation pathway.187 Based on available evidence for F.XI, reporting that 

elevated levels are associated with an increased risk of VTE and stroke190-192, while reduced 

levels correlate with a lower risk of VTE and cardiovascular events193-196, and considering that 

congenital deficiency rarely causes spontaneous bleeding197, F.XI inhibition is proposed as a 

very promising target for future anticoagulant therapies. F.XI inhibitors that are currently under 

investigation comprise the antisense oligonucleotides inhibiting F.XI messenger ribonucleid 

acid (RNA) F.XI IONIS-FXIRX and Fersomeren, the monoclonal antibodies to F.XIa osocimab 

und abelacimab, the monoclonal antibody to F.XI xisomab 3G3, and the small molecule 

inhibitors of F.XIa milvexian and asundexian. Among these agents, the small molecule 

inhibitors of F.XIa milvexian and asundexian are administered orally, whereas all others require 

subcutaneous or intravenous administration at varying intervals. Several phase II dose-finding 

trials evaluating VTE prophylaxis in patients undergoing elective knee arthroplasty have 

already been published, all assessing a primary safety endpoint of major bleeding and 

CRNMB.198-201 A meta-analysis of these completed studies reports a 41% reduction in VTE 

events and a 59% reduction of clinically relevant bleeding events with F.XI inhibitors compared 

with standard prophylaxis using enoxaparin.187 Moreover, a few phase II studies in patients 

with end-stage renal disease on haemodialysis and atrial fibrillation (AF) have been completed, 
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indicating safety and opening doors to phase III trials, but not allowing to determine efficacy.202-

204 Further trials investigating F.XI inhibitors in patients with end-stage kidney disease, AF, 

CAT but also acute myocardial infarction and stroke are still ongoing. To date, no evidence is 

available for anticoagulant treatment by use of F.XI inhibitors in patients with acute VTE. An 

overview of anticoagulant agents and their specific targets within the coagulation cascade is 

presented in Figure 4.  

 

 
Figure 4. Anticoagulants and their specific targets within the coagulation cascade 
(Figure created by Katharina Kurzmann-Gütl, based on the current understanding of the coagulation 
cascade, e.g. reported by Lang et al.205) 
F. = factor; LMWH = low-molecular weight heparin; TF = tissue factor; UFH = unfractionated heparin; 
VKA = vitamin K antagonist 
 

1.1.11.5 Anticoagulant treatment in specific patient populations and conditions 

1.1.11.5.1 Treatment of minor events 

Minor events of VTE include isolated distal DVT, isolated subsegmental PE, asymptomatic and 

incidental PE, muscle vein thrombosis, and superficial vein thrombosis.  

Isolated distal DVT, defined as involvement of below-the-knee calf veins only, is associated 

with a more favourable prognosis than proximal DVT.22 Even if symptomatic PE originating 

from isolated distal DVT is rare, asymptomatic PE was found in 13% of patients in screening 
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studies.206,207 Guideline recommendations regarding treatment of isolated distal DVT are 

inconsistent. While the German AWMF guideline recommends a three-month course of full-

dose anticoagulation for isolated distal DVT, the CHEST 2021 guideline from the United States 

takes a more individualised approach, suggesting either withholding anticoagulation with close 

serial imaging for up to two weeks, or initiating full-dose anticoagulation, particularly in 

patients with high-risk features such as extensive thrombus burden, proximity to the deep 

venous system, active cancer, marked symptoms, or a history of VTE.22,208  

Regarding anticoagulant treatment for isolated subsegmental PE, the most recent guideline 

published by the American Heart Association (AHA) and the American College of Cardiology 

(ACC) in 2026 recommends a risk-adapted approach. In symptomatic cases, anticoagulation is 

generally recommended, similar to other forms of PE, depending on the overall clinical and 

bleeding risk. In incidentally detected or very low-risk cases, management may be 

individualised, with either anticoagulation or close clinical surveillance in selected patients with 

low recurrence risk and reliable follow-up.145 The AWMF clearly postulates that for patients 

with a single subsegmental filling defect, false-positivity with imaging techniques have to be 

taken into consideration and, thus, anticoagulation is to be avoided if symptoms are lacking. In 

cases of uncertainty, further diagnostic steps (sonographic evaluation of a potential vein 

thrombosis as an origin for the embolus, D-Dimer measurement) are optional.22  

Incidental PE is most commonly detected in association with cancer-staging examinations. 

Notably, patients with cancer are at increased risk of both VTE recurrence and bleeding, which 

complicates the management of anticoagulant treatment. The 2023 AWMF and 2019 ESC 

guidelines recommend anticoagulant treatment for cancer patients with incidental VTE, with 

the exception of isolated subsegmental PE, and advise adherence to standard recommendations 

regarding dose and treatment duration for CAT.1,22,209-211  

Muscle vein thrombosis is typically located in gastrocnemius and/or soleus muscles in the calf. 

Progression to deep distal veins is reported in up to 25% of cases, with thrombus formation in 

gastrocnemius veins being at higher risk for progression to deep veins, as they are anatomically 

connected to popliteal veins.22 Data on the optimal treatment strategy for isolated muscle vein 

thrombosis is scarce, but with regard to available literature, the AWMF recommends to provide 

full-dose anticoagulant treatment for at least one week and up to four weeks, depending on the 

patient’s individual risk profile. For some rare cases with a decision against anticoagulant 
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treatment, follow-up sonography is required to allow for timely detection of thrombus 

progression.22,212-214  

Superficial vein thrombosis most commonly affects lower extremity varicose veins, with the 

grand saphenous vein (GSV) being affected in up to 70% of cases. The AWMF guideline 

recommends sonographic confirmation of suspected superficial vein thrombosis and, once 

confirmed, consideration of anticoagulant treatment. The therapeutic recommendations for 

superficial vein thrombosis are very clear and detailed, making a distinction into three groups. 

Patients with superficial vein thrombosis >5 cm in length and a distance of >3 cm from the 

point of drainage into the deep venous system are recommended for first-line therapy with 

fondaparinux 2.5 mg od or, as an alternative, rivaroxaban 10 mg od, or also LMWH in half-

therapeutic dose. If superficial vein thrombosis is located within 3 cm of the junction with the 

deep venous system, treatment according to DVT regimens is recommended. For patients with 

short superficial vein thrombosis (<5 cm in length) and located >3 cm from the deep venous 

system, symptomatic treatment including compression, cooling, and nonsteroidal anti-

inflammatory drugs (NSAIDs) is primarily recommended.22 The 2021 CHEST guideline 

recommends anticoagulant treatment in patients with an increased risk of progression to DVT 

and/or PE for 45 days by use of fondaparinux 2.5 mg od or, as an alternative, by use of 

rivaroxaban 10 mg od for patients who are unable or refuse to use parenteral therapy.208  

1.1.11.5.2 Treatment of thrombosis at unusual sites 

In general, acute upper extremity thrombosis affecting deep veins is managed in accordance 

with established recommendations for DVT. RCTs investigating safety and efficacy of 

anticoagulants in upper extremity thrombosis are lacking, but available evidence from 

observational studies and case series supports the use of DOACs.55,215-217 The optimal duration 

of anticoagulant therapy in upper extremity vein thrombosis remains unclear, but a minimum 

of three months is recommended. For patients experiencing catheter-related upper extremity 

vein thrombosis, extended anticoagulant treatment is required, at least for the duration of the 

catheter being in situ. Catheter removal is essential as soon as possible in case of infection or 

dislocation, but not in all patients experiencing catheter-related thrombosis.22 Even occlusion 

of the catheter do not require instant removal, but functionality may be restored by use of local 

fibrinolytic agents such as alteplase, which is a recombinant tissue plasminogen activator (rt-

PA).218,219 For patients developing upper extremity vein thrombosis and venous thoracic outlet 

syndrome, surgical decompression has to be evaluated.22  
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In patients with visceral vein thrombosis, anticoagulation presents the primary therapeutic 

approach. Especially in patients with severe affection by an acute event of visceral vein 

thrombosis and in whom surgery or interventional treatment might be required, initial treatment 

by use of UFH is preferred due to its short elimination time. Notably, up to 5% of all patients 

with visceral vein thrombosis discover deterioration despite anticoagulant treatment within the 

first days.84 In patients with visceral vein thrombosis and concomitant hepatic impairment, an 

increased risk of both thromboembolic recurrence and bleeding must be considered, particularly 

in those with underlying cirrhosis. The most relevant bleeding complications in these patients 

are gastrointestinal bleedings.59,83 Nevertheless, even patients with acute portal vein thrombosis 

in underlying cirrhosis have shown to benefit from anticoagulant treatment.220,221 Results from 

a recently published meta-analysis propagate the use of anticoagulants by reporting reduced 

thrombus progression and recurrence, lower mortality, improved recanalisation rates, and even 

a long-term reduction in severe bleeding.220  The strongest evidence for anticoagulant treatment 

in patients with visceral vein thrombosis is available for LMWH and VKAs.220-223  

Anticoagulant treatment using DOACs may provide an option for many patients with visceral 

vein thrombosis, but the optimal therapeutic strategy should be determined on an individual 

basis.224 Regarding the optimal duration of anticoagulant treatment, guidelines recommend a 

minimum of three to six months. 59,83,84 Notably, also patients with asymptomatic portal vein 

thrombosis and with a suspected new-onset within the past three months are recommended for 

anticoagulant treatment for at least three months. In contrast, patients with chronic portal vein 

occlusion have not shown to profit from anticoagulant treatment.59 

The management of patients suffering from cerebral venous thrombosis (CVT) typically 

follows specific guidelines issued by neurological societies. This is particularly relevant since 

the management of complications associated with CVT, especially intracranial haemorrhage, 

requires specialised neurological expertise. Therefore, therapeutic recommendations for 

anticoagulant treatment are not discussed in detail here. In summary, patients with a diagnosis 

of CVT are recommended for acute-phase, therapeutic-dose anticoagulation with heparins. 

Following this acute-phase, a switch preferably to a DOAC and continuation for at least three 

to 12 months is recommended.225  

1.1.11.5.3 Cancer-associated thrombosis (CAT) 

Treatment of established VTE in patients with cancer is complex for various reasons, including 

drug-drug-interactions between anticoagulants and systemic cancer therapy, challenges for 
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oral-route anticoagulants, thrombocytopenia as frequently induced by cancer therapy, and 

increased risk of bleeding. The definition of active cancer as proposed by the Haemostasis and 

Malignancy Scientific and Standardization Committee (SSC) of the International Society on 

Thrombosis and Haemostasis (ISTH) comprises 1.) cancer diagnosed within the previous six 

months, or 2.) recurrent, regionally advanced or metastatic cancer, or 3.) cancer with specific 

ongoing treatment, or 4.) haematological malignancy not being in complete remission.226 Based 

on data from RCTs and metaanalyses, monotherapy with LMWH for at least three to six months 

had been the standard of care for anticoagulant treatment in cancer populations as for its 

superior safety and efficacy profile compared to VKAs. The landmark CLOT study attracted 

attention by evaluating full-dose LMWH treatment for only four weeks followed by reduced 

dose LMWH, demonstrating a reduction in VTE recurrence and similar bleeding rates 

compared with VKAs.227 With the establishment of DOACs for treatment of VTE in clinical 

practice, RCTs have been conducted in cancer populations comparing apixaban, rivaroxaban 

and edoxaban to standard treatment with LMWH. All of these studies – ADAM-VTE, 

CARAVAGGIO, SELECT-D and HOKUSAI-VTE-Cancer – reported comparable safety and 

efficacy of these agents.228-231 In 2022, the International Initiative on Thrombosis and Cancer 

(ITAC) released an updated clinical practice guideline on the treatment and prophylaxis of VTE 

in patients with cancer, recommending initial therapy with LMWH or oral F.Xa inhibitors in 

patients without a high risk for gastrointestinal or genitourinary bleeding. Regarding 

maintenance anticoagulant treatment – both early maintenance up to six months and long-term 

maintenance beyond six months – the ITAC recommends to use LMWH or oral F.Xa inhibitors. 

Notably, these recommendations apply only to individuals with a glomerular filtration rate >30 

mL/min. In addition, eligibility for treatment with oral F.Xa inhibitors is given only in absence 

of strong drug-drug interactions or gastrointestinal absorption impairment, and cautious use is 

required for patients with (upper) gastrointestinal tract malignancies. After six months, the 

decision whether to terminate or continue anticoagulant treatment should be based on an 

individual evaluation of risks and benefits, cancer activity, anticoagulant’s tolerability and also 

patients’ preference.232 Especially in patients with a palliative cancer setting and in the absence 

of contraindication, an indefinite anticoagulant treatment is to be preferred.22  

1.1.11.5.4 Renal insufficiency 

DOAC clearance is reduced in patients with renal insufficiency, leading to drug accumulation 

and an increased risk of bleeding. However, renal insufficiency itself also presents a risk factor 
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for thromboembolic events. For apixaban and rivaroxaban, standard-dose treatment for acute 

VTE is permitted in patients with moderate renal impairment (GFR ≥30 mL/min), while 

cautious use may be considered in underlying severe renal impairment (GFR 15–29 mL/min). 

For rivaroxaban, a dose reduction to 15 mg od should be considered when the bleeding risk is 

estimated to outweigh the risk of recurrent VTE. Edoxaban requires dose reduction in all 

patients with a GFR between 15 and 50 mL/min. Given its predominant renal clearance, 

dabigatran is contraindicated already in patients with a GFR <30 mL/min.22 Data on the use of 

DOACs in end-stage renal disease, defined by a GFR <15 mL/min and requiring haemodialysis, 

are scarce and are mainly derived from retrospective analyses. For apixaban, retrospective data 

suggest comparable safety and efficacy of reduced-dose regimens (2.5 mg td) compared with 

VKAs in patients with AF and severe renal impairment. Therefore, apixaban may present a 

reasonable but still off-label alternative to long-term treatment with VKAs in patients on 

haemodialysis and requiring for anticoagulant treatment following VTE. 233-237 

1.1.11.5.5 Liver disease 

Anticoagulant treatment in patients with liver disease is challenging due to impaired drug 

clearance, reduced plasma protein binding, and the resulting increase in circulating 

anticoagulant levels. In addition, routine coagulation parameters – such as INR for VKAs, aPTT 

for UFH, and anti-F.Xa activity for LMWH – are often altered in advanced liver disease even 

in the absence of anticoagulation, limiting their usefulness for assessing anticoagulant effects. 

Even if bleeding complications appear frequently in patients with advanced liver disease and 

coagulopathy, there is also an increased risk to develop thromboembolic complications.238-240 

A few cohort studies are available on the use of DOACs in patients with cirrhosis, reporting 

comparable efficacy but reduced risk for major bleeding compared with VKAs.241-243  Based on 

available evidence, current guidelines recommend the use of all DOACs in patients with 

cirrhosis Child-Pugh A, and all DOACs except for rivaroxaban in Child-Pugh B, albeit with 

caution. In advanced cirrhosis (Child-Pugh C), DOACs are not recommended. Notably, this 

clear guidance refers specifically to the use of DOACs in patients with AF.178 

1.1.11.5.6 Advanced age 

The risk of VTE increases steadily with advanced age, making decisions regarding 

anticoagulant therapy a frequent clinical challenge in an ageing patient population. Due to age-

related changes in body composition and organ function, the pharmacokinetics and 

pharmacodynamics of DOACs may differ in older compared with younger individuals. 
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Nevertheless, DOACs have demonstrated comparable efficacy to VKAs even in patients aged 

≥75 years.244 Regarding safety, concern remains as the risk of bleeding is increased in older 

patients and especially in those with an impairment of renal function.245,246 Close monitoring of 

renal function is required in older patients in order to allow for appropriate dose reduction 

arrangements. Decisions on the frequency of renal function monitoring should be guided by the 

severity of renal impairment.22 Taking a look on subgroup analysis from phase III DOAC VTE 

trials, the risk of major bleeding was reduced as compared with VKAs for apixaban and 

rivaroxaban, but was increased with dabigatran and edoxaban in patients aged ≥75 

years.160,163,247,248 Notably, geriatric patients were underrepresented in the phase III trials. In 

older patient populations on anticoagulant treatment for AF, frailty and cognitive impairment 

were shown to be associated with greater mortality and underuse of oral anticoagulants, while 

the net clinical benefit is maintained when oral anticoagulant treatment is used.249 Frailty, which 

is associated with weight loss and risk for deterioration of renal function, commonly raises 

specific considerations regarding risk and benefit of anticoagulants in those patients. In patients 

at risk of falls, oral anticoagulant therapy has historically been considered a contraindication 

due to concerns about intracranial bleeding. However, subgroup analyses from phase III AF 

trials have shown that edoxaban was associated with a reduced risk of major bleeding, including 

intracranial haemorrhage, compared with VKAs in patients prospectively classified as being at 

high risk of falls.250 For AF patients on anticoagulant treatment with apixaban, patients with a 

history of falls had an increased risk of major bleeding, intracranial bleeding and death, but the 

benefit in terms of safety and efficacy by use of apixaban over VKAs was not affected by the 

falling status.251 Given the reduced risk for intracranial bleeding with DOACs as compared with 

VKAs, an increased risk of falls or even previous falls is not a contraindication to receive 

DOAC anticoagulant treatment in general, but cautious use and reduction of modifiable 

bleeding risk factor are essential.178,252   

1.1.11.5.7 Antiphospholipid syndrome (APS)  

APS is a systemic autoimmune disease characterised by arterial, venous or microvascular 

thrombosis, obstetric complications, or non-thrombotic manifestations. The diagnosis of APS 

requires the fulfilment of both clinical and laboratory criteria. As antiphospholipid antibodies 

may appear transiently, persistence must be confirmed. Updated classification criteria for APS 

– endorsed by the American College of Rheumatology (ACR) and the European Alliance of 

Associations for Rheumatology (EULAR) – have been published recently.253 In general, 
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patients experiencing thrombotic complications in the context of APS are recommended for 

life-long anticoagulant treatment, yet they remain at higher risk for recurrent events compared 

with patient without APS.1,22 The TRAPS trial was the first and remains the only RCT 

comparing a DOAC (rivaroxaban) with VKAs in high-risk patients with triple-positive APS, 

defined by the presence of lupus anticoagulant (LA), anti-cardiolipin (CL) antibodies and anti-

β2-glycoprotein I (β2GPI) antibodies. Rivaroxaban was associated with a significantly higher 

occurrence of the composite primary endpoint – comprising thromboembolic events, major 

bleeding, and vascular death – leading to the premature termination of the study. Notably, 

thromboembolic events consisted of myocardial infarction and stroke, but no cases of recurrent 

