
195

Turk J Vasc Surg 2022;31(3):195-206
 DOI: 10.9739/tjvs.2022.09.019

Available online at www.turkishjournalofvascularsurgery.org

Review Article

Corresponding Author: Ali Baran Budak,  Department of 
Cardiovascular Surgery, Liv  Hospital Ulus,  Istanbul, Türkiye, 
Email: drbaranbudak@gmail.com

Edoxaban in cardiovascular medicine from scientific 
evidence to clinical practice  

Ali Baran Budak1, Tugra Gencpinar2, Emre Dogan3, Sahin Totan4, Hakki Tankut Akay5

1Department of Cardiovascular Surgery, Liv  Hospital Ulus,  Istanbul, Türkiye
2Department of Cardiovascular Surgery, Dokuz Eylül University, Faculty of Medicine, Izmir, Türkiye

3Department of Cardiovascular Surgery, Şişli Kolan International Hospital, Istanbul, Türkiye
4Daiichi Sankyo, Istanbul, Türkiye

5Department of Cardiovascular Surgery, Başkent University, Ankara Hospital, Ankara, Türkiye
 

Received:  September 28, 2022   Accepted: October 20, 2022   Published online: October 25, 2022

© 2022 Turkish National Vascular and Endovascular Surgery Society. All rights reserved.
Copyright@Author(s) - Available online at http://turkishjournalofvascularsurgery.org/

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

C I T A T I O N
Budak AB, Gencpinar T, Dogan E, Totan S, Akay HT. Edoxaban 
in cardiovascular medicine from scientific evidence to clinical 
practicey. Turk J Vasc Surg 2022;31:195-206.

Abstract

Direct oral anticoagulants have become a reasonable treatment option replacing warfarin in preventing stroke in patients with non-valvular atrial 
fibrillation and in treating and preventing venous thromboembolism. This article aims to summarize the rationale behind the development of 
direct oral anticoagulants and to review the key pharmacological properties, clinical and reallife data of the factor Xa inhibitor edoxaban, that 
may contribute to improving patient outcomes in cardiovascular clinical practice. 
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INTRODUCTION

“The practice of medicine is an art based on science.” 

Sir William Osler 

In his famous quote above [1], William Osler drew attention 
to the importance of science in the practice of medicine 
more than a century before the concept of "evidence-based 
medicine" emerged [2]. Advances in research have evolved 
the body of scientific knowledge and changed the diagnostic 

process and therapeutic approach for many disorders over 
time. Venous thromboembolism (VTE) and stroke are among 
the most burdensome, challenging and frequently encountered 
vascular conditions in clinical practice [3,4], where significant 
improvements have occurred within the last 100 years [5]. 

Given the high recurrence, morbidity, and mortality rates, long-
term anticoagulation, “for an indefinite period” in some group 
of patients, is required for effective management of arterial and 
venous thromboembolic events [6-8]. Therefore, the introduction 
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of vitamin K antagonists (VKAs) as oral anticoagulant treatment 
options suitable for long-term use [5,9], is considered to be a 
landmark in medicine [10]. Direct oral anticoagulants (DOAC) 
are also referred to as NOACs standing for Non-Vitamin K 
Antagonist Oral Anticoagulants (or New Oral Anticoagulants, 
initially) [11]. The DOACs comprise the Factor IIa inhibitor, 
dabigatran, and the Factor Xa inhibitors, namely rivaroxaban, 
apixaban and edoxaban [5]. 

This article aims to provide a clinical perspective on edoxaban 
use in cardiovascular practice by reviewing the rationale behind 
the development of DOACs and the key findings from the clinical 
and real-world studies of edoxaban, the latest DOAC approved 
for stroke prevention in atrial fibrillation (SPAF) and treatment 
and prevention of VTE. 

Rationale behind the development of DOACs 

VKAs have been the key oral anticoagulants for preventing and 
treating VTE as well as preventing SPAF for decades [5,12]. 
They have a well-established efficacy in reducing clot formation 
but pose a significant bleeding risk, which can be life-threatening 
or fatal, especially in patients with predisposing factors [12]. 
The development of warfarin which had long been the preferred 
oral anticoagulant is an excellent example of the "thin red 
line" between a drug and a poison, anecdotally explaining the 
increased bleeding risk associated with VKAs. In the early 20th 
century, veterinarians in Canada and the Northern United States 
of America observed that cattle fed with mouldy sweet clover 
hay died of internal bleeding. The American biochemist Karl 
Link studied this hemorrhagic phenomenon and showed that 
vitamin K1 reversed the effects of dicoumarol which he had 
extracted from mouldy sweet clover. His persistent efforts led 
to the discovery of warfarin, a stronger anticoagulant named 
after the initials of the Wisconsin Alumni Research Foundation 
(WARF) which supported Link's research, and the suffix 'arin' of 
the natural product coumarin [13]. Warfarin was first marketed 
as a rodenticide in 1948 and approved as a human medicinal 
product in 1954. Its popularity has increased after its use by the 
US President Dwight Eisenhower following the heart attack, he 
experienced in 1955 [14]. 

VKAs have a narrow therapeutic index which mandates frequent 
monitorization of International Normalized Ratio (INR) and dose 
adjustment [15]. It is noteworthy to emphasize that even if INR 
is within the therapeutic window, poor time in therapeutic range 
(a TTR below <65% [ideally70%]) can increase the bleeding or 
stroke risk in patients treated with VKAs [16]. Slow initiation 
and termination of VKAs action and interactions with food and 
drugs also complicate their use in clinical practice [15]. 

Discovery of clotting factors and understanding of their 
sequential activation in the coagulation cascade prompted the 

research on new medications that could potentially overcome the 
disadvantages of VKAs and paved the way for development of 
DOACs. Dabigatran has been the first DOAC in the market (EU: 
2008 [17] and US: 2010 [5]) followed by rivaroxaban which was 
launched in 2011 [5]. 

Unlike VKAs, DOACs have a predictable pharmacological 
profile and fewer interactions with food and drugs. Therefore, 
INR is not routinely measured and frequent dose adjustments are 
not required in most patients on DOACs [5]. Clinical trials have 
shown that DOACs have at least a comparable efficacy to VKAs 
in terms of stroke prevention in non-valvular atrial fibrillation 
(NVAF) [18-21] and treatment and prevention of VTE [22-26]. 
The bleeding risk with DOACs is lower than that of VKAs [18-
26]. Based on these findings, they have become a reasonable 
alternative to VKAs in their approved indications and their use 
in both VKA naïve and VKA experienced patients is expanding. 

Edoxaban 

Edoxaban is a rapid, selective, orally bioavailable, direct acting 
factor Xa inhibitor suitable for once daily use [27,28]. It reduces 
generation of thrombin and thrombus formation by preventing 
the interaction of factor Xa with prothrombin [29]. 

The name edoxaban is derived from the union of “Edo”, the 
former name of Tokyo and the suffix “Xaban” that represents the 
direct factor Xa inhibitors [30]. 

The initial approval of edoxaban for prevention of ischemic stroke 
and systemic embolism in NVAF and for treatment and prevention 
of VTE was granted by the the Japanese health authority, in 2014 
[31]. Edoxaban is approved for these indications in numerous 
countries including the US and the EU countries where it has 
been available since 2015 [32,33]. It is approved and reimbursed 
in Turkey since end of 2017 [34]. 

Edoxaban is rapidly absorbed following oral intake and its 
highest plasma concentration is achieved within 1-2 hours. The 
absolute oral bioavailability for a 60 mg dose is approximately 
62% [35]. Its terminal half-life is 10-14 hours and renal excretion 
constitutes 50% of its total clearance. Given the linear and 
predictable pharmacological characteristics of edoxaban, the 
bioavailability results are applicable to 30 mg dose and routine 
monitoring of coagulation parameters is not required during 
treatment with edoxaban [36]. 

Food augments maximum exposure to edoxaban however its 
impact on overall systemic exposure is negligible [33,34]. 
Edoxaban tablets can be received either intact or crushed. 
Administration through a nasogastric tube after suspending the 
crushed tablet in a small amount of water is also possible [34]. 

Edoxaban is recommended at a dose of 60 mg taken once daily 
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(od) except under the following conditions which mandate a dose 
reduction to 30 mg od: Presence of moderate to severe decline 
in kidney function (i.e. a creatinine clearance (CrCl) value of 
15 - 50 mL/min according to Cockcroft-Gault formula), a body 
weight lower than or equal to 60 kg or intake of edoxaban together 
with strong P-glycoprotein (P-gp) inhibitors cyclosporine, 
dronedarone, erythromycin, or ketoconazole requires a 
dose reduction to 30 mg. It is noteworthy to underline that 
concomitant use of several P-gp inhibitors commonly prescribed 
in cardiovascular practice such as amiodarone, quinidine, and 
verapamil does not require a decrease in edoxaban dose [34]. 

