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Summary. Venous thromboembolism (VTE) is the third most common cardiovascu-
lar disease for which many clinical guidelines have been published in the Western
world. In Japan, VTE has recently been recognized as a common disease and
has received increased social as well as medical attention; however, the clinical diag-
nostic yield is still low. The most effective means of reducing unexpected death from
VTE is to implement a comprehensive institutional policy of primary prophylaxis in
patients at risk. Although it is difficult to prepare Japanese guidelines for prophylaxis
of VTE based on reliable evidence, epidemiological information is available in the
general surgical, orthopedic, and gynecological areas of practice. Finally, the first
Japanese guidelines for prophylaxis of VTE were published in the spring of 2004. In
addition, the diagnostic and management strategies have changed along with improve-
ment in modalities and coverage by thrombolytic agents. The next goal is to gather
evidence that provides the foundation for guidelines on treatment and prophylaxis.
Large-scale research studies similar to those performed in the West should be
conducted to elucidate the pathological mechanisms of VTE and improve its
management.

Key words. Anticoagulation therapy - Prophylaxis - Thrombolytic therapy - Vena cava
filters - Venous thromboembolism

Introduction

Venous thromboembolism (VTE), manifesting as either deep vein thrombosis (DVT)
or pulmonary thromboembolism (PTE), is an extremely common medical problem
in the Western world, occurring either in isolation or as a complication of other dis-
eases or procedures. Many clinical guidelines for VTE have been published, such as
“Guidelines on diagnosis and management of acute pulmonary embolism” (2000) by
the European Society of Cardiology [1]; “Guidelines for the management of suspected
acute pulmonary embolism” (2003) by the British Thoracic Society [2]; “Prevention
of venous thromboembolism” (2004) by the American College of Chest Physicians
[(3]; and “Prevention and treatment of venous thromboembolism” (2006) by the
Internal Union of Angiology [4]. At the same time, the incidence of VTE in Japan was
considered to be minimal, and it was not a focus of attention in most Japanese medical
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societies. Nonetheless, a few researchers suspected that VTE might be common in
Japan and could be responsible for some unexplained sudden deaths. The lower diag-
nostic yield of VTE in Japan was also thought to be a contributor because the disorder
is observed in multiple medical areas, including cardiovascular and respiratory
medicine and surgery, and information on these cases was not disseminated
systematically.

The Japanese Society of Pulmonary Embolism Research was established in 1994 [5],
and international symposiums on pulmonary embolism in Japan took place in Mie
in 1998 (6] and in Chiba and Sendai in 2003 and 2000, respectively [7]. These efforts
were aimed at raising awareness of VTE and compiling data on Japanese cases. As a
result, awareness in the medical profession has improved, diagnostic techniques have
advanced, and the number of cases of VTE reported in Japan has increased rapidly.
Furthermore, because of the increase in venous thromboembolic risk factors, such as
continuing westernization of Japanese life and social aging, and of postoperative
sudden death and travelers’ thrombosis (so-called economy-class syndrome), as well
as the high incidence of VTE noted following the recent mid-Niigata Prefecture earth-
quake, it has recently received a lot of attention, both medically and socially. In 2004,
Japanese guidelines for VTE [8, 9] were published, and the increasing awareness of
this disorder in Japan is changing the perception of VTE from that of a rare disease
to a common one. However, large-scale studies that would help provide evidence of
VTE have not been conducted in Japan. Moreover, Japan lags behind Western coun-
tries in clinical management of this disease.

Incidence and Prognosis of Venous Thromboembolism

Although VTE is diagnosed and treated in as many as 260 000 patients in the United
States each year, it is estimated that more than half the cases that actually occur are
never diagnosed. Thus, the true incidence may be as high as 600 000 cases [10, 11]. At
the same time, the incidence of PTE in serial autopsy cases in Japan and the United
States was reported as 0.8% and 23.8%, respectively, according to a previous interna-
tional collaboration [12]. Moreover, the annual reports of the pathological autopsy
cases in Japan noted a rate of 1.41%-1.72% [13, 14]. These results indicated that the
incidence of VTE was extremely low in Japan. However, more recent reports have
indicated that the incidence of DVT after joint replacement in Japan is the same as in
Western countries [15, 16], and the incidence of PTE in serial autopsy cases ranged
from 11% to 24% [17-20]. Consequently, the incidence of VTE in Japan is no longer
considered low. Despite this evidence, data compiled from recent questionnaire
surveys showed that the number of clinically diagnosed cases of PTE in Japan was
only 28-32 per 1 million people [21, 22], which is 1/15th that of Western countries.
We must therefore conclude that Japanese clinicians are still not entirely familiar
with VTE.