VTE.254 Based on available evidence, current guidelines recommend to use VKAs (and/or 

heparin) in patients with thrombotic APS and with triple-positive profile, as well as in those 

with arterial events.1,22 

1.1.11.5.8 Pregnancy  

Heparins are the anticoagulants of first choice for the treatment of VTE during pregnancy.22 In 

contrast to DOACs or VKAs, they do not cross the placenta and therefore do not cause foetal 

haemorrhage or teratogenic effects. Owing to the more predictable pharmacokinetics and 

favourable risk profile, LMWH is preferred over UFH. LMWH dosing is recommended to be 

based on early-pregnancy body weight and administered od or td. 150,255,256 Fondaparinux may 

be considered as an alternative in selected cases where LMWH is not feasible. However, caution 

is warranted, as limited placental transfer has been reported.257 

UFH plays an important role particularly in women diagnosed with VTE in late pregnancy (≥37 

weeks of gestation). Given the increased peripartum bleeding risk associated with 

anticoagulation, a planned switch from LMWH to UFH 24 to 36 hours before delivery should 

be considered, with discontinuation of UFH approximately four to six hours prior to the planned 

delivery (including caesarean section). Re-initiation of UFH may be considered no earlier than 

four to six hours postpartum.119,150  

For VTE occurring during pregnancy with the diagnosis established before 37 weeks of 

gestation, LMWH should be discontinued at least 24 hours prior to delivery. In most women, 

planned delivery is not required.22,258 
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Regarding regional anaesthesia, epidural or spinal puncture requires an interval of at least 24 

hours after the last therapeutic dose of LMWH. Re-initiation of LMWH should be considered 

no earlier than four hours after removal of an epidural catheter.259,260  

For pregnant women presenting with high-risk PE, UFH is first choice for initial anticoagulant 

treatment.1,22 If reperfusion therapy is required, systemic thrombolysis or mechanical 

thrombectomy may be considered.261  

In general, anticoagulant treatment for pregnancy-associated VTE should be continued for at 

least six weeks postpartum and for a minimum total duration of three months. During the 

postpartum period, treatment options in breastfeeding women include heparins and VKAs, 

whereas DOACs are not recommended.22,119,262 

1.1.11.5.9 Recurrence of venous thromboembolism (VTE)  

VTE recurrence with adequate anticoagulant therapy is rare, but occurs in approximately 2% 

of patients.173 In patients with suspected VTE recurrence, the initial step is to verify adherence 

to the prescribed anticoagulant regimen. In selected cases, measurement of coagulation 

parameters may help to assess compliance. Furthermore, potential drug-drug interactions 

should be evaluated. To confirm recurrence and to distinguish acute events from residual 

thrombotic changes, imaging and documentation regarding the location and extent of previous 

events should be carefully reviewed. Therefore, thorough documentation at all stages of the 

disease – from initial diagnosis to the most recent follow-up examination – is essential to enable 

reliable confirmation or exclusion of recurrence. If adherence to anticoagulant therapy is 

assured, the next step is to assess whether the prescribed dose is adequate. In patients receiving 

a DOAC, potential risk factors for VTE recurrence include low-dose maintenance therapy with 

apixaban or rivaroxaban, intake of rivaroxaban without food, drug-drug interactions, extreme 

obesity, and malabsorption. In patients receiving VKAs, coagulation monitoring records should 

be reviewed with particular attention to values below the therapeutic range. Furthermore, 

dietary factors as well as potential drug-drug interactions should be carefully evaluated. In 

patients receiving LMWH or UFH, AT-deficiency, HIT, and correct drug administration should 

be assessed. If there is no evidence of inadequate anticoagulation, further evaluation for 

alternative causes of VTE recurrence is essential, including screening for malignancy, 

myeloproliferative disorders, thrombophilia, paroxysmal nocturnal haemoglobinuria (PNH), 

venous compression, Behçet’s disease, and vasculitis.22,263 Beyond these diagnostic 
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considerations, determining further anticoagulant management is of utmost importance. If there 

is pre-existing but not fully therapeutic anticoagulant treatment (e.g. rivaroxaban 10 mg od, or 

apixaban 2.5 mg td, or VKAs with an INR below 1.5), dose escalation on the one hand or 

switching to an alternative anticoagulant strategy on the other hand are available options. If 

full-dose anticoagulant treatment is already established, management options include dose 

escalation (e.g. 120–125% for LMWH, or targeting a higher INR range with a lower limit of 

2.5 or even 3.0 for VKAs), or switching to an alternative anticoagulant regimen (e.g. from 

LMWH to a DOAC, from a VKA to LMWH or a DOAC, or from a DOAC to LMWH or to a 

different DOAC regimen).22   

1.1.12 Adjunctive treatment in venous thromboembolism (VTE) 

1.1.12.1 Compression 

The aim of compression therapy is to reduce pain and swelling in the acute phase and to 

decrease the risk of PTS in the long term. Both compression stockings and compression 

bandages can be used in this context and are considered comparable in terms of efficacy when 

applied correctly. However, in cases of pronounced swelling during the acute phase, initial 

treatment with compression bandages is preferred, followed by fitting of compression stockings 

once the swelling has subsided. For acute DVT, class II compression stockings are generally 

recommended, corresponding to an ankle pressure of 23 to 32 mmHg. As orthostatic pressure 

is significantly reduced in the supine position, compression therapy is primarily beneficial 

during daytime and in ambulatory patients. The choice between knee-high and thigh-high 

stockings should be guided by the degree of clinical swelling rather than the extent of 

thrombosis on imaging.22 Data from a RCT in patients with proximal DVT showed that thigh-

high compression was not superior to knee-high compression in preventing PTS, but was less 

well tolerated and therefore associated with higher rates of premature discontinuation.264 After 

an initial treatment period of three to six months, the decision to discontinue or continue 

compression therapy should be guided by the patient’s residual symptoms of venous 

congestion. Available evidence does not demonstrate any benefit of a prolonged compression 

up to two years compared with an individualised treatment approach in the prevention of 

PTS.265,266 Regarding PTS, data from a Cochrane systematic review has shown a reduction in 

the overall incidence of PTS, but no reduction of severe PTS.267 Taking a close look at data 

from a RCT, immediate initiation of adequate compression therapy was associated with a 20% 

absolute reduction in residual venous obstruction, which in turn corresponded to an 8% absolute 
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reduction in PTS at 24 months.268 However, compression therapy should be used with reduced 

pressure (e.g. 18–21 mmHg) in patients with peripheral arterial disease (PAD), as well as in 

those with polyneuropathy or paresis. In patients with critical limb ischaemia as an advanced 

stage of PAD, compression therapy is contraindicated.269,270  

1.1.12.2 Inferior vena cava (IVC) filter implantation 

The rationale for IVC filter implantation is to prevent thrombi originating in the pelvic and 

lower extremity veins from migrating to the pulmonary arteries, thereby reducing the risk of 

PE. An endovascular approach is typically used for both filter implantation and retrieval, with 

removal usually performed after a few weeks to months.1 Filters are available for either 

temporary or permanent use, but temporary filters are generally preferred.271 Given that 

complications associated with IVC filters occur frequently and may cause serious harm, the 

indication for placement should be critically evaluated before implantation.1 Frequent 

complications following IVC filter placement include iatrogenic vascular injury at the access 

site, filter fracture, filter migration, and IVC thrombosis.272 Indeed, only a minority of patients 

with acute VTE require IVC filter implantation. According to the 2019 ESC guidelines for the 

diagnosis and management of acute PE, the main indications for IVC filter placement are acute 

DVT or PE in the presence of an absolute contraindication to anticoagulation, as well as 

recurrent PE despite adequately dosed anticoagulant therapy.1  These recommendations are 

largely consistent with the recently published 2026 AHA/ACC guideline, which also 

emphasises that in patients requiring an IVC filter, a retrievable filter should be preferred.145 

1.1.12.3 Interventional treatment for acute deep vein thrombosis (DVT) 

Therapeutic-dose anticoagulation prevents thrombosis progression and recurrence, but does not 

actively dissolve thrombotic material. The rationale for revascularisation of occluded veins in 

the acute phase is to accelerate thrombus resolution compared with anticoagulation as a stand-

alone strategy, thereby achieving faster symptom relief, preserving venous valve function, and 

ultimately reducing the risk of PTS. A range of endovascular revascularisation techniques is 

currently available, including catheter-directed thrombolysis, mechanical thrombectomy, and 

pharmaco-mechanical approaches combining both strategies.22  

So far, there are four RCTs comparing endovascular recanalisation versus anticoagulation alone 

in patients with acute DVT. The CaVenT study investigated catheter-directed thrombolysis in 

combination with anticoagulation versus anticoagulation alone in patients with iliac and/or 
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femoral DVT. In the interventional arm, additional procedures such as balloon angioplasty, 

stenting, or mechanical thrombectomy were permitted. At the six months’ follow-up, patients 

in the interventional group showed significantly higher venous patency rates, with a sustained 

reduction in overall PTS observed up to five years. Notably, no differences were found between 

the groups regarding severe PTS or quality of life.273,274 The ATTRACT trial evaluated 

pharmaco-mechanical catheter-directed thrombolysis and showed no significant benefit of 

endovascular therapy compared with standard anticoagulation regarding the overall incidence 

of PTS up to 24 months. However, a significant reduction in moderate to severe PTS was 

observed. Although only 57% of participants had iliac and/or femoral vein thrombosis, the 

reduction in moderate and severe PTS was also evident in this subgroup. Overall quality of life 

was comparable between the two study arms, but a significant increase in quality of life related 

to venous symptoms was recorded in the interventional treatment arm.275 The CAVA study 

evaluated ultrasound-accelerated catheter-directed thrombolysis in patients with acute iliac 

and/or femoral vein thrombosis, showing no significant differences in rates of major bleeding 

or development of PTS up to three years.276,277 A pooled analysis of the CaVenT, ATTRACT, 

and CAVA trials did not demonstrate a significant benefit of interventional treatment for acute 

proximal DVT compared with anticoagulation alone.278 Lastly, the TORPEDO trial randomised 

patients with popliteal or more proximal DVT to catheter-based therapy, which was pharmaco-

mechanical thrombolysis in addition to anticoagulation for most cases, or anticoagulation alone. 

The interventional approach was associated with significantly lower incidence of PTS and VTE 

recurrence at six months, with these effects persisting during follow-up. However, 

interpretation of the results is limited by the lack of a standardised method used for assessing 

PTS.279 

Modern catheter-based mechanical thrombectomy systems allow treatment of acute DVT 

without the need for thrombolytic agents, thereby potentially reducing the bleeding risk 

associated with interventional procedures. To date, RCT data are lacking, and results from 

ongoing studies are expected to provide further evidence on the efficacy and safety of 

mechanical catheter-based thrombectomy in acute DVT. The recent 2025 European Society of 

Vascular Medicine (ESVM) guideline on the interventional management of VTE continues to 

emphasize anticoagulation as the cornerstone of DVT treatment, but patients with iliofemoral 

or iliocaval thrombosis are recommended for an individualised assessment of whether catheter-

based therapy is reasonable. In any case, management of DVT requiring interventional 



 

45 
 

treatment should be performed in a specialised treatment center.142 In conclusion, endovascular 

recanalisation presents an option for some patients with a diagnosis of acute proximal DVT and 

suffering from severe congestion symptoms.22 

1.1.12.4  Reperfusion strategies for acute pulmonary embolism (PE) 

Patients with PE and haemodynamic instability are recommended for reperfusion therapy. The 

choice of reperfusion strategy should be individualised and may include systemic thrombolysis, 

surgical embolectomy, or an endovascular approach. The 2023 AWMF guideline and the 2019 

ESC guideline recommend systemic thrombolysis as the first-line reperfusion strategy, with 

surgical embolectomy and percutaneous catheter-directed interventions reserved as alternative 

options. These alternative approaches should be considered in patients with contraindications 

to systemic thrombolysis or in case of failed thrombolysis, defined by persistent haemodynamic 

instability and ongoing RV dysfunction on echocardiography within 36 hours after 

thrombolytic therapy.1,22 Contraindications to fibrinolysis are listed in Table 4. 

 

Contraindications to fibrinolysis 

Absolute Relative 

History of haemorrhagic stroke TIA ≤6 months 

History of stroke of unknown cause Oral anticoagulation 

Ischaemic stroke in ≤6 months Pregnancy/first week post-partum 

CNS neoplasm Non-compressible puncture site 

Major trauma ≤3 months Traumatic resuscitation  

Major surgery ≤3 months Uncontrolled hypertension*  

Head injury ≤3 months Advanced liver disease 

Bleeding diathesis Infective endocarditis 

Active bleeding  Active peptic ulcer 

Table 4. Absolute and relative contraindications to systemic fibrinolysis 
(Reproduced with modification from the ESC guideline for the diagnosis and management of acute 
pulmonary embolism, published by Konstantinides et al.1, reproduced with permission from the 
publisher) 
* Defined as a systolic BP >180 mmHg 
BP = blood pressure; CNS = central nervous system; ESC = European Society of Cardiology; TIA = 
transient ischaemic attack 
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The 2026 AHA/ACC guideline provides Class IIa recommendation for reperfusion strategies 

in patients with PE complicated by cardiopulmonary failure. In more detail, systemic 

thrombolysis, mechanical thrombectomy, catheter-directed thrombolysis and surgical 

embolectomy are each considered reasonable therapeutic options when used in combination 

with anticoagulation. In this high-risk setting, these reperfusion modalities are favoured over 

anticoagulation alone to prevent further clinical deterioration and reduce early mortality. 

Notably, this guideline does not favour one reperfusion strategy over another in patients with 

cardiopulmonary failure, but the choice of modality should depend on clinical context, 

contraindications, and local expertise. Similarly, in patients with early cardiorespiratory failure, 

the aforementioned reperfusion strategies may be considered, but only as a Class IIb 

recommendation. When interpreting the recommendations of this new guideline, it should be 

noted in particular that a new PE severity classification system ranging from A to E has been 

introduced, which somewhat limits comparability with other guidelines.145 The 2025 ESVM 

guideline recommends establishing a PERT team including a vascular specialist for all 

intermediate- and high-risk PE patients. In high-risk PE, the next step is to assess 

contraindications to systemic thrombolysis, and catheter-based therapies should be considered 

for patients in whom thrombolysis is contraindicated. In patients with intermediate-risk PE, 

catheter-based therapy should be considered within 24 hours in cases of severe clinical 

presentation. In summary, systemic thrombolysis remains the first-line therapy for patients with 

high-risk PE according to this ESVM guideline.142 However, the field of interventional 

treatment of PE is highly dynamic, and various studies and devices are currently under 

investigation in both high-risk and intermediate-risk patients.  

In patients selected for systemic thrombolysis, the rt-PA alteplase is most commonly used, 

although first-generation agents such as urokinase and streptokinase are also approved. 

Alteplase is typically administered at a dose of 100 mg over two hours, but an accelerated 

rescue-regimen using a weight-adjusted dose (0.6 mg/kg, maximum 50 mg) over 15 minutes 

may be considered in cases of extreme haemodynamic instability or in initially non-high-risk 

patients who subsequently deteriorate haemodynamically. Notably, formal approval for this 

accelerated alteplase regimen is lacking.1 However, there is still a number of 8% of high-risk 

PE patients in whom thrombolytic therapy is unsuccessful.280-282 Systemic thrombolysis has 

been shown to provide the greatest benefit when initiated early, ideally within 48 hours of 
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symptom onset in acute PE, although it may still be considered in selected patients presenting 

within up to 14 days after symptom onset.283  

1.1.13  Long-term treatment and follow-up 

After a first episode of PE associated with transient risk factors, the recurrence rate after 

discontinuation of anticoagulation is approximately 2.5% per year, compared with almost 4.5% 

per year for unprovoked PE.284 The risk of recurrence is comparable between patients with PE 

and those with proximal DVT. However, patients with previous PE are more likely to 

experience PE again, whereas those with prior DVT typically present with recurrent DVT.285  

Oral anticoagulants are highly effective in preventing VTE recurrence during treatment, but 

this protective effect does not persist after discontinuation.284,286 For secondary prevention, 

patients can be stratified into distinct groups according to their individual risk of VTE 

recurrence, which supports decision-making regarding ongoing anticoagulant therapy. Patients 

at highest risk are those with active cancer, APS, severe inherited thrombophilia, or a history 

of recurrent VTE in the absence of major transient or reversible risk factors. As these patients 

have an estimated recurrence risk of at least 8% per year after treatment discontinuation, 

indefinite therapeutic-dose anticoagulation is generally recommended. For patients in whom a 

major transient or reversible risk factor such as general anaesthesia, major trauma with fracture, 

or hospitalisation with immobilisation for at least three days is identified as the trigger of the 

index event, the long-term risk of recurrence is considered low. As the estimated annual 

recurrence risk in this population is below 3%, discontinuation of anticoagulant therapy is 

generally recommended after completion of the initial treatment phase of three to six months. 

An intermediate long-term recurrence risk is assigned to patients whose index event is 

associated with minor risk factors only, as well as to those without any identifiable provoking 

factors. If risk factors are classified as minor but persistent (e.g. mild thrombophilia, chronic 

inflammatory bowel disease, or active autoimmune disease), extended long-term 

anticoagulation is recommended, with consideration of dose reduction after at least six months 

of full-dose therapy. In cases with minor but transient risk factors, anticoagulant treatment 

should be continued for at least the duration of the provoking factor. If such risk factors persist 

beyond six months after VTE diagnosis, dose reduction may be considered. Common transient 

risk factors include minor surgery, oestrogen therapy, pregnancy and the puerperium, as well 

as prolonged travel exceeding six to eight hours. For patients in whom VTE occurs in the 

absence of identifiable risk factors, further evaluation is required, and the decision to continue 
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or discontinue anticoagulation after the mandatory initial treatment phase should be 

individualised based on patient characteristics. In the presence of factors such as male sex, 

positive family history of VTE, mild thrombophilia, high residual thrombotic burden on 

imaging follow-up, and/or elevated D-dimer levels, continuation of anticoagulation at a reduced 

(prophylactic) dose is generally preferred.1,22 The categorisation of risk factors for venous 

thromboembolism based on the risk of recurrence over the long-term as recommended by the 

ESC is illustrated in Table 5. 

