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The diagnosis and treatment of venous
thromboembolism in asian patients
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Abstract: Although the incidence of venous thromboembolism (VTE) in Asian populations is lower than in Western
countries, the overall burden of VTE in Asia has been considerably underestimated. Factors that may explain the
lower prevalence of VTE in Asian populations relative to Western populations include the limited availability of
epidemiological data in Asia, ethnic differences in the genetic predisposition to VTE, underdiagnoses, low awareness
toward thrombotic disease, and possibly less symptomatic VTE in Asian patients. The clinical assessment, diagnostic
testing, and therapeutic considerations for VTE are, in general, the same in Asian populations as they are in Western
populations. The management of VTE is based upon balancing the treatment benefits against the risk of bleeding. This
is an especially important consideration for Asian populations because of increased risk of intracranial hemorrhage with
vitamin K antagonists. Non-vitamin K antagonist oral anticoagulants have shown advantages over current treatment
modalities with respect to bleeding outcomes in major phase 3 clinical trials, including in Asian populations. Although
anticoagulant therapy has been shown to reduce the risk of postoperative VTE in Western populations, VTE prophylaxis
is not administered routinely in Asian countries. Despite advances in the management of VTE, data in Asian populations
on the incidence, prevalence, recurrence, risk factors, and management of bleeding complications are limited and there is
need for increased awareness. To that end, this review summarizes the available data on the epidemiology, risk
stratification, diagnosis, and treatment considerations in the management of VTE in Asia.
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Background
Venous thromboembolism (VTE), which includes deep
vein thrombosis (DVT) and pulmonary embolism (PE), is
a significant healthcare burden that remains under-
recognized [1–3]. Even with anticoagulant therapy, the
mortality rate and the risk of recurrence are high in the
early phase of VTE [4–6], and it has serious long-term
complications, including chronic pulmonary hypertension
and post-thrombotic syndrome, both of which require
substantial healthcare resources for their management
and are associated with considerable morbidity [7, 8].
VTE is a common cause of preventable mortality for both

medical and surgical patients. In addition to early mortality
related to PE, VTE associated with hospitalization is a
leading cause of lost disability-adjusted life years across low-,
middle-, and high-income countries. Although anticoagulant
therapy has been shown to reduce the risk of postoperative

VTE in Western populations, VTE prophylaxis is not
administered routinely in Asian countries [9–11].
The disease burden associated with VTE is high, as the

incidence of VTE in Western countries is approximately
100 cases per 100,000 patient-years [12]. The incidence
of VTE has risen in Asia over recent years but remains
lower than in Western countries [13, 14]. In this review,
we summarize the epidemiology, risk stratification,
diagnosis, and treatment considerations in the manage-
ment of VTE in Asia.

Epidemiology
Although Asian populations are subject to the same
major acquired risk factors for VTE as Western popula-
tions, studies conducted in Asia have consistently
reported lower rates of VTE in Asian populations than
in Caucasians (Table 1) [3, 13, 15–20]. These data are
comparable to those obtained from Asian patients in
Western countries [21, 22]. There are several possibil-
ities that may explain the lower rate of VTE in Asian
populations relative to Western populations. Firstly, the
estimates may be lower than the true numbers because
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of the limited availability of epidemiological data in Asia
and the asymptomatic nature of VTE. Secondly, historic-
ally, the difference in incidence rates reflects underdiag-
nosis in Asian patients as a result of low awareness
toward thrombotic disease and/or manifestations, low
clinical suspicion due to the perceived low incidence
rate, and limited access to healthcare resources [23–25].
In addition, low autopsy rates—mainly because of cul-
tural and religious practices—may partially account for
the perceived low incidence rate of VTE in Asia [25].
Autopsies reveal high rates of asymptomatic thrombosis
[2], and autopsy studies indicate that the incidence of PE
in Asian countries is comparable with that in Western
countries [2, 26, 27]. Finally, the low rates of VTE in
Asian populations may be attributed to the low preva-
lence of risk factors, such as obesity and mutations, in
prothrombin or factor V Leiden genes [28–31]. Accord-
ingly, these data suggest that the rate of VTE in Asia
may be underestimated, particularly because the thrombi
tend not to advance to symptomatic thrombosis in Asian
patients [32].