Unlike rivaroxaban and apixaban, significant fractions of which 
are metabolized via CYP3A4/5 pathway (~15% for apixaban and 
~18% for rivaroxaban), less than 4% of total edoxaban dose is 
metabolized by this enzyme system [8,37]. Clinically meaningful 
drug-drug interactions via cytochrome P450 (CYP) pathway are 
less likely to occur with edoxaban [8,38]. 

According to the European Heart Rhythm Association 
Practical Guide on the Use of NonVitamin K Antagonist Oral 
Anticoagulants in Patients with Atrial Fibrillation (EHRA) 2021, 
edoxaban (also apixaban) may be preferred for anticoagulation 
in the presence of severe renal insufficiency (CrCl of 15–29 mL/
min) considering its phase 3 data and dose reduction criteria [8]. 
Although no dose adjustment for edoxaban is needed in case of 
mild to moderate decline in liver function (i.e. Child-Pugh A and 
B), the drug still needs to be used cautiously in patients with 
ALT/AST > 2x ULN (upper limit of normal) or total bilirubin ≥ 
1.5 x ULN [34]. 

AF and stroke are associated with dementia [39,40]. Twice daily 
regimens and dementia have been shown to impair the adherence 
to DOACs [41]. The EHRA 2021 guide reports that once daily 
medications such as edoxaban as well as weekly boxes, blister 
packs and date/time of administration reminders can help 
improve adherence in these patients [8]. 

Indications of edoxaban 

Stroke prevention in atrial fibrillation (SPAF) 

Stroke is a global health concern which results in substantial 
disability and mortality. In 2019, it was the second leading cause 
of overall deaths (11.6%) and the third most common cause 
of disability-adjusted life-years (DALYs) (5.7%) [42]. AF is 
the most frequently encountered heart rhythm abnormality; its 
estimated prevalence is reported to be 1 to 4% in the US, Europe 
and Australia and varies between 0.49% to 1.9% in Asia [43]. 
The risk of ischemic stroke is 3 to 5fold higher in AF than in 
general population [44]. AF-related strokes are more disabling 
and have higher recurrence and death rates than non-AF-related 
ones [45]. 

The efficacy of edoxaban versus warfarin for prevention of 
stroke or systemic embolism in subjects with NVAF was 
demonstrated in the pivotal ENGAGE AF-TIMI 48 (Effective 
Anticoagulation with Factor Xa Next Generation in Atrial 
Fibrillation–Thrombolysis in Myocardial Infarction 48) study 
which is the largest (n=21.105) and longest (median duration 2.8 
years) comparative SPAF study to date [21]. The mean CHADS2 
score of the study population was 2.8± 0.1 indicating a moderate 
to high risk of stroke and the median TTR in the warfarin arm 
was 68.4% (IQR [interquartile range]: 56.5-77.4) of the treatment 
period. The annualized rates of stroke or systemic embolic event 
(S/SEE) were 1.50%, 1.18% and 1.61% with warfarin, edoxaban 
60 mg od and 30 mg od, respectively, demonstrating that 
edoxaban was as effective as warfarin regarding to prevention 
of S/SEEs (for non-inferiority HR:0.79; 97.5%CI:0.63-
0.99; p<0.001 for edoxaban 60 mg vs warfarin and HR:1.07; 
97.5%CI:0.87-1.31; p=0.005 for edoxaban 30 mg vs warfarin). 
Edoxaban reduced both annualized mortality and cardiovascular 
mortality compared to warfarin. Additionally, the annualized 
rates of major, life-threatening, intracranial, and major plus 
clinically relevant non-major (CRNM) bleedings were lower 
with edoxaban than with warfarin (p<0.001 for all comparisons). 
On the other hand, compared to warfarin, edoxaban 60mg was 
associated with higher rates of major gastrointestinal bleedings 
(1.51% vs 1.23%, HR:1.23; 95%CI:1.02-1.50; p=0.03) but 
major gastrointestinal bleedings occurred less commonly in the 
edoxaban 30 mg arm than in the warfarin arm (0.82% vs 1.23%, 
HR:0.67; 95%CI:0.53-0.83; p<0.001) [21]. 

Various post-hoc and subgroup analyses were performed 
on ENGAGE AF–TIMI 48 data to further investigate the 
comparative efficacy and safety of edoxaban versus warfarin 
in clinical conditions that can influence the course of disease 
and/or the treatment outcomes [46-51]. These analyses broadly 
revealed that, in patients with NVAF, edoxaban remained 
to display a comparable efficacy and a better safety profile 
versus warfarin in many challenging clinical conditions such 
as moderate-to-severe valvular heart disease (VHD) excluding 
mitral stenosis or mechanical heart valves [46], diabetes mellitus 
[47], and extremely low (below 55 kg; <5 percentile) or high 
(>120 kg; >95 percentile) body weights [48]. It was also shown 
that edoxaban (60 mg or 30 mg od) significantly reduced the net 
clinical outcome (NCO) which was a composite endpoint that 
included stroke/SEE, major bleeding, or death) versus warfarin 
in many high-risk patient subgroups: elderly (≥75 years old), 
Asian origin, moderately disturbed kidney function (CrCl 
≤50mL/min), prior stroke/transient ischemic attack, body weight 
<55 kg (compared to 79.8-84 kg), concomitant single antiplatelet 
drug use, and VKA-naïve [49]. Based on the consistent efficacy 
and safety of edoxaban compared to warfarin in patients with 
low body weights, the EHRA 2021 guide reported that it is a 
suitable treatment option for individuals weighing ≤60kg [8]. 
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The ENGAGE AF-TIMI 48 study also pointed out that edoxaban 
remained to be safer and more efficacious than warfarin 
irrespective of the burden of concomitant disease evaluated 
with the Updated Charlson Comorbidity Index (CCI) but the 
outcomes were worse in subjects with higher CCI scores.[50] 
In a pre-specified analysis of the ENGAGE AF–TIMI 48 study, 
edoxaban significantly reduced the risk of severe bleeding and 
deaths compared to warfarin, irrespective of risk of falling but 
its beneficial effects were enhanced in patients at increased risk 
of falling [51]. These findings were specifically mentioned in the 
EHRA 2021 guideline [8]. 

The results of the analyses summarized above confirms that 
edoxaban is a viable treatment option for patients with AF in 
real-life and support its use in a wide spectrum of patients in 
daily practice. Accordingly, real-world data on the outcomes 
achieved with edoxaban in SPAF have been increasing. ETNA-
AF (Edoxaban Treatment in routiNe clinical prActice in Patients 
with nonvalvular Atrial Fibrillation) is a large (targeting >26.000 
patients), global, non-interventional, post-authorization program 
complementing the findings from the ENGAGE AF-TIMI trial; 
it includes AF patients treated with edoxaban in real-life [52]. 
The 1-year results of the global ETNAAF program (n=26.823) 
revealed that the study population represented a broader range of 
patient characteristics than ENGAGE AF-TIMI 48 [53]. Patients 
included in this analysis had a median age of 75 (IQR: 68 - 80) 
years; their median (IQR) CHA2DS2 -VASc and HAS-BLED 
scores were 3.0 (2.0 - 4.0) and 2.0 (2.0 - 3.0), respectively, 
at baseline. Most patients (82.6%) received the appropriate 
dose of edoxaban. Given the potential harmful effects of over/
under utilization, this result is very valuable in terms of both 
the effectiveness and safety of the drug. Stroke and bleeding 
events were rarely observed; the rate of ischemic stroke was 
0.87%/year and that of major bleeding was 1.12%/year (0.31%/
year for intracranial hemorrhage and 0.57%/year for major 
gastrointestinal [GI] bleeding). Cardiovascular deaths occurred 
at a rate of 1.22%/year and constituted 40% of all deaths (3.03%/
year) [53]. The ETNA-AF-Europe results at 2-year follow up 
(n=14.317) [54] and those of the recently published Dresden 
NOAC Registry) (n>5000 of whom 1258 were treated with ; 2.5 
years follow up) [55] were consistent with each other and further 
supported the beneficial effects of edoxaban use in AF. 