 

Recurrence risk Risk factor category Risk factors/situations 

Low 

<3% per year 

Major transient or 
reversible risk factors 
(associated with >10-fold 

increased risk for the index 
VTE event compared to 
patients without the risk 

factor) 

Surgery with general anaesthesia      
>30 min 

Confined to bed in hospital ≥3 days  
due to an acute illness or acute 

exacerbation of a chronic illness 

Trauma with fractures 

Intermediate 

3–8% per year 

Transient or reversible risk 
factors 

(associated with ≤10-fold 
increased risk for the index 

VTE event compared to 
patients without the risk 

factor) 

Minor surgery (general anaesthesia  
<30 min) 

Admission to hospital <3 days 

Oestrogen therapy/contraception 

Pregnancy/puerperium 

Confined to bed out of hospital ≥3 days 
due to an acute illness 

Leg injury without fracture associated 
with reduced mobility for ≥3 days 

Long-haul flight 

Non-malignant persistent 
risk factors 

Inflammatory bowel disease 

Active autoimmune disease 

No identifiable risk factor - 

High 

>8% per year 
 

Active cancer 

One or more previous episodes of VTE 
in the absence of a major transient or 

reversible risk factor 

APS 

Table 5. Categorisation of VTE risk factors and the risk of VTE recurrence 
(Reproduced with modification from the ESC guideline for the diagnosis and management of acute 
pulmonary embolism, published by Konstantinides et al.1, reproduced with permission from the 
publisher) 
APS = antiphospholipid syndrome; ESC = European Society of Cardiology; VTE = venous 
thromboembolism 
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Beyond the risk of VTE recurrence, the individual risk of bleeding must be considered when 

deciding on the duration and dose of anticoagulant therapy. Although major and life-threatening 

bleeding events occur less frequently with DOACs compared with VKAs, the bleeding risk 

remains clinically relevant and should not be neglected. The risk of bleeding in patients 

receiving long-term anticoagulant therapy is influenced by individual patient factors, including 

renal impairment, age, anaemia, concomitant use of antiplatelet agents, and history of bleeding 

events.287 The VTE-BLEED score provides a well-established and validated option to identify 

patients on long-term anticoagulant treatment with a high risk of bleeding.288,289 In patients 

receiving long-term anticoagulant therapy, the individual risks of VTE recurrence and bleeding 

should be regularly reassessed and should also incorporate patient preferences.22 Table 6 

provides an overview of general treatment regimens with DOACs for patients with VTE, with 

specifications for treatment phases and providing dose reduction criteria as reflected in current 

guidelines.1,22 

 
 5–21 days 3–6 months >6 months 
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Apixaban 10 mg td for 7 days Apixaban 5 mg td Apixaban 2.5 mg td 

Rivaroxaban 15 mg td for 21 days 

Rivaroxaban 20 mg od 
Rivaroxaban 20 mg od, 

or 10 mg od 

Rivaroxaban 15 mg od 

if GFR 15–50 mL/min* 

Rivaroxaban 15 mg* od, 

or 10 mg od 

Parenteral ≥5 days 

Edoxaban 60 mg 

Edoxaban 30 mg od 

if GFR 15–50 mL/min,  

or <60 kg,  

or intake of P-gp inhibitor 
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Parenteral ≥5 days 

Dabigatran 150 mg td 

Dabigatran 110 mg td 

if high-bleeding risk,  

or age ≥80 years, 

or intake of verapamil 

Table 6. Treatment regimens and dose reduction criteria for DOACs 
* Dose reduction in patients with renal insufficiency and GFR 15–50 mL/min is recommended only if 
the risk of bleeding is estimated to exceed the risk of recurrent or progressing VTE 
GFR = glomerular filtration rate; od = once daily; td = twice daily; P-gp = P-glycoprotein 
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1.1.14 Screening for thrombophilia 

Decisions on how, in whom, and when to perform thrombophilia screening remain frequently 

unclear in daily clinical practice. In general, thrombophilia testing after VTE should only be 

performed if the results are likely to influence subsequent anticoagulant management.290,291 In 

the acute phase of VTE, knowledge of most thrombophilic conditions is unlikely to influence 

the anticoagulant management, making thrombophilia testing during this period generally 

unnecessary. After completion of the initial treatment phase of three to six months, 

thrombophilia screening may provide useful information, particularly when the decision to 

continue, reduce, or discontinue anticoagulation has not yet been clearly established.292 The 

timing of thrombophilia testing should be carefully considered, as most assays – except for 

measurements of anti-CL antibodies, anti-β2GPI antibodies and genetic analyses – may yield 

unreliable results during the acute phase of the thromboembolic events or in the presence of 

anticoagulant treatment. 22 VTE in the context of hereditary thrombophilia typically occurs at 

a younger age. Therefore, thrombophilia testing should be conducted particularly in younger 

patients with an additional positive family history of VTE. For hereditary thrombophilia, 

recommended testing includes genetic analysis for FVL mutation (possibly preceded by 

screening for activated protein C [APC] resistance as a non-genetic screening method), genetic 

analysis for the prothrombin G10210A mutation, and measurement of AT, protein C and protein 

S activity levels.  Genetic analyses are regarded reliable, but suspected hereditary deficiencies 

of AT, protein C or protein S always require confirmatory testing and should never to be 

diagnosed based on a single functional assay alone.22 Notably, secondary deficiencies appear 

much more frequently compared with hereditary deficiencies.293 APS should be considered in 

patients aged <50 years presenting with VTE in the absence of identifiable risk factors, in those 

with thrombosis at unusual sites, or in cases of thrombus progression despite adequate 

anticoagulant therapy. The presence of arterial thrombosis, pregnancy complications (e.g. 

miscarriage, preeclampsia, or placental insufficiency), or autoimmune disease (e.g. systemic 

lupus erythematosus) should further raise the suspicion of APS. In cases of suspected APS, 

diagnostic testing should include measurement of LA, anti-CL antibodies and anti-β2GPI 

antibodies. Laboratory criteria require confirmatory testing with repeat measurements at least 

12 weeks apart.294  
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1.1.15 Screening for cancer 

Patients presenting with VTE in the absence of identifiable risk factors have a higher risk of 

underlying malignancy compared with those in whom provoking factors are present. Within 24 

months after a VTE event, cancer was found in 8.5% of patients with unprovoked VTE and in 

4.8% of patients with VTE associated with risk factors.295 In general, the risk of occult cancer 

in patients with acute VTE has been shown to be higher in those aged >50 years compared with 

younger patients.44 However, the extent of recommended cancer screening remains unclear. 

Data from a prospective RCT did not demonstrate any benefit of an extensive screening strategy 

compared with a limited screening approach with regard to cancer-related mortality.296 

According to current guideline recommendations, cancer screening should be considered 

particularly in patients with unprovoked VTE, with the extent of screening guided by age- and 

sex-specific risk factors.22 

1.1.16 Suspicion of post-thrombotic syndrome (PTS) 

Following the acute phase of DVT, processes of thrombus organisation, resolution, and vascular 

remodelling occur to varying degrees. Recanalisation of the affected veins may be either partial 

or complete. In cases of incomplete recanalisation and/or venous valve damage, impaired 

venous return may persist, contributing to the development of PTS.22 Residual symptoms for 

more than three to six months after the acute event are supposed to be predictive for the 

development of PTS.297 Typical symptoms of PTS are similar to those of acute DVT, but 

patients may additionally present with pruritus, muscle cramps, paraesthaesia, skin induration, 

hyperpigmentation, venous ectasia, erythema, or even venous ulceration.22 The diagnosis of 

PTS is established clinically. The Villalta score is commonly used to assess and grade the 

severity of PTS following lower-extremity DVT. After proximal DVT, clinically relevant PTS 

occurs in approximately 20–50% of patients, with severe PTS reported in 5–10%.298,299 Data 

from a prospective German registry with a three-year follow-up reported a prevalence of 33%  

for any PTS, but only 1.4% for severe PTS.300  

For patients with PTS, key components of management include compression therapy and 

regular physical activity. Physical activity activates the calf muscle pump and thereby enhances 

venous return. Compression therapy is generally recommended using at least class II 

compression stockings, corresponding to an ankle pressure of 23 to 32 mmHg. In cases of 

severe PTS and good tolerance, class III compression stockings with an ankle pressure of 34 to 

46 mmHg may be considered, provided there are no contraindications. Although evidence for 
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the long-term benefit is limited and partly conflicting, compression therapy remains 

recommended, particularly given the lack of effective alternative treatments and its potential to 

improve clinical symptoms.22,301   

In patients with severe PTS following proximal DVT, endovascular recanalisation may be 

considered. Such intervention should be reserved for patients with insufficient symptomatic 

improvement despite optimal conservative management.22 Technical success rates for 

recanalisation of obstructed veins are reported to range from 91% to 98% in available meta-

analyses and systematic reviews, while patency rates range between 70% and 80% at a median 

follow-up of approximately two years.302-305 In patients with iliac vein occlusion, primary 

patency after stenting has been reported at 68% at three years.303 In patients with ulceration due 

to veno-occlusive post-thrombotic disease, healing of ulceration was accomplished in up to 

80% of cases, but recurrence of ulcers was reported in up to 17%.303,306 However, the quality 

of available evidence should be critically appraised, particularly in view of the lack of RCTs 

comparing endovascular with conservative treatment and the absence of standardised 

approaches to venous interventions.  

1.1.17 Suspicion of chronic thromboembolic pulmonary hypertension (CTEPH) 

For most patients, complete recanalisation of pulmonary arteries is achieved within a few 

months after acute PE. Therefore, routine follow-up imaging is not required.307 A minority of 

patients present with persistent organised thrombotic material, which may lead to CTEPH.1 

CTEPH is a rare but potentially life-threatening complication, with a cumulative incidence of 

0.79% at two years following acute PE, as reported from a Swiss prospective observational 

screening study.308 The hallmark of CTEPH is the organisation of thrombus into fibrotic tissue, 

resulting in mechanical obstruction of the affected pulmonary arteries. Subsequent processes 

include redistribution of blood flow, with overflow of unobstructed pulmonary arteries, as well 

as microvascular remodelling.309 In patients with suspected CTEPH due to persistent dyspnoea 

and/or functional limitation, diagnostic work-up should be initiated no earlier than after 

completion of at least three to six months of anticoagulant therapy, in order to differentiate from 

symptoms related to the acute event. The first recommended diagnostic step is TTE. However 

the diagnosis of CTEPH finally requires a V/Q scan showing mismatched perfusion filling 

defects, followed by a right heart catheterisation examination measuring an elevated PAP of 

>25 mmHg and a pulmonary arterial wedge pressure of ≤15 mmHg. In patients without 

pulmonary haemodynamic abnormalities required for a diagnosis of CTEPH, chronic 
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thromboembolic disease (CTED) may be considered, if other causes of exercise limitation have 

been excluded.310 All patients with suspected CTEPH in whom mismatched perfusion defects 

have been confirmed should be referred to an expert center for further diagnostic work-up and 

evaluation of specific treatment options, including pharmacological, surgical, or endovascular 

therapies. Notably, all patients with CTEPH require basic medical management by use of 

lifelong anticoagulation with VKAs.1  

 

1.2 Venous thromboembolism (VTE) in overweight and obesity 

1.2.1 2016 guidance from the Scientific and Standardization Committee (SSC) of the 

International Society on Thrombosis and Haemostasis (ISTH) 

In 2016, the SSC of the ISTH published a guidance document on the use of DOACs in obese 

patients, reviewing available evidence from clinical outcome studies as well as pharmacokinetic 

(PK) and pharmacodynamic (PD) data regarding safety and efficacy. This guidance considered 

not only data from VTE studies, but also evidence from studies evaluating DOAC therapy for 

stroke prevention in patients with AF. BMI-based stratification is available only in a minority 

of the included phase III trials, and outcomes for patients with a BMI ≥40 kg/m² have not been 

analysed separately. Furthermore, cross-study comparisons are limited by the heterogeneity in 

the applied weight and BMI cut-offs.311 Table 7 provides an overview of phase III trials 

evaluating DOACs in patients with VTE, and additionally reports the proportion of patients 

with overweight and obesity included in these studies. Notably, no large RCTs have specifically 

evaluated safety and efficacy outcomes of DOACs in obese patients, and the proportion of 

patients with overweight and obesity included in phase III trials was relatively low.  

Phase III trial data including available weight-based analyses demonstrate comparable efficacy 

for DOACs and VKAs in preventing either VTE recurrence or stroke in AF patients.311 Taking 

a closer look, pooled analyses in obese patients with VTE demonstrate comparable efficacy of 

VKAs and DOACs, both when defined by body weight (including data from RECOVER II160, 

EINSTEIN-DVT162, EINSTEIN-PE165, AMPLIFY172, and HOKUSAI-VTE164) and when 

defined by BMI (including data from RECOVER II160, EINSTEIN-PE165, and AMPLIFY172), 

with no relevant differences in relative risk observed between the treatment groups. When 

comparing primary efficacy in obese versus normal-weight patients defined by body weight in 
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VTE trials (including data from RECOVER II160, EINSTEIN-DVT162, EINSTEIN-PE165, 

AMPLIFY172, and Hokusai-VTE164), the relative risk ratio was in favour of normal-weight 

patients, suggesting a modest advantage for this group. However, this difference was not 

statistically significant (RR 1.28, 95% confidence interval [CI] 0.98–1.67), and the overall trend 

was largely driven by the results of RECOVER II (RR 2.04, 95% CI 1.20–3.51), in which 

patients weighing >100 kg were at higher risk for primary efficacy outcomes compared with 

those weighing 50–100 kg.311 

 

Drug Trial Weight category Obese patients  

Dabigatran RE-COVER I161 ≥100 kg 

BMI ≥35 kg/m² 

502/2,539 (20%) 

306/2,539 (12%) 

RE-COVER II160 ≥100 kg 

BMI ≥35 kg/m² 

438/1,280 (34.2%) 

302/1,280 (23.6%) 

Rivaroxaban EINSTEIN DVT162 >100 kg 245/1,731 (14.2%) 

EINSTEIN PE165 >100 kg 345/2,419 (14.3%) 

Apixaban AMPLIFY172 ≥100 kg 

BMI >35 kg/m² 

522/2,691 (19.4%) 

349/2,691 (13.0%) 

Edoxaban HOKUSAI VTE164 >100 kg 611/4,118 (14.8%) 

Table 7: Representation of patients with overweight and obesity in major DOAC phase III trials  
BMI = body-mass index; DOACs = direct oral anticoagulants; VTE = venous thromboembolism 
 

Regarding safety, subgroup analyses by body weight are available for most phase III VTE trials 

(AMPLIFY172, EINSTEIN-DVT162, EINSTEIN-PE165, HOKUSAI-VTE164). All of the 

aforementioned trials reported a composite safety outcome of major bleeding and CRNMB, 

except for the AMPLIFY trial, which reported only major bleeding. Regarding primary safety, 

the overall relative risk in obese VTE patients (including data from EINSTEIN-PE165, 

EINSTEIN-DVT162, and HOKUSAI-VTE164) indicated comparable safety of DOACs and 

VKAs when stratified by body weight. Notably, the AMPLIFY trial demonstrated significantly 

reduced rates of major bleeding in patients with a BMI >35 kg/m² when treated with DOACs 

compared with VKAs.172  
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Taking a closer look on data from EINSTEIN DVT and EINSTEIN PE trials, a subgroup 

analysis revealed no association between body weight or BMI and VTE-recurrence or bleeding 

(major bleeding as well as clinically relevant bleeding).312   

Regarding PK/PD, a subgroup analysis of the RE-LY study, which evaluated dabigatran versus 

VKAs in patients with AF, demonstrated lower dabigatran trough concentrations in patients 

with a body weight >100 kg compared with those weighing 50–100 kg. Furthermore, an inverse 

relationship was observed between trough concentration levels and ischaemic events, but 

logistic regression did not determine weight as a significant covariate for stroke.313 For 

apixaban, PK data from a study in healthy volunteers demonstrated a 31% reduction in mean 

peak concentrations and a 23% decrease in drug exposure, alongside a 24% increase in volume 

of distribution in participants weighing >120 kg and with a BMI ≥30 kg/m² compared with a 

reference weight group.314 In contrast to the PK data reported for apixaban, comparable peak 

plasma concentrations were observed for rivaroxaban in healthy volunteers with a body weight 

>120 kg and those weighing 70–80 kg.315 A second study, based on pooled data from patients 

with acute DVT, likewise found no significant effect of body weight on the maximum plasma 

concentrations of rivaroxaban.316 

1.2.1.1 Summary of guidance recommendations 

Taken together, the available evidence led the SSC/ISTH to recommend against the use of 

DOACs in patients with a BMI >40 kg/m² or a body weight >120 kg. Alternatively, if DOACs 

are used in patients at extremes of body weight, measurement of drug-specific trough and peak 

levels may be considered. Recommended laboratory assessments include anti-F.Xa activity for 

the F.Xa inhibitors apixaban, rivaroxaban, and edoxaban, and either ecarin clotting time (ECT) 

or diluted thrombin time (dTT) for the direct thrombin inhibitor dabigatran. Alternatively, direct 

quantification of DOAC plasma levels can be used for any DOAC. If measured levels are below 

the expected therapeutic range, the SSC/ISTH recommends switching from a DOAC to a VKA 

rather than adjusting dose.311 

1.2.2 2021 guidance from the Scientific and Standardization Committee (SSC) of the 

International Society on Thrombosis and Haemostasis (ISTH) 

An updated communication from the ISTH Subcommittee on Control of Anticoagulation was 

published in 2021, providing guidance on the use of DOACs in patients with VTE and obesity, 
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based on available evidence from phase III and phase IV trials, meta-analyses, as well as PK/PD 

studies.317  

For apixaban, although no post hoc analyses from the phase III AMPLIFY trial are available, 

data from a small, single-center retrospective study indicate comparable rates of VTE 

recurrence and major bleeding with apixaban and VKAs in patients with a BMI ≥40 kg/m² and 

even in more extreme obesity (BMI ≥50 kg/m²). Notably, the sample size in the subgroup of 

patients with a BMI ≥50 kg/m²was very limited (10 patients on apixaban and 52 patients on 

VKAs). Rivaroxaban was also evaluated in this retrospective analysis and showed comparable 

safety and efficacy to VKAs in patients with a BMI ≥40 kg/m². For patients with a BMI ≥50 

kg/m², data from 30 individuals treated with rivaroxaban similarly demonstrated no significant 

difference in VTE recurrence compared with those receiving VKAs.318 A second analysis 

providing data for this 2021 SSC/ISTH guidance reports lower rates of VTE recurrence and 

major bleedings for apixaban than achieved with VKAs in patients with a BMI ≥40 kg/m². Of 

note, this observational data derived from medical healthcare databases in the United States, 

and all outcome events as well as the categorisation for obesity were based on the presence of 

International Statistical Classification of Diseases and Related Health Problems (ICD) codes 

for inpatients only.319  

For rivaroxaban, evidence considered in this guidance derives from a phase III post hoc analysis 

and from several observational and retrospective studies. The post hoc analysis of the 

EINSTEIN-DVT and EINSTEIN-PE trials included a substantial cohort of 861 patients with a 

BMI ≥35 kg/m² and showed no significant differences in rates of recurrent VTE or major 

bleeding over a follow-up period of up to 12 months compared with VKAs. Stratified analyses 

by body weight similarly demonstrated comparable VTE recurrence rates between the two 

treatment groups in patients weighing ≥120 to <140 kg and ≥140 kg. Notably, these post hoc 

data from the EINSTEIN program had already been considered in the 2016 SSC/ISTH 

guidance.312 Some more data derive from observational and retrospective studies and, in 

summary, demonstrate at least comparable efficacy and safety with rivaroxaban as with VKAs 

in obese patients.320,321 

Additional evidence from pooled analyses demonstrates comparable rates of safety and efficacy 

outcomes with DOACs in comparison with VKAs across different weight and BMI 
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categories.322-327 However, neither phase III nor phase IV studies provide data on the use of 

edoxaban or dabigatran in VTE patients with a BMI >35 kg/m² or a body weight >120 kg. 

Regarding  PK/PD studies, a trial comparing two weight-based groups (body weight ≤120 kg 

with a mean BMI of 31 kg/m², versus body weight >120 kg with a mean BMI of 49 kg/m²) in 

patients predominantly receiving apixaban for AF showed significantly lower anti-F.Xa levels 

in the >120 kg group at two hours after anticoagulant intake, but anti-F.Xa levels did not differ 

significantly between groups at four hours post-dose.328 Furthermore, a cohort study by Martin 

et al. including patients with a body weight ≥120 kg evaluated anticoagulant therapy with both 

apixaban and rivaroxaban in individuals treated for either VTE or AF. In this analysis, apixaban 

concentrations were within the expected therapeutic range in all patients for peak measurements 

and in 16 of 18 patients (89%) for trough measurements. For rivaroxaban, only 26 of 58 peak 

level measurements (45%) fell within the expected therapeutic range, but all trough level 

measurements were within the anticipated therapeutic window.329 Further studies on 

rivaroxaban in patients weighing >120 kg demonstrated peak plasma concentrations 

comparable to those observed in reference weight groups.315,330 Additional evidence indicates 

that both body weight and BMI have only a minor influence on the pharmacokinetics of 

rivaroxaban.316,331-333 PK/PD data on the use of dabigatran in overweight and obese patients are 

very limited, comprising only peak level measurements from 10 patients with a body weight 

>120 kg, of whom one-fifth had peak concentrations below the expected on-therapy range.334  

1.2.2.1 Summary of guidance recommendations 

The updated practical guidance statements are consistent with the 2016 recommendation 

regarding the use of DOACs in patients with a BMI up to 40 kg/m² or a body weight up to 120 

kg. For patients exceeding these thresholds, the SSC/ISTH suggests the use of standard doses 

of apixaban and rivaroxaban irrespective of weight and BMI, while acknowledging the limited 

evidence for extremes of body weight (BMI ≥50 kg/m² and bodyweight >150 kg). Given the 

lack of convincing evidence for dabigatran and insufficient data for edoxaban, the use of these 

agents is not recommended in patients with a BMI >40 kg/m² or a body weight >120 kg. 