Racial and environmental factors may contribute to the differences in incidence
reported among Japanese and Westerners. Reports that show a higher incidence of
PTE in black Americans than in black Africans [23] and no differences between white
and nonwhite South Africans [24] suggest that an environmental factor is involved in
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the incidence of PTE. On the other hand, the factor V Leiden mutation with activated
protein C resistance, which has drawn attention as a new coagulation abnormality, is
a high-frequency gene mutant that appears in 30%-50% of Caucasians with VTE [25].
No Japanese patients were found with this mutation. Similarly, no Japanese patient
has the prothrombin G20210A mutation, which is associated with VTE in Caucasians
[26, 27]. These findings suggest that a racial factor is also involved in the incidence of
PTE. Studies among races in the United States also show that the incidence of VTE
among Asians is one-fifth to one-quarter that of whites [28, 29]. Meanwhile, in our
study that investigates coagulopathy in detail, only 5 of 61 consecutive patients (8%)
with PTE did not have an inherited coagulopathy or a secondary risk factor for VTE
[30]. These results suggest that Japanese patients might have unknown inherited
coagulopathies.

In the United States, widespread prevention of VTE in hospitals led to a significant
decline in the incidence of PTE beginning during the mid-1980s, although the inci-
dence had been increasing before that period [31]. On the other hand, deaths
from PTE in Japan were projected to increase by 10 times over the 50 years from
1951 to 2000 according to the vital statistics of the Ministry of Health, Labor,
and Welfare [32]. The PTE rate in autopsy cases from the annual reports of the
pathological autopsy cases in Japan also increased 3.5-fold from 1958 to 1997 [13,
14, 33]. These increases in PTE reflect both an “increase in appearance” and a
“true increase.” The “increase in appearance” indicates improved accuracy of
diagnosis, such as the rising awareness among health care professionals, increasing
visibility of VTE, and advances in modalities. The recent rapid increase in the inci-
dence of this disease stems largely from these factors, which has resulted from edu-
cational campaigns in various quarters. Among the factors contributing to the “true
increase” of VTE are, first, the aging of the Japanese population, which itself confers
arisk of VTE; and the elderly are likely to have other risks for VTE. The second factor
is change in life style. In recent decades, eating habits in Japan have become western-
ized, and the percentage of the population that is overweight is growing. Although the
relation between VTE and metabolic syndrome is unknown, it should be considered.
The third factor is advances in medical care. The risk of VTE at an inpatient setup
rises according to the complexity of treatment, and the number of patients at risk
further increases because the prognosis has improved for conditions such as malig-
nancy that increase the risk of VTE. In addition, many medicines, such as oral con-
traceptives and drugs used in hormone replacement therapy, may increase the risk of
VTE (Fig. 1).

From the point of view of prognosis, the hospital mortality rate was 14% for 309
patients diagnosed with PTE from 1994 to 1997 according to a collaborative study
conducted by the Japanese Society of Pulmonary Embolism Research [34]. Among
those who died, mortality among patients with shock at presentation was 30%, and it
was 20% except for cases diagnosed by an autopsy, and 6% for those who presented
without shock. In addition, the mortality after discharge was 3%. These results indi-
cate that patients with PTE who are correctly diagnosed have a relatively good prog-
nosis. However, in the following decade, the prognosis of severe cases did not improve
[35] (Table 1). In addition to underdiagnosis of PTE, the high frequency of sudden
death, which afflicts 25% of severe cases, and death due to recurrent PTE affect the
mortality rates [36] (Fig. 2). In particular, many patients with unexpected circulatory
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F1G. 1. Change in social structure and increasing risk of pulmonary thromboembolism

TaBLE 1. Change in the mortality rate of pulmonary thromboembolism in Japan

Subjects Change in morality (%)
1/1994-10/1997 11/1997-10/2000 11/2000-8/2003
(n = 309) (n =257) (n=461)
Total 14 12 8
Cases with arrest or shock 30 32 27
Other mild cases 6 3 2

Data are from Sakuma et al. [35]
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F1G. 2. In-hospital mortality of 222 patients with pulmonary thromboembolism. Sudden deaths
within 1 h from onset account for 43% of total deaths with pulmonary thromboembolism
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arrest succumb even with percutaneous cardiopulmonary support. Consequently, it
is important to prevent PTE.

