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Background-—Recently, direct oral anticoagulants have been introduced for venous thromboembolism (VTE), which might change
the management strategies of VTE. However, there have been limited data on the current real-world practice pattern for VTE in
Asian countries.

Methods and Results-—The JROAD-DPC (Japanese Registry of All Cardiac and Vascular Diseases—Diagnosis Procedure
Combination) is a nationwide claim database from 1022 hospitals in Japan between April 2012 and March 2017. We identified
54 369 patients who were hospitalized with a diagnosis of VTE at admission based on the International Classification of Diseases,
Tenth Revision (ICD-10) code. The mean age was 69.1�15.6 years, 59% were women, and mean body mass index was
23.5�5.0 kg/m2. The proportion of patients with deep vein thrombosis decreased over time from 72% in 2012 to 38% in 2017.
After the release of direct oral anticoagulants, the proportion of patients receiving direct oral anticoagulants increased dramatically
among patients with anticoagulation therapy at discharge with the use of edoxaban, rivaroxaban, and apixaban in 35%, 22%, and
27% of patients, respectively, in 2017. On the other hand, the proportion of patients receiving warfarin decreased from 94% in
2012 to 15% in 2017. The median length of a hospital stay decreased over time from 20 days in 2012 to 13 days in 2017 in
patients with pulmonary embolism, and from 14 days in 2012 to 12 days in 2017 in patients with deep vein thrombosis. The
median cost of hospitalization for pulmonary embolism moderately decreased over time, whereas that for deep vein thrombosis
slightly decreased over time.

Conclusions-—A nationwide claim-based database provided the current practice pattern for VTE in Japan, which revealed dynamic
changes after the release of direct oral anticoagulants.

Clinical Trial Registration-—URL: www.umin.ac.jp. Unique identifier: UMIN000037868. ( J Am Heart Assoc. 2020;9:e014582.
DOI: 10.1161/JAHA.119.014582.)
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V enous thromboembolism (VTE), including pulmonary
embolism (PE) and deep vein thrombosis (DVT), is a

major health problem in the world and the third most frequent
cardiovascular disease in Western countries.1 The risk of

development of VTE in Asian countries has been thought to be
generally lower than that in Western countries,2 although a
recent study reported that the incidence of VTE in Asian
countries might be increasing over time.3-5 Actually, VTE is
becoming a common issue in daily clinical practice in Asian
countries including Japan.6

The standard treatment for VTE and prevention of its
recurrence is anticoagulation therapy. Historically, VTE has
been treated with heparin followed by a vitamin K antagonist
such as warfarin, which was the only available oral anticoag-
ulant. Recently, direct oral anticoagulants (DOAC; dabigatran,
rivaroxaban, apixaban, and edoxaban) have been introduced
for VTE. DOACs have predictable pharmacokinetics without
the need for dose adjustment based on blood tests in
individual patients, and some of the DOACs have been used
as a single-drug approach without administeration of intra-
venous anticoagulants, which would enable early hospital
discharge or home treatment.7-9 Thus, these profiles of
DOACs might change the management strategies of VTE.

From the Department of Cardiovascular Medicine, Graduate School of
Medicine, Kyoto University, Kyoto, Japan (Y. Yamashita, Y. Yoshikawa, H.Y.,
K.O., T.K.); Department of Clinical Epidemiology, Hyogo College of Medicine,
Nishinomiya, Japan (T.M.); Center for Cerebral and Cardiovascular Disease
Information, National Cerebral and Cardiovascular Center, Suita, Japan (Y.S.,
M.N.).

Correspondence to: Yugo Yamashita, MD, PhD, Department of Cardiovas-
cular Medicine, Graduate School of Medicine, Kyoto University, 54 Shogoin
Kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan. E-mail: yyamashi@
kuhp.kyoto-u.ac.jp

Received September 12, 2019; accepted December 12, 2019.