Furthermore, the SSC/ISTH advises against routine measurement of peak and trough DOAC 

plasma levels even in patients with severe obesity, due to insufficient evidence regarding the 

impact of these findings on treatment decisions, as well as the lack of established correlations 

between on-treatment plasma levels and clinical outcomes.317  
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1.2.3 2023 Expert Consensus Panel recommendations 

The 2021 ISTH SSC guidance indicates that both apixaban and rivaroxaban are appropriate for 

the treatment of VTE irrespective of BMI or body weight. Since then, however, additional 

evidence has become available. In light of these data, an expert panel published updated 

recommendations and concluded that apixaban and rivaroxaban are both suitable first-line 

options for treatment of VTE in severely obese patients. The panel further agreed that no 

preference can be stated for one agent over the other. Of particular relevance to these 

recommendations are several published systematic reviews and meta-analyses evaluating the 

safety and efficacy of DOACs compared with other anticoagulants in severely obese patients 

with VTE.335  

A systematic review and meta-analysis by Mai et al.336 included 21 studies with a total of 50,360 

patients, of whom 16,150 had a BMI ≥30 kg/m² and 6,443 had a BM I≥40 kg/m². VTE 

recurrence rates were similar with DOACs compared with non-DOAC anticoagulants (VKAs, 

LMWH) in obesity (RR 1.03; 95% CI 0.93–1.15; p = 0.55) and even in morbid obesity (RR 

1.06; 95% CI 0.94–1.19; p = 0.35). Moreover, DOACs were associated with a reduced risk of 

major bleeding in patients with obesity (RR 0.57; 95% CI 0.34–0.94; p = 0.03) and in those 

with morbid obesity (RR 0.71; 95% CI 0.50–1.00; p = 0.05). Notably, the majority of patients 

received rivaroxaban, followed by apixaban, with smaller proportions treated with dabigatran 

and edoxaban.336 A smaller comparative analysis including five studies with a total of 3,207 

patients demonstrated similar efficacy in terms of VTE recurrence between DOACs and 

VKAs/LMWH (2.96% versus 2.54%; OR 1.17, 95% CI 0.87–1.59; p = 0.30). Major bleeding 

events were less frequent with DOACs than with VKAs or LMWH, but this difference did not 

reach statistical significance (1.89% versus 2.54%; OR 0.74, 95 %CI 0.53–1.03; p = 0.08).337 

Lastly, an analysis by Elshafei et al.323 including five retrospective studies in morbidly obese 

patients (BMI ≥40 kg/m² or body weight >120 kg), which – except for one – overlapped with 

the studies included in the analysis by Katel et al.337, similarly demonstrated non-inferiority of 

DOACs. This was shown for the primary efficacy outcome of recurrent VTE (OR 1.07; 95% 

CI 0.93–1.23) as well as for the primary safety outcome of major bleeding (OR 0.80; 95% CI 

0.54–1.17).323 
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2 Methods  

2.1 Aim of the study 

According to the World Health Organization (WHO), the definitions for overweight and obesity 

are based on the BMI, with thresholds of ≥25 kg/m² for overweight and ≥30 kg/m² for obesity, 

respectively.29 Although the BMI is intended to classify body fat accumulation, it does not 

assess body composition and therefore cannot distinguish between FM and FFM. The 

determination of body composition presents an alternative approach to the traditional BMI 

classification to unmask patients with overweight and obesity, but is not broadly used. While 

substantial variability in the distribution of FM and FFM exists even among patients with 

normal BMI, this variability is anticipated to be markedly greater in the context of obesity. The 

Lancet Diabetes and Endocrinology Commission recently published a novel concept for the 

definition and diagnosis of obesity, recommending to confirm obesity by direct measurement 

of body fat or by collecting anthropometric parameters such as the waist circumference or the 

waist-to-hip ratio (WHR) in addition to BMI.338 Despite robust evidence supporting the safety 

and efficacy of DOACs in VTE, existing data in obese populations are largely limited to 

stratification by BMI or total body weight, while body composition has not been assessed in 

the available studies. The prevalence of overweight and obesity continues to rise, and concerns 

persist regarding anticoagulant management with fixed-dose DOACs due to potential 

alterations in pharmacokinetics and pharmacodynamics, particularly in patients with severe 

obesity.29,339-341 

The aim of the BIARIVA study presented in this thesis was to investigate the potential 

association between body composition parameters and coagulation monitoring parameters in 

VTE patients who receive anticoagulant treatment with oral F.Xa inhibitors rivaroxaban or 

edoxaban.  

2.2 Study design  

The BIARIVA prospective, single-center, cross-sectional pilot study was conducted at the 

Medical University of Graz (Division of Angiology and Lipid Clinic, Department of Internal 

Medicine). Patient recruitment was performed between November 2018 and January 2020. All 

patients were under pre-existing medical care for their anticoagulant therapy at the Division of 
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Angiology. The study was conducted in accordance with the ethical principles of the 

Declaration of Helsinki and all applicable amendments laid down by the World Medical 

Assemblies and the International Conference of Harmonization Guidelines for good clinical 

practice. The study protocol was approved by the Ethics Committee of the Medical University 

of Graz (29-440 ex 16/17). All study participants provided written informed consent prior to 

participation. 

2.2.1 Study inclusion criteria 

The BIARIVA study enroled adult patients (≥18 years) who were suitable for bioimpedance 

measurements. Patients were treated with rivaroxaban or edoxaban based on a clinical decision 

that was made prior to the study visit and independent of the participation in the BIARIVA 

study. All patients were required to meet the criteria for full-dose anticoagulant treatment, 

which is corresponding to edoxaban 60 mg od or rivaroxaban 20 mg od. Inclusion of patients 

on a reduced dose was permitted only in case of a dose reduction to edoxaban 30 mg due to 

body weight <60 kg. Patients eligible for participation in the BIARIVA study were selected 

based on the outpatient clinic’s documentary system. For study inclusion, patients were 

required to fit into one of three predefined BMI groups: normal weight - group I: BMI = 18–25 

kg/m², moderate obesity - group II: BMI = 30–35 kg/m², and severe obesity - group III: BMI = 

>35 kg/m². Designed as a pilot study, each BMI group was planned to require 10 patients for 

each substance, totaling a minimum of 60 patients.  

2.2.2 Endpoints 

The primary endpoint in the BIARIVA study was the association between body composition 

parameters and coagulation monitoring parameters in patients on therapeutic-dose 

anticoagulant treatment with rivaroxaban or edoxaban, assessed by correlation analysis. To 

account for potential confounders including age, sex, and renal function, an exploratory 

sensitivity analysis was performed employing multivariable linear regression.  

2.2.3 Study visits 

All enroled patients completed one study visit at the outpatient clinic comprising 1.) two blood 

draws, 2.) measurement of anthropometric parameters and 3.) measurement of body 

composition. The observational period for each participant was approximately four hours. The 

first blood draw was taken in fasting condition and included routine laboratory parameters and 

specific coagulation monitoring parameters for determining trough levels of the respective 
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anticoagulant, rivaroxaban or edoxaban. Patients were instructed to have their last anticoagulant 

dose approximately 24 hours prior to the study visit to provide valid measurement of trough 

levels. The second blood draw was conducted at least two and at a maximum of three hours 

after intake of the respective substance to determine specific peak coagulation parameters. All 

rivaroxaban patients were instructed for intake of their medication with food as recommended 

for proper use following the official drug information.342 Figure 5 provides a graphical 

summary of the design of the BIARIVA study. 

 

 
Figure 5. Design of the BIARIVA study 
 

2.3 Coagulation measurements 

Specific coagulation measurements included anti-F.Xa levels and direct plasma concentration 

levels for rivaroxaban, and anti-F.Xa levels for edoxaban. Venous blood samples for 

coagulation measurement were collected in Vacuette tubes of 3.5 mL volume (Greiner Bio-

One, Kremsmünster, Austria) containing 3.8 %-trisodium citrate. Samples were centrifuged at 

room temperature for 10 minutes and then stored at -20 °C until analysis. Anti-F.Xa levels 

calibrated for LMWH were obtained from all patients by use of the BIOPHEN Heparin LRT 

reagent (HYPHEN BioMed, Neuilly-sur Oise, France) on the automated Atellica COAG 360 

coagulation analyser system (Siemens Healthineers, Marburg, Germany). For rivaroxaban, 

plasma concentration levels were directly measured on the automated Atellica COAG 360 

analyser (Siemens Healthineers, Marburg, Germany). For edoxaban, plasma concentration 

levels were calculated based on LMWH-calibrated anti-F.Xa levels following calibration with 
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the BIOPHEN edoxaban calibrator (HYPHEN Biomed, Neuilly-sur Oise, France). The formula 

for the calculation of edoxaban plasma concentration levels was as follows:  

anti-F.Xa level edoxaban (U/mL) x 148 = plasma concentration level edoxaban (ng/mL) 

In addition, the increase in anticoagulant activity, which was defined as the absolute difference 

between trough and peak levels, was assessed for both anti-F.Xa levels and plasma 

concentration levels and expressed as Δ.   

2.3.1 Plasma concentration levels 

Plasma concentration trough and peak levels obtained in the BIARIVA study were compared 

with expected therapeutic ranges for patients on anticoagulant treatment for VTE as available 

from a 2021 Update of the International Council for Standardization in Haematology by 

Douxfils et al.179 The expected range for trough plasma levels was 32 (6–239) ng/mL for 

rivaroxaban 20 mg od, 19 (10–39) ng/mL for full-dose edoxaban (60 mg od), and 16 (8–32) 

ng/mL for reduced-dose edoxaban (30 mg od in patients with <60 kg body weight). For peak 

levels, the expected ranges were 215 (22–535) ng/mL for rivaroxaban 20 mg od, 234 (149–317) 

ng/mL for full-dose edoxaban (60 mg od), and 164 (99–225) ng/mL for reduced edoxaban (30 

mg od in patients with <60 kg body weight). These expected concentrations correspond to the 

mean (10th–90th percentile) for rivaroxaban and the median (interquartile range [IQR]) for 

edoxaban.179 

2.4 Anthropometric measurements 

All participants were weighted in light clothing, without shoes and with an empty bladder on 

an electronic scale (Seca mBCA 515, Seca GmbH, Hamburg, Germany). The height was 

measured barefoot using the Seca 360° length measuring device (Seca 274, Seca GmbH, 

Hamburg, Germany). Weight and height were recorded to the nearest 0.05 kg and 0.1 cm, 

respectively.  

Hip and waist measurements were performed according to the WHO guidelines.343 Both 

measurements were taken to the nearest 0.5 cm by use of a flexible tape (Seca GmbH, Hamburg, 

Germany). To analyse the risk of obesity-related illness due to abdominal fat accumulation, the 

current waist circumference cut-off points for Caucasians were used (cut-off values for 

increased risk: ≥80 cm in females, ≥94 cm in males; cut-off values for substantially increased 
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risk for obesity-related illness: ≥88 cm in females, ≥102 cm in males). The WHR was calculated 

to further differentiate fat distribution. Established cut-offs that are associated with an increased 

risk were applied (ratios of ≥0.85 for females and ≥0.90 for males).343 

2.4.1 Body mass index (BMI) 

The BMI of each participant was calculated as the ratio between the measured body weight (kg) 

and the square of the body height (m). Based on the calculated BMI, the participants were 

assigned to three BMI categories: normal weight - group I: BMI 18–25 kg/m2, moderate obesity 

- group II: BMI 30–35 kg/m2, severe obesity - group III: BMI >35 kg/m2. 

2.5 Body composition measurement 

Two different bioimpedance analysis (BIA) methods, the medical body composition analyser 

Seca mBCA 515 (method 1; Seca GmbH, Hamburg, Germany) and the BIACorpus RX4000 

(method 2; MEDI CAL HealthCare GmbH, Karlsruhe, Germany), were used to provide an 

accurate and reliable estimation of body composition. The Seca mBCA 515 device enables a 

tetrapolar measurement in an upright position, whereas the BIACorpus RX4000 device is used 

for bipolar measurements in a supine position. Both devices were used according to the 

manufactures’ manual.344,345 FFM and FM were automatically calculated using the Seca 

analytics 115 PC software and the bodycomposition V9 software. Body composition measures 

of FM and FFM are expressed as a percentage (%) and as an absolute measure in kg.   

2.6 Statistical analysis 

Data are given as median and IQR for continuous data, and as a frequency for categorical data. 

With regard to the primary endpoint, associations between body composition and coagulation 

parameters were investigated by correlation analyses. Pearson’s correlation coefficient (r) or 

Spearman’s rank correlation coefficient (rs) were used as appropriate. Correlation coefficients 

are presented with a 95% CI. The magnitude of correlation coefficients is defined as poor <|0.3|, 

fair |0.3| to |0.5|, moderately strong |0.6| to |0.8| and very strong >|0.8|.346 An additional 

multivariable linear regression analysis was performed as an exploratory sensitivity analysis. 

Potential confounders included in this sensitivity analysis were age, sex and creatinine. 

Regression coefficients (β) are presented with a 95% CI. Differences in bioimpedance measures 

evolving from the two different BIA methods were analysed using t-Test or Mann Whitney U-
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Test within BMI groups. Differences in measures between BMI categories for each substance 

were analysed by Kruskal-Wallis test or ANOVA as appropriate (for post hoc pairwise 

comparison Bonferroni adjustment was used). The decision for parametric or non-parametric 

analysis was based on visual inspections of Q-Q plots and statistical tests (Shapiro-Wilk test). 

A p-value less than 5% was considered as statistically significant. Data analysis was performed 

with IBM SPSS Statistics (IBM Corporation, Armonk, NY, USA). 

 

3 Results 

Eighty patients were enrolled in the BIARIVA study, among them 41 with rivaroxaban 

treatment and 39 with edoxaban treatment. Seven patients did not meet the predefined BMI 

categories and were not included for the final statistical analysis (four patients of the 

rivaroxaban group and three patients of the edoxaban group). Two patients were excluded 

because of errors with body composition measurements (one patient in each study group). 

Finally, 71 patients were considered for the analysis, with 36 patients in the rivaroxaban group 

and 35 patients in the edoxaban group. All patients in the rivaroxaban group received full-dose 

treatment (20 mg od).  In the edoxaban group, 31 patients received full-dose treatment (60 mg 

od), and four patients received a reduced-dose (30 mg od) because of a body weight below 60 

kg. 

The median age was 49.5 (33.7–61.9) in the rivaroxaban group and 58.0 (43.5–67.0) in the 

edoxaban group. Female patients accounted for 50.0% and 45.7% of the rivaroxaban and 

edoxaban groups, respectively.The median BMI was 33.0 (23.5–37.8) kg/m² in rivaroxaban 

patients and 33.7 (22.9–36.5) kg/m² in edoxaban patients. Isolated DVT was the most common 

indication for anticoagulant treatment in the rivaroxaban group (n = 14/36, 38.9%), whereas 

patients in the edoxaban group most frequently had a history of combined DVT and PE (n = 

18/35, 51.4%). Patient characteristics are presented in Table 8.  

3.1 Rivaroxaban 

3.1.1 Characteristics of the rivaroxaban study population 

From the 36 patients on full-dose anticoagulant treatment with rivaroxaban 20 mg od that were 

finally analysed, 10 (27.8%) were assigned to BMI group I, 12 (33.3%) to BMI group II, and 
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14 (38.9%) to BMI group III. The median BMI was 21.0 (18.6–22.7) kg/m² in BMI group I, 

31.9 (31.1–33.6) kg/m² in BMI group II and 39.2 (36.9–40.9) kg/m² in BMI group III. The 

distribution of BMI across the three groups is shown in Figure 6. 

3.1.1.1 Age 

Within BMI categories, the median age was 31.5 (22.8–50.2), 50.5 (42.8–73.9) and 56.0 (43.3–

65.5) in BMI groups I, II and III. Age distribution across BMI categories is shown in Figure 7. 

 

 Rivaroxaban (n = 36) Edoxaban (n = 35) 

BMI group I (18–25 kg/m²) n = 10/36 (27.8%) n = 11/35 (31.4%) 

BMI group II (30–35 kg/m²) n = 12/36 (33.3%) n = 10/35 (28.6%) 

BMI group III (>35 kg/m²) n = 14/36 (38.9%)  n = 14/35 (40.0%) 

BMI (kg/m2) 33.0 (23.5–37.8) 33.7 (22.9–36.5) 

Age (years) 49.5 (33.7–61.9) 58.0 (43.5–67.0) 

Female sex  n = 18/36 (50.0%) n = 16/35 (45.7%) 

Laboratory parameters   

    Haemoglobin (g/dL) 14.1 (13.3–15.7) 13.8 (13.3–15.0)  

     Platelet count (109/L) 227.5 (188.0–260.8) 243.0 (196.0–278.0) 

     WBC (109/L) 6.16 (4.89–7.16) 5.99 (5.29–7.53) 

Renal function   

     Creatinine (mg/dL) 0.83 (0.73–0.97) 0.92 (0.80–0.99)  

     GFR (mL/min) 92.4 (82.3–111.0) 82.3 (72.0–94.7) 

Event   

     PE n = 12/36 (33.3%) n = 10/35 (28.6%) 

     DVT n = 14/36 (38.9%) n = 7/35 (20.0%) 

     DVT + PE n = 10/36 (27.8%) n = 18/35 (51.4%)  

Recurrent VTE+ n = 8/36 (22.2%) n = 6/35 (17.1%) 

Family history for VTE n = 12/36 (33.3%) n = 11/35 (31.4%) 

VTE without any risk factor n = 5/36 (13.9%) n = 5/35 (14.3%) 

Table 8: Patient characteristics 
(Reproduced from Kurzmann-Guetl et al.347) 
Data are presented as frequency (%) or median (IQR) 
BMI = body mass index; DVT = deep vein thrombosis; GFR = glomerular filtration rate; IQR = 
interquartile range; PE = pulmonary embolism; VTE = venous thromboembolism; WBC = white blood 
cell count 
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Figure 6: The distribution of BMI in the rivaroxaban group 
BMI = body-mass index 

 

 

Figure 7: The distribution of age in the rivaroxaban group 
BMI = body-mass index 

 

3.1.1.2 Gender 

Female patients numbered eight of 10 (80.0%) in BMI group I, four of 12 (33.3%) in BMI 

group II, and six of 14 (42.9%) in BMI group III. 
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3.1.1.3 Renal function 

The median serum creatinine levels were 0.73 (0.70–0.90) mg/dL in BMI group I, 0.86 (0.64–

0.98) mg/dL in BMI group II and 0.92 (0.80–0.97) mg/dL in BMI group III.  The median GFR 

was 110.5 (83.0–118.1) mL/min in BMI group I, 94.1 (79.9–114.9) mL/min in BMI group II 

and 89.9 (78.6–99.4) mL/min in BMI group III. Neither serum creatinine (p = 0.16) nor GFR 

(p = 0.30) differed significantly across BMI categories. Notably, renal function parameters were 

unavailable for one patient in BMI group II due to difficulties with laboratory measurements. 