To the best of our knowledge, the ongoing, prospective, 
observational ETAF-TR (The Evaluation of Treatment Safety in 
Patients with Atrial Fibrillation on Edoxaban Therapy in Real-
Life in Turkey) study is the first study evaluating the outcomes 
associated with edoxaban use in daily practice in Turkey [56]. 
The study will primarily evaluate overt bleedings which include 
major/ CRNM bleedings as well as any other bleedings judged 
by the treating physician as overt bleeding. In addition, the study 
will also examine the treatment persistence, and posology of 

edoxaban in cardiovascular practice [56]. 

Recent clinical guidelines recommend oral anticoagulation with 
DOACs instead of VKAs for prevention of stroke in patients with 
NVAF [6,7]. Since no head-to-head controlled studies comparing 
DOACs have been conducted so far, it is inappropriate to draw 
conclusions about the superiority of one DOAC over another. 
For now, clinicians should consider the availability, prescribing 
information and accessibility of DOACs, and, more importantly, 
individual patient characteristics when deciding which DOAC to 
prescribe to their patients. 

Treatment of VTE 

Venous Tromboembolism is the third most prevalent acute 
cardiovascular condition preceded by myocardial infarct and 
stroke. Deep vein thrombosis (DVT) and pulmonary embolism 
(PE) are the two clinical presentations of the disease [4]. It tends 
to recur in 30% of patients within 10 years of the initial event.
[57]. Anticoagulation is the cornerstone of VTE management. 
Its purpose is both to treat the acute episode and to prevent the 
recurrent events. Accordingly, a 3-phase management approach 
is recommended: an initiation phase (up to 10 days [5-21 days 
according to CHEST guidelines] after diagnosis) to rapidly 
induce anticoagulation to treat the acute event and prevent 
its spread, a principal treatment phase (3 months) aimed at 
preventing early recurrences by maintaining anticoagulation, and 
an extended treatment phase (beyond 3 months) for secondary 
prevention [6,58,59]. Many of the detrimental outcomes 
associated with VTE, including death, can be avoided with 
appropriate management. 

DOACs are effective in management of both provoked and 
unprovoked DVT; they remarkably decrease the risk of major 
bleeding and they are recommended instead of VKAs by recent 

guidelines for principal and extended treatment of VTE 
[6,58,59]. They eliminated the need for hospitalization for the 
treatment of uncomplicated DVT [6]. Selection of the suitable 
anticoagulant agent for the treatment phase of VTE requires 
meticulous assessment of individual patient characteristics 
such as kidney function, bleeding risk, adherence to treatment; 
drug availability and accessibility, and patient preferences [6]. 
The standard approach to VTE management is to discontinue 
anticoagulation after three to six months in patients not at risk for 
recurrent events. The decision for longer-term treatment should 
be evaluated on an individual basis [6,58,59]. Although the risk 
of recurrence in provoked DVT is lower than in unprovoked 
DVT, it should not be ignored. Iorio et al., in a systematic review, 
reported that the risk of recurrent VTE after a provoked DVT 
was 3.3%/patient-year two years after stopping anticoagulation 
and 0.7% if the provoking factor was surgical intervention.
[60] The European Society for Vascular Surgery (ESVS) 2021 
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Clinical Practice Guidelines on the Management of Venous 
Thrombosis recommend 3 months of anticoagulation for DVT 
provoked by a major transient risk factor including surgery, short 
term confinement to bed or reduced mobility. For recurrent VTE, 
pulmonary embolism, unprovoked events, or events provoked 
by a minor transient risk factor, anticoagulation is suggested for 
at least 3 months. Risk of thrombosis and bleeding and patient 
preferences should be considered while making treatment 
decision. Since patients with an underlying active cancer, severe 
thrombophilia, or chronic rheumatic diseases have an increased 
risk of recurrent VTE, they should not discontinue anticoagulant 
therapy unless contraindicated [58]. 

Edoxaban, which was previously recommended as an option 
for the principal treatment phase in VTE following initial use 
of heparin or low molecular weight heparin (LMWH), has been 
named among the long-term treatment (>3 months) alternatives 
for VTE in the 2021 versions of many guidelines based on the 
current scientific evidence [6,8,58,59]. 

HOKUSAI-VTE is the pivotal, 12-month study demonstrating 
the efficacy and safety of edoxaban versus warfarin in VTE 
[61]. The study included 8292 adults who presented with acute, 
symptomatic distal DVT or PE (±DVT) and received edoxaban 
(60 mg or 30 mg od, in line with dose reduction criteria) or 
warfarin for 3 to 12 months following an initial enoxaparin or 
unfractioned heparin treatment of at least 5 days. The incidences 
of recurrent symptomatic VTE (primary efficacy outcome) in the 
edoxaban (3.2%) and warfarin (3.5%) arms were comparable 
(HR:0.89; 95%CI:0.70-1.13; p<0.001 for non-inferiority). 
The percentage of patients who died was 5.5% in each group 
(HR:1.00; 95% CI:0.83-1.20). The percentage of patients who 
had major or CRNM bleeding was approximately 20% lower in 
the edoxaban arm (8.5%) compared to warfarin arm (10.3%) (HR: 
0.81; 95%CI:0.71-0.94; p=0.004 for superiority). The incidences 
of any bleeding (21.7% vs 25.6%; HR:0.82, 95%CI:0.75-0.90; 
p<0.001) and CRNM bleeding were also lower with edoxaban 
(7.2% vs 8.9, HR:0.80, 95%CI:0.68-0.93; p=0.004). The groups 
were comparable regarding major bleeding (1.4% in edoxaban 
vs 1.6% in warfarin arms; HR:0.84, 95%CI:0.59–1.21; p=0.35)
[61]. 

Several sub-group and post-hoc analyses of HOKUSAI-VTE 
have been performed to better delineate the efficacy and safety 
profile of edoxaban in various patient groups.[62-66] Extended 
treatment with edoxaban (>3 months) decreased the risk of 
recurrent VTE by 22% compared to warfarin.[62] Edoxaban 
remained to be more efficacious and at least as safe as warfarin 
in elderly patients (≥75years) and in patients having multiple 
comorbidities despite the increase in bleeding rates with age, 
comorbidities, and polypharmacy [63]. Di Nisio et al. identified 
female gender, antiplatelet drug use, hemoglobin level ≤10 g/dl, 

history of hypertension and systolic blood pressure >160 mm/
Hg as main factors associated with the increased risk of major 
and CRNM bleeding in patients acute VTE treated with either 
edoxaban or warfarin [64]. A pre-specified subgroup analysis 
of the HOKUSAI-VTE focused on patients with PE and right 
ventricular dysfunction revealed that edoxaban was superior 
to warfarin in preventing recurrent VTE (3% vs 6%, HR:0.50; 
95%CI:0.26-0.94; p=0.033) in patients with NT-proBNP 
level≥500 pg/ml and it was at least as effective (3%) as warfarin 
(5%) (HR:0.57; 95%CI:0.27-1.17; p=0.13) in patients with right/
left ventricular diameter ratio ≥0.9 [65]. 

The comparative efficacy and safety of reduced edoxaban 
dose (30 mg od) versus warfarin was also investigated in the 
HOKUSAI-VTE study [61]. These results demonstrated that the 
efficacy of edoxaban in preventing recurrent VTE as well as its 
safety regarding bleeding events were maintained in subjects 
fulfilling the dose reduction criteria [61]. Additionally, Verhamme 
et al. reported that both doses of edoxaban were comparable in 
reducing recurrent VTE and clinically significant bleeding (VTE 
recurrence: 3% vs 3.2%; clinically relevant bleeding rate: 7.9% 
vs 8.9% in 30 and 60 mg doses, respectively). Furthermore, 
they found that edoxaban 30 mg was safer than warfarin (VTE 
recurrence: 4.2%; bleeding rate: 12.8%) in patients with VTE 
who were eligible for dose reduction [66]. 