ª 2020 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

DOI: 10.1161/JAHA.119.014582 Journal of the American Heart Association 1

ORIGINAL RESEARCH

http://www.umin.ac.jp
info:doi/10.1161/JAHA.119.014582
mailto:yyamashi@<?tjl=20mm?><?tjl?><?hangover 0?>kuhp.kyoto-u.ac.jp
mailto:yyamashi@<?tjl=20mm?><?tjl?><?hangover 0?>kuhp.kyoto-u.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


However, there have been limited data on the current practice
pattern for VTE across Japan, which would be important for
understanding the current issues and unmet needs of optimal
management of VTE. Therefore, we sought to evaluate the
temporal change in the practice pattern for VTE over time
using a nationwide claim database in Japan.

Methods

Data Source
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure. The JROAD-DPC
(Japanese Registry of All Cardiac and Vascular Diseases—
Diagnosis Procedure Combination) is a nationwide claim
database, launched by the Japanese Circulation Society (JCS),
which includes patients with hospitalizations.10,11 The JROAD-
DPC database was created by combining JROAD data derived
from a JCS national survey to assess the clinical activity of each
Japanese institution with cardiovascular beds12 and the DPC,
which is a mixed-case patient classification system launched in
2002 by the Ministry of Health, Labor, and Welfare of Japan.13

The JROAD database did not include all hospitals in Japan but
nearly all teaching hospitals with cardiovascular beds except for
stroke, because this survey is mandatory at JCS-certified
teaching hospitals that provide cardiology training for physi-
cians who wish to be JCS board-certified cardiologists and
undertake the JCS board test. The DPC database contains

patient demographics and several disease-specific data for
each patient. An attending physician is responsible for clinical
data entry for each patient, and drugs and procedures are
recorded based on receipt data of medical care.14

The DPC database contains 6 categories of diagnoses,
each with a limited number of recordable diseases. One
diagnosis each is coded for “main diagnosis,” “admission-
precipitating diagnosis,” “most resource-consuming diagno-
sis,” and “second most resource-consuming diagnosis.” A
maximum of 4 diagnoses (10 diagnoses from 2016) each can
be coded for “comorbidities present at time of admission” and
“conditions arising after admission.” All procedures performed
during hospitalization are recorded according to the Japanese
fee schedule for reimbursement.15

Study Population
The JROAD-DPC database included 5 106 151 health records
from 1022 certificated hospitals between April 2012 and
March 2017. In the current study we identified 55 582
patients who were hospitalized with “main diagnosis” and/or
“admission-precipitating diagnosis” and/or “most resource-
consuming diagnosis” of VTE at admission based on the
International Classification of Diseases, Tenth Revision (ICD-
10). A combination of PE codes and DVT codes was used to
identify VTE: PE I26.0, I26.9; and DVT I80.0, I80.1, I80.2,
I80.3, I80.9, I82.2, I82.3, I82.9, O22.2, O22.3, O22.9, O87.0,
O87.1, O87.9. The accuracy of ICD-10 to identify symp-
tomatic VTE has been previously validated with high speci-
ficity and acceptable sensitivity.16 After exclusion of 257
patients aged <20 years and 956 patients with pregnancy,
the current study population consisted of 54 369 VTE
patients (Figure 1). We excluded pediatric patients aged
<20 years in the current analysis because DOACs are not
recommended for pediatric patients in the current Japanese
practice, and practice patterns of pediatric patients could be
different from those of adult patients.

Data Collection and Definitions of Patient
Characteristics
Patient characteristics were extracted from the claim data,
including age, sex, initial diagnoses, and comorbidities at the
time of admission. Comorbidities were determined primarily
from the ICD-10 codes but were also checked against the
medications and procedures that each patient was receiving/
undergoing to determine if these were compatible with the
code data. When patients had a diagnosis of PE at admission,
we classified them as PE patients irrespective of presence or
absence of DVT.17 In-hospital medications and procedures
were also extracted from the claim data, including heparin,
thrombolysis with tissue plasminogen activator or urokinase,
inferior vena cava filter, ventilator support, and mechanical

Clinical Perspective

What Is New?

• After the release of direct oral anticoagulants in Japan, the
proportions of direct oral anticoagulants increased dramat-
ically, and that of warfarin decreased gradually.

• Among patients hospitalized with venous thromboembolism,
the proportion of patients with deep vein thrombosis
decreased over time, and the median length of hospital
stay and cost of hospitalization decreased over time, which
was more prominent in cases of pulmonary embolism
compared with deep vein thrombosis.