The distribution of renal function parameters among BMI categories is shown in Figure 8.  

 

 

Figure 8: The distribution of renal function parameters among BMI groups in rivaroxaban 
patients 
BMI = body-mass index; GFR = glomerular infiltration rate 

 

3.1.1.4 Events 

Among rivaroxaban patients, 14 of 36 (38.9%) discovered isolated DVT, 12 of 36 (33.3%) 

isolated PE, and 10 of 36 (27.8%) a combined event of DVT and PE. Recurrent VTE – defined 

as more than one documented VTE event in the medical history at the time of study inclusion 

– was documented in eight of 36 patients (22.2%). 

In BMI group I (n = 10), five patients were diagnosed with DVT, two with PE, and three with  

combined DVT and PE. Seven patients from BMI group I discovered a single event of VTE. 

Two patients were classified as having recurrent VTE. Among them, one patient had multiple 
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DVT events documented in the medical history and also superficial vein thrombosis. The 

recurrence status was unclear for one patient. 

For BMI group II (n = 12), two patients had DVT, five had PE, and five had combined DVT 

and PE. Seven patients discovered a single event of VTE, and three patients were classified as 

having recurrent VTE. Furthermore, two patients experienced additional thrombotic events 

involving superficial or muscle veins.  

In BMI group III (n = 14), seven patients had DVT, five had PE, and two had a combined event 

of DVT and PE. Notably, one patient assigned to the group with isolated PE also had an event 

of prior CVT in the medical history, and another patient with isolated DVT was additionally 

diagnosed with AF. Eleven of the 14 patients had a single event of VTE, with one of these 

patients having an additional event of superficial vein thrombosis, and the three remaining 

patients discovered more than one event of VTE.  

3.1.1.5 Risk factors  

Regarding VTE risk factors, intake of oral hormonal contraception was reported in six of the 

18 female patients in the rivaroxaban group, including four in BMI group I, and one each in 

BMI groups II and III. Notably, VTE was directly associated with hormonal contraceptive use 

only in two females, both belonging to BMI group I.  

The most common risk factor identified in the rivaroxaban group was thrombophilia, which 

was reported in 10 of 36 patients (27.8%). Thrombophilia was reported in seven patients from 

BMI group I, in one patient from BMI group II, and in two patients from BMI group III. In 

BMI group I, two patients had a combined thrombophilic disorder, one with 

methylenetetrahydrofolate reductase (MTHFR) mutation plus APS, and the other one with 

heterozygous FVL mutation in combination with protein S deficiency. Heterozygous FVL 

mutation was the most common thrombophilia across all BMI categories, observed in five of 

ten patients with documented thrombophilic disorders. Other thrombophilic disorders detected 

within the rivaroxaban group were MTHFR mutation (n = 4, three patients from BMI group I, 

and one patient from BMI group III), APS (n = 2, both patients from BMI group I), and protein 

S deficiency (n = 1, from BMI group I). Notably, diagnostics for thrombophilia were available 

from 28 of 36 patients (77.8%) in the rivaroxaban group, but were missing from four patients 

from BMI groups II and III, each.  
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Furthermore, eight patients described immobility as a risk factor with relevant contribution to 

the development of VTE, which is corresponding to 22.2% of patients in the rivaroxaban group. 

Immobility due to long-distance travel was found in three patients (one from each BMI 

category), and immobility due to acute illness was found in five patients (two from BMI group 

I, one from BMI group II, and two from BMI group III). VTE in a postoperative context was 

found in three patients (8.3%), all of them belonging to BMI group II.  

A single case of CAT was observed, occurring in a patient from BMI group II. 

Family history for VTE was positive in 12 of 36 patients (33.3%) of the rivaroxaban group, 

with six patients belonging to BMI group I, three to BMI group II, and three to BMI group III.  

VTE without any identifiable risk factor or risk situation was found in six of 36 patients 

(16.7%), with all of them belonging to BMI group III.   

3.1.1.6 Bleeding complications 

Bleeding complications were reported in 10 of 36 patients (27.8%) among the rivaroxaban 

group. Taking a closer look at the BMI categories, bleeding was reported from two patients in 

BMI group I, five patients from BMI group II, and three patients from BMI group III. Notably, 

all bleeding complications were classified minor (prolonged/increased menstrual bleeding: n = 

3, gingival bleeding: n = 3, skin bleeding/haematoma: n = 4, nosebleeds: n = 1). In detail, eight 

patients had bleeding at only one site, and two patients had two manifestations of bleeding (one 

each from BMI groups II and III). 

3.1.2 Coagulation measurements 

Coagulation measures comprising anti-F.Xa activity levels and plasma concentration levels at 

trough, at peak and also the calculated absolute anticoagulant increase from trough to peak for 

each BMI category are summarised in Table 9 and are graphically presented in Figure 9. No 

significant differences were found for coagulation measures between BMI groups (Bonferroni 

adjustment). 

  



 

70 
 

 Rivaroxaban  

BMI group I (18–25 kg/m2) n = 10 

Anti-F.Xa  

     Trough (U/mL) 0.39 (0.27–0.50) 

     Peak (U/mL) 2.75 (2.41–2.92) 

     Δ (U/mL) 2.35 (1.91–2.67) 

Plasma concentration  

     Trough (ng/mL)  23.4 (12.0–26.6) 

     Peak (ng/mL)  232.9 (207.0–291.7) 

     Δ (ng/mL)  212.0 (176.7–282.1) 

BMI group II (30–35 kg/m2) n = 12 

Anti-F.Xa  

     Trough (U/mL) 0.27 (0.13–0.36) 

     Peak (U/mL) 2.33 (1.80–2.70) 

     Δ (U/mL) 1.97 (1.58–2.45) 

Plasma concentration  

     Trough (ng/mL)  16.9 (6.5–30.5)   

     Peak (ng/mL)  176.3 (156.7–258.2) 

     Δ (ng/mL)  171.4 (132.4–229.2) 

BMI group III (>35 kg/m2) n = 14 

Anti-F.Xa  

     Trough (U/mL) 0.30 (0.17–0.73) 

     Peak (U/mL) 2.68 (2.30–2.92) 

     Δ (U/mL) 2.10 (1.61–2.63) 

Plasma concentration  

     Trough (ng/mL)  9.3 (5.0–50.4) 

     Peak (ng/mL)  244.9 (177.8–271.9) 

     Δ (ng/mL)  203.8 (150.3–239.8) 

Table 9: Coagulation measures for study participants assigned to BMI groups I–III on 
anticoagulant treatment with rivaroxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
Data are given as median (IQR) 
BMI = body mass index; anti-F.Xa = anti-factor Xa; IQR = interquartile range; Δ = calculated difference 
between trough and peak coagulation parameters (= increase in anticoagulant activity/plasma drug 
levels) 
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Figure 9: The distribution of plasma concentration and anti-F.Xa activity among BMI categories 
in the rivaroxaban group 
BMI = body-mass index; F. = factor 

 

3.1.2.1 Plasma drug concentration in relation to expected on-therapy ranges 

When expected on-therapy ranges were applied to the plasma drug concentration levels that 

were obtained within the BIARIVA study, trough levels from 10 of 36 patients (27.8%) were 

below the lower limit. Among these patients, one patient was assigned to BMI group I, three 
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patients to BMI group II and six to BMI group III. No single patient exceeded the expected 

range for trough levels. For plasma peak levels, all patients (100.0%) met the expected 

therapeutic range. Plasma concentration levels at trough and at peak in relation to the expected 

on-therapy ranges are shown in Figure 10. 

 

 
Figure 10: The distribution of plasma drug concentration levels at trough and at peak in 
patients receiving full-dose rivaroxaban (20 mg od) in relation to expected on-therapy ranges for 
the treatment of VTE 
(Reproduced from Kurzmann-Guetl et al.347) 
BMI = body-mass index; od = once daily; VTE = venous thromboembolism 

 

3.1.3 Anthropometric measurements 

The measures for waist circumference and WHR are presented in Table 10. The distribution of 

the WHR among BMI categories for males and females is shown in Figure 11.  

 

3.1.4 Body composition measurements 

Measures of FM and FFM obtained by Seca mBCA 515 (BIA method 1) and BIACorpus RX 

4000 (BIA method 2) for BMI categories are shown in Table 11. The distribution of FM and 

FFM among BMI categories is shown in Figure 12 for the Seca mBCA 515 device and in 

Figure 13 for the BIACorpus RX4000 device. Interestingly, FM was significantly different 

within each BMI category when comparing Seca mBCA 515 versus BIACorpus RX4000 

measures, with a significantly higher FM when using the Seca mBCA 515 system (p = 0.013 

for BMI group I, p = 0.002 for BMI group II, p = 0.002 for BMI group III).  In general, a higher 

BMI correlated with a higher body fatness with either measurement.  
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 Males Females 

BMI group I (18–25 kg/m2)  

Waist circumference (cm)  84.5 (82.0–87.0) 72.0 (65.8–76.8) 

Hip circumference   (cm) 92.8 (88.0–97.5) 87.0 (76.5–89.5) 

WHR 0.91 (0.89–0.93) 0.87 (0.78–0.92) 

BMI group II (30– 35 kg/m2)  

Waist circumference (cm) 117.3 (107.5–120.5) 101.5 (95.5–108.5) 

Hip circumference   (cm) 111.0 (107.0–112.5) 110.8 (108.0–113.8) 

WHR 1.05 (0.93–1.09) 0.91 (0.86–0.98) 

BMI group III (>35 kg/m2)  

Waist circumference (cm) 130.3 (129.5–132.0) 119.0 (106.5–128.0) 

Hip circumference   (cm) 124.5 (117.5–134.5) 130.5 (125.0–133.5) 

WHR 1.05 (0.9–1.08) 0.90 (0.85–0.93) 

Table 10: Waist and hip circumference and the WHR for male and female study participants 
assigned to BMI groups I–III on anticoagulant treatment with rivaroxaban 
Data are given as median (IQR) 
BMI = body mass index; IQR = interquartile range; WHR = waist to hip ratio 

 

 

Figure 11: The distribution of the WHR for males and females among BMI categories in the 
rivaroxaban group 
BMI = body-mass index; WHR = waist-to-hip ratio 
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 Rivaroxaban (n = 36) 

BMI group I (18–25 kg/m2) n = 10 

BMI (kg/m2) 21.0 (18.6–22.7) 

BIA method 1 (Seca mBCA 515)  

     FM (kg) 15.8 (13.6–17.4) 

     FFM (kg)  39.3 (37.8–43.9) 

BIA method 2 (BIACorpus RX4000)  

     FM 12.3 (9.7–15.0) 

     FFM 41.9 (40.3–45.3) 

ΔFM_method 1 versus method 2 (kg) 2.4 (1.7–2.9) 

ΔFM_method 1 versus method 2 (%) 4.3 (3.4–5.0) 

BMI group II (30–35 kg/m2) n = 12 

BMI (kg/m2) 31.9 (31.1–33.6) 

BIA method 1 (Seca mBCA 515)  

     FM (kg) 38.5 (32.9–43.4) 

     FFM (kg) 63.1 (52.7–71.8) 

BIA method 2 (BIACorpus RX4000)  

     FM (kg) 33.6 (30.2–39.2) 

     FFM (kg) 65.8 (55.9–78.6) 

ΔFM_method 1 versus method 2 (kg) 4.2 (2.4–6.0) 

ΔFM_method 1 versus method 2 (%) 4.4 (2.6–5.2) 

BMI group III (>35 kg/m2) n = 14 

BMI (kg/m2)  39.2 (36.9–40.9) 

BIA method 1 (Seca mBCA 515)  

     FM (kg) 53.6 (48.5–58.9) 

     FFM (kg) 73.7 (53.1–77.2) 

BIA method 2 (BIACorpus RX4000)  

     FM (kg) 46.8 (44.2–57.8) 

     FFM (kg) 80.8 (54.4–85.6) 

ΔFM_method 1 versus method 2 (kg) 5.0 (1.4–7.6) 

ΔFM_method 1 versus method 2 (%) 4.1 (1.2–6.0) 

Table 11: Bioimpedance measures for rivaroxaban patients assigned to BMI groups I–III  
(Reproduced from Kurzmann-Guetl et al.347) 
Data are given as median (IQR). 
BIA = bioimpedance analysis; BMI = body mass index; FM = fat mass; FFM = fat-free mass; IQR = 
interquartile range 
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Figure 12: The distribution of FM and FFM among BMI categories obtained with BIA method 1 
in the rivaroxaban group 
BIA = bioimpedance analysis; BMI = body mass-index; FFM = fat-free mass, FM = fat mass 
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Figure 13: The distribution of FM and FFM among BMI categories obtained with BIA method 2 
in the rivaroxaban group 
BIA = bioimpedance analysis; BMI = body mass-index; FFM = fat-free mass, FM = fat mass 

 

3.1.5 Primary endpoint analysis: correlation and regression analysis  

Body composition measures obtained by Seca mBCA 515 (BIA method 1) and BIACorpus RX 

4000 (BIA method 2) did not reveal any significant correlation with specific coagulation 

measures among patients receiving anticoagulant treatment with rivaroxaban. Correlation 

coefficients and their 95% CI are shown in Table 12 (seca mBCA 515 was used for body 

composition measurements) and Table 13 (BIACorpus RX4000 was used for body composition 

measurements). In addition to the primary correlation analysis, an exploratory multivariable 

linear regression analysis confounding for age, sex and renal function was conducted (Table 

14).  
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Rivaroxaban BIA method 1 (seca mBCA 515) 

FM (kg) FM (%) FFM (kg) FFM (%) 

Anti-F.Xa     
(trough; 
U/mL) 

rs (95% CI) 
-0.17 

(-0.48–0.17) 

-0.09 

(-0.42–0.25) 

-0.19 

(-0.49–0.16) 

0.09 

(-0.25–0.42) 

p-value 0.31 0.59 0.28 0.59 

Anti-F.Xa     
(peak; 
U/mL) 

rs (95% CI) 
-0.07 

(-0.40–0.28) 

-0.01 

(-0.35–0.33) 

-0.10 

(-0.43–0.24) 

0.01 

(-0.33–0.35) 

p-value 0.70 0.94 0.56 0.94 

Anti-F.Xa     
(Δ;  
U/mL) 

rs (95% CI) 
-0.09  

(-0.42–0.25) 

-0.03 

(-0.36–0.31) 

-0.13 

(-0.45–0.22) 

0.03 

(-0.31–0.36) 

p-value 0.59 0.88 0.45 0.88 

Plasmaconc.  
(trough; 
ng/mL) 

rs (95% CI) 
-0.12 

(-0.44–0.23) 

-0.04 

(-0.38–0.30) 

-0.10 

(-0.42–0.25) 

0.04 

(-0.30–0.38) 

p-value 0.49 0.80 0.58 0.80 

Plasmaconc.   
(peak; 
ng/mL) 

rs (95% CI) 
-0.05 

(-0.39–0.30) 

-0.01 

(-0.35–0.33) 

-0.12 

(-0.45–0.23) 

0.01 

(-0.33–0.35) 

p-value 0.76 0.95 0.49 0.95 

Plasmaconc.  
(Δ.; 
 ng/mL) 

rs (95% CI) 
-0.10 

(-0.43–0.25) 

-0.08 

(-0.41–0.27) 

-0.17 

(-0.48–0.19) 

0.08 

(-0.27–0.41) 

p-value 0.56 0.67 0.34 0.67 

Table 12: Correlations between coagulation measures and body composition parameters obtained 
with BIA method 1 in patients on anticoagulant treatment with rivaroxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
Data are presented as correlation coefficients with a 95% CI and p-values for their significance levels 
BIA = bioimpedance analysis; CI = confidence interval; FM = fat mass; FFM = fat-free mass; Δ = 
calculated difference between trough and peak coagulation parameters (= increase in anticoagulant 
activity/plasma drug levels) 
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Rivaroxaban BIA method 2 (BIACorpus RX4000) 

FM (kg) FM (%) FFM (kg) FFM (%) 

Anti-F.Xa       
(trough;  
U/mL) 

rs (95% CI) 
-0.25 

(-0.54–0.10) 

-0.20 

(-0.50–0.1) 

-0.14 

(-0.45–0.21) 

0.20 

(-0.15–0.50) 

p-value 0.15 0.25 0.43 0.25 

Anti-F.Xa       
(peak;  
U/mL) 

rs (95% CI) 
-0.13 

(-0.45–0.22) 

-0.16 

(-0.47–0.19) 

-0.10 

(-0.43–0.24) 

0.16 

(-0.19–0.47) 

p-value 0.44 0.37 0.55 0.37 

Anti-F.Xa     
(Δ;  
U/mL) 

rs (95% CI) 
-0.14 

(-0.46–0.21) 

-0.15 

(-0.46–0.20) 

-0.16 

(-0.47–0.19) 

0.15 

(-0.20–0.46) 

p-value 0.42 0.40 0.35 0.40 

Plasmaconc.  
(trough; 
ng/mL) 

rs (95% CI) 
-0.19 

(-0.49–0.16) 

-0.12 

(-0.44–0.23) 

-0.05 

(-0.38–0.30) 

0.12 

(-0.23–0.44) 

p-value 0.28 0.50 0.78 0.50 

Plasmaconc.   
(peak;  
ng/mL) 

rs (95% CI) 
-0.12 

(-0.44–0.23) 

-0.14 

(-0.46–0.21) 

-0.11 

(-0.43–0.25) 

0.14 

(-0.21–0.46) 

p-value 0.50 0.42 0.55 0.42 

Plasmaconc.  
(Δ.;  
ng/mL) 

rs (95% CI) 
-0.15 

(-0.47–0.20) 

-0.18 

(-0.49–0.17) 

-0.18 

(-0.49–0.18) 

0.18 

(-0.17–0.49) 

p-value 0.39 0.30 0.31 0.30 

Table 13: Correlations between blood coagulation measures and body composition parameters 
obtained with BIA method 2 in patients on anticoagulant treatment with rivaroxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
Data are presented as correlation coefficients with a 95% CI and p-values for their significance levels 
BIA = bioimpedance analysis; FM = fat mass; FFM = fat-free mass; Δ = calculated difference between 
trough and peak coagulation parameters (= increase in anticoagulant activity/plasma drug levels) 
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Rivaroxaban Predictor  
BIA method 1 

(Seca mBCA 515) 

BIA method 2 

(BIACorpus RX4000) 

Anti-F.Xa  
(trough; U/mL) 

FM, kg 
p-value 

β (95% CI)
0.76 

-0.001 (-0.009–0.007) 
0.64 

-0.002 (-0.009–0.006) 

FM, % 
p-value 

β (95% CI)
0.87 

0.001 (-0.013–0.016) 
0.87 

-0.001 (-0.013–0.012) 

FFM, kg 
p-value 

β (95% CI)
0.35 

-0.006 (-0.02–0.007) 
0.55 

-0.004 (-0.017–0.009) 