Risk factors
Heritable risk factors arise from genetic abnormalities in
the components of the coagulation pathway that lead to
hereditary thrombophilia, including mutations in factor V
and prothrombin; and deficiencies of protein S, protein C,
and antithrombin [28]. While factor V Leiden and
prothrombin G20210A polymorphisms are exclusive to
Caucasians, the prevalence of protein S, protein C, and

antithrombin deficiencies in Asian populations are higher
than those found in Caucasians (Table 2) [30, 33–38].
Although the major inherited risk factors for VTE are

different between Asian and Western populations, the
major acquired risk factors in Asians are similar to those
of the Western populations [39]. Risk factors, such as
surgery, trauma, prolonged bed rest, immobility, and
pregnancy, are transient and reversible, while risk
factors, such as malignancy and paralysis due to nerve
damages, are irreversible. The most common acquired
risk factor for VTE in Asians is malignancy; 16% to 40%
of VTE cases are cancer-associated [40–42]. Other
common acquired risk factors for VTE in Asians include
surgery, immobility, obesity, advanced age, and the use
of oral contraceptives [39, 43].
VTE is a serious complication after high-risk surgeries

even when preventive measures are taken. The rates for
symptomatic DVT and PE with low-molecular-weight
heparin (LMWH) after orthopedic surgery are 0.8% and
0.35%, respectively [10]. Since Asian patients have a
perceived lower risk for symptomatic VTE following
surgery than in Western populations, regular prophy-
laxis in Asian patients at high risk for VTE is not always
administered [44]. However, in studies involving Asian
patients undergoing major surgery, the incidence of
postoperative DVT was noted to be similar to that
reported in Western populations [39, 45–50]. The
Assessment of the Incidence of Deep Vein Thrombosis
in Asia (AIDA) study, which was conducted in 19
centers across Asia (China, Indonesia, Korea, Malaysia,
the Philippines, Taiwan, and Thailand) in patients

Table 1 Estimated incidence of VTE from studies in Western and Asian populations [3, 13, 15–20]

Western countries Asian countries

Incidencea UK Norway US (age-adjusted) Taiwanb Hong Kong Japanc Koreac (age-adjusted) Singapored

VTE 75 143 117 16 17 NR 14 57

DVT 40 93 48 NR NR 12 5 NR

PE 34 50 69 NR NR 6 7 15
aFirst incidence per 100,000 person-years unless indicated otherwise
bCrude incidence
cOverall incidence
dOverall incidence (Chinese, Indian, Malay)
DVT deep vein thrombosis, NR not reported, PE pulmonary embolism, VTE venous thromboembolism

Table 2 Ethnic differences in the distribution of inherited thrombophilias

Healthy subjects Patients with VTE

Western [123] Asian [33, 39] Western [123] Asian [39]

Factor V Leiden mutation 4.8% 0%–0.2% 18.8% 0%

Prothrombin G20210A mutation 2.7% 0%–0.2% 7.1% 0%

Protein S deficiency 0.03%–0.13% 0.06%–6.4% 2.3% 10.7%–17.8%

Protein C deficiency 0.2%–0.4% 0.3%–4.0% 3.7% 8.9%–10.7%

Antithrombin deficiency 0.02% 0%–6.4% 1.9% 4.7%–8.1%

VTE venous thromboembolism
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undergoing total hip or knee arthroplasty or hip fracture
surgery and did not receive thromboprophylaxis,
assessed the rate of DVT of the lower limbs using
bilateral venography; DVT was diagnosed in 41% of
patients (121/295) [51]. A meta-analysis of 22 studies
done in Asian patients undergoing orthopedic proce-
dures showed that Asian patients have similar overall
DVT rates detected by venography, but a lower rate of
symptomatic and proximal DVT than Western popula-
tions [52]. The Epidemiologic International Day for the
Evaluation of Patients at Risk for Venous Thrombo-
embolism in the Acute Hospital Care Setting EN-
DORSE) study was a multinational cross-sectional
survey designed to assess the prevalence of VTE in
accordance with the 2004 American College of Chest
Physicians (ACCP) guidelines in the acute hospital care
setting. In Asian countries (India, Thailand, Pakistan,
and Bangladesh), the proportion of surgical patients at
risk for VTE ranged from 44% to 62%, which was similar
to the proportion reported for all countries studied
(overall: 64%; range: 44%–80%) [9]. These findings
suggest that surgical patients at risk for VTE in Asian
countries should receive appropriate VTE prophylaxis.

Diagnosis considerations
In general, the clinical assessment and diagnostic testing
for VTE are the same in Asian populations as they are
in non-Asian populations. DVT usually originates in the
deep veins of the calf and can extend into the popliteal
and femoral veins [53]. DVT at the calf is generally
asymptomatic, but it may produce symptoms once it
extends proximally and obstructs venous outflow [53,
54]. Symptomatic DVT is suspected primarily on the
basis of unilateral leg pain, swelling, and/or redness [55].
Once extended proximally, venous thrombi may give rise
to fatal PE [54]. Common symptoms of PE include
palpitation, dyspnea, chest pain, cough, and/or syncope
[56, 57].
Careful clinical examinations of signs, symptoms, and

risk factors associated with suspected VTE, and distin-
guishing it from other medical conditions, are important
for accurate diagnosis of the disease. Clinical assessment,
plasma D-dimer measurement, and imaging tests are
recommended and validated for the diagnosis of DVT
and PE. The most commonly proposed systematic diag-
nostic management techniques for VTE are illustrated
in Fig. 1.

Clinical assessment
The Wells scoring system is the most widely used
pretest probability scoring system stratifying patients
with suspected DVT or PE [58, 59]. The clinical features
used for DVT stratification are (1) active cancer; (2)
immobilization of the lower extremities; (3) bed rest for

more than 3 days or major surgery within 12 weeks; (4)
tenderness along the distribution of the deep venous
system; (5) swollen leg; (6) affected calf swelling by more
than 3 cm as being compared with the asymptomatic
leg; (7) pitting edema; (8) collateral superficial (nonvari-
cose) veins; and (9) alternative diagnoses as likely as
DVT [60]. The clinical features used for PE stratification
are (1) signs and symptoms of DVT; (2) heart rate
higher than 100 beats/min; (3) immobilization for ≥3
consecutive days or surgery in the previous 4 weeks; (4)
previous objectively diagnosed DVT or PE; (5)
hemoptysis; (6) active cancer; (7) and PE as likely as, or
more likely than, an alternative diagnosis [61]. Although
the reliability of the Wells scoring system has been
established in Western populations, among Asian coun-
tries it has only been validated for DVT in Japan and
Singapore with relatively small number of patients [62–
64]. Based on the results of 2 Japanese studies, the com-
bination of Wells scoring system and D-dimer testing
was effective in excluding DVT and reducing the need
for venous duplex scanning. In a study conducted in
Singapore, the combination of Wells scoring system and
D-dimer testing was effective in reducing unnecessary
ultrasound scans for excluding DVT in patients with
suspected DVT presenting to the emergency
department. Despite these promising results from Asian
patients, confirmatory studies with a larger number of
patients will help establish the effectiveness of the Wells
scoring system in Asia.

Diagnostic tests
D-dimer, a degradation product of cross-linked fibrin, is
typically elevated in VTE, but also in conditions such as
infection, malignancy, pregnancy, surgery, trauma, and
stroke [65]. The value of D-dimer testing, due to its
moderate specificity, lies in its ability as a negative
predictor in patients with suspected DVT or PE when
used in combination with clinical pretest probability in
both Asian and Western populations [60, 66–70],
simplifying the diagnostic process (illustrated in Fig. 1).
Although D-dimer testing alone was not accurate
enough to detect DVT after total knee arthroplasty in
Asian patients [70], it was useful in excluding DVT in
hospitalized Japanese patients with acute medical
diseases. Among 42 hospitalized patients with acute
medical diseases in which plasma D-dimer was mea-
sured, the sensitivity and negative predictive value of
D-dimer reached 100%, while the positive predictive
value (31.6%) and specificity (13.3%) were low [68].
Commercially available D-dimer assays include latex

agglutination, whole blood agglutination, and enzyme-
linked immunosorbent assays [71]. The Taiwan Society
of Cardiology guidelines recommend using D-dimer
enzyme-linked immunofluorescence, enzyme-linked
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immunosorbent, and latex quantitative assays over
whole blood, latex semiquantitative, and latex qualitative
assays due to their higher sensitivity. Furthermore, since
the specificity of D-dimer assay seems to decrease with
age, age-adjusted cutoffs (age × 10 μg/L above 50 years)
are suggested to improve the specificity of D-dimer
testing [72]. Due to the difficulty in standardization of the
different available assays, the D-dimer assays used in the
diagnostic processes should be of equivalent sensitivity
and specificity to ones used in clinical trials in order to be
able to compare results obtained with different methods.
In both Asian and Western populations, compression

ultrasound (CUS) and multidetector computed tomo-
graphic angiography (CTA) have become the methods of
choice for effectively imaging the vasculature with high
sensitivity and specificity in patients with suspected DVT
and PE, respectively [73, 74]. The sensitivity and specificity

of CUS for DVT (proximal and distal) is 90.3% and 97.8%,
respectively. The sensitivity and specificity of CTA for PE
is 83.0% and 96.0%, respectively [75, 76].

Risk stratification
Selection of patients who are at low or high risk of VTE
is crucial when considering prevention options for VTE.
The development of VTE in patients is affected by the
aforementioned risk factors, such as age, previous
history of VTE, cancer, and surgery. Although ortho-
pedic surgeries, such as total hip or knee arthroplasty
and hip fracture surgery, are classified as high risk for
VTE in Asia, VTE risk stratification is not routine and
there is a strong need for a hospital VTE management
protocol for VTE risk assessment [77].
The Pulmonary Embolism Severity Index (PESI) and

its simplified version (sPESI) are the most extensively

a

b

Fig. 1 Diagnosis of patients with a) suspected DVT; b) suspected PE. *When CTA is not available immediately, transthoracic or transesophageal
echocardiography indicating mobile right heart thrombi or transesophageal echocardiography indicating main pulmonary arterial thrombi could be
otherwise diagnostic. CTA, computed tomographic angiography; CUS, compression ultrasound; DVT, deep vein thrombosis; PE, pulmonary embolism
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used prediction scores for the risk stratification in
patients diagnosed with PE in order to guide therapeutic
decision making [78, 79]. PE patients with a sPESI score
of 0 have a 30-day all-cause mortality rate of 1%,
whereas PE patients with a sPESI score of 1 or more
have a 30-day all-cause mortality rate of 9% to 11% [79].
PE patients with a sPESI score of 0 are considered to be
low risk and may be considered for outpatient treatment
[57]. However, patients estimated to be high risk may
benefit from inpatient management and/or higher levels
of care (ie, intensive care setting). The Hestia criteria are
also widely used for selecting patients with PE, including
those with right ventricular (RV) dysfunction, for out-
patient treatment [80, 81].
The bleeding risk assessment tools may be useful for

distinguishing which patients are at low or high risk of
bleeding and for identifying patients who might benefit
from extended anticoagulation [82–86]. A risk score
based on VTE patients included in the RIETE registry
identified VTE patients at low, intermediate, or high risk
of major bleeding during the first 3 months of therapy.
This score was based on 6 variables documented at
entry—recent major bleeding, anemia, cancer, abnormal
creatinine levels, age > 75 years, and PE diagnosis at
baseline [84]. Similarly, the VTE-BLEED score was based
on 6 variables—active cancer, male with uncontrolled ar-
terial hypertension, anemia, history of bleeding, age ≥
60 years, and renal dysfunction—and accurately
predicted major bleeding events in VTE patients on
anticoagulation [86, 87]. The predictive value of these
bleeding risk scores is uncertain in Asian populations
and needs to be validated with careful examination of
independent risk factors in Asians.

VTE prevention and treatment guidelines in Asia
The effectiveness of postoperative thromboprophylaxis
in Western countries is well recognized [10, 11]. Recent
studies conducted in Asia reported that postoperative
thromboprophylaxis reduces VTE risk without
significantly increasing the risk of bleeding [88]. For the
prevention of VTE in patients undergoing high-risk
surgeries, thromboprophylaxis with anticoagulants and/
or mechanical prophylaxis are typically recommended
based on patients’ risk of bleeding [11, 14]. The Asian
Venous Thrombosis Forum—composed of experts from
China, Hong Kong, Malaysia, the Philippines, Singapore,
Taiwan, Thailand, India, Indonesia, Korea, Australia, and
Europe—recommends using mechanical prophylaxis for
patients with increased risk of bleeding, and mechanical
prophylaxis in combination with pharmacological prophy-
laxis for patients with high risk of VTE [77]. Korean
Society of Thrombosis and Hemostasis guidelines also
recommend using mechanical prophylaxis for patients
with increased risk of bleeding and pharmacological