Several studies explored the outcomes of patients who received 
edoxaban for VTE in clinical practice. ETNA-VTE (Edoxaban 
Treatment in routiNe clinical prActice in patients with 
Venous ThromboEmbolism) is a prospective, multinational, 
observational study program that evaluates the effectiveness 
and safety of edoxaban in >4500 patients with VTE in real-life 
[52]. The comparison of the European cohorts of ETNA-VTE 
and HOKUSAI-VTE studies revealed that edoxaban was used 
in an older (65 vs 57 years) patient population with lower CrCl 
(≤50 ml/min 10.2 % vs 4.1%) and body weight (<60 kg:9.3% 
vs 5.6%), and a higher percentage of women (46.5% vs 39.8%) 
in routine clinical practice [67]. Edoxaban was appropriately 
dosed in the majority of cases (90%) and anticoagulation with 
heparin preceeded edoxaban treatment in 84.7% of patients [67]. 
An interim analysis of the ETNA-VTE Europe study (n=2672; 
DVT-only: 58.2%; PE only: 22.2%; DVT+PE:19.6%) showed 
that the rates of recurrent VTE (0.34%), major bleeding (0.97%) 
and deaths (0.79%) were low with edoxaban during the first 3 
months of treatment, when the risk of recurrent VTE was highest 
[68]. Major bleeding (1.9%) and VTE recurrence (2.83%) rates 
at 12 month were also reported to be low [69]. Similarly, the 
incidences of major bleeding (2.6%) and recurrent VTE (1.8%) 
over 12 months were low in ETNA-VTE Japan (n=1732; DVT-
only: 57.4%; PE ±DVT 42.3%) study [70]. Considering potential 
impact of obesity on the distribution and half-life of DOACs 
thereby worsening treatment outcomes, Schindewolf et al. 
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analyzed the impact of body mass index (BMI) on the outcomes 
in the ETNAVTE-Europe study and reported that obesity had no 
effect on VTE recurrence in patients treated with edoxaban [71]. 
Bleeding risk evaluated with VTE-BLEED score (<2 and ≥2) 
which included active cancer, uncontrolled hypertension, male 
gender, anemia, history of major or CRNM bleeding, age >60, and 
renal dysfunction (CrCl< 60 ml/min) also did not have an impact 
on the effectiveness of edoxaban in reducing recurrent VTE at 12 
month in the ETNA-VTE-Global study but the mortality rates 
and bleeding incidences were higher in the patients with high 
VTEBLEED scores [72]. A prospective analysis of the Dresden 
DOAC registry reported 891 bleeding events in 996 patients 
treated with edoxaban for SPAF or treatment of VTE (minor: 
53.2%, CRNM: 41.9%, major: 4.9%)[73]. Authors reported that 
the rate of major bleeding associated with edoxaban use was 
consistent with those reported in the phase 3 trials and there was 
no difference between edoxaban and other DOACs regarding 
bleeding patterns, management, and outcomes [73]. In 2021, 
Bavalia et al. published the quality of life results of 251 patients 
treated with edoxaban or warfarin for PE in the Hokusai-VTE 
trial at 7 years after randomization. In this single visit study, the 
authors observed no difference in QoL between the two groups 
based on the 36-item Short Form Health Questionnaire (SF-36) 
and Pulmonary Embolism Quality of Life Questionnaire (PEMB-
QOL) scores [74]. 

An interesting review of 51 articles published until 2019 in 
terms of treatment failure rates of DOACs showed that 30.4% 
and 6.3% of failures (n=79; 51.6% male, mean age: 52.8 years) 
occurred in patients with AF and DVT, respectively. Failure rate 
was highest with rivaroxaban (65.8%) followed by dabigatran 
(27.8%), apixaban (7.6%) and edoxaban (1.3%). DOACs also 
differed regarding the median time to failure: dabigatran (126 
days), rivaroxaban (90 days), and edoxaban (60 days) and 
apixaban (8 days). More than half of patients were switched to 
VKAs following failure [75]. 

Untreated distal DVTs (DDVT) have a >10% risk of propagation 
to the popliteal or femoral vein and/or PE.[76] Most guidelines, 
including CHEST 2021, ESVS 2021, and Turkish National 
Treatment Guideline for peripheral Arterial and Venous Diseases 
2021[6,58,59] recommend a 3- month anticoagulation therapy 
for DDVT if patients are symptomatic or at high risk of proximal 
propagation. It has been reported that the risk of recurrent VTE 
after unprovoked DVT is 7.4%/patient-year two years after 
stopping anticoagulation.[60] In the ESVS 2021 Guidelines, a 
direct DOAC is recommended (class 1A) rather than a VKA for 
the first 3 months of an unprovoked DVT.[58] The CHEST 2021 
and the Turkish National Guidelines 2021 strongly recommend 
prolonged anticoagulation with a DOAC for unprovoked DVT or 
VTE provoked by a persistent risk factor. Alternatively, VKA can 
be used by patients who are unable to use DOACs [6,59]. 

In 2022, Pham et al. reported the findings from the TriNetX 
healthcare database which included 6509 patients treated with a 
VKA or a DOAC for the treatment of DDVT. They observed that 
the the incidences of PE (1.80% vs 3.60%; p=0.0020) and major 
bleeding (7.95% vs 10.51%; p = 0.0134) were lower with DOAC 
treatment than warfarin [77]. 

Anticoagulation in patients with cardiovascular surgical 
interventions 

Pre-existing or new onset AF is a commonly observed 
comorbidity in patients who have undergone transcatheter aortic 
valve replacement (TAVR) [78]. The multicenter, prospective, 
randomized, open-label (with blinded end point) ENVISAGE 
TAVI AF trial compared edoxaban (n=713) with VKAs (n=713) 
in NVAF patients for whom oral anticoagulation is indicated 
for AF after a successful TAVI [79]. Edoxaban and VKAs were 
comparable regarding the primary outcome of net adverse 
clinical events (NACE) which were a composite of all-cause 
mortality, myocardial infarction, ischemic stroke, systemic 
thromboembolism, valve thrombosis, and major bleeding [79]. 
The rates of NACE in edoxaban and VKA arms were 17.3%/
year and 16.5%/year, respectively (HR:1.05; 95%CI:0.85-1.31; 
p=0.01 for non-inferiority). However, major bleeding risk was 
greater in the edoxaban arm mainly due to high GI bleeding rates 
in this group [79]. Due to the paucity of scientific data and the 
presence of confounding factors in observational studies, there is 
not a clear recommendation about the use of DOACs after TAVR 
[7,8]. The treatment decision should therefore be individualized, 
considering patient’s bleeding and thrombotic risk. Since new 
onset AF is a frequent complication of cardiac surgery, Sezai 
et al, in a pilot study, observed 15 patients who developed AF 
after cardiac surgery and were given edoxaban for 2 months and 
did not observe any cerebrovascular event or bleeding [80]. A 
prospective, observational study comparing the effectiveness 
and safety of DOACs in post-operative AF also supported the 
favorable profile of edoxaban in real-life [81]. 

In a recent systematic review and meta-analysis of 12 studies 
which included patients who had AF after cardiac surgery and were 
treated with DOACs (n=8587) or warfarin (n=8315), DOACs 
were more effective in reducing neurological events (RR:0.63; 
95%CI:0.48-0.83; p=0.0012) and safer in terms of bleeding risk 
(RR:0.74; 95% CI: 0.62-0.89; p=0.0011) than warfarin, but the 
treatments were comparable regarding mortality risk (RR:1.02; 
95% CI:0.77-1.35; p=0.090) [82]. Endovascular interventions 
have gained importance in recent years for the treatment of DVT 
due to their potential contribution to preventing post-thrombotic 
syndrome [83-85]. The rationale behind endovascular treatment 
of acute DVT is the early and complete removal of thrombus 
restoring blood flow and preserving vein walls and vessels 
thereby preventing residual obstruction and venous hypertension. 
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Catheter directed thrombolysis (CDT), percutaneous mechanical 
thrombectomy (PMT) and pharmacomechanical catheter 
directed thrombolysis (PCDT) can be performed for this purpose 
[83-85]. The risk of bleeding is the main problem associated with 
thrombolysis. The absolute contraindications for thrombolysis 
include previous hemorrhagic stroke, intracranial disease, active 
non-menstrual bleeding, ischemic stroke within three months 
prior to thrombolysis, tendency to bleed and cerebral tumor 
[59]. The studies about catheter-directed pharmacomechanical 
thrombolysis have controversial results. While the CAVENT study 
reported positive results [86], the ATTRACT and CAVA studies 
could not show a significant benefit [87,88]. In recent guidelines, 
including the Turkish National guidelines on the management 
of VTE, these treatment modalities are recommended for use 
in selected patients such as a young patient with a low risk of 
bleeding, or with phlegmasia cerulea dolens, or symptomatic 
DVT in the iliac and common femoral veins [58,59]. A significant 
number of patients need venous stenting especially for proximal 
occlusive lesions; there are controversies about the optimal 
anticoagulation regimen in these patients. Patients treated with 
pharmacomechanical intervention for DVT should initiate and 
continue anticoagulation in the same way as patients without 
early thrombus removal. The anticoagulant should be chosen 
at the discretion of the treating physician, taking into account 
the individual patient characteristics. The suggested duration of 
treatment is the same as in patients taking anticoagulants alone. 
A “tailor-made” anticoagulant treatment selected based on the 
judgement of the treating physician is recommended for patients 
with iliofemoral DVT in whom an early thrombus removal 
intervention was performed. Patient monitorization and follow 
up must be planned individually [58,59]. 