FFM, % 
p-value 

β (95% CI)
0.87 

-0.001 (-0.016–0.013) 
0.87 

0.001 (-0.012–0.013) 

Anti-F.Xa  
(peak; U/mL) 

FM, kg 
p-value 

β (95% CI)
0.30 

-0.01 (-0.028–0.009) 
0.20 

-0.012 (-0.03–0.006) 

FM, % 
p-value 

β (95% CI)
0.88 

-0.003 (-0.038–0.033) 
0.24 

-0.017 (-0.047–0.012) 

FFM, kg 
p-value 

β (95% CI)
0.03* 

-0.034 (-0.065–-0.003) 
0.13 

-0.023 (-0.054–0.007) 

FFM, % 
p-value 

β (95% CI)
0.80 

0.003 (-0.033–0.038) 
0.24 

0.017 (-0.012–0.047) 

Anti-F.Xa   
(Δ; U/mL) 

FM, kg 
p-value 

β (95% CI)
0.31 

-0.008 (-0.025–0.008) 
0.22 

-0.01 (-0.026–0.006) 

FM, % 
p-value 

β (95% CI)
0.80 

-0.004 (-0.035–0.027) 
0.22 

-0.016 (-0.042–0.01) 

FFM, kg 
p-value 

β (95% CI)
0.05 

-0.028 (-0.056–0.0) 
0.15 

-0.019 (-0.047–0.008) 

FFM, % 
p-value 

β (95% CI)
0.80 

0.004 (-0.027–0.035) 
0.22 

0.016 (-0.01–0.042) 

Plasmaconc.  
(trough; ng/mL) 

FM, kg 
p-value 

β (95% CI)
0.74 

-0.11 (-0.82–0.59) 
0.66 

-0.15 (-0.85–0.54) 

FM, % 
p-value 

β (95% CI)
0.84 

0.14 (-1.18–1.45) 
0.99 

-0.009 (-1.14–1.12) 

FFM, kg 
p-value 

β (95% CI)
0.33 

-0.60 (-1.84–0.65) 
0.48 

-0.41 (-1.58–0.76) 

FFM, % 
p-value 

β (95% CI)
0.84 

-0.14 (-1.45–1.18) 
0.99 

0.009 (-1.12–1.14) 
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Rivaroxaban Predictor  
BIA method 1 

(Seca mBCA 515) 

BIA method 2 

(BIACorpus RX4000) 

Plasmaconc.  
(peak; ng/mL) 

FM, kg 
p-value 

β (95% CI)
0.27 

-0.90 (-2.53–0.73) 
0.19 

-1.05 (-2.65–0.55) 

FM, % 
p-value 

β (95% CI)
0.67 

-0.65 (-3.75–2.45) 
0.24 

-1.53 (-4.13–1.07) 

FFM, kg 
p-value 

β (95% CI)
0.07 

-2.61 (-5.43–0.21) 
0.18 

-1.82 (-4.54–0.90) 

FFM, % 
p-value 

β (95% CI)
0.67 

0.65 (-2.45–3.75) 
0.24 

1.53 (-1.07–4.13) 

Plasmaconc.  

(Δ.; ng/mL) 

FM, kg 
p-value 

β (95% CI)
0.29 

-0.79 (-2.27–0.70) 
0.22 

-0.90 (-2.36–0.56) 

FM, % 
p-value 

β (95% CI)
0.57 

-0.78 (-3.6–2.03) 
0.20 

-1.52 (-3.88–0.83) 

FFM, kg 
p-value 

β (95% CI)
0.13 

-2.01 (-4.62–0.60) 
0.26 

-1.41 (-3.90–1.08) 

FFM, % 
p-value 

β (95% CI)
0.57 

0.78 (-2.031–3.60) 
0.20 

1.52 (-0.83–3.88) 

Table 14: Multivariable linear regression analysis confounding for age, sex and renal function in 
patients on anticoagulant treatment with rivaroxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
P-values for predictors and regression coefficients (β) with a 95% CI are shown 
BIA = bioimpedance analysis; conc. = concentration; F. = factor; FFM = fat-free mass; FM = fat mass; 
Δ = calculated difference between trough and peak coagulation parameters (= increase in anticoagulant 
activity/plasma drug levels)  
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3.2 Edoxaban 

3.2.1 Characteristics of the edoxaban study population 

From the 35 patients that were analysed, 31 patients received edoxaban in a full-dose of 60 mg 

od and four patients were on a reduced-dose of edoxaban 30 mg od because of a body weight 

below 60 kg. When stratifying the edoxaban study group by BMI, 11 patients (31.4%) were 

assigned to BMI group I, 10 (28.6%) to BMI group II, and 14 (40.0%) to BMI group III. The 

median BMI was 22.3 (19.6–22.9) kg/m² in BMI group I, 33.5 (32.2–34.0) kg/m² in BMI group 

II and 37.6 (36.1–41.4) kg/m² in BMI group III. The distribution of BMI across the three groups 

is shown in Figure 14. 

3.2.1.1 Age 

Within the BMI categories, the median age was 43.0 (24.0–67.0) in BMI group I, 63.0 (51.5–

71.5) in BMI group II, and 58.0 (53.9–63.0) in BMI group III. The distribution of age among 

BMI categories is shown in Figure 15. 

3.2.1.2 Gender 

Female patients numbered eight of 11(72.7%) in BMI group I, four of 10 (40.0%) in BMI group 

II, and four of 14 (28.6%) in BMI group III.  

3.2.1.3 Renal function 

The median serum creatinine levels were 0.89 (0.78–0.92) mg/dL in BMI group I, 0.96 (0.88–

1.02) mg/dL in BMI group II and 0.97 (0.80–1.02) mg/dL in BMI group III. The median GFR 

was 88.0 (73.1–103.8) mL/min in BMI group I, 79.5 (64.7–82.6) mL/min in BMI group II and 

86.4 (70.0–98.4) mL/min in BMI group III. Neither serum creatinine (p = 0.14) nor GFR (p = 

0.25) differed significantly across BMI categories. The distribution of renal function parameters 

among BMI categories is shown in Figure 16. 
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Figure 14: The distribution of BMI in the edoxaban group 

BMI = body-mass index 

 

 

 
Figure 15. The distribution of age in the edoxaban group 

BMI = body-mass index 
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Figure 16. The distribution of renal function parameters among BMI categories in edoxaban 
patients 
BMI = body-mass index; GFR = glomerular filtration rate 

 

3.2.1.4 Events 

Among edoxaban patients, seven of 35 (20.0%) discovered isolated DVT, 10 of 35 (28.6%) 

isolated PE, and 18 of 35 (51.4%) a combined event of DVT and PE. Recurrent VTE was 

reported in six of 35 patients (17.1%). 

In BMI group I (n = 11), four patients were diagnosed with DVT, three with PE, and four with 

combined DVT and PE. Eight patients from BMI group I discovered a single event, and the 

remaining three patients in this BMI group had recurrent VTE. Notably, three patients assigned 

to the category of DVT experienced events at unusual sites (one with thrombosis on the upper 

extremity deep veins, one with recurrent DVT of the internal jugular veins, and another one 

with liver vein thrombosis). 

For BMI group II (n = 10), one patients had DVT, three had PE, and six had combined DVT 

and PE. Nine patients of 10 assigned to BMI group II discovered a single event of VTE. For 

one patient, it remained unclear whether there was a single event or recurrent VTE.  

In BMI group III (n = 14), two patients had DVT, four had PE, and eight had combined DVT 

and PE. Eleven patients had a single event, while the remaining three patients in this group had 

recurrent VTE. One patient assigned to the group with a single event of combined DVT and PE 

also had an event of prior superficial vein thrombosis. Additionally, one patient experienced a 

single PE event, which occurred concurrently with superficial vein thrombosis.   
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3.2.1.5 Risk factors 

Regarding VTE risk factors, hormonal contraceptive use was reported in four of the 16 female 

patients in the edoxaban group, each belonging to BMI group I. Notably, three females used 

oral contraceptives, while one used a transdermal method. In three of these four female patients, 

an additional risk factor or risk situation was also present at the time of VTE occurrence. 

Only three patients (8.6%) in the edoxaban group had thrombophilia, all with a heterozygous 

FVL mutation. Thrombophilia diagnostics – at least to some extent – were only available in 19 

patients, which is corresponding to 54.3% of the entire edoxaban group.  

Furthermore, seven patients described immobility as a risk factor with relevant contribution to 

the development of VTE, which is corresponding to 20.0% of the edoxaban study group. 

Immobility due to long-distance travel was found in one patient who was assigned to BMI group 

III, and immobility due to acute illness was found in six patients (two from BMI group I, two 

from BMI group II, two from BMI group III). Four patients experienced a VTE event in a 

postoperative context, including two from BMI group I and one each from BMI groups II and 

III. Notably, two of these four patients underwent surgery for an underlying malignancy. 

Furthermore, VTE was classified as paraneoplastic, and thus as CAT, in seven patients (20.0%), 

three from BMI groups I and four from BMI group II. 

Family history for VTE was positive in 11 of 35 patients (31.4%) of the edoxaban study group, 

with three patients belonging to BMI group I, three to BMI group II, and five to BMI group III.  

VTE without any identifiable risk factor or risk situation was found in five of 35 patients 

(14.3%), with one belonging to BMI group I, two to BMI group II, and two to BMI group III.   

3.2.1.6 Bleeding complications 

Bleeding complications with full-dose anticoagulant treatment were reported in seven of 34 

patients (20.6%) among the edoxaban group. Notably, data regarding bleeding complications 

were not available from one patient from BMI group I. Taking a closer look on the distribution 

of bleeding complications, bleeding was reported for three patients in BMI group I, two patients 

from BMI group II, and two patients from BMI group III. Notably, all bleeding complications 

were classified minor (prolonged/increased menstrual bleeding: n = 1, gingival bleeding: n = 2, 

skin bleeding/haematoma: n = 2, nosebleeds: n = 4). In detail, five patients had bleeding at only 

one site, and two patients had at least two manifestations of bleeding (one each from BMI 
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groups II and III). In addition to the seven patients with bleeding complications mentioned, one 

further patient showed reduced hemoglobin levels suggestive of gastrointestinal bleeding; 

however, extensive surgery had been performed, making it impossible to attribute the bleeding 

only to anticoagulant treatment. 

3.2.2 Coagulation measurements 

Coagulation measures comprising anti-F.Xa activity levels and plasma concentration levels at 

trough, at peak and also the calculated absolute anticoagulant increase from trough to peak for 

each BMI category are summarised in Table 15 and are graphically presented in Figure 17. No 

significant differences were found for coagulation measures between BMI groups (Bonferroni 

adjustment). 

3.2.2.1 Plasma drug concentration in relation to expected on-therapy ranges 

Nine of 35 patients (25.7%) did not meet the lower limit of the expected therapeutic range for 

edoxaban plasma trough levels. Among these patients, four were assigned to BMI group I and 

five to BMI group III. In four patients, trough levels were above the upper limit, three of them 

belonging to BMI group I and only one patient belonging to BMI group II. The predefined 

therapeutic range for edoxaban peak levels was not met for 19 of 35 patients (54.3%). While 

17 of these exceeded the upper limit (seven from BMI group I, six from BMI group II, and four 

from BMI group III), two of them underwent the lower limit of the expected therapeutic range. 

Plasma drug concentration levels at trough and at peak in relation to the expected on-therapy 

ranges are shown in Figure 18.  
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 Edoxaban  

BMI group I (18–25 kg/m2) n = 11 

Anti-F.Xa  

     Trough (U/mL) 0.08 (0.05–0.32) 

     Peak (U/mL) 2.11 (1.51–2.44) 

     Δ (U/mL) 2.00 (1.43–2.40) 

Plasma concentration  

     Trough (ng/mL)  11.8 (7.4–47.4) 

     Peak (ng/mL)  312.3 (223.5–361.1) 

     Δ (ng/mL)  296.0 (211.6–355.2) 

BMI group II (30–35 kg/m2) n = 10 

Anti-F.Xa  

     Trough (U/mL) 0.15 (0.09–0.16) 

     Peak (U/mL) 2.21 (1.57–2.46) 

     Δ (U/mL) 2.10 (1.50–2.29) 

Plasma concentration  

     Trough (ng/mL)  21.5 (13.3–23.7) 

     Peak (ng/mL)  327.1 (232.4–364.1) 

     Δ (ng/mL)  310.8 (222.0–338.9) 

BMI group III (>35 kg/m2) n = 14 

Anti-F.Xa  

     Trough (U/mL) 0.08 (0.05–0.13) 

     Peak (U/mL) 1.96 (1.55–2.22) 

     Δ (U/mL) 1.82 (1.47–2.17) 

Plasma concentration  

     Trough (ng/mL)  11.8 (7.4–19.2) 

     Peak (ng/mL)  289.3 (229.4–328.6) 

     Δ (ng/mL)  268.6 (217.6–321.2) 

Table 15: Coagulation measures for study participants assigned to BMI groups I–III on 
anticoagulant treatment with edoxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
Data are given as  median (IQR).  
BMI = body mass index; anti-F.Xa = anti-factor Xa; IQR = interquartile range; Δ = calculated difference 
between trough and peak coagulation parameters (= increase in anticoagulant activity/plasma drug 
levels) 
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Figure 17. The distribution of plasma concentration and anti-F.Xa activity among BMI 
categories in the edoxaban group 
BMI = body-mass index; F. = factor 
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Figure 18: The distribution of plasma drug concentration levels at trough and at peak in 
patients receiving full-dose edoxaban (60 mg od) in relation to expected on-therapy ranges for 
the treatment of VTE 
(Reproduced from Kurzmann-Guetl et al.347) 
BMI = body-mass index; od = once daily; VTE = venous thromboembolism 
 

 

3.2.3 Anthropometric measurements 

The measures for waist circumference and WHR are presented in Table 16. The distribution of 

the WHR among BMI categories for men and women is shown in Figure 19. 

 

 Males Females 

BMI group I (18–25 kg/m2)  

Waist circumference (cm)  86.5 (85.0–87.5) 72.0 (64.5–78.0) 

Hip circumference   (cm) 94.0 (90.0–95.0) 86.5 (80.3–88.0) 

WHR 0.92 (0.89–0.97) 0.87 (0.81–0.89) 

BMI group II (30–35 kg/m2)  

Waist circumference (cm) 121.0 (119.5–122.0) 104.5 (100.3–111.5) 

Hip circumference   (cm) 112.8 (108.0–116.0) 122.5 (118.0–125.5) 

WHR 1.07 (1.02–1.10) 0.87 (0.84–0.90) 

BMI group III (>35 kg/m2)  

Waist circumference (cm) 130.3 (126.0–133.0) 108.5 (101.5–114.0) 

Hip circumference   (cm) 122.5 (115.0–131.0) 127.5 (118.0–131.5) 

WHR 1.06 (1.04–1.09) 0.88 (0.81–0.92) 

Table 16: Waist and hip circumference and the WHR for male and female study participants 
assigned to BMI groups I–III on anticoagulant treatment with edoxaban 
Data are given as median (IQR) 
BMI = body mass index; IQR = interquartile range; WHR = waist to hip ratio 
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Figure 19. The distribution of the WHR for males and females among BMI categories in the 
edoxaban group 
BMI = body-mass index; WHR = waist-to-hip ratio 

 

3.2.4 Body composition measurements 

Measures of FM and FFM obtained by Seca mBCA 515 (BIA method 1) and BIACorpus RX 

4000 (BIA method 2) for BMI categories are shown in Table 17. The distribution of FM and 

FFM among BMI categories is graphically shown in Figure 20 for measures obtained with 

Seca mBCA 515 (BIA method 1) and in Figure 21 for measures obtained with BIACorpus 

RX4000 (BIA method 2). FM was significantly different within each BMI category when 

comparing measures obtained from the two BIA methods, with a significantly higher FM when 

using BIA method 1 (p = 0.008 for BMI group I, p = 0.005 for BMI group II, p = 0.003 for BMI 

group III).   
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 Edoxaban (n = 35) 

BMI group I (18–25 kg/m2) n = 11 

BMI (kg/m2) 22.3 (19.6–22.9) 

BIA method 1 (Seca mBCA 515)  

     FM (kg) 15.5 (13.4–19.3) 

     FFM (kg)  45.3 (38.7–57.7) 

BIA method 2 (BIACorpus RX4000)  

     FM 12.8 (11.1–16.6) 

     FFM 45.9 (40.1–62.0) 

ΔFM_method 1 versus method 2 (kg) 2.6 (0.9–7.4) 

ΔFM_method 1 versus method 2 (%) 3.9 (1.2–10.0) 

BMI group II (30–35 kg/m2) n = 10 

BMI (kg/m2) 33.5 (32.2–34.0) 

BIA method 1 (Seca mBCA 515)  

     FM (kg) 42.2 (36.0–45.8) 

     FFM (kg) 65.0 (47.6–72.4) 

BIA method 2 (BIACorpus RX4000)  

     FM (kg) 33.1 (26.2–38.4) 

     FFM (kg) 70.3 (56.4–78.3) 

ΔFM_method 1 versus method 2 (kg) 6.2 (5.3–7.7) 

ΔFM_method 1 versus method 2 (%) 6.2 (5.3–8.0) 

BMI group III (>35 kg/m2) n = 14 

BMI (kg/m2)  37.6 (36.1–41.4) 

BIA method 1 (Seca mBCA 515)  

     FM (kg) 48.0 (45.4–59.5) 

     FFM (kg) 73.2 (59.5–80.1) 

BIA method 2 (BIACorpus RX4000)  

     FM (kg) 43.7 (41.3–55.7) 

     FFM (kg) 76.3 (58.2–86.6) 

ΔFM_method 1 versus method 2 (kg) 4.0 (2.2–6.4) 

ΔFM_method 1 versus method 2 (%) 3.4 (1.5–5.1) 

Table 17: Bioimpedance measures for edoxaban patients assigned to BMI groups I–III  
(Reproduced from Kurzmann-Guetl et al.347) 
Data are given as median (IQR)  
BMI = body mass index; FFM = fat-free mass; FM = fat mass; IQR = interquartile range 
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Figure 20. The distribution of FM and FFM among BMI categories obtained with BIA method 1 
in the edoxaban group 
BIA = bioimpedance analysis; BMI = body-mass index; FFM = fat-free mass; FM = fat mass 
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Figure 21. The distribution of FM and FFM among BMI categories obtained with BIA method 2 
in the edoxaban group 
BIA = bioimpedance analysis; BMI = body-mass index; FFM = fat-free mass; FM = fat mass 
 

3.2.5 Primary endpoint analysis: correlation and regression analysis 

For body composition measures obtained by use of method 1, a significant negative correlation 

was found for absolute FFM with peak anti-F.Xa activity (rs = -0.44, p = 0.008), the anti-F.Xa 

absolute increase (rs = 0.45, p = 0.007), peak plasma concentration levels (rs = 0-.44, p = 0.008) 

and with the absolute increase of plasma concentration (rs = -0.45, p = 0.007). In concordance, 

significant negative correlations for the absolute FFM obtained with BIA method 2 were found 

with peak anti-F.Xa activity (rs = -0.43, p = 0.010), the anti-F.Xa absolute increase (rs = -0.44, 

p = 0.008), peak plasma concentration levels (rs = -0.43, p = 0.010) and with the absolute 

increase in plasma concentration levels (rs = -0.45, p = 0.007). Measurements for absolute FM, 

percentage FM and percentage FFM obtained with both BIA methods did not unveil statistically 
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significant correlations with coagulation parameters. Correlation coefficients and their 95% CI 

are shown in Table 18 for body compositions measurements performed with BIA method 1 and 

in Table 19 for body composition measurements performed with BIA method 2. To 

complement the primary analysis method, which is the correlation analysis, an exploratory 

multivariable regression analysis was conducted to account for potential confounders including 

sex, age, and renal function. (Table 20). This sensitivity analysis did not confirm the 

statistically significant findings observed in the correlation analysis, and, in particular, indicated 

an influence by age and sex. 