prophylaxis, including LMWH, fondaparinux, dabigatran,
apixaban, rivaroxaban, low-dose unfractionated heparin,
vitamin K antagonist (VKA; ie, warfarin), or aspirin, for
patients undergoing major orthopedic surgery of the lower
limbs, such as total hip or knee arthroplasty [89]. Accord-
ing to the latest update, the Asia-Pacific Thrombosis
Advisory Board suggests routine use of postoperative
thromboprophylaxis for VTE after major orthopedic
surgery. They further suggest that the use of non-vitamin
K antagonist oral anticoagulants (NOACs) may simplify
patient management in Asia primarily due to no regular
coagulation monitoring requirement because of their
predictable pharmacokinetic (PK) and pharmacodynamic
(PD) properties, and demonstrating no interactions with
nonsteroidal anti-inflammatory drugs [88]. The Asian
Venous Thrombosis Forum recommends LMWH (ie,
enoxaparin), fondaparinux, NOACs, VKA, or aspirin with
intermittent pneumatic compression for thromboprophy-
laxis in patients undergoing total hip or knee arthroplasty
or hip fracture surgery [77]. Enoxaparin and fondaparinux
are the standard therapy for the prevention of VTE in
Japanese patients undergoing abdominal surgery or ortho-
pedic surgery of the lower limbs [14]. However, results of
a small sized randomized controlled trial conducted in
Japan suggested that dabigatran reduces incidence of VTE
in patients undergoing total knee arthroplasty with a
safety profile comparable to placebo [90]. Furthermore,
results from small sized phase 3 trials (STARS [Studying
Thrombosis After Replacement Surgery]) indicated that
edoxaban is superior to enoxaparin in preventing VTE in
Japanese patients undergoing total hip and knee arthro-
plasty, and has similar safety and efficacy as enoxaparin in
hip fracture surgery [91–93]. The results of these clinical
trials led to the approval of edoxaban for venous thrombo-
prophylaxis in patients undergoing major orthopedic
surgery in Japan [94]. In a postmarketing surveillance
study done to monitor the adverse drug reactions of
edoxaban during the first 6 months after its commercial
launch in Japan, edoxaban’s safety data were consistent
with its known safety profile [95].
The goal of the VTE treatment is to prevent thrombus

extension and recurrence through pharmacological or
mechanical interventions [96]. Japanese and Taiwanese
guidelines were issued by the Japanese Circulation
Society (JCS) in 2011 and by the Taiwan Society of
Cardiology in 2016 [14, 72]. The ACCP VTE treatment
guidelines and European Society of Cardiology PE guide-
lines are also widely used in Asia [57, 97]. According to
the latest update, treatment with NOACs is suggested
over VKA therapy. The suggested duration of treatment
for symptomatic DVT (distal or proximal) or PE is at
least 3 months, and patients should be evaluated for the
risk-benefit ratio to determine the need for extended
therapy (no scheduled stop date) (Fig. 2) [96]. However,
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the JCS guidelines recommend using intravenous unfrac-
tionated heparin (UFH) overlapped with, and followed
by, VKA for a minimum of 3 months, and the recom-
mended target international normalized ratio (INR)
range is 1.5 – 2.5. This target INR range is lower than
the range recommended in Western countries (ie,
2.0–3.0) perhaps because of increased bleeding tendency
in Japanese patients [14, 43]. Although use of LMWH
was adopted in the US and Europe to overcome the
limitations of UFH for the treatment of VTE, LMWH
has yet to be approved for this indication in Japan due
to limited clinical evidence from Japanese patients [98].
The Taiwanese guidelines recommend using either intra-
venous UFH or LMWH overlapped with, and followed by,
VKA with a maintenance target INR of 2.0 to 3.0 [72].
NOACs have been approved for the treatment of VTE

in many countries in Asia; however, only a few countries
provide reimbursements to patients. Dabigatran has
been approved in Korea, Singapore, the Philippines,
China, Thailand, and Taiwan; rivaroxaban and apixaban
have been approved in Korea, Singapore, Japan, China,
Thailand, and Taiwan; and edoxaban has been approved
in Japan, South Korea, Hong Kong, Thailand, and
Taiwan at the time of this review [94, 99, 100].