What Are the Clinical Implications?

• Direct oral anticoagulants could be good alternatives for
patients with venous thromboembolism, which have dynam-
ically changed practice patterns after their release in Japan.

• Direct oral anticoagulants would enable home treatment
and early hospital discharge for patients with venous
thromboembolism, which could provide not only medical
benefits but also medical-economic benefits.
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circulation support (intra-aortic balloon pumping or percuta-
neous cardiopulmonary support). In addition, medications at
discharge were extracted from the claim data, including
detailed anticoagulation therapy. In Japan, edoxaban, rivarox-
aban, and apixaban for treatment and prevention of recur-
rence of VTE became available in September 2014,
September 2015, and December 2015, respectively. Dabiga-
tran for VTE is not covered by Japanese national insurance.

Outcomes Measures
Outcomes measures in the present analysis were in-hospital
all-cause death, length of hospitalization, and cost of hospi-
talization, which included charges related to drugs, medical
materials, food, and personnel. All charges were converted
into US dollars according to the current exchange rate (1 US
dollar=110.0 Japanese yen).

Ethics Statement
This research plan was designed by the authors and approved
by both Kyoto University Hospital Ethics Committee and the
Institutional Review Board of the National Cerebral and
Cardiovascular Center, which waived the requirement for
individual informed consent according to the “opt-out”
principle. Each hospital anonymized patients’ ID by the code

change equations made by each hospital in the original DPC
data, which were sent to the Ministry of Health, Labor, and
Welfare. Each hospital notified the patients through home-
pages or posters in each hospital that their information was
being collected by this study. Patients could opt out from
having their information in the database if they wished to
exclude it.

Statistical Analyses
Categorical variables are presented as numbers and percent-
ages, and continuous variables are presented as the mean
and SD for normally distributed continuous variables or the
median and interquartile range for nonnormally distributed
continuous variables. We evaluated patient characteristics,
treatment strategies, and outcomes. In-hospital all-cause
death was calculated by dividing the number of deaths by the
number of hospitalizations. In addition, we evaluated changes
of proportions of PE and DVT, treatment strategies, and
outcomes over time. Changes of categorical variables were
evaluated using the Cochran-Armitage test for trend,18 and
changes of continuous variables were evaluated using the
Jonckheere-Terpstra test for trend.19 All statistical analyses
were conducted using JMP version 10.0.2 (SAS Institute Inc,
Cary, NC) or EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface
for R (The R Foundation for Statistical Computing, Vienna,
Austria). All statistical analyses were 2-tailed, and P<0.05 was
considered statistically significant.

Results

Patient Characteristics
The mean age was 69.1�15.6 years, 59% were women, and
body weight and body mass index were 55.8�20.0 kg and
23.5�5.0 kg/m2, respectively (Table 1). Patients with cancer
accounted for 10 096 (19%), and 25% of them were those
with metastasis. Patients with PE at presentation accounted
for 27 887 (51%), and 5.7% of them showed cardiac arrest or
collapse at presentation. The proportion of patients with DVT
only decreased over time from 72% in 2012 to 38% in 2017 (P
for trend <0.001) (Figure 2).

Treatment Strategies
Parenteral anticoagulation therapy with unfractionated hep-
arin was administered in 78% of patients during hospitaliza-
tion (Table 2). The prevalence of thrombolysis and inferior
vena cava filter use was 8.6% and 20%, respectively. The
prevalence of thrombolysis use decreased over time from 11%
in 2012 to 7% in 2017 (P for trend <0.001) (Figure 3A), and

Hospitalization with a diagnosis of VTE
(ICD-10 codes: PE; I260, I269. DVT; I800, I801, I802, I803, I809, 

I822, I823, I828, I829,O222, O223, O229, O870, O871, O879)
(N=55 582)

JROAD-DPC database at 1022 hospitals in Japan 
between April 2012 - March 2017

(N=5 106 151)

No VTE codes as a diagnosis
(N=5 050 569)

Study population
VTE patients in Japan

between April 2012 - March 2017
(N=54 369)

Age <20 years (N=257)
Pregnancy (N=956)

Figure 1. Study flow chart. VTE includes PE and/or DVT. DVT
indicates deep vein thrombosis; ICD-10, International Classifica-
tion of Diseases, Revision 10; JROAD-DPC, Japanese Registry of All
Cardiac and Vascular Diseases—Diagnosis Procedure Combina-
tion; PE, pulmonary embolism; VTE, venous thromboembolism.
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the prevalence of inferior vena cava filter use substantially
decreased over time from 32% in 2012 to 14% in 2017 (P for
trend <0.001) (Figure 3B).