 

Edoxaban BIA method 1 (Seca mBCA 515) 
FM (kg) FM (%) FFM (kg) FFM (%) 

Anti-F.Xa      

(trough;  

U/mL) 

rs (95% CI) 
0.007  

(-0.34–0.35) 

0.12 

(-0.23–0.45) 

-0.07 

(-0.40–0,28) 

-0.12 

(-0.45–0.23) 

p-value 0.97 0.48 0.69 0.48 

Anti-F.Xa      

(peak;  

U/mL) 

rs (95% CI) 
-0.12 

(-0.44–0.24) 

0.28 

(-0.07–0.57) 

-0.44 

(-0.68–-0,11) 

-0.28 

(-0.57–0.07) 

p-value 0.51 0.10 0.008* 0.10 

Anti-F.Xa      

(Δ;  

U/mL) 

rs (95% CI) 
-0.11 

(-0.44–0.24) 

0.29 

(-0.06–0.57) 

-0.45 

(-0.68–-0.12) 

-0.29 

(-0.57–0.06) 

p-value 0.53 0.09 0.007* 0.09 

Plasmaconc.  

(trough;  

ng/mL) 

rs (95% CI) 
0.007 

(-0.34–0.35) 

0.12 

(-0.23–0.45) 

-0.07 

(-0.40–0.28) 

-0.12 

(-0.45–0.23) 

p-value 0.97 0.48 0.69 0.48 

Plasmaconc.   

(peak;  

ng/mL) 

rs (95% CI) 
-0.12 

(-0.44–0.24) 

0.28 

(-0.07–0.57) 

-0.44 

(-0.68–-0.11) 

-0-28 

(-0.57–0.07) 

p-value 0.51 0.10 0.008* 0.10 

Plasmaconc.  

(Δ.;  

ng/mL) 

rs (95% CI) 
-0.11 

(-0.44–0.24) 

0.29 

(-0.06–0.57) 

-0.45 

(-0.68–-0.12) 

-0.29 

(-0.57–0.06) 

p-value 0.52 0.093 0.007* 0.093 

Table 18: Correlations between coagulation measures and body composition parameters obtained 
with BIA method 1 in patients on anticoagulant treatment with edoxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
Data are presented as correlation coefficients with a 95% CI and p-values for their significance levels 
BIA = bioimpedance analysis; CI = confidence interval; FFM = fat-free mass; FM = fat mass; Δ = 
calculated difference between trough and peak coagulation parameters (= increase in anticoagulant 
activity/plasma drug levels) 
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Edoxaban BIA method 2 (BIACorpus RX4000) 

FM (kg) FM (%) FFM (kg) FFM (%) 
Anti-F.Xa      

(trough;  

U/mL) 

rs (95% CI) 
-0.15 

(-0.47–0.21) 

-0.08 

(-0.41–0.27) 

0.009 

(-0.33–0.35) 

0.08 

(-0.27–0.41) 

p-value 0.40 0.65 0.96 0.65 

Anti-F.Xa      

(peak;  

U/mL) 

rs (95% CI) 
-0.09 

(-0.42–0.27) 

0.29 

(-0.06–0.57) 

-0.43 

(-0.67–-0.10) 

-0.29 

(-0.57–0.06) 

p-value 0.63 0.096 0.010* 0.096 

Anti-F.Xa      

(Δ;  

U/mL) 

rs (95% CI) 
-0.064 

(-0.40–0.28) 

0.31 

(-0.04–0.59) 

-0.44 

(-0.68–-0.12) 

-0.31 

(-0.59–0.041) 

p-value 0.71 0.074 0.008* 0.074 

Plasmaconc.  

(trough;  

ng/mL) 

rs (95% CI) 
-0.15 

(-0.47–0.21) 

-0.08 

(-0.41–0.27) 

0.009 

(-0.33–0.35) 

0.08 

(-0.27–0.41) 

p-value 0.40 0.65 0.96 0.65 

Plasmaconc.   

(peak;  

ng/mL) 

rs (95% CI) 
-0.085 

(-0.42–0.27) 

0.29 

(-0.063–0.57) 

-0.43 

(-0.67–-0.10) 

-0.29 

(-0.57–0.063) 

p-value 0.63 0.096 0.010* 0.096 

Plasmaconc.  

(Δ.;  

ng/mL) 

rs (95% CI) 
-0.065 

(-0.40–0.28) 

0.31 

(-0.04–0.59) 

-0.45 

(-0.68–-0.12) 

-0.31 

(-0.59–0.04) 

p-value 0.71 0.073 0.007* 0.073 

Table 19: Correlations between blood coagulation measures and body composition parameters 
obtained with BIA method 2 in patients on anticoagulant treatment with edoxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
Data are presented as correlation coefficients with a 95% CI and p-values for their significance levels 
FFM = fat-free mass, FM = fat mass; Δ = calculated difference between trough and peak coagulation 
parameters (= increase in anticoagulant activity/plasma drug levels) 
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Edoxaban Predictor  
BIA method 1 

(Seca mBCA 515) 

BIA method 2 

(BIACorpus RX4000) 

Anti-F.Xa  
(trough; U/mL) 

FM, kg 
p-value 

β (95% CI) 
0.02* 

-0.002 (-0.003–0.0) 
0.009* 

-0.002 (-0.003–-0.001) 

FM, % 
p-value 

β (95% CI) 
0.029* 

-0.003 (-0.006–0.0) 
0.003* 

-0.003 (-0.006–-0.001) 

FFM, kg 
p-value 

β (95% CI) 
0.034* 

-0.003 (-0.006–0.0) 
0.17 

-0.002 (-0.004–0.001) 

FFM, % 
p-value 

β (95% CI) 
0.029* 

0.003 (0.0–0.006) 
0.003* 

0.003 (0.001–0.006) 

Anti-F.Xa  
(peak; U/mL) 

FM, kg 
p-value 

β (95% CI) 
0.74 

0.002 (-0.01–0.015) 
0.59 

0.003 (-0.009–0.015) 

FM, % 
p-value 

β (95% CI) 
0.80 

0.003 (-0.02–0.026) 
0.49 

0.007 (-0.013–0.027) 

FFM, kg 
p-value 

β (95% CI) 
0.79 

0.003 (-0.02–0.027) 
0.90 

-0.001 (-0.022–0.02) 

FFM, % 
p-value 

β (95% CI) 
0.80 

-0.003 (-0.026–0.02) 
0.49 

-0.007 (-0.027–0.013) 

Anti-F.Xa   
(Δ; U/mL) 

FM, kg 
p-value 

β (95% CI) 
0.53 

0.004 (-0.008–0.016) 
0.38 

0.005 (-0.007–0.017) 

FM, % 
p-value 

β (95% CI) 
0.59 

0.006 (-0.017–0.029) 
0.29 

0.01(-0.009 – 0.03) 

FFM, kg 
p-value 

β (95% CI) 
0.59 

0.006 (-0.017–0.029) 
0.96 

0.001 (-0.02–0.021) 

FFM, % 
p-value 

β (95% CI) 
0.59 

-0.006 (-0.029–0.017) 
0.29 

-0.01 (-0.03–0.009) 

Plasmaconc.  
(trough; ng/mL) 

FM, kg 
p-value 

β (95% CI) 
0.02* 

-0.26 (-0.48–-0,045) 
0.009* 

-0.28 (-0,49–-0.075) 

FM, % 
p-value 

β (95% CI) 
0.029* 

-0.46 (-0.86–-0.051) 
0.003* 

-0.51 (-0.83–-0.18) 

FFM, kg 
p-value 

β (95% CI) 
0.034* 

-0.446 (-0.86–-0.036) 
0.17* 

-0.26 (-0.65–0.12) 

FFM, % 
p-value 

β (95% CI) 
0.029* 

0.46 (0.051–0.86) 
0.003* 

0.51 (0.18–0.83) 
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Edoxaban Predictor  
BIA method 1 

(Seca mBCA 515) 

BIA method 2 

(BIACorpus RX4000) 

Plasmaconc.  
(peak; ng/mL) 

FM, kg 
p-value 

β (95% CI) 
0.74 

0.31 (-1.55–2.17) 
0.59 

0.48 (-1.32–2.29) 

FM, % 
p-value 

β (95% CI) 
0.80 

0.44 (-3.01–3.89) 
0.49 

1.01 (-1.92–3.94) 

FFM, kg 
p-value 

β (95% CI) 
0.79 

0.46 (-3.01–3.94) 
0.90 

-0.19 (-3.32–2.94) 

FFM, % 
p-value 

β (95% CI) 
0.80 

-0.44 (-3.89–3.01) 
0.49 

-1.01 (-3.94–1.92) 

Plasmaconc.  

(Δ.; ng/mL) 

FM, kg 
p-value 

β (95% CI) 
0.53 

0.57 (-1.25–2.38) 
0.38 

0.76 (-1.0–2.52) 

FM, % 
p-value 

β (95% CI) 
0.59 

0.90 (-2.48–4.28) 
0.29 

1.52 (-1.33–4.37) 

FFM, kg 
p-value 

β (95% CI) 
0.59 

0.91 (-2.49–4.31) 
0.96 

0,074 (-3.0–3.15) 

FFM, % 
p-value 

β (95% CI) 
0.59 

-0.90 (-4.28–2.48) 
0,29 

-1.52 (-4.37–1.33) 

Table 20: Multivariable linear regression analysis confounding for age, sex and renal function in 
patients on anticoagulant treatment with edoxaban 
(Reproduced from Kurzmann-Guetl et al.347) 
P-values for predictors and regression coefficients (β) with 95% CI are shown  
BIA = bio impedance analysis; conc. = concentration; CI = confidence interval; F. = factor; FFM = fat-
free mass; FM = fat mass; Δ = increase from trough to peak levels (= increase in anticoagulant 
activity/plasma drug levels) 
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4 Discussion 

4.1 Study rationale and results overview 

The BIARIVA study was designed as a prospective, single-center, cross-sectional pilot study 

in patients with VTE, spanning a wide range of BMI categories and focusing particularly on 

obesity. The primary endpoint was the association between body composition and coagulation 

measurements in patients treated with rivaroxaban or edoxaban, assessed by correlation 

analysis.  

This study was the first to investigate the relationship between a detailed body composition 

profile and both peak and trough DOAC coagulation monitoring parameters. By moving 

beyond conventional metrics such as body weight or BMI, this approach provides a more 

nuanced characterisation of the interindividual variability in body composition. This concept 

aligns with recent recommendations from the Lancet Diabetes & Endocrinology Commission, 

which advocates for a revised and more comprehensive framework for the definition and 

diagnosis of obesity. These recommendations emphasize the direct assessment of FM or, at a 

minimum, the use of anthropometric measures such as waist circumference and the WHR to 

better capture adiposity beyond BMI.338 The relevance of this research question is further 

underscored by the continuously rising global prevalence of obesity, with a substantial increase 

expected over the coming decades.339,348 Variability in body composition – particularly in the 

relative distribution of FM and FFM – exists among individuals with normal BMI, but is likely 

to be more pronounced in patients with obesity.  

The main finding in the BIARIVA study was a significant negative correlation of the absolute 

FFM with coagulation peak parameters and with the absolute increase in anticoagulant activity 

from trough to peak in patients on anticoagulant treatment with edoxaban. This finding indicates 

that lower absolute FFM was associated with increased anticoagulant activity and, vice versa, 

that increased absolute FFM was associated with lower anticoagulant activity. In the 

rivaroxaban study group, the correlation analysis revealed no significant associations between 

body composition measures and coagulation parameters. An additional multivariable linear 

regression analysis was conducted as a sensitivity analysis to evaluate potential confounders 

comprising age, sex, and renal function. In the edoxaban study group, the observed negative 

correlations between the absolute FFM and coagulation parameters were not confirmed in the 
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exploratory multivariable linear regression analysis, suggesting that age and sex could be 

relevant confounders.  

4.2 Interpretation of primary endpoint results 

The observed inverse correlations of the absolute FFM with peak coagulation parameters and 

with the increase in anticoagulant activity from trough to peak in the edoxaban group warrant 

further investigation in larger, adequately powered studies. In particular, the potential influence 

of age and sex should be explored in greater detail. The results of the regression analysis should 

be interpreted with caution, as the limited sample size restricts the robustness and 

generalisability of these findings. However, both correlation and regression analyses revealed 

some associations between body composition and coagulation monitoring parameters in the 

edoxaban group. Therefore, further investigation is justified, particularly in patients receiving 

edoxaban therapy. 

The primary correlation analysis between body composition parameters and coagulation 

monitoring parameters consistently revealed statistically significant findings across 

measurements using both BIA methods, the Seca mBCA 515 and the BIACORPUS RX4000. 

These findings suggest that both approaches may be similarly suitable for addressing the 

research question. This has potential implications not only for the design of future, larger-scale 

studies, but also for possible integration into clinical routine.  

However, given the pilot nature of the present study, the relatively small sample size, and the 

absence of clinical outcome data, no direct implications for the use of body composition 

assessment in guiding DOAC therapy can be drawn at this stage. 

4.3 Interpretation of patient characteristics and risk factors 

In the BIARIVA study, gender distribution across BMI categories was similar in both treatment 

groups, with the highest proportion of females observed in BMI group I (eight of 10 in the 

rivaroxaban group and eight of 11 in the edoxaban group) and the lowest proportion of females 

in BMI group III (four of 14 in both groups). 

The median age of the study population was relatively young, with 49.5 (33.7–61.9) in the 

rivaroxaban group and 58.0 (43.5–67.0) in the edoxaban group. Patients in both treatment 
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groups were youngest in BMI group I. The variability of age distribution across the BMI 

categories and particularly the relatively young median age in study both groups may limit the 

generalisability of the study findings, especially to older patient populations, who constitute a 

substantial proportion of individuals that receive anticoagulant treatment with DOACs. Even if 

patients in BMI group I were significantly younger than in BMI groups II and III, they did not 

represent a uniformly healthy population with VTE as an isolated medical condition. For 

example, three patients of 11 from BMI group I experienced VTE in the context of malignancy 

in the edoxaban group. However, the relatively young median age in BMI group I may be 

explained by the fact that most patients who experienced VTE in the context of oral hormonal 

contraception were assigned to this group. VTE events that occurred in patients with an intake 

of oral hormonal contraception were found in six of 18 females in the rivaroxaban study group 

and in four of 16 females in the edoxaban group. Except for two females on rivaroxaban 

treatment, all of these mentioned were belonging to BMI group I. At this point, it should be 

noted that a causal relationship of VTE with hormonal contraception was assumed only in two 

cases in the rivaroxaban group and in a single case in the edoxaban group in a female subject 

that was on transdermal hormonal contraception.    

Closer analysis of risk factor distribution revealed a higher prevalence of thrombophilia in the 

rivaroxaban group compared with the edoxaban group. Overall, thrombophilia was identified 

in 10 of 36 patients (27.8%) treated with rivaroxaban versus three of 35 patients (8.6%) 

receiving edoxaban. Notably, the frequencies of thrombophilia in both treatment groups should 

be interpreted with caution, as thrombophilia screening was not performed as a part of the study, 

but was based solely on pre-existing records. Consequently, thrombophilia testing was available 

in nearly 80% of patients in the rivaroxaban group, but only in approximately half of the patients 

in the edoxaban group. Moreover, in some patients of the edoxaban group, only limited 

thrombophilia testing had been conducted. Severe thrombophilia was only reported in the 

rivaroxaban group, with two patients with APS and a single patient with protein S deficiency. 

All patients in the edoxaban group with thrombophilia had isolated heterozygous FVL 

mutation, which represents a mild form of thrombophilia. 

A positive family history of VTE was observed in approximately one-third of patients in both 

treatment groups. A history of VTE in the family is associated with an increased risk of VTE 

recurrence compared with patients without a family history of VTE events. 349 It may therefore 
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represent a clinically identifiable predisposition in the absence of laboratory confirmation of 

thrombophilia. 

VTE without any identifiable risk factor or risk situation was found more frequently in obese 

patients than in patients with normal weight. Overall, unprovoked VTE was documented in six 

of 36 patients (16.7%) in the rivaroxaban group and in five of 35 patients (14.3%) in the 

edoxaban group. All affected patients in the rivaroxaban group belonged to BMI group III, 

while among the affected edoxaban patients, two were in BMI group II, two in BMI group III, 

and only one in BMI group I. Notably, the frequency of VTE without identifiable risk factors 

in the BIARIVA study was lower than that reported in the literature, in which nearly one third 

of patients present with VTE of unknown origin.22 

4.4 Interpretation of body composition and anthropometric measurements 

The study results for FM were significantly different within each BMI category when 

comparing measures obtained with the two methods, with a significantly higher FM when using 

the Seca mBCA 515. This difference was approximately 5% and has been described 

previously.350  

When considering sex-specific differences, absolute FM was more comparable for males and 

females within BMI categories than FFM, which was much higher for males than for females. 

This was a general observation in the BIARIVA study, for both study groups and also for 

measurements performed with both BIA methods. This increased FFM might result from an 

increased muscle mass in males as compared to females. In existing literature, males are 

reported to have higher FFM resulting from an increased muscle mass than females, whereas 

females are known to typically exhibit a higher FM related to their weight, independent of age 

and BMI.351-353 However, males are often associated with higher visceral adipose tissue 

compared with females. Therefore, males were shown to have a more detrimental 

cardiometabolic risk profile at similar age and BMI. Interestingly, in case of an increased 

visceral adipose tissue in females, the associated risk was more pronounced than those of 

males.353 In the BIARIVA study, for both groups, rivaroxaban and edoxaban, the WHR was 

lower for females compared to males in BMI groups I to III. While the waist circumference was 

higher in males for each BMI category, hip circumference was more comparable between males 

and females among the rivaroxaban study group. Thus, the increased waist circumference 
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among rivaroxaban patients was the main factor for the higher WHR in males than in females. 