Anticoagulants for the treatment of VTE
Parenteral anticoagulants
Treatment of DVT and PE has traditionally been initial
parenteral anticoagulation overlapping with, or followed
by, longer-term VKAs [96]. While the UFH therapy has
been proven effective in anticoagulation, it has limita-
tions that include the requirement for activated partial
thromboplastin time monitoring and the risk of heparin-
induced thrombocytopenia and osteoporosis. On the
contrary, LMWH and fondaparinux have predictable PK
and PD properties and are associated with a lower risk
of nonhemorrhagic side effects [101]. On average, Asian

patients have lower body mass index than non-Asian
populations [102]. Weight-based dose adjustments
without routine monitoring are required for parenteral
anticoagulants [101, 103]; however, the need for paren-
teral administration limits their use for outpatient
treatment [104]. Regular monitoring of LMWH therapy
is recommended only for patients who have an increased
risk of bleeding, such as patients with extremely low or
high body weight, renal insufficiency (creatinine clear-
ance <30 mL/min), and advanced age [105–107].

Vitamin K antagonists
VKAs have been the most widely used anticoagulants
for the treatment of VTE, but they have several
limitations in terms of patient acceptance, including a
slow onset and offset of action and a narrow thera-
peutic window that requires individualized dosing
based on INR with the need for regular monitoring
[108]. In addition, Asian patients are at an increased
risk for bleeding when treated with VKAs. As shown
in a post hoc analysis of RE-LY (Randomized
Evaluation of Long-term Anticoagulation Therapy),
ROCKET AF (Rivaroxaban Once Daily Oral Direct
Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism
Trial in Atrial Fibrillation), and ARISTOTLE (Apixa-
ban for Reduction in Stroke and Other Thrombo-
embolic Events in Atrial Fibrillation) trials, VKA use
in Asian patients with atrial fibrillation (AF) is associ-
ated with a higher risk of bleeding when compared
with non-Asian patients [109]. There is limited
information on risk of bleeding with VKAs in Asian
patients with VTE. However, according to the
available reports from the Hokusai-VTE trial, Asian
patients with VTE randomized to VKAs had higher
rates of overall and major or clinically relevant
nonmajor (CRNM) bleeding than non-Asian patients
randomized to VKAs [110]. In a subgroup analysis
that examined the results of the Chinese patients
included in the EINSTEIN-DVT (Oral Direct Factor
Xa Inhibitor Rivaroxaban in Patients with Acute
Symptomatic Deep Vein Thrombosis) and EINSTEIN-
PE (Oral Direct Factor Xa Inhibitor Rivaroxaban in
Patients with Acute Symptomatic Pulmonary Embol-
ism) trials, 9.2% (20/218) of patients receiving VKA
therapy experienced a major or CRNM bleeding event
[111]. In the AMPLIFY-J (Apixaban for the Initial
Management of Pulmonary Embolism and Deep Vein
Thrombosis as First-Line Therapy-Japan) trial, 28.2%
(11/39) of Japanese patients receiving VKA therapy
experienced a major or CRNM bleeding event [112].
On the basis of these data, alternatives to VKAs for
the treatment of VTE may be of particular import-
ance for Asian populations.

Fig. 2 Risk-benefit analysis of extended therapy for VTE. DVT, deep vein
thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism
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Non-vitamin K antagonist oral anticoagulants
The rapid onset of action, minimal drug and food inter-
actions, predictable PKs, no regular monitoring require-
ment, and lower risk of bleeding make NOACs an
attractive alternative to VKAs [108]. These attributes
also make NOACs more applicable for outpatient treat-
ment. The NOACs include the direct thrombin inhibitor
dabigatran and the direct factor Xa inhibitors rivaroxa-
ban, apixaban, and edoxaban [113]. Table 3 shows a
summary of the efficacy and safety outcomes of clinical
trials with NOACs for the treatment of VTE, including
in Asian patients.
In both RE-COVER (Efficacy and Safety of Dabigatran

Compared to Warfarin for 6 Month Treatment of Acute
Symptomatic Venous Thromboembolism) and RE-
COVER II trials, patients were randomized to receive
dabigatran (150 mg twice daily) or warfarin for 6 months
after initial parenteral anticoagulation therapy. Both
studies indicated that dabigatran is as efficacious as war-
farin, with respect to recurrent VTE, and has a lower
risk of CRNM bleeding. Although only 2.6% (65/2539)
of patients with acute VTE enrolled in the RE-COVER
trial were Asian, 20.9% (537/2568) of patients in the RE-
COVER II trial were Asian [114, 115].
Both EINSTEIN-DVT and EINSTEIN-PE trials com-

pared rivaroxaban (15 mg twice daily for 3 weeks, followed
by 20 mg once daily) with subcutaneous enoxaparin
followed by VKA therapy for 3, 6, or 12 months. In both
trials, rivaroxaban was as efficacious as the conventional
therapy with respect to recurrent VTE, with a similar safety

profile with respect to major or CRNM bleeding [116, 117].
A subgroup analysis examined the results of the Chinese
patients included in the EINSTEIN-DVT and EINSTEIN-
PE trials. The relative efficacy and safety of rivaroxaban
compared with the conventional therapy in Chinese
patients were consistent with that of the overall population
[111]. However, the incidence of major or CRNM bleeding
for rivaroxaban was lower in Chinese patients compared
with the overall population (5.9% vs 9.4%) [111, 118].
J-EINSTEIN DVT and PE trial compared rivaroxaban

(10 or 15 mg twice daily for 3 weeks, followed by 15 mg
once daily) with UFH/warfarin for 3, 6, or 12 months in
Japanese patients. The relative efficacy of rivaroxaban
compared with UFH/warfarin in Japanese patients was
consistent with that of the overall population of
EINSTEIN-DVT and EINSTEIN-PE. Major bleeding did
not occur during the study, and CRNM bleeding
occurred in 7.8% (6/77) of patients in the rivaroxaban
group and 5.3% (1/19) of patients in the UFH/warfarin
group [73]. These results suggest the safety of rivaroxa-
ban for the treatment of VTE in Asian patients.
In the AMPLIFY trial, patients with acute VTE were

randomly assigned to apixaban (10 mg twice daily for
7 days, followed by 5 mg twice daily) or subcutaneous
enoxaparin followed by warfarin for 6 months. Overall,
apixaban was found to be noninferior to the conven-
tional therapy, with respect to recurrent VTE, and had a
significant lower risk of major or CRNM bleeding [119].
AMPLIFY-J, which was designed based on the AMP-
LIFY study, compared apixaban with UFH/warfarin for

Table 3 Efficacy and safety outcomes of clinical trials with NOACs for the treatment of VTE

All Patients Asian Patients

Trial N VTE
recurrencea

Major or CRNM
bleedinga

Trial N VTE recurrencea Major or CRNM
bleedinga

Dabigatran Dabigatran

RE-COVER [114] 2539 1.10 (0.65–1.84) 0.63 (0.47–0.84) RE-COVER
RE-COVER II Asian subanalysisb

557 2.55 (0.66–9.90) 0.63 (0.33–1.19)

RE-COVER II [115] 2568 1.08 (0.64–1.80) 0.62 (0.45–0.84)

Rivaroxaban Rivaroxaban

EINSTEIN-DVT [116] 3449 0.68 (0.44–1.04) 0.97 (0.76–1.22) EINSTEIN-DVT and PE Asian subanalysis [111] 439 1.04 (0.36–3.0) 0.63 (0.31–1.26)

EINSTEIN-PE [117] 4832 1.12 (0.75–1.68) 0.90 (0.76–1.07) J-EINSTEIN DVT and PE [73] 100 3.9% (−3.4 to 23.8)c Rivaroxaban 7.8%
UFH/warfarin 5.3%d

Apixaban Apixaban

AMPLIFY [119] 5395 0.84 (0.60–1.18) 0.44 (0.36–0.55) AMPLIFY-J [112] 80 Apixaban 0/40
UFH/warfarin 1/40e