The prospective, observational, multinational EMIT-AF/
VTE (Edoxaban Management In diagnostic and Therapeutic 
procedures-AF/VTE) study evaluated the periprocedural 
management and outcomes of patients who underwent various 
diagnostic and therapeutic procedures (95.2% elective: 434 
transcatheter vascular, 136 cardiothoracic and vascular, 127 
dental and 117 gastrointestinal) and anticoagulated with edoxaban 
(n=1155) (92.2% of whom treated for AF) [89]. Overall, the risks 
of periprocedural bleeding and acute thromboembolic event 
were low; 5 major and 8 CRNM bleedings, 5 deaths, 7 acute 
thromboembolic events including 2 cardiovascular deaths and 
1 acute coronary syndrome (ACS) occurred during the 35-day 
observation period (starting from fifth day before procedure). 
Importantly, the authors drew attention to two points that 
may have clinically important implications: first, 9.5% and 
7% of patients were underdosed and overdosed, respectively; 
secondly, contrary to EHRA recommendations, edoxaban was 
unnecessarily interrupted in 23.8% of minor-risk patients, while 
it was not interrupted in 42.1% of low- or high-risk patients as 
needed, during the periprocedural period [89]. 

Cancer-associated Venous Thrombosis (CAVT) 

Malignancy is a well-known risk factor for VTE associated 
with 3 to 7-fold rise; VTE incidence can be as high as 10-20% 
in cancer patients and thromboembolic events show a high 
tendency to recur [90]. The guidelines on VTE management 
updated after 2020 include all factor Xa inhibitors among 
treatment options for CAVT [6,58,59,91]. However, there are 
some differences between the recommendations of the guidelines 
on factor Xa inhibitor use. While the CHEST 2021 guideline 
strongly recommends a factor Xa inhibitor over LMWH for both 
the initiation and treatment phases of therapy [6], the American 
Society of Hematology (ASH) 2021 guideline for management 
of VTE in patients with cancer recommends an initial therapy 
with LMWH and suggests the use of factor Xa inhibitors for 
short-term (3-6 months) treatment of CAVT over LMWH or 
VKA [91]. The guideline also suggests an extended treatment 
for secondary prophylaxis. On the other hand, the ESVS 2021 
guideline, with a more conservative approach, recommends using 
LMWH in initial and principal phases of cancer associated VTE 
treatment and switching to an oral anticoagulant after 3-6 months 
for extended treatment [58]. The guideline further states that an 
approved DOAC should be considered at all treatment phases 
(edoxaban for principal and extended phases) except in patients 
with gastrointestinal or genitourinary tumors [58]. Physicians 
should consider the absolute and relative contraindications 
for anticoagulation before making treatment decision. Prior to 
treatment with DOAC, patients should be carefully evaluated for 
factors which may affect the effectiveness, safety, and tolerability 
of the drug including but not limited to nausea, vomiting, potential 
drug-drug interactions [especially via P-gp or CYP3A4], 
impaired liver and kidney function, tumor location, and risk of 
bleeding, Analysis of cancer subgroup in the HOKUSAI-VTE 
and findings from the HOKUSAI-VTE Cancer trial which was 
specifically conducted in patients with CAVT provided data about 
efficacy and safety of edoxaban in this condition.[92,93] In the 
CAVT subgroup of HOKUSAI-VTE (n=733), recurrence rates 
of VTE with edoxaban (4%) and warfarin (7%) were comparable 
(HR:0.53, 95%CI:0.28-1.00; p=0.0007) and the risk of clinically 
relevant bleeding was lower by 36% in the edoxaban arm (12% 
vs 19%; HR:0.64; 95%CI:0.45-0.92; p= 0.017) [92]. 

The multinational, prospective, randomized, open-label, blinded 
endpoint evaluation (PROBE) 

HOKUSAI-VTE Cancer study (n=1512) compared edoxaban 
(≥6 months to 12 months) with the standard of care (LMWH) 
for CAVT and showed that, in terms of the composite outcome 
of recurrent VTE or major bleeding, edoxaban was comparable 
(12.8%) to dalteparin (13.5%) (HR:0.97; 95%CI:0.70-1.36; 
p=0.006 for non-inferiority) [93]. Recurrent VTE occurred in a 
numerically lower percentage of patients in edoxaban arm (7.9%) 
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than in dalteparin arm (11.3%) (p=0.09). Major bleeding occured 
more commonly in patients who received edoxaban (6.9% vs 
4.0%; p=0.04) because of the increased risk of bleeding with this 
agent in patients with gastrointestinal cancer [93]. 

Findings from real-world studies conducted on patients with 
various types of cancers experiencing VTE are broadly consistent 
with the findings from the randomized controlled studies [94,95], 
and support the acceptability of edoxaban as a treatment option 
for treating VTE and preventing recurrent events in properly 
selected cancer patients. 

In this article, we overviewed the outcomes with edoxaban in 
various settings based on scientific data gathered from clinical and 
real-life studies. The consistent efficacy and safety of edoxaban 
in a wide range of patients with NVAF or VTE suggest that it is 
a reliable treatment option to prevent and treat tromboembolism. 
An individualized treatment and follow-up plan will contribute 
to achieving optimal clinical outcomes. 

Data Sharing Statement: The data that support the findings 
of this study are available from the corresponding author upon 
reasonable request.

Conflict of Interest: The author declared no conflicts of interest 
with respect to the authorship and/or publication of this article.

Funding: This article is sponsored by Daiichi-Sankyo Türkiye. 

Acknowledgment: İdilhan Baloğlu Ar, MD compiled authors’ 
works, cited references and provided language support.

REFERENCES

1.	 Silverman M, Murray TJ, Bryan C. The Quotable Osler. 
Philadelphia: American College of Physicians, 2003. 

2.	 Silverman BD. Physician behavior and bedside manners: the 
influence of William Osler and The Johns Hopkins School of 
Medicine. Proc (Bayl Univ Med Cent) 2012;25:58-61. 

3.	 Wendelboe AM, Raskob GE. Global Burden of Thrombosis: 
Epidemiologic Aspects. Circ Res 2016;118:1340-7. 

4.	 Raskob GE, Angchaisuksiri P, Blanco AN, Buller H, Gallus A, 
Hunt BJ, et al. ISTH Steering Committee for World Thrombosis 
Day. Thrombosis: a major contributor to global disease burden. 
Arterioscler Thromb Vasc Biol 2014;34:2363-71. 

5.	 Franchini M, Liumbruno GM, Bonfanti C, Lippi G. The evolution 
of anticoagulant therapy. Blood Transfus. 2016;14:175-84. 

6.	 Stevens SM, Woller SC, Baumann Kreuziger L, Bounameaux 
H, Doerschug K, Geersing GJ, et al. Executive Summary: 
Antithrombotic Therapy for VTE Disease: Second Update of the 
CHEST Guideline and Expert Panel Report. Chest 2021;160:2247-
59. 

7.	 Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-
Lundqvist C, et al. 2020 ESC Guidelines for the diagnosis and 
management of atrial fibrillation developed in collaboration with 
the European Association for Cardio-Thoracic Surgery (EACTS): 
The Task Force for the diagnosis and management of atrial 
fibrillation of the European Society of Cardiology (ESC) Developed 
with the special contribution of the European Heart Rhythm 
Association (EHRA) of the ESC. Eur Heart J. 2021;42(5):373-498. 
Erratum in: Eur Heart J. 2021;42(5):507. Erratum in: Eur Heart 
J. 2021;42(5):546-547. Erratum in: Eur Heart J 2021;42(40):4194. 

8.	 Steffel J, Collins R, Antz M, Cornu P, Desteghe L, Haeusler KG, 
et al. 2021 European Heart Rhythm Association Practical Guide 
on the Use of Non-Vitamin K Antagonist Oral Anticoagulants 
in Patients with Atrial Fibrillation. Europace. 2021;23:1612-76. 
Erratum in: Europace 2021 Jun 28. 

9.	 De Caterina R, Husted S, Wallentin L, Andreotti F, Arnesen H, 
Bachmann F, et al. Vitamin K antagonists in heart disease: current 
status and perspectives (Section III). Position paper of the ESC 
Working Group on Thrombosis--Task Force on Anticoagulants in 
Heart Disease. Thromb Haemost 2013;110:1087-107. 