Among the edoxaban study group, waist circumference was higher for males than for females 

among BMI groups I to III. Interestingly, hip circumference among edoxaban patients was 

higher in males in BMI group I than in females, but was higher in females than in males in BMI 

groups II and III. The finding of an increased waist circumference in males mirrors again the 

known male pattern of visceral fat distribution. Fat distribution has a major impact on 

cardiovascular risk and may be more predictive than total body fat mass.353 In contrast to males, 

females often present with an increase in lower extremity fat, which has proven kind of 

protective force against cardiometabolic disease.354    

4.5 Body composition measurement methods 

Body composition measurements in the BIARIVA study were conducted using two different 

BIA methods; the Seca mBCA 515, which is a tetrapolar measurement method on patients in 

an upright position, and the BIACorpus RX4000, which is a bipolar measurement method to be 

performed on patients in a supine position. The decision to use two different BIA systems was 

made to strengthen the study’s robustness and minimise method-specific biases. In general, 

BIA is readily applicable and is commonly used to assess body composition in clinical practice, 

but also in research studies. However, BIA is not classified as a reference method.355 Key 

limitations of BIA include its reliance on empirical equations and assumptions of constant tissue 

hydration, rendering it sensitive to hydration status, body geometry, and population 

characteristics, which may lead to systematic bias in estimated FM and FFM.356 Traditional 

reference methods to assess body composition comprise dual-energy X ray absorptiometry 

(DXA), CT or MRI.357  

DXA was originally developed to measure bone mineral density for osteoporosis screening.357 

Body composition estimates comprising FM and FFM are derived by differentiating bone 

mineral, lean soft tissue, and FM, with FFM calculated as the sum of bone mineral and lean soft 

tissue.358,359 Unlike CT or MRI, which require patients to lie within an enclosed or semi-

enclosed imaging device, DXA scans are performed on an open padded table over which a 

scanning arm passes across the body. DXA offers several advantages. For example, scans are 

rapid and take only a few minutes, and radiation exposure is minimal, and even low enough to 

be safely used in children or in pregnant women. Limitations include the need for a licensed 

technologist to operate the device and the associated operational costs, which confine most 
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DXA availabilities to hospitals or research centers that frequently perform body composition 

assessments.357 Regarding accuracy, DXA is also sensitive to changes in the body fluid status. 

Therefore, recent water intake, strenuous exercise or oedema may alter estimates of FFM.360 

Despite these limitations, DXA’s low participant burden and the reasonable cost profile makes 

this method the most commonly used to assess FM and FFM in large-scale body composition 

studies.357 Whole-body MRI is regarded as one of the most accurate techniques for assessing 

body adipose tissue, with an error margin of less than 3%, validated through comparisons 

between MRI measurements and direct cadaver analyses.361 Key advantages of MRI include 

the absence of ionising radiation and its superior ability to differentiate muscle from adipose 

tissue.362  Importantly, contrast agents are not required for whole-body composition scans, and 

MRI is less sensitive to fluctuations in hydration compared with DXA.355,363 However, the high 

cost of MRI equipment, ongoing maintenance, operational requirements, and the need for a 

licensed technician limit its application to smaller sample sizes in specialized research centers 

or hospitals. Considering the aging population and the associated higher incidence of metallic 

implants, the use of MRI in this patient group is inherently limited. Like MRI, CT can 

differentiate between subcutaneous and visceral adipose tissue. Advantages compared to MRI 

are that CT scans can be performed more rapidly, are more widely available in hospitals, are 

less costly per scan and can be used in patients with metallic implants. CT scans provide 

excellent accuracy, but due to radiation exposure, repeated or research-focused measurements 

are often not feasible.357 DXA offers a lower-cost and safer alternative for estimating visceral 

adipose tissue; however, its predictive accuracy is limited, with percentage errors around 

16%.364-366 

The BIARIVA study was designed with a pragmatic and clinically oriented approach, and 

therefore, body composition was exclusively assessed using BIA as a non-invasive, cost-

effective and easily applicable method. The absence of body composition measurements using 

reference methods can be considered a limitation.  

Several studies have evaluated the accuracy of BIA in comparison with reference methods, 

reporting inconsistent results. A comparative study of three methods to assess body composition 

including DXA, CT and BIA reported an excellent correlation between DXA and CT 

measurements. A similarly strong correlation was observed between DXA and BIA 

measurements; correlations between measurements from CT and BIA were lower but remained 

statistically significant. The BIA method that was used in this study is the Bodystat 
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QuadScan4000 (Bodystat Ltd., Isle of Man), which is a multiple-frequency device that performs 

whole-body impedance measurements using a tetrapolar configuration on patients in the supine 

position.367 Some more evidence is available from a large retrospective analysis comparing 

body composition assessment by DXA and BIA also using the Bodystat QuadScan4000. In this 

analysis, a higher concordance was reported for FM than for FFM.356 With its characteristics, 

the Bodystat Quad Scan 4000 is methodologically comparable to other multiple-frequency BIA 

devices, such as the Seca mBCA and the BIACorpus RX4000 that were used in the BIARIVA 

study.  

For the Seca mBCA 515 device, some validation against reference techniques is available. In a 

clinical evaluation, BIA measurements obtained with the Seca mBCA515 were compared 

against DXA measurements in adults across a broad BMI spectrum.368 For the BIACorpus RX 

4000, there is a relative paucity of device specific validation studies in peer-reviewed literature. 

However, the system is based on established methodological principles. These technical 

characteristics are shared with a range of clinically validated BIA platforms that have been 

evaluated against DXA.356 A key finding across the two aforementioned validation studies is 

that BIA tends to overestimate FFM and to underestimate FM compared with DXA 

measurements.356,368   

4.6 Interpretation of plasma concentration levels  

In the present BIARIVA study, both anti-F.Xa activity and plasma DOAC concentrations were 

measured at trough and peak. While plasma concentration measurements reflect the absolute 

amount of circulating drug, anti-F.Xa activity directly reflects coagulation inhibition. In 

general, anti-F.Xa measurements are easier to implement and more widely available in routine 

clinical practice. Both anti-F.Xa measurements and plasma concentration levels were 

considered for the primary endpoint correlation analysis. Since edoxaban plasma levels were 

calculated from anti-F.Xa activity, no differences between correlations based on anti-F. Xa and 

those based on plasma concentrations were anticipated.  

When expected “on therapy” plasma drug concentration ranges were applied to trough levels 

as obtained for BIARIVA study participants, 27.8% of rivaroxaban patients and 25.7% of 

edoxaban patients had levels below the anticipated range. For peak levels, all rivaroxaban 

patients fell within the expected range, whereas two edoxaban patients (5.7%) were below their 
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range.  Notably, most rivaroxaban patients with trough levels below the expected “on-therapy” 

range belonged to BMI groups II or III (nine of 10 patients), with the highest proportion 

observed in patients with a BMI >35 kg/m² (six of 10 patients). 

Previous studies assessing rivaroxaban plasma concentration levels reported that 25–50% of 

patients with obesity did not meet the expected “on-therapy” ranges.317,334 This is consistent 

with the BIARIVA results for rivaroxaban trough levels, but not for peak levels.  Notably, the 

expected on-therapy peak ranges published for patients receiving full-dose rivaroxaban for the 

diagnosis of VTE are extremely wide (215 [22–535] ng/mL, given as mean [10th–90th] 

percentile) as compared to peak ranges published for other indications such as AF (249 [164–

343 ng/mL], given as mean [IQR]).178,179 This very broad therapeutic window might explain 

our observation that 100% of rivaroxaban patients were within the expected therapeutic range 

for peak level measurements. For edoxaban, almost half of the study participants (48.6%) 

exceeded the expected therapeutic peak range. Of these, seven were from BMI group I, six from 

BMI group II, and four from BMI group III. In total, four participants in the BIARIVA study 

from BMI group I were receiving reduced-dose edoxaban because their body weight was below 

60 kg. Due to the established reduction in drug exposure associated with reduced-dose 

edoxaban, specific “on-therapy” plasma drug concentration ranges have been defined.179,369 

When these specific ranges published for VTE were applied to the four patients in the 

BIARIVA study on reduced-dose edoxaban, most trough and peak levels measured were 

outside these predefined target ranges, above or also below. As for the very small sample size, 

further analysis was not feasible. However, definite therapeutic targets are still unknown for 

DOACs. Currently available reference levels vary in literature and only represent “expected” 

or “on-therapy” ranges rather than explicit therapeutic targets.317  

The recommendation to consider plasma level measurements of DOACs in obese patients 

originated primarily from early pharmacokinetic concerns and limited clinical evidence in this 

population. Initial guidance from the SSC/ISTH in 2016 advised against the use of DOACs in 

patients with a total body weight >120 kg or a BMI >40 kg/m², and suggested measuring drug-

specific trough and peak levels if DOACs were used, due to the paucity of data and the potential 

for reduced drug exposure in extreme body weights.311 This cautious approach was largely 

based on pharmacokinetic studies showing modest reductions in drug exposure at higher body 

weights, as observed with apixaban and rivaroxaban, although the clinical relevance of these 

changes remained uncertain.314,315  Additionally, small observational studies reported that a 
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substantial proportion of patients with a body weight >120 kg exhibited peak DOAC 

concentrations below the expected on-therapy ranges, further supporting concerns about 

potential underexposure.334 Subsequent evidence from post-hoc analyses of large RCTs, 

particularly in VTE populations, challenged this initial concerns. For example, analyses from 

the AMPLIFY VTE trial demonstrated consistent efficacy and safety of apixaban in patients 

with high body weight or obesity, supporting the use of standard dosing strategies in this 

population.319 In post-hoc analyses of EINSTEIN-DVT and EINSTEIN-PE trials, patients with 

a high BMI or body weight showed similar outcomes with rivaroxaban and VKAs.312 As a 

result, the updated SSC/ISTH guidance published in 2021 no longer recommended routine 

monitoring of DOAC plasma levels in obese patients with VTE and instead supports the use of 

standard doses of apixaban and rivaroxaban regardless of body weight.317  

Data on the relationship between measured trough and peak levels of DOACs and clinical 

outcomes are scarce, and most available evidence is derived from cohorts with AF rather than 

VTE. The relationship between trough and peak DOAC plasma concentrations and bleeding 

complications – including major bleeding, CRNMB, and minor bleeding – was evaluated in a 

cohort of 565 patients with AF. Of these, 172 received rivaroxaban, 185 dabigatran, and 280 

apixaban; patients on edoxaban were not included in this analysis. At the one-year follow-up, 

event rates were low, with 3.36% experiencing major bleeding, 1.06% CRNMB, and 8.31% 

minor bleeding. Patients who experienced bleeding events had higher peak DOAC plasma 

concentrations, whereas trough levels showed no association with bleeding occurrence. 

Notably, all bleeding events – including minor ones – were analysed regardless of their clinical 

relevance.370 Another analysis conducted in the same cohort showed that thromboembolic 

events occurred only in patients who had very low trough levels.371  

For rivaroxaban, the relationship between drug exposure and clinical outcomes in patients 

treated for VTE was evaluated using data from the phase III EINSTEIN-DVT and EINSTEIN-

PE trials. As direct plasma concentration measurements were not available, exposure was 

estimated based on individual changes in prothrombin time (PT) and its established correlation 

with rivaroxaban plasma levels. Both efficacy (recurrent DVT and PE) and safety outcomes 

(major and non-major bleeding) were assessed, and exposure-response relationships were 

analysed using regression models. Exposure estimates were evaluated for 4,130 patients during 

the td dosing phase and for 3,953 patients during the od phase. Notably, body weight and BMI 

were not considered in this analysis. Overall, exposure-response relationships were shallow or 
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absent for both efficacy and safety outcomes. Accordingly, no clear therapeutic exposure 

window associated with an improved benefit-risk profile could be identified, suggesting that 

routine monitoring of rivaroxaban levels is unlikely to provide clinical benefit in patients with 

VTE.372  

For edoxaban, evidence on the association between BMI and clinical outcomes is available 

from the phase III ENGAGE AF-TIMI 48 trial conducted in patients with AF. The study 

population included a substantial proportion of patients with elevated BMI, with 40.3% 

classified as obese (BMI >30 kg/m²). Within this group, 24.8% were moderately obese (BMI 

30 to <35), 10.0% were severely obese (BMI 35 to <40), and 5.5% very severely obese (BMI 

≥40). This distribution indicates that the trial captured a broad spectrum of obesity, supporting 

the applicability of its findings to overweight and obese populations, although extrapolation to 

VTE patients should be made with caution given the AF setting. In the ENGAGE AF-TIMI 48 

trial, trough plasma concentrations were assessed one month after randomisation in the high-

dose arm of the trial. Patients received edoxaban 60 mg once daily, with dose reduction to 30 

mg in the presence of predefined criteria (estimated creatinine clearance ≤50 mL/min, body 

weight ≤60 kg, or concomitant use of P-glycoprotein inhibitors). Trough concentrations as well 

as anti-F.Xa activity were comparable across BMI categories, irrespective of the dose reduction 

status. Despite the absence of BMI-related differences in PK/PD, a higher BMI was 

independently associated with a lower risk of stroke or systemic embolism and reduced 

mortality. At the same time, increasing BMI was linked to a higher risk of major and CRNMB. 

Notably, no detailed body composition profile was obtained in the ENGAGE AF-TIMI 48 trial, 

and there were only trough but not peak coagulation measurements performed.373,374  

The pattern observed in the ENGAGE AF-TIMI 48 study – where a higher BMI was associated 

with lower risks of stroke, systemic embolism, and mortality, but increased bleeding risk – is 

consistent with the so-called “obesity paradox,” suggesting a dissociation between drug 

exposure and clinical outcomes. The obesity paradox refers to the observation that, despite its 

well-known detrimental effects on disease development, obesity appears to confer a protective 

effect against recurrent vascular events and mortality.375 Although both obesity and AF are 

diseases associated with negative outcomes, studies have shown that patients with a high BMI 

and AF have a better prognosis than patients with a normal BMI.376,377 Several explanations 

have been proposed for the “obesity paradox” phenomenon. First, residual confounding may 

play an important role, as patients with normal BMI are often older, frailer, or have a higher 
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burden of comorbidities, all of which are strong predictors of adverse outcomes. Second, obese 

patients may benefit from greater metabolic and nutritional reserves, potentially conferring 

resilience in the setting of chronic disease. Third, differences in treatment patterns, including 

more intensive medical therapy and closer follow-up, may contribute to improved outcomes in 

higher BMI groups.378 Importantly, a meta-analysis of DOAC-AF trials indicates that this 

paradox is more consistently observed in randomised datasets than in observational studies, 

further supporting the role of study design and residual confounding.379 

Evidence for an “obesity paradox” has also been described in patients with VTE, with some 

studies reporting an inverse association between BMI and adverse outcomes such as mortality 

or recurrent events.380,381 Similarly, analyses from clinical trial populations have suggested that 

a lower BMI may be associated with a higher risk of VTE or worse outcomes, further supporting 

a paradoxical relationship between body composition and prognosis.382 However, these 

findings remain inconsistent across studies and are less robust than in other cardiovascular 

conditions.383 Since the BIARIVA study did not assess clinical safety and efficacy outcomes, 

no conclusions regarding the obesity paradox can be drawn. 

4.7 Pharmacodynamic and pharmacokinetic aspects 

From a pharmacokinetic perspective, both rivaroxaban and edoxaban exhibit only moderate 

lipophilicity, with limited accumulation in adipose tissue.170,384 This provides a biological 

rationale for a stronger association with FFM than with FM. Based on these considerations, 

FFM was assumed to be the more relevant determinant for the presented research question.  

When comparing the pharmacodynamics and pharmacokinetics of the two DOACs, 

rivaroxaban and edoxaban, significant differences in their profiles are evident, despite both 

being highly selective, competitive and concentration-dependent inhibitors of F.Xa. 

Differences include various plasma protein binding (98% for rivaroxaban and 55% for 

edoxaban) and volume of distribution (50 L for rivaroxaban and 107 L for edoxaban).385,386 

Notably, the lowest plasma-protein binding among DOACs is reported for dabigatran (3%).387 

Lipophilicity of drugs influences their distribution within the body and is quantified as log P, 

with higher values indicating greater lipophilicity. In this context, edoxaban not only has a 

lower lipophilicity compared to rivaroxaban (log Pedoxaban 0.90–1.61 versus log Privaroxaban 1.74–

1.90), but it also has the lowest lipophilicity among all approved DOACs (log Papixaban 1.83–
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2.22, and log Pdabigatran 4.59–5.17).384 On the basis of log P as a measure of DOAC lipophilicity, 

both agents evaluated in the BIARIVA study were hypothesised to be more strongly associated 

with FFM than with FM, which is consistent with the reported results. A reduction in FFM may 

result in a smaller distribution volume and higher systemic exposure at a given dose, potentially 

contributing to increased plasma concentrations and anticoagulant activity. This may partially 

explain the findings of the present BIARIVA study, as there was a tendency of an association 

of the absolute FFM with coagulation peak parameters in the edoxaban study group. Overall, 

the substantial dependence of absolute measures of FM and FFM on total body size should be 

considered. Furthermore, decreased absolute FFM is commonly observed in elderly individuals, 

patients with chronic diseases (e.g., cancer), and those affected by malnutrition, sarcopenia, or 

prolonged physical inactivity. Conversely, increased FFM is typically found in physically 

trained individuals and, particularly, in males, reflecting established physiological differences 

in muscle mass distribution.388 In the BIARIVA study, absolute FFM was lowest in BMI group 

I and highest in BMI group III. Furthermore, absolute FM was lowest in BMI group I and was 

highest in BMI group III. An increase in both absolute FM and absolute FFM was found with 

a rise in BMI, but the increase of FM was much more pronounced. 

4.8 Limitations of the study 

The BIARIVA study was designed as a prospective, single-center, cross-sectional pilot study. 

Given its exploratory character, no formal sample size calculation was performed. Instead, a 

pragmatic sample size of 10 patients per BMI group was chosen to assess feasibility and to 

investigate preliminary associations between body composition parameters and specific 

coagulation measures. As a result, the analyses are based on a relatively small overall number 

of patients, which should be taken into account when interpreting the findings. In particular, 

representation of individuals with extreme obesity was limited, as only 14.1% of the overall 

BIARIVA study population had a BMI >40 kg/m², and only a single patient exceeded a BMI 

of 45 kg/m². The small sample size is associated with limited statistical power, thereby reducing 

the ability to detect small effects. Subgroup findings are reported primarily in a descriptive 

manner. In particular, the available data do not allow for a meaningful assessment of sex-

specific differences within the individual subgroups beyond descriptive statistics. In addition, 

the exploratory nature of the analyses increased the likelihood of false-positive findings due to 
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multiple testing. In line with the pilot character of the study, no formal adjustment for multiple 

comparisons was performed. 

Several further methodological limitations should be acknowledged. The single-center, cross-

sectional study design with the restriction to a single study visit limit the interpretability of the 

findings. In particular, this design precludes any conclusions regarding causality and is 

susceptible to selection bias. Moreover, intraindividual variability over time cannot be captured, 

which may be especially relevant for anticoagulation parameters. 

Another important limitation is the absence of clinical endpoint evaluation. As a result, the 

study does not allow for an assessment of the clinical relevance of the observed associations 

between body composition and coagulation. Consequently, the findings must be interpreted as 

hypothesis-generating rather than outcome-driven. 

Finally, body composition assessment was performed exclusively using BIA methods. The lack 

of confirmatory or reference methods, such as DXA or CT-based measurements, may introduce 

methodological limitations regarding the accuracy and precision of body composition 

estimates.  

4.9 Conclusion 

In this prospective, single-center, cross-sectional pilot study, no association was observed 

between body composition and coagulation monitoring parameters in VTE patients on 

anticoagulant treatment with rivaroxaban, whereas a potential association between FFM with 

coagulation peak parameters and the absolute anticoagulant increase from trough to peak 

emerged in patients treated with edoxaban. This key finding of the BIARIVA study should be 

considered hypothesis-generating and may serve as a basis for future research. Given the 

absence of sufficient safety and efficacy outcome data, no direct clinical implications can be 

drawn from the current results. Larger, adequately powered studies are warranted to further 

explore the role of body composition in anticoagulant therapy and to assess potential 

associations with clinical endpoints. 
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