Development of Diagnostic Methods and Management
of Pulmonary Thromboembolism

Many guidelines on the diagnosis and management of PTE have been published and
reported at Western scientific meetings. Guidelines for the diagnosis and management
of PTE have also been developed by the Japanese Society of Circulation in cooperation
with other societies in Japan [9] (Fig. 3). Application of Western guidelines for PTE
in Japan, as for other disorders, was uncertain because of unknown differences in the
incidence of PTE in Caucasian and Japanese populations and the differences in
medical care among countries. In addition, guidelines for diagnosis that are based on
the situation in each country are necessary because of differences in the development
of diagnostic modalities and cost.

Traditionally, the gold standard for diagnosis of PTE has been pulmonary angiog-
raphy. However, efforts have been made to restrict the indications for use of pulmo-
nary angiography, which is invasive; currently, the diagnosis of PTE tends to rely on
noninvasive modalities [34, 35, 37] (Table 2). Although the main noninvasive diagnos-
tic modality for PTE in Western countries is the perfusion lung scan, contrast-enhanced
multislice computed tomography (CT) is useful in Japan. Current machines can evalu-
ate a thromboembolism even in segmental arteries except in patients who cannot hold
their breath for the necessary imaging interval. Multislice CT has the additional
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F16. 3. Management strategy in pulmonary thromboembolism. PCPS, percutaneous cardiopul-
monary support; RV, right ventricle
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TasLE 2. Development of diagnostic methods of pulmonary thromboembolism in Japan

Diagnostic methods Development of methods (%)
1/1994-10/1997 11/1997-10/2000 11/2000-8/2003
(n=309) (n=257) (n=461)
Perfusion lung scan 74 77 62
Pulmonary angiography 45 57 37
Contrast-enhanced CT 14 58 62
MRI 2 6 2

Data are from Nakamura et al. [34] and Sakuma et al. [35, 37] CT, computed tomography; MRI, mag-
netic resonance imaging

TasLe 3. Development of diagnostic methods for DVT after the occurrence of pulmonary
thromboembeolism in Japan

Diagnostic method Development (%)
1/1994-10/1997 11/1997-10/2000 11/2000-8/2003
(n=309) (n=1257) (n=461)
Operation rate of 61 65 83
examination for DVT

Venous ultrasonography 18 24 55
Venography 81 73 41
Radio nuclear angiography 13 12 2

Operation rate indicates the ratio of patients examined for operation during each interval to the total
number of patients diagnosed with DVT during that interval,

DVT, deep vein thrombosis

Data are from Nakamura [34] and Sakuma [35, 37]

advantage of being able to examine veins in the abdomen, pelvis, and legs after scan-
ning the pulmonary arteries. The efficacy of multislice CT in PTE has been examined,
and this modality is now included in the diagnostic algorithm for PTE. In addition,
because of the importance of diagnosing DVT as a source of thromboembolism,
venous ultrasonography, which is convenient and can be used noninvasively at the
bedside, is recommended. Implementation of this modality has nevertheless been
inadequate [34, 35, 37] (Table 3), and it is important to train sonographers and physi-
cians to perform venous ultrasonography.

In the West, management guidelines for anticoagulation and thrombolysis based
on a wealth of evidence are being released. No clinical trials are planned or underway
to gather such evidence in Japan [38]. With regard to thrombolytic agents, which are
used commonly for PTE, Monteplase, mutant tissue plasminogen activator (t-PA), has
been permitted for use in patients by the Japanese government only since autumn
2005. At the same time, the effect of thrombolysis on the prognosis of patients with
PTE is not clear, even in Western countries [39]. In many randomized controlled trials
for PTE therapy, although thrombolysis has been shown to bring about more rapid
thrombolytic and hemodynamic effects than anticoagulation, there have been no
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reports that thrombolysis reduces PTE-related mortality. Therefore, the ability of
thrombolysis to improve the prognosis is unknown, and its indications have not been
sufficiently established. In addition, it is arguable whether thrombolysis has an effect
on prognosis in severe cases. Recently, right ventricular dysfunction was identified as
an important factor linked to prognosis. In the most recent randomized controlled
trial of PTE in normotensive patients with right ventricular dysfunction, t-PA was
found to improve the clinical course and prevent clinical deterioration; it requires an
escalation of treatment compared with heparin, although the differences in mortality
were not significant [40]. Therefore, thrombolytic therapy might be recommended for
PTE patients with right ventricular dysfunction; however, the choice of this therapy
has little scientific basis and needs further research.

Over the past few years, the use of catheter intervention for various kinds of vas-
cular diseases has progressed, and catheter thrombolysