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Abstract: Travel- related thromboembolism reflects the 
relationship between venous thromboembolism (VTE) 
and long-haul flights. Although this condition is rare, it 
may cause significant morbidity and mortality. Therefore, 
travelers shou ld be evaluated for the risks for thrombosis. 
Travel physicians should employ a clinical risk score and 
select in vestigations, prophylaxis, and treatment that are 
appropriate for each individual. This review summarizes 
current VTE clinical risk scores and patient management 
from  various reliable guidelines. We summarized 16 relia-
ble publications for reviewing data. Direct oral anticoag-
ulants (DOACs) are currently the standard treatme nt for 
VTE and a prophylactic measure for VTE in orthopedic 
surgery. Compared with a vitamin K antagonist (VKA), 
DOACs show better safety and similar efficacy without  the 
need for monitoring, and have fewer food/drug interac-
tions. Inferred from the data on general VTE, DOACs may 
be used to treat travel-related VTE. Although the data are 
lacking, DOACs may be used off-label as VTE prophylax is. 
Before using DOACs, physicians must know the pharma-
cology of the drugs well and should realize that the avail-
ability of antidotes for bleeding complications is lim ited.

Keywords: Apixaban; Dabigatran; Edoxaban; rivarox-
aban; Venous thromboembolism; Aviation medicine; 
Travel-related illness

1  Introduction
Travelers’ thrombosis was first reported in 1954 demon-
strating the relationship between long haul flights and 
venous thromboembolism (VTE: Deep v ein thrombosis 
[DVT] and/or pulmonary embolism [PE]). This condition 
has also been referred as “travelers’ syndrome” which 
the World Health Organization (WHO) agreed that there 
was an associated clinical risk of occurring with venous 
thrombosis afte r long hauls [1,2]. The incidence rates 
were based on a small number of cases and they usually 
occurred with the presence of other VTE risk factors in 
most of the patients [3]. 

The term ‘economy class syndrome’ was postulated at 
the beginning bec ause the first four patients reported with 
VTE in 1954 were economy class passengers [4]. Those 
patients were lying in a recumbent posture, and therefore 
this is a seriously misleading term. From the BEST study, 
there was no difference between the incidences of VTE 
between business and economy seat  classes in the same 
flight [1]. 

2  Travel-related venous thrombosis
Twelve prospective studies on travel-related VTE showed 
incidence rates ranging from 0 – 25% [1,2,5-14]. The  varia-
ble rates are attributed to variations in research methodol-
ogy, study populations, outcome measurements (sympto-
matic or  asymptomatic VTE) and risk factors. Four studies 
concentrated on low-risk travelers [1,8,13,14], while the 
rests included high-risk travelers in their studies [9-11]. 
The study by S curr and colleagues showed that 10% of 
patients presented with asymptomatic VTE [8].

According to Rudolf Virchow, VTE is caused by a clas-
sical triad composed of immobility, vascular endothelial 
damages, and blo od hypercoagulability. The mechanism 
of travel-related thrombosis was postulated to be fro m 
blood stasis at the extremities of sitting in a small space 
while traveling more than 8 hours [3,14]. Dehydration 
may result in hemoconcentration of clotting factors. In 
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addition, reduction of oxygen in the cabin room caused 
over-activation of the coagulation cascade [15-18].  

The recommendations for traveler’s thrombosis were 
included in 4 guidelines [German, British, International 
Consensus and American College of Chest Physicians 
guidelines] [19-22]. American College of Chest Physician 
(ACCP) suggested a score for the risk assessment of trav-
el-related VTE comprising advanced age, previous history 
of VTE, active malignancy, previous surgery or trauma 
within a few weeks, pregnancy, estrogen use, immobility, 
and known history of thrombophilic disorders.  If trave-
lers have one of the risk factors, they were classified in 
an increased risk group [23]. However, German, British 
and International consensus guidelines did not suggest a 
score for risk stratification of travelers [19,20,22].