Apixaban 7.5%
UFH/warfarin 28.2%f

Edoxaban Edoxaban

Hokusai-VTE [120] 8240 0.89 (0.70–1.13) 0.81 (0.71–0.94) Hokusai-VTE Asian subanalysis [110] 1109 0.64 (0.34–1.19) 0.56 (0.40–0.78)
aValues are hazard ratio (95% confidence interval) unless otherwise indicated
bData on file
cAbsolute risk difference (95% confidence interval)
dPercentage of patients with CRNM bleeding
eNumber of patients
fPercentage of patients
CRNM clinically relevant nonmajor, DVT deep vein thrombosis, NOAC non-vitamin K antagonist oral anticoagulant, PE pulmonary embolism, UFH unfrac-
tionated heparin, VTE venous thromboembolism
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24 weeks in Japanese patients with acute VTE. Recurrent
VTE did not occur in patients receiving apixaban, but
occurred in 1 patient receiving UFH/warfarin. Apixaban
had a lower risk of major or CRNM bleeding compared
with UFH/warfarin, suggesting the safety of apixaban for
the treatment of VTE in Japanese patients [112].
Hokusai-VTE trial compared edoxaban (60 mg [reduced

to 30 mg in patients with a creatinine clearance 30–50 mL/
min or a body weight ≤ 60 kg or in patients receiving potent
P-glycoprotein inhibitors concomitantly] once daily) with
warfarin for 3 to 12 months after initial heparin therapy.
Edoxaban was as efficacious as warfarin, with respect to
recurrent VTE, and had a significantly lower risk of major
or CRNM bleeding [120]. In a subgroup of PE patients with
evident RV dysfunction (N-terminal probrain natriuretic
peptide level of ≥500 pg/mL), edoxaban, compared with
warfarin, was associated with a lower rate of recurrent
VTE. A subgroup analysis evaluated the results of the East
Asian patients included in the Hokusai-VTE trial. The rela-
tive efficacy of edoxaban compared with warfarin in East
Asian patients was consistent with that of the overall popu-
lation; however, edoxaban had a better safety profile with
respect to major or CRNM bleeding than warfarin in East
Asian patients, as compared to that of the overall popula-
tion, confirming the safety of edoxaban for the treatment of
VTE in Asia [110]. Hokusai-VTE is the only VTE trial
where a NOAC was dose-adjusted by weight or creatinine
clearance. Since Asians are known to have lower body mass
index than non-Asian populations, future phase 2/3
and PK/PD studies, specifically in Asian patients, will
afford new treatment algorithms and dosing regimens
by increasing the understanding of specific character-
istics of VTE in Asia.
Taken together, based on the results of these pivotal

clinical trials, NOACs provide a strong alternative to
conventional therapy with similar efficacy and super-
ior safety profiles in the treatment of VTE [121]. Im-
portantly, the results of the analyses that evaluated
NOACs in Asian patients and Asian subgroup analy-
ses—specifically EINSTEIN-DVT, EINSTEIN-PE, and
Hokusai-VTE—suggest that NOACs present a possible
safety advantage for the treatment of VTE in Asian
populations. However, the lack of clinical trials asses-
sing the efficacy and safety of NOACs for the treat-
ment and prevention of VTE specifically in Asian
populations makes it difficult to change the standard
of care in Asian countries.

Conclusions
The overall burden of VTE in Asia has been consider-
ably underestimated. Despite advances in the manage-
ment of VTE globally, more data on epidemiology in the
form of first incidence, prevalence, recurrence and risk
factors, management of bleeding complications, as well

as increased awareness in Asian populations, are neces-
sary. Although regional standard of care may vary based
upon physicians’ preference or clinical experience,
increased collaborative studies among the Asian coun-
tries and participation in international trials may lead to
different treatment algorithms and dosing regimens by
providing more data on the epidemiology, pharmacol-
ogy, and bleeding complications of the disease in Asian
patients which may differ significantly from Western
populations. The ongoing international registry of acute
VTE, which includes a substantial number of patients
from both Asian and Western countries, will provide
important insights for understanding specific character-
istics of VTE in Asia [122]. VTE requires considerable
healthcare resources for its management due to its
chronic nature, high recurrence rate, and associated
long-term complications. Decisions for VTE manage-
ment are based upon balancing the treatment benefits
against the risk of bleeding from the treatment. This is
an especially important consideration for Asian popula-
tions because of increased bleeding tendency of Asians,
intracranial hemorrhage in particular. Given this risk,
timely and accurate diagnosis of the disease and ruling it
out safely when absent are crucial. NOACs have shown
advantages over existing options with respect to bleeding
outcomes in major clinical trials, which renders them a
safe and preferable strategy for VTE treatment.
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