10.	 Norn S, Permin H, Kruse E, Kruse PR. Pionerer bag vitamin K, 
dikumarol og warfarin [On the history of vitamin K, dicoumarol 
and warfarin]. Dan Medicinhist Arbog 2014;42:99119. Danish. 

11.	 Barnes GD, Ageno W, Ansell J, Kaatz S; Subcommittee on 
the Control of Anticoagulation of the International Society 
on Thrombosis and Haemostasis. Recommendation on the 
nomenclature for oral anticoagulants: communication from the 
SSC of the ISTH. J Thromb Haemost. 2015 Jun;13(6):1154-6. 
Erratum in: J Thromb Haemost 2015;13:1539. 

12.	 Bloemen S, Zwaveling S, Ten Cate H, Ten Cate-Hoek A, de Laat B. 
Prediction of bleeding risk in patients taking vitamin K antagonists 
using thrombin generation testing. PLoS One 2017;12:e0176967. 

13.	 Link KP. The discovery of dicumarol and its sequels. Circulation 
1959;19:97-107. 

14.	 Lim GB. Milestone 2: Warfarin: from rat poison to clinical use. Nat 
Rev Cardiol. 2017 Dec 14. doi: 10.1038/nrcardio.2017.172. 

15.	 Hirsh J, O'Donnell M, Eikelboom JW. Beyond unfractionated 
heparin and warfarin: current and future advances. Circulation 
2007;116:552-60. 

16.	 Krittayaphong R, Chantrarat T, Rojjarekampai R, Jittham P, 
Sairat P, Lip GYH. Poor Time in Therapeutic Range Control is 
Associated with Adverse Clinical Outcomes in Patients with Non-
Valvular Atrial Fibrillation: A Report from the Nationwide COOL-
AF Registry. J Clin Med 2020;9:1698. 

17.	 Pradaxa European Medicines Agency Summary of Product 
Characteristics available at https://www.ema.europa.
eu /en /documents /p roduc t - in fo rmat ion /p radaxa-epar-
productinformation_en.pdf (last accessed: August 19, 2022). 



DOI: 10.9739/tjvs.2022.09.019Turk J Vasc Surg 2022;31(3):195-206

203

18.	 Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, 
Parekh A, et al. Dabigatran versus warfarin in patients with atrial 
fibrillation. N Engl J Med 2009;361:1139-51. 

19.	 Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et 
al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N 
Engl J Med 2011;365:883-91. 

20.	 Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, 
Hanna M, et al. Apixaban versus warfarin in patients with atrial 
fibrillation. N Engl J Med 2011;365:981-92. 

21.	 Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, 
Halperin JL, et al. Edoxaban versus warfarin in patients with atrial 
fibrillation. N Engl J Med 2013;369:2093-104. 

22.	 Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, 
Eriksson H, et al. Dabigatran versus warfarin in the treatment of 
acute venous thromboembolism. N Engl J Med 2009;361:2342-52. 

23.	 EINSTEIN Investigators: Bauersachs R, Berkowitz SD, Brenner 
B, Buller HR, Decousus H, et al. Oral rivaroxaban for symptomatic 
venous thromboembolism. N Engl J Med 2010;363:2499-510. 

24.	 EINSTEIN–PE Investigators: Büller HR, Prins MH, Lensin 
AW, Decousus H, Jacobson BF, et al. Oral rivaroxaban for the 
treatment of symptomatic pulmonary embolism. N Engl J Med 
2012;366:1287-97. 

25.	 The Hokusai-VTE investigators. Edoxaban versus warfarin for 
the treatment of symptomatic venous thromboembolism. N Engl J 
Med 2013; 369:1406–15. 

26.	 Schulman S, Kakkar AK, Goldhaber SZ, Schellong S, Eriksson 
H, Mismetti P, et al. Treatment of acute venous thromboembolism 
with dabigatran or warfarin and pooled analysis. Circulation 
2014;129:764-72. 

27.	 Zafar MU, Vorchheimer DA, Gaztanaga J, Velez M, Yadegar D, 
Moreno PR, et al. Antithrombotic effects of factor Xa inhibition 
with DU-176b: Phase-I study of an oral, direct factor Xa inhibitor 
using an ex-vivo flow chamber. Thromb Haemost 2007;98:883-8. 

28.	 Furugohri T, Isobe K, Honda Y, Kamisato-Matsumoto C, Sugiyama 
N, Nagahara T, et al. DU-176b, a potent and orally active factor Xa 
inhibitor: in vitro and in vivo pharmacological profiles. J Thromb 
Haemost 2008;6:1542-9. 

29.	 Eriksson BI, Quinlan DJ, Weitz JI. Comparative pharmacodynamics 
and pharmacokinetics of oral direct thrombin and factor xa 
inhibitors in development. Clin Pharmacokinet 2009;48:1–22. 

30.	 Lixiana European Medicines Agency Committee for Medicinal 
Products for Human Use (CHMP) Assessment 	 Report .  	
23 	 April 	 2015 	 available 	at https://www.ema.europa.eu/
en/documents/assessment-report/lixiana-epar-publicassessment-
report_en.pdf (last accessed: August 19, 2022). 

31.	 Daiichi Sankyo press release - Daiichi Sankyo Receives 

Approval for Additional Indications of 	 L I X I A N A ® 
(edoxaban) 	 in 	 Japan. 	 26 	 S e p t e m b e r 
2014. 	 Available at: https://www.daiichisankyo.com/
files/news/pressrelease/pdf/006189/20140926_540_E.pd f (last 
accessed: August 19, 2022). 

32.	 Savaysa® prescribing Information (the U.S. Food and Drug 
Administration) available at https://www.accessdata.fda.gov/
drugsatfda_docs/label/2019/206316s015lbl.pdf 	 ( l a s t 
accessed: August 19, 2022). 

33.	 Lixiana® Summary of Product Characteristics (European 
Medicines Agency) https://www.ema.europa.eu/en/documents/
product-information/lixiana-epar-productinformation_en.pdf (last 
accessed: August 19, 2022). 

34.	 Lixiana® Summary of Product Characteristics (Turkish Medicines 
and Medical Devices Agency) https://titck.gov.tr/storage/
Archive/2022/kubKtAttachments/ONAYLIKB60_241840e1a938-
4a50-adff-59c67dc780fa.pdf (last accessed: August 19, 2022). 

35.	 Matsushima N, Lee F, Sato T, Weiss D, Mendell J. Bioavailability 
and safety of the factor xa inhibitor edoxaban and the effects 
of quinidine in healthy subjects. Clin Pharmacol Drug Dev 
2013;2:358-66. 

36.	 Ogata K, Mendell-Harary J, Tachibana M, Masumoto H, Oguma T, 
Kojima M, et al. Clinical safety, tolerability, pharmacokinetics, and 
pharmacodynamics of the novel factor Xa inhibitor edoxaban in 
healthy volunteers. J Clin Pharmacol 2010;50:743-53. 

37.	 Bathala MS, Masumoto H, Oguma T, He L, Lowrie C, Mendell 
J. Pharmacokinetics, biotransformation, and mass balance of 
edoxaban, a selective, direct factor Xa inhibitor, in humans. Drug 
Metab Dispos 2012;40:2250-5. 

38.	 Corsini A, Ferri N, Proietti M, Boriani G. Edoxaban and the 
Issue of Drug-Drug Interactions: From Pharmacology to Clinical 
Practice. Drugs 2020;80:1065-83. 

39.	 Singh-Manoux A, Fayosse A, Sabia S, Canonico M, Bobak M, 
Elbaz A, et al. Atrial fibrillation as a risk factor for cognitive 
decline and dementia. Eur Heart J 2017;38:2612-18. 

40.	 Smith EE. Clinical presentations and epidemiology of vascular 
dementia. Clin Sci (Lond) 2017;131:1059-68. 

41.	 Emren SV, Şenöz O, Bilgin M, Beton O, Aslan A, Taşkin U et al. 
Drug Adherence in Patients With Nonvalvular Atrial Fibrillation 
Taking Non-Vitamin K Antagonist Oral Anticoagulants in Turkey: 
NOAC-TR. Clin Appl Thromb Hemost 2018;24:525-31. 

42.	 GBD 2019 Stroke Collaborators. Global, regional, and national 
burden of stroke and its risk factors, 1990-2019: a systematic 
analysis for the Global Burden of Disease Study 2019. Lancet 
Neurol 2021;20:795-820. 

43.	 Zulkifly H, Lip GYH, Lane DA. Epidemiology of atrial fibrillation. 
Int J Clin Pract 2018;72:e13070. 



DOI: 10.9739/tjvs.2022.09.019Turk J Vasc Surg 2022;31(3):195-206

204

44.	 Ball J, Carrington MJ, McMurray JJ, Stewart S. Atrial fibrillation: 
profile and burden of an evolving epidemic in the 21st century. Int 
J Cardiol 2013;167:1807-24. 

45.	 Ali AN, Abdelhafiz A. Clinical and Economic Implications of AF 
Related Stroke. J Atr Fibrillation 2016;8:1279. 

46.	 De Caterina R, Renda G, Carnicelli AP, Nordio F, Trevisan M, 
Mercuri MF, et al. Valvular Heart Disease Patients on Edoxaban 
or Warfarin in the ENGAGE AF-TIMI 48 Trial. J Am Coll Cardiol. 
2017;69(11):1372-82. Erratum in: J Am Coll Cardiol 2019;73:627. 

47.	 Plitt A, Ruff CT, Goudev A, Morais J, Ostojic MC, Grosso MA, et 
al. Efficacy and safety of edoxaban in patients with diabetes mellitus 
in the ENGAGE AF-TIMI 48 trial. Int J Cardiol 2020;304:185-91. 

48.	 Boriani G, Ruff CT, Kuder JF, Shi M, Lanz HJ, Antman EM, et al. 
Edoxaban versus warfarin in patients with atrial fibrillation at the 
extremes of body weight: an analysis from the ENGAGE AF-TIMI 
48 Trial. Thromb Haemost 2021;121:140-9. 

49.	 Gencer B, Eisen A, Berger D, Nordio F, Murphy SA, Grip LT, 
et al. Edoxaban versus Warfarin in high-risk patients with atrial 
fibrillation: A comprehensive analysis of high-risk subgroups. Am 
Heart J 2022;247:24-32. 

50.	 Nicolau AM, Corbalan R, Nicolau JC, Ruff CT, Zierhut W, 
Kerschnitzki M, et al. Efficacy and safety of edoxaban compared 
with warfarin according to the burden of diseases in patients with 
atrial fibrillation: insights from the ENGAGE AF-TIMI 48 trial. 
Eur Heart J Cardiovasc Pharmacother 2020;6:167-75. 

51.	 Steffel J, Giugliano RP, Braunwald E, Murphy SA, Mercuri M, 
Choi Y, Aylward P, White H, Zamorano JL, Antman EM, Ruff CT. 
Edoxaban Versus Warfarin in Atrial Fibrillation Patients at Risk 
of Falling: ENGAGE AF-TIMI 48 Analysis. J Am Coll Cardiol. 
2016;68(11):1169-78. Erratum in: J Am Coll Cardiol 2017;70:512-
3. 

52.	 De Caterina R, Agnelli G, Laeis P, Unverdorben M, Rauer H, 
Wang CC, et al. The global Edoxaban Treatment in routine cliNical 
prActice (ETNA) noninterventional study program: rationale and 
design. Clin Cardiol 2019;42:1147-54. 

53.	 De Caterina R, Kim YH, Koretsune Y, Wang CC, Yamashita T, 
Chen C, et al. Safety and Effectiveness of Edoxaban in Atrial 
Fibrillation Patients in Routine Clinical Practice: OneYear Follow-
Up from the Global Noninterventional ETNA-AF Program. J Clin 
Med 2021;10(4):573. 

54.	 De Caterina R, De Groot JR, Weiss TW, Kelly P, Monteiro P, 
Deharo JC, et al, Safety and effectiveness of edoxaban in a real-
world clinical setting: Two-year follow-up of the ETNAAF-Europe 
study. Presented at the European Heart Rhythm Association 
Congress 2021; 2021 Apr 23-25, virtual. EP Europace, 2021; 
23(Suppl 3): euab116.279. 

55.	 Köhler C, Tittl L, Marten S, Naue C, Spindler M, Stannek L, et al. 
Effectiveness and safety of edoxaban therapy in daily-care patients 

with atrial fibrillation. Results from the Dresden NOAC Registry. 
Thromb Res 2022;215:37-40. 

56.	 Önsel Türk U, Alioğlu E, Mavioğlu Z, Diker E, Özpelit E, De 
Caterina R. Evaluation of treatment safety in patients with atrial 
fibrillation on edoxaban therapy in real-life in turkey study: design 
and rationale. Turk Kardiyol Dern Ars 2022;50:117-23. 

57.	 Heit JA. Predicting the risk of venous thromboembolism recurrence. 
Am J Hematol 2012;87(Suppl 1):S63–7. 

58.	 Kakkos SK, Gohel M, Baekgaard N, Bauersachs R, Bellmunt-
Montoya S, Black SA, et al. Editor's Choice - European Society 
for Vascular Surgery (ESVS) 2021 clinical practice guidelines on 
the management of venous thrombosis. Eur J Vasc Endovasc Surg 
2021;61:9-82. 

59.	 Bozkurt AK, Akay HT, Çalkavur İT, Şırlak M, Balkanay OO, 
Uğuz E, et al. National guidelines on the management of venous 
thromboembolism: Joint guideline of the Turkish Society of 
Cardiovascular Surgery, National Society of Vascular and 
Endovascular Surgery, and Phlebology Society. Turk Gogus Kalp 
Damar Cerrahisi Derg 2021;29:562-76. 

60.	 Iorio A, Kearon C, Filippucci E, Marcucci M, Macura A, Pengo V, 
et al. Risk of recurrence after a first episode of symptomatic venous 
thromboembolism provoked by a transient risk factor: a systematic 
review. Arch Intern Med 2010;170:1710-6. 

61.	 Hokusai-VTE Investigators, Büller HR, Décousus H, Grosso MA, 
Mercuri M, Middeldorp S, et al. Edoxaban versus warfarin for the 
treatment of symptomatic venous thromboembolism. N Engl J 
Med. 2013;369:1406-15. Erratum in: N Engl J Med 2014;370:390. 

62.	 Raskob G, Ageno W, Cohen AT, Brekelmans MP, Grosso MA, 
Segers A, et al. Extended duration of anticoagulation with edoxaban 
in patients with venous thromboembolism: a posthoc analysis of 
the Hokusai-VTE study. Lancet Haematol 2016;3:e228-36. 

63.	 Vanassche T, Verhamme P, Wells PS, Segers A, Ageno W, Brekelmans 
MPA, et al. Impact of age, comorbidity, and polypharmacy on 
the efficacy and safety of edoxaban for the treatment of venous 
thromboembolism: An analysis of the randomized, double-blind 
Hokusai-VTE trial. Thromb Res 2018;162:7-14. 

64.	 Di Nisio M, Raskob G, Büller HR, Grosso MA, Zhang G, Winters 
SM, et al. Prediction of major and clinically relevant bleeding in 
patients with VTE treated with edoxaban or vitamin K antagonists. 
Thromb Haemost 2017;117:784-93. 

65.	 Brekelmans MP, Ageno W, Beenen LF, Brenner B, Buller HR, 
Chen CZ, et al. Recurrent venous thromboembolism in patients 
with pulmonary embolism and right ventricular dysfunction: a 
post-hoc analysis of the Hokusai-VTE study. Lancet Haematol 
2016;3:e437-45. 

66.	 Verhamme P, Wells PS, Segers A, Ageno W, Brekelmans MP, 
Cohen AT, et al. Dose reduction of edoxaban preserves efficacy and 
safety for the treatment of venous thromboembolism. An analysis 



DOI: 10.9739/tjvs.2022.09.019Turk J Vasc Surg 2022;31(3):195-206

205

of the randomised, double-blind HOKUSAI VTE trial. Thromb 
Haemost 2016;116:747-53. 

67.	 Cohen AT, Hoffmann U, Hainaut P, Gaine S, Ay C, Coppens M, 
et al. ETNA VTE Europe: A contemporary snapshot of patients 
treated with edoxaban in clinical practice across eight European 
countries. Eur J Intern Med 2020;82:48-55. 

68.	 Agnelli G, Hoffmann U, Hainaut P, Gaine S, Ay C, Coppens 
M, et al. ETNA-VTE Europe: Benefits and risks of venous 
thromboembolism treatment using edoxaban in the first 3 months. 
Thromb Res 2020;196:297-304. 

69.	 Coppens M, Cohen AT, Ay C, Hainaut P, Hoffmann P, Gaine S, et al. 
Association between index venous thromboembolism (VTE) event 
and 12-months outcomes for patients in routine clinical practice 
enrolled in the Edoxaban Treatment in routine cliNical prActice for 
patients with acute VTE in Europe (ETNA-VTE-Europe) registry. 
Presented at International Society on Thrombosis and Haemostasis 
2020, Virtual Congress; 2021 Jul 12-14. Poster No: PB2461. 70. 