Regarding the prophylaxis, non-pharmacological 
methods were recommended for preventing blood stasis 
among low-risk groups. The preventive measures include 
attempting to stand or move around every 2 hours for a 
few minutes and engaging in flexion-extension exercise 
while seated. In addition, travelers should avoid dehydra-
tion, excessive alcoholic or caffeine intake and do not use 
tight clothing to decrease the risk of VTE during long haul 
flights [24]. 

Concerning pharmacological or interventional 
methods for preventing VTE, all four guidelines suggested 
two interventions (compressive stocking and anticoag-
ulants) for intermediate and high-risk groups to prevent 
travel-related VTE. Compressive stocking below knee was 
recommended for travelers with at least one of risk factors 
as followed; advanced age (above 60 year-old), previous 
history of VTE, active malignancy in the last 6 months (or 
patients with awaiting surgery or chemo-radiotherapy or 
in palliative phase), chronic venous insufficiency, severe 
obesity (body mass index > 30 kg/m2), postpartum within 
6 weeks, previous history of unprovoked VTE or trav-
el-related thrombosis, previous surgery within 4 weeks, 
pregnancy, estrogen use or known thrombophilic dis-
orders. On the other hand, the international consensus 
guideline also recommended compression stocking in 
subjects with 2 or more risk factors [22]. Two randomized 
control trials showed a significant reduction in leg edema 
without any adverse events among compression stockings 
group [25,26]. Moreover, superficial vein thrombosis was 
reduced among travelers who used compression stock-
ings. Compression stockings can help blood return from 
superficial veins and back to the heart.

Both British and International consensus guidelines 
suggested anticoagulant prophylaxis among very high-
risk groups (previous history of VTE, previous history of 
unprovoked VTE or travel-related thrombosis, post major 

surgery within 4 weeks, active malignancy within the 
surgery/chemo-radiotherapy/palliative phase) [20,22]. 
The rest of the patients showed no sufficient data of clini-
cal benefit from anticoagulants. 

Thrombosis after flights can occur among travel-
ers with underlying diseases (for example active malig-
nancy). Heparin and low molecular weight heparin 
(LMWH) have been approved for VTE prophylaxis in both 
medical and surgical conditions and, therefore, may be 
used in these patients. However, the need for injections 
makes them impractical. Vitamin K antagonists (VKA) are 
also not appropriate as they require at least 4-5 days to 
achieve full actions.  Direct oral anticoagulants (DOACs) 
are rapid-acting by 2 hours after ingestion and do not need 
injection. Therefore, DOACs are very good candidates for 
VTE prophylaxis before travel. However, there has been no 
evidence-based recommendation in this setting. Further-
more, DOACs are only approved for the treatment of VTE 
and prophylaxis of VTE after major orthopedic surgery. 

3  Anticoagulant treatment of 
thrombosis after the flight (TAF)
The aims of treatment of thrombosis are to stop venous 
clot progressions and prevent further clot in the future. 
The goals usually are achieved with anticoagulation 
using low-molecular-weight heparin (LMWH) followed by 
vitamin K antagonist (VKA; warfarin) [27]. The LMWH can 
be injected once or twice daily as it has a longer biologic 
half-life, dosing is adjusted per patient body weight, and 
blood testing is not required. Heparin-induced thrombo-
cytopenia appears to be less likely compared with stand-
ard heparin. The time to withdraw from LMWH injec-
tion (short-term anticoagulation) is when patients have 
reached a therapeutic level of warfarin [28]. 

The duration of warfarin treatment depends on 
whether the patients have a first episode of venous throm-
bosis and reversible risk factors (for example a long haul 
flight) for thrombosis. Recommendation for treatment is 
at least 3-6 months [20]. Three months are sufficient if the 
reversible factors removed, but recurrent VTE requires 
long-term anticoagulation. Symptomatic isolated calf-vein 
thrombosis requires 6 – 12 weeks of treatment [29]. Physi-
cians should be aware that both recurrent VTE and bleed-
ing complications are increased in cancer patients [23]. 
With the discovery that long haul flight is associated with 
venous thrombosis, the question of the benefits of DOACs 
in this setting has been raised. 
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4  Methods

4.1  Search Strategy Methods and Study 
Selection

We analyzed the medical journals for published studies 
on oral anticoagulants for thrombosis treatment. The 
MEDLINE database, Google Scholar, PubMed searches 
were used and limited to journals using the English-lan-
guage. The Medical Subject Headings (MeSH) or keywords 
phases were “apixaban”, ”dabigatran”, “edoxaban”, 
“rivaroxaban”, “venous thromboembolism”, “deep vein 
thrombosis”, “pulmonary embolism”, “aviation medi-
cine” and “travel-related illness”. We reviewed the refer-
ence lists of additional journals not captured in our initial 
search. We had 4,889 publications after use those key-
words, and then we excluded 4,504 publications without 
full download or no English version. We also excluded 369 
publications without a randomized clinical trial. Finally, 
we enrolled 16 publications for reviewing data according 
to our scope of interest. 

5  Results

5.1  Role of new oral anticoagulants

In general practice, the treatment of venous thromboem-
bolism (VTE) as suggested by evidence-based guidelines 
was to use subcutaneous low-molecular-weight hepa-

rins (LMWHs) followed by vitamin K antagonists (VKAs; 
warfarin can be used with dose adjustments according to 
international normalized ratio (INR) at the target range of 
2.0 to 3.0). LMWH is inconvenient for the patients because 
it needs subcutaneous injections. Moreover, drug-drug 
or drug-food interactions may frequently occur with VKA 
usage, and INR needs to be frequently monitored. There-
fore, new DOACs were developed to overcome those disad-
vantages and to increase compliance of the patients. 

5.2  Direct oral anticoagulants

Direct oral anticoagulants (DOACs) are orally adminis-
tered and do not need coagulation blood testing. The 
mechanism of action of new oral anticoagulants is either 
a direct thrombin inhibitor (dabigatran) or specific factor 
Xa inhibitor (apixaban, edoxaban, or rivaroxaban). They 
have short times to peak concentrations, ranging from 1.0 
– 4.0 hours, except for apixaban which has a delayed time 
to peak concentration. 

Thrombin inhibitor and its pharmacological charac-
teristics (Table 1)

5.3  Dabigatran etexilate

Dabigatran (prodrug’s name; dabigatran etexilate; 
Pradaxa®; product of Germany) is a thrombin inhibitor 
with only 6% bioavailability and 80% renal clearance. A 
half-life of dabigatran is 12.0 to 17.0 hours, and its absorp-
tion is prevented by P-glycoprotein (P-gp) [30].  

Table 1: Pharmacological characteristics of the vitamin K antagonist and the direct oral anticoagulants [2,24,30]

Characteristics VKA Thrombin inhibitor FXa inhibitor

Name Warfarin Dabigatran Apixaban Edoxaban Rivaroxaban
Prodrug Drug Prodrug 

(dabigatran etexilate)
Drug Drug Drug

Bioavailability (%) 60-95 6 50 62 >80
Time to peak concentration (hours) 1.0 – 4.0 1.5 – 2.0 3.0 – 4.0 1.0 – 2.0 2.0 – 4.0
Half-life (hours) 35 – 45 12 – 17 8 -15 9 -10 5 -9
Renal clearance (%) <10 80 25 35- 49 33
Hepatic clearance + + + + +
Metabolism CYP450 P-gp P-gp, CYP3A4 P-gp, (CYP3A4) P-gp, CYP3A4
Precaution Food and drug 

affect
Absorption delayed,
 not reduced

No No Required for absorption 
of dose> 10 mg

P-gp; P-glycoprotein or permeability glycoprotein, CYP450; cytochrome P450, CYP3A4; cytochrome P3A4
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5.4  Treatment with dabigatran