Anticoagulation therapy was prescribed in 38 198 patients
(75%) out of 51 169 patients who were alive at discharge
(Table 2). Only few patients received heparin (1.0%), and the
vast majority of patents received warfarin (45%) or DOACs (Xa
inhibitors) at discharge (28%). After the release of the first
DOAC (edoxaban) for VTE in September 2014 in Japan, the
proportion of patients receiving DOACs increased dramatically
among patients with anticoagulation therapy at discharge with
use of edoxaban, rivaroxaban, and apixaban in 35%, 22%, and
27% of patients, respectively, in 2017 (Figure 4). On the other
hand, the proportion of patients receiving warfarin decreased
from 94% in 2012 to 15% in 2017.

In-Hospital All-Cause Death, and Length and Cost
of Hospitalization
During hospitalization, 3200 (5.9%) patients died, and 736
(1.4%) patients died at 7 days (Table 3). The median length of
hospital stay was 15 days, and those for PE and DVT were 16
and 13 days, respectively. The median cost of hospitalization

Table 1. Patient Characteristics

JROAD-DPC Data (N=54 369)

Baseline characteristics

Age, y 69.1�15.6

Women 31 894 (59%)

Body weight, kg 55.8�20.0

Body mass index, kg/m2 23.5�5.0

Body mass index ≥30 kg/m2 3795 (7.0%)

Comorbidities

Hypertension 15 738 (29%)

Diabetes mellitus 7239 (13%)

Dyslipidemia 7680 (14%)

Cancer 10 096 (19%)

Metastatic cancer 2478/10 096 (25%)

Chronic lung disease 2558 (4.7%)

Heart failure 8629 (16%)

History of stroke 758 (1.4%)

Connective tissue disease 1738 (3.2%)

Presentation

PE with or without DVT 27 887 (51%)

Cardiac arrest/collapse 1579/27 887 (5.7%)

DVT only 26 482 (49%)

Categorical variables are presented as numbers and percentages. Continuous variables
are presented as the mean and standard deviation. DVT indicates deep vein thrombosis;
JROAD-DPC, Japanese Registry of All Cardiac and Vascular Diseases—Diagnosis
Procedure Combination; PE, pulmonary embolism.
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Figure 2. Annual changes in the proportion of PE and DVT
among patients with VTE diagnosis from 2012 to 2017. DVT
indicates deep vein thrombosis; PE, pulmonary embolism; VTE,
venous thromboembolism.

Table 2. Treatment Strategies

JROAD-DPC Data (N=54 369)

Treatment during hospitalization

Parenteral anticoagulation therapy
with unfractionated heparin

42 495 (78%)

Thrombolysis* 4667 (8.6%)

Inferior vena cava filter use 10 816 (20%)

Ventilator support 1595 (6.5%)

Mechanical circulation support† 341 (1.4%)

Medications at discharge alive (N=51 169)

Statins 5375/51 169 (11%)

Antiplatelet drugs‡ 3712/51 169 (7.3%)

Anticoagulation therapy 38 198/51 169 (75%)

Warfarin 23 191/51 169 (45%)

Direct oral anticoagulants
(Xa inhibitors)

14 252/51 169 (28%)

Edoxaban 8260/51 169 (16%)

Rivaroxaban 3373/51 169 (6.6%)

Apixaban 2600/51 169 (5.1%)

Heparin 504/51 169 (1.0%)

Others 270/51 169 (0.5%)