70.	 Nakamura M, Yamada N, Asamura T, Shiosakai K, Uchino 
K. Safety and Effectiveness of Edoxaban in Japanese Venous 
Thromboembolism Patients - Final Analysis of One-Year Follow-
up Data From a Japanese Postmarketing Observational Study 
(ETNA-VTE-Japan). Circ Rep 2020;2:192-202. 

71.	 Schindewolf M, Brüggenjürgen B, Ay C, Hainaut P, Hoffmann U, 
Gaine S, et al. ETNA-VTE Europe: The Effect of Body Mass Index 
on 12-Month Outcomes in VTE Patients with Edoxaban. Presented 
at International Society on Thrombosis and Haemostasis 2020; Jul 
1214, 2020; PB:2432 Res Pract Thromb Haemost. 2020; 4 (Suppl 
1). Available at https://abstracts.isth.org/abstract/etna-vte-europe-
the-effect-of-body-mass-index-on-12month-outcomes-in-vte-
patients-with-edoxaban/. (last accessed August 19, 2022). 

72.	 Cohen A, Unverdorben M, Chen C, Reimitz P, Jiménez D, Agnelli 
G. ETNA-VTE Global: Evaluation of Bleeding Risk Based on VTE-
BLEED Score on 12-month Outcomes in a Population Treated with 
Edoxaban. Presented at International Society on Thrombosis and 
Haemostasis 2020; Jul 12-14, 2020; PB:2432 Res Pract Thromb 
Haemost. 2020; 4 (Suppl 1). Available at https://abstracts.isth.org/
abstract/etna-vte-global-evaluation-of-bleeding-riskbased-on-vte-
bleed-score-on-12-month-outcomes-in-a-population-treated-with-
edoxaban/. (last accessed August 19, 2022). 

73.	 Beyer-Westendorf J, Marten S, Naue C, Tittl L, Hänsel U, Beyer-
Westendorf I, et al. Rates, management and outcome of bleeding 
complications during edoxaban therapy in daily care - results from 
the Dresden NOAC Registry. Thromb Res 2020;190:91-98. 

74.	 Bavalia R, Bistervels IM, Boersma WG, Quere I, Brisot D, Falvo 
N, et al; Hokusai post‐PE study investigators. Quality of life in 
patients with pulmonary embolism treated with edoxaban versus 
warfarin. Res Pract Thromb Haemost 2021;5:e12566. 

75.	 Kajy M, Mathew A, Ramappa P. Treatment Failures of Direct Oral 
Anticoagulants. Am J Ther 2021;28:e87-e95. 

76.	 Kirkilesis G, Kakkos SK, Bicknell C, Salim S, Kakavia K. 
Treatment of distal deep vein thrombosis. Cochrane Database Syst 
Rev 2020;4:CD013422. 

77.	 Pham A, Heib A, Goodman E, Cotto R, Jafari P, Lipsitz E, et al. 
Warfarin versus direct oral anticoagulants for patients needing 
distal deep vein thrombosis treatment. J Vasc Surg Venous Lymphat 
Disord 2022;10:826-31. 

78.	 Ryan T, Grindal A, Jinah R, Um KJ, Vadakken ME, Pandey 
A, et al. New-Onset atrial fibrillation after transcatheter aortic 
valve replacement: a systematic review and metaanalysis. JACC 
Cardiovasc Interv 2022;28;15:603-13. 

79.	 Van Mieghem NM, Unverdorben M, Hengstenberg C, Möllmann 
H, Mehran R, López-Otero D et al. Edoxaban versus Vitamin 
K Antagonist for Atrial Fibrillation after TAVR. N Engl J Med 
2021;385:2150-60. 

80.	 Sezai A, Osaka S, Yaoita H, Arimoto M, Hata H, Shiono M. Safety 
of the direct oral anticoagulant edoxaban for atrial fibrillation after 
cardiac surgery: pilot study. J Atr Fibrillation 2016;9:1456. 

81.	 Sezai A, Taoka M, Osaka S, Kitazumi Y, Suzuki K, Kamata K, 
et al. A Comparative Prospective Observational Study on the 
Use of Direct Oral Anticoagulants after Cardiac Surgery for the 
Management of Atrial Fibrillation. Ann Thorac Cardiovasc Surg 
2021;20;27:191-99. 

82.	 Koh KK, Ling RR, Tan SYS, Chen Y, Fan BE, Shekar K, et al. 
Direct oral anticoagulants in atrial fibrillation following cardiac 
surgery: a systematic review and meta-analysis with trial sequential 
analysis. Br J Anaesth 2022;129:154162. 

83.	 Wong PC, Chan YC, Law Y, Cheng SWK. Percutaneous mechanical 
thrombectomy in the treatment of acute iliofemoral deep vein 
thrombosis: a systematic review. Hong Kong Med J 2019;25:48-
57. 

84.	 Kahn SR. The post-thrombotic syndrome. Hematology Am Soc 
Hematol Educ Program 2016;2016:413-18. 

85.	 Vedantham S, Grassi CJ, Ferral H, Patel NH, Thorpe PE, Antonacci 
VP, et al. Reporting standards for endovascular treatment of lower 
extremity deep vein thrombosis. J Vasc Interv Radiol 2006;17:417-
34. 

86.	 Haig Y, Enden T, Grøtta O, Kløw NE, Slagsvold CE, Ghanima W, et 
al. Post-thrombotic syndrome after catheter-directed thrombolysis 
for deep vein thrombosis (CaVenT): 5-year follow-up results 
of an open-label, randomised controlled trial. Lancet Haematol 
2016;3:e64-71. 

87.	 Vedantham S, Goldhaber SZ, Julian JA, Kahn SR, Jaff MR, Cohen 
DJ, et al. Pharmacomechanical Catheter-directed thrombolysis for 
deep-vein thrombosis. N Engl J Med 2017;377:2240-52. 

88.	 Notten P, Ten Cate-Hoek AJ, Arnoldussen CWKP, Strijkers RHW, 
de Smet AAEA, Tick LW, et al. Ultrasound-accelerated catheter-



DOI: 10.9739/tjvs.2022.09.019Turk J Vasc Surg 2022;31(3):195-206

206

directed thrombolysis versus anticoagulation for the prevention of 
post-thrombotic syndrome (CAVA): A single-blind, multicentre, 
randomised trial. Lancet Haematol 2020;7:e40-e49. 

89.	 Colonna P, von Heymann C, Santamaria A, Saxena M, Vanassche 
T, Wolpert D, et al. Routine clinical practice in the periprocedural 
management of edoxaban therapy is associated with low risk of 
bleeding and thromboembolic complications: The prospective, 
observational, and multinational EMIT-AF/VTE study. Clin 
Cardiol 2020;43:769-80. 

90.	 Delluc A, Ianotto JC, Tromeur C, De Moreuil C, Couturaud F, 
Lacut K, et al. Real-world incidence of cancer following a first 
unprovoked venous thrombosis: Results from the EPIGETBO 
study. Thromb Res 2018;164:79-84. 

91.	 Lyman GH, Carrier M, Ay C, Di Nisio M, Hicks LK, Khorana 
AA, et al. American society of hematology 2021 guidelines 
for management of venous thromboembolism: prevention and 
treatment in patients with cancer. Blood Adv. 2021;5:927-74. 
Erratum in: Blood Adv 2021;5:1953. 

92.	 Raskob GE, van Es N, Segers A, Angchaisuksiri P, Oh D, Boda 
Z, et al. Edoxaban for venous thromboembolism in patients with 
cancer: results from a non-inferiority subgroup analysis of the 
Hokusai-VTE randomised, double-blind, double-dummy trial. 
Lancet Haematol 2016;3:e379-87. 

93.	 Raskob GE, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia 
D, et al. Edoxaban for the treatment of cancer-associated venous 
thromboembolism. N Engl J Med 2018;378:615-24. 

94.	 Grifoni E, Baroncelli A, Pinto G, Cosentino E, Micheletti I, 
Signorini I, et al. Efficacy and safety of edoxaban in cancer-
associated venous thromboembolism: a real world retrospective 
study. TH Open 2022;6:e99e106. 

95.	 Odajima S, Seki T, Kato S, Tomita K, Shoburu Y, Suzuki E, et al. 
Efficacy of edoxaban for the treatment of gynecological cancer-
associated venous thromboembolism: analysis of Japanese real-
world data. J Gynecol Oncol 2022 Jun 7. doi: 10.3802/jgo.2022.33.
e62. 