A phase III trials for the treatment of VTE (dabigatran 
versus VKA in RE-COVER-I, RE-COVER-II and RE-MEDY 
trials and dabigatran versus placebo in the extension 
phase of RE-SONATE trial) showed that the efficacy of dab-
igatran 150 mg twice daily was non-inferior in the venous 
thrombosis treatment with a significantly lower non-ma-
jor bleeding compared to the standard regimen [31-33]. A 
combined result of RE-COVER-I and RE-COVER-II studies 
with extended follow-up periods (224 days) showed to 
be non-inferior compared to the standard regimen (both 
VTE related complications and safety aspects) [31,33]. For 
treatments after 3-6 months, the RE-MEDY study showed 
non-inferior benefits between dabigatran and VKA at 
36 months (VTE recurrence 1.8% versus 1.3%) [32]. The 
RE-SONATE study conducted in 1,343 patients showed 
a significantly lower risk of VTE related complications 
(0.4% versus 5.6%) compared to placebo [32].

Factor Xa inhibitors and its pharmacological charac-
teristics (Table 2).

5.5  Apixaban

Apixaban (Eliquis®; product of USA) is a direct FXa antag-
onist that has 50% bioavailability and 25% renal clear-
ance. A half-life of apixaban is 8.0 to 15.0 hours, and its 
absorption is prevented by P-gp. It is metabolized through 
CYP3A4 [30]. 

5.6  Treatment of apixaban

In the randomized dose-ranging Botticelli study, patients 
were grouped into 3 dosages of apixaban (5 mg twice daily, 
10 mg twice daily or 20 mg once daily) and showed similar 
VTE related complications and safety rates among three 
apixaban doses. The results of any doses of apixaban 
were similar to the standard regimen (LMWH followed by 
VKA) in the incidences of VTE related complications (4.7% 
versus 4.2%) and major bleeding rates (7.3% versus 7.9%) 
[34]. The randomized AMPLIFY trial enrolled 5,395 symp-
tomatic VTE patients to demonstrate a significantly lower 
risk of VTE related complications compared to standard 
regimen at 1 month of follow-up. The major bleeding rate 
of apixaban in AMPLIFY study was low when compared 
to the standard regimen [35]. Interestingly, in the AMPLI-
FY-EXT study, a low apixaban dose (5 mg/day) showed a 
significantly lower risk of VTE related and bleeding com-

plications compared to regular apixaban dose (10 mg/day) 
and placebo (p< 0.001) at 1 year of follow-up [36]. 

5.7  Edoxaban

Edoxaban (Lixiana-Savaysa®; product of Japan) is a direct 
FXa antagonist that has 62% bioavailability and range 
from 35 to 49% of renal clearance. A half-life of edoxaban 
is 9.0 to 10.0 hours, and its absorption is inhibited by P-gp 
as an efflux pump and uses cytochrome 3A4 (CYP-3A4) for 
metabolism [30].

5.8  Treatment with edoxaban

There was one study (the Hokusai-VTE) conducted in 
8,240 acute symptomatic DVT or PE patients, the patients 
with edoxaban (both 60 mg or 30 mg once daily) was 
found to be non-inferior in the venous thrombosis related 
complications and had a significantly lower risk of major 
bleeding compared to standard regimen (VKA) [37].

5.9  Rivaroxaban

Rivaroxaban (Xarelto®; product of Germany) also is a 
direct FXa antagonist with more than 80% bioavailability 
and 33% renal clearance. The half-life of rivaroxaban is 5.0 
to 9.0 hours and its absorption also uses P-gp as an efflux 
pump and CYP3A4 is a metabolizer [30].