Categorical variables are presented as numbers and percentages. JROAD-DPC indicates
Japanese Registry of All Cardiac and Vascular Diseases—Diagnosis Procedure
Combination.
*Thrombolysis included tissue plasminogen activator and urokinase.
†Mechanical circulation support included intra-aortic balloon pumping and percutaneous
cardiopulmonary support.
‡Antiplatelet drugs included aspirin, clopidogrel, ticlopidine, cilostazol, prasugrel,
ticagrelor, sarpogrelate, and ozagrel.
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was 685 813 Japanese yen (US$6235), and the costs for
patients with PE and DVT were 846 379 Japanese yen (US
$7694) and 540 487 Japanese yen (US$4914), respectively.
The median length of hospital stay decreased over time from
16 days in 2012 to 13 days in 2017 (P for trend <0.001),

which was more prominent in patients with PE (from 20 days
in 2012 to 13 days in 2017, P for trend <0.001) than in
patients with DVT (from 14 days in 2012 to 12 days in 2017,
P for trend <0.001) (Table 4). Similarly, the median cost of
hospitalization for PE moderately decreased over time from
1 271 128 Japanese yen (US$11 556) in 2012 to 715 340
Japanese yen (US$6503) in 2017 (P for trend <0.001),
whereas that for DVT slightly decreased over time from
550 804 Japanese yen (US$5008) in 2012 to 524 662
Japanese yen (US$4770) in 2017 (P for trend <0.001). The
median length of hospital stay was shorter and charge of
hospitalization was lower in patients with DOACs than in
patients with warfarin (Table 5).

Discussion
The main findings of the present report from the current
nationwide database were these: (1) among patients hospi-
talized with VTE, the proportion of patients with DVT

11 10 9 9 7 7 
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Figure 3. Annual changes in the prevalence of (A) thrombolysis
and (B) IVC filter use from 2012 to 2017. IVC indicates inferior
vena cava; t-PA, tissue plasminogen activator.
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Figure 4. Annual changes in the proportions of the types of
anticoagulation therapy (warfarin, edoxaban, rivaroxaban, apixa-
ban, and others) among patients with anticoagulation therapy at
discharge from 2012 to 2017.

Table 3. In-Hospital All-Cause Death, and Length and Cost of
Hospitalization

JROAD-DPC Data (N=54 369)

In-hospital all-cause death 3200 (5.9%)

Death at 1 d 736 (1.4%)

Death at 7 d 1670 (3.1%)

In-hospital all-cause death
in PE patients (N=27 887)

2679/27 887 (9.6%)

In-hospital all-cause death
in DVT patients (N=26 482)

521/26 482 (2.0%)

Length of hospital stay, d 15 (9-22)

Length of hospital stay
in PE patients, d

16 (10-24)

Length of hospital stay
in DVT patients, d

13 (8-21)

Cost of hospitalization (Japanese yen) 685 813 (415 583-1 136 967)

Cost of hospitalization in
PE patients (Japanese yen)

846 379 (527 045-1 322 467)

Cost of hospitalization in
DVT patients (Japanese yen)

540 487 (355 999-918 488)

Cost of hospitalization (US dollars*) 6235 (3778-10 336)

Cost of hospitalization in
PE patients (US dollars*)

7694 (4791-12 022)

Cost of hospitalization in
DVT patients (US dollars*)

4914 (3236-8350)

Categorical variables are presented as numbers and percentages. Continuous variables
are presented as the median and interquartile range. DVT indicates deep vein
thrombosis; JROAD-DPC, Japanese Registry of All Cardiac and Vascular Diseases—
Diagnosis Procedure Combination; PE, pulmonary embolism.
*1 dollar=110 Japanese yen.
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decreased over time; (2) after the release of DOACs, the
proportions of DOACs increased dramatically, and that of
warfarin decreased gradually; (3) the median length of
hospital stay and cost of hospitalization decreased over time,
and this effect was greater for PE than for DVT.

Now, it is a matter of active debate whether VTE patients
should be treated at an inpatient department or an
outpatient department. In the era of warfarin, patients with
acute VTE needed to be treated with intravenous heparin
followed by warfarin in hospital. However, in the era of
DOACs for VTE, intravenous heparin in hospital can be
replaced by the use of some DOACs, and patients with VTE
can be treated entirely at home without administration of
intravenous anticoagulant.7-9 The risk for mortality in DVT
patients is thought to be relatively low if they have no
concomitant PE, and most DVT patients could be treated
without hospitalization using DOACs. The current study
showed that the proportion of patients with DVT decreased
over time among patients hospitalized with VTE, suggesting
that some DVT patients were treated entirely at home.
However, there might still be high-risk DVT patients who
should be treated in hospital with close monitoring. Thus, the
identification of high-risk DVT patients could be clinically
relevant.

Due to these randomized clinical trial results and ease of
use in daily clinical practice, the use of DOACs for VTE has
prevailed worldwide. After the release of DOACs, several
national guidelines for the management of VTE were updated
and now recommend DOACs as broadly preferable to
warfarin for most patients with VTE.20,21 Consistent with
these recommendations, the current study showed the
dramatically increased use of DOACs and the gradually
decreased use of warfarin. However, clinicians should be
cautious in the use of DOACs for specific high-risk patients
such as patients with active cancer. Historically, low-
molecular-weight heparin has been recommended over
warfarin for VTE patients with active cancer. Recently,
DOACs have been reported to have comparable efficacy and
safety compared with low-molecular-weight heparin in VTE
patients with active cancer.22,23 DOACs could be good
alternatives for VTE patients with active cancer. However,
the Hokusai VTE Cancer study also showed that VTE patients
with gastrointestinal cancer had an increased risk for major
bleeding with edoxaban, mainly due to upper gastrointestinal
bleeding.22 The guidance from the International Society on
Thrombosis and Haemostasis suggested the use of low-
molecular-weight heparins over DOACs for cancer patients
with an acute diagnosis of VTE and a high risk of bleeding,
including patients with gastrointestinal cancers, patients
with cancers at risk of bleeding from the genitourinary tract,
bladder, or nephrostomy tubes, and patients with active
gastrointestinal mucosal abnormalities.24 Because of the

higher risk for bleeding in VTE patients with specific cancers,
clinicians should still be cautious about the use of DOACs
for such patients.

DOACs could provide not only medical benefits but also
medical-economic benefits. If patients with VTE can be
treated entirely at home, there was no cost associated with
hospitalization. DVT patients could be treated entirely at
home, and patients with low-risk PE could also be treated with
DOACs without hospitalization.25-27 Furthermore, DOACs
have no need for dose adjustment based on blood tests,
and some DOACs have been used as a single-drug approach
without administeration of intravenous anticoagulants, which
would enable early hospital discharge. Although the duration
of hospital stay could vary widely depending on both medical
system and environment in various countries,28,29 a recent
study has reported that the mean length of hospital stay
significantly decreased over time.30 Consistent with the
previous report, the current study showed a decrease of the
median length of hospital stay over time that was more
prominent in PE patients. Accordingly, the median charge of
hospitalization decreased over time, which was partly because
patients with DOACs had a shorter duration of hospitalization
compared with those with warfarin. Thus, the identification of
low-risk patients who would be more suitable for early
hospital discharge or home treatment is becoming clinically
more relevant.

Study Limitations
The current study has several limitations. First, although DPC
data must be confirmed by a physician and are highly
reliable, some of the data are based on medical claims.
Therefore, there is a possibility that these data may contain
certain errors, and some data may be underestimated
because they are not reflected in claims. Especially, the
data showing a relatively low proportion of anticoagulation at
discharge should be viewed cautiously. Second, although this
research was conducted using nationwide databases and
very closely represents the current whole situation in Japan,
there is a possibility that actual conditions in nonspecialized
facilities are not reflected. Third, because the annual survey
of the DPC database in Japan is conducted from April to
March in each year, numbers in the database for first year
and last year are small, which should indicate caution in
interpreting the study results. Fourth, the prevalence of
inferior vena cava filter use was high in Japan compared with
that in the United States, which could have some influence
on outcomes.28 Fifth, because the current analysis did not
include patients without hospitalization, we could not
evaluate VTE patients treated at outpatient departments.
Sixth, we could not investigate the anticoagulation therapy
status before admission.
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Conclusions
A nationwide claim-based database provided the current
practice pattern for VTE in Japan, which revealed dynamic
changes after the release of DOACs.
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