5.10  Treatment with rivaroxaban

There were seven studies compared between oral rivar-
oxaban and standard regimen among patients with 
VTE (the EINSTEIN-DVT, EINSTEIN-EXTENSION, EIN-
STEIN-PE, Wang et al., post-marketing study (XALIA), 
J-EINSTEIN-DVT&PE and EINSTEIN-CHOICE). The EIN-
STEIN-DVT, EINSTEIN-EXTENSION and EINSTEIN-PE 
studies showed that any dosages of rivaroxaban were 
found to be significantly non-inferior in VTE related com-
plications and lower incidence of non major bleeding 
when compared to standard regimens [38-40]. For long-
term therapy, rivaroxaban (15 mg twice daily for 3 weeks 
followed by 20 mg once daily) was non-inferior to the 
standard regimen (enoxaparin followed by a VKA) at 1 year 
follow-up, without differences in bleeding events [38-40]. 
A J-EINSTEIN-DVT&PE study showed that rivaroxaban 15 
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Table 2: Clinical data on the use of direct oral anticoagulants in the treatment of venous thrombosis

Author, year
(study) [ref.]

Population, n, age, 
inclusion of conditions

Study drug
 (n)

Standard regimen (n) Clinical outcome

VT complications (%) Safety (%)

Dabigatran (DAB)

Schulmna, 2009
(RE-COVER I)[31]

2,539, age>18 yr, 
acute proximal DVT 
or PE

DAB (1,273) oral VKA (1,266) oral, INR 
2-3

2.4 vs 2.1 (p< 0.001)
2.7 vs 2.5  (NS)

MB; 1.6 vs 1.9 (NS)
NMB; 5.6 vs 8.8  
(p= 0.002)

Schulmna, 2013
(RE-MEDY)[32]

2,856, age >18 yr,
acute proximal DVT 
or PE

DAB (1,430) oral VKA (1,426) oral, INR 
2-3 

1.8 vs 1.3  (p= 0.01) MB; 0.9 vs 1.8  
(p= 0.06)
NMB; 5.6 vs 8.8  
(p= 0.002)

Schulmna, 2013
(RE-SONATE)[32]

1,343, age >18 yr, 
acute proximal DVT 
or PE

DAB (681) oral placebo (662) oral, 
UNK dose 

0.4 vs 5.6  (p< 0.001) MB; 0.3 vs 0 (p= 1.0)
NMB; 5.3 vs 1.8  
(p= 0.001)

Schulmna, 2014
(RE-COVER II)[33]

2,568, age >18 yr, 
acute proximal DVT 
or PE

DAB (1,279) oral VKA (1,289) oral, INR 
2-3 

2.3 vs 2.2 (p< 0.001)
2.7 vs 2.3

MB; 1.2 vs 1.7 (NS)
NMB; 5.0 vs 7.9 (NS)

Apixaban (APX)

Botticelli study,
2008 [34]

520, N/A, 
symptomatic proximal 
DVT or extensive calf 
vein

Dose1;  APX (130) 
Dose2; APX (134) 
Dose3; APX (128) 

LMWH (TIN or ENX or 
FON 1.0 mg/kg x 7 d), 
switch to VKA oral, 

6.0(dose1)/5.6(-
dose2)/
2.6(dose3) vs  4.2

MB;8.6(dose1)/4.5(-
dose2)/
8.9(dose3) vs  7.9

Agnelli, 2013
(AMPLIFY trial)[35]

5,395, age>18 yr, 
symptomatic DVT/ PE

APX (2,691) ENX (2704), S.C. 
switch to VKA oral 

1.5 vs 1.9 (p<0.001) MB; 4.3 vs 9.7 
(p<0.001)
NMB; 3.8 vs 8.0 
(p<0.001)

Agnelli, 2013
(AMPLIFY-EXT)[36]

2,482, age> 18 yr, 
symptomatic DVT or PE

Dose1; APX (840) 
Dose2; APX (813)

Placebo oral  (829)
UNK dose 

1.7(dose1)/1.7(dose2) 
vs 8.8 (p<0.001)

MB; 0.2(dose1)/0.1(-
dose2) vs 0.5 
NMB; 3.0(dose1)/4.2(-
dose2) vs 2.3 (NS)

Edoxaban (EDX)

The Hokusai-VTE, 
2013[37]

8,240, age>18 yr, 
acute DVT or PE 

Dose1; EDX (4,118)
Dose2; EDX, 

VKA (4,122), 3.2 vs 3.5  (p< 0.001) MB; 8.5 vs 10.3  
(p= 0.004)

Rivaroxaban (RVX)

The EINSTEIN,
2010 [38]

3,449, age> 18 yr, 
acute DVT
(EINSTEIN-DVT study)

RVX (1,731) ENX (1,718), S.C. 
1MKD (> 5d) VKA, oral

2.1 vs 3.0 (p<0.001) MB; 0.8 vs 1.2  
(p= 0.21)

The EINSTEIN,
2010 [38]

1,197, age> 18 yr, 
acute DVT
(EINSTEIN-Extension 
study)

RVX (602), Placebo (594), oral
UNK mg 

1.3 vs 7.1 (p<0.001) MB; 0.7 vs 0 (NS)

Ageno, 2012
(EINSTEIN-PE)[40]

3,449, age>18 yr, 
acute DVT

RVX (1,731)
 

ENX (1,718) 2.1 vs 3.0 (p<0.001)
 

All bleeding; 2.2 vs 2.9 
(p= 0.06)
MB; 0.8 vs 1.2  
(p= 0.21)

Wang, 2013[45] 439, age>18 yr, acute 
symptomatic DVT or PE 

RVX (220)
 

ENX (219) S.C.
1 MKD (> 5 d), VKA 

3.2 vs 3.2 (p= 0.94) MB; 0 vs 2.3 
NMB; 5.9 vs 9.2   
(p= 0.19)

Ageno, 2014
(XALIA)[40]

3,449, age > 18 
yr, acute DVT with 
post-marketing study

RVX (1,731)
 

LMWH or FON (1,718), 
S.C.  1 MKD (> 5 d), 
VKA 

2.1 vs 3.0  (p< 0.001) MB; 0.8 vs 2.1  
 (p= 0.21)
NMB; 7.3 vs 7.0 
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mg once daily had lower venous thrombosis related com-
plications and major bleeding complications [41]. 

An EINSTEIN-CHOICE study compared rivaroxaban 
among therapeutic dose (20 mg/day), prophylactic dose 
(10 mg/day) and aspirin (control) in the extension phase; 
they found that prophylactic dose had a significantly 
reduced VTE relate complications. The prophylactic dose 
group also had low major bleeding events when compared 
to therapeutic and control group [42]. In XALIA (postmar-
keting) cohort study, 3,449 VTE patients had been enrolled 
comparing  rivaroxaban and standard treatment regimen. 
This study showed a statistically significant difference in 
VTE related complications (2.1 vs 3.0; p< 0.001), but no dif-
ference in safety outcomes between two groups (p= 0.77) 
[41].

5.11  Clinical practice of DOACs 

Clinical applications of two DOACs (dabigatran and edox-
aban) need to have heparin-bridging at the start [43]. Some 
antimalarial (quinidine), anti-fungal (ketoconazole), 
anti-tuberculosis (rifampicin) and antibiotic medications 
(clarithromycin) can increase DOACs-drug interactions via 
P-pg or CYP3A4 pathways [44]. Moreover, all DOAC doses 
need to be adjusted among renally impaired patients. The 
recommendation still suggests LMWH therapy for VTE 
patients with active malignancy because those patients 
attributed to small subgroups in DOACs studies [31-38,40-
42,45,46].

6  Discussion
Thrombin inhibitor and FXa inhibitor are classified as new 
classes of anticoagulants. They have similar pharmacoki-
netic and pharmacodynamic properties. Their benefits are 
good oral absorption, short time to high peak concentra-
tion, less drug-drug or drug-food interactions and no need 
for blood monitoring.  The data showed non-inferior for 
VTE treatment with DOACs compared with the conven-
tional regimen (LMWH followed by VKA) in terms of VTE 
related complications and major bleeding. 

In cases of travel-related thrombosis, DOACs is a great 
option for patients with poor compliance or high risk to 
drug-drug interactions. According to our reviewed data, 
all DOACs can be used to treat travel-related VTE as there 
is no evidence suggesting that it is different from VTE 
in general. The exception is VTE patients who also have 
active malignancy as LMWH for the first 3-6 months is the 
preferred treatment and data on DOACs are rather limited. 
In addition, there is a concern regarding the lack of anti-
dotes for severe bleeding events or requirement for urgent 
invasive intervention in DOACs.

In patients, who have a history of previous unpro-
voked or travel-related VTE and have stopped anticoag-
ulant treatment, are considered high risk for VTE under 
long haul flights. The studies on the extended therapy 
may be applied to these patients. Current data suggest that 
we may use prophylactic doses of DOACs which are much 
more convenient than LMWH injections. A dose of DOACs 
can cover for 24 hours. 

On the other hand, data on primary prophylaxis using 
DOACs are limited as the conventional medication is still 
LMWH. The literature on DOACs is limited mainly to major 
orthopedic surgery which is only an approved indication 

Author, year
(study) [ref.]

Population, n, age, 
inclusion of conditions

Study drug
 (n)

Standard regimen (n) Clinical outcome

VT complications (%) Safety (%)

Yamada, 2015
(J-EINSTEIN DVT&PE)
[41]

97, age > 20 yr, acute 
DVT or PE

Dose1;  RVX (23) 
Dose2; RVX (55)

UFH/VKA INR 2 (19) 0(dose1)/2.0(dose2) 
vs 5.3

MB;0.7 (dose1)/1.5(-
dose2)vs 1.5
NMB; 7.8% (RVX 
group) vs 5.3

Weitz, 2017
(EISTEIN-CHOICE)[42]

3,365, age > 18 yr, 
acute DVT or PE 

Dose 1; RVX (1007)
Dose 2; RVX (1127) 

Aspirin 100mg/day 1.5(dose1)/1.2(dose2) 
vs 4.4

MB; 0.1 (dose1)/0(-
dose2) vs 0.1

APX; apixaban, DAB; dabigatran, EDX; edoxaban, RVX; rivaroxaban, CHF; congestive heart failure, ARDS; acute respiratory distress syn-
drome, IBD; inflammatory bowel disease, ENX; enoxaparin, bid; twice daily, d; day(s), S.C.; subcutaneously, OD; once daily, vs; versus, N/A; 
not mention, TIX; tinzaparin, FON; fondaparinux, n; number of study population, DVT; deep vein thrombosis, PE; pulmonary embolism, mo.; 
month(s), q; every, hr.; hour(s), NS; not statistically significant, MB; major bleeding, NMB; nonmajor bleeding 

Table 2 continued: Clinical data on the use of direct oral anticoagulants in the treatment of venous thrombosis
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for DOACs. Therefore, patients who had recent major 
orthopedic surgery can use DOAC prophylaxis. A study 
using rivaroxaban in acute medically-ill patients showed 
a non-inferior efficacy of DOACs, but there is an increase 
in bleeding risk [47]. However, there is no reason for inef-
fectiveness of DOACs for VTE prophylaxis in other condi-
tions, and a clinical trial on DOACs in this particular con-
dition is unlikely. Because of its practicality, DOACs may 
be used off-label for VTE prevention of travel-related VTE. 
However, we need to have more clinical trial data among 
very high-risk patients (especially with active malignancy) 
before recommending DOACs.

7  Conclusion
Clinical data on VTE prophylaxis for travel-related VTE 
are still rather limited. Physicians must balance between 
risks of thrombosis and bleeding in an individual patient. 
Consideration on the patient’s risk score and traveling 
schedule is helpful. Current clinical trial data suggest that 
DOACs can be used to treat travel-related VTE. Although 
the direct clinical data for primary prophylaxis is lacking, 
there is no rationale to suggest that DOACs are not effec-
tive in this indication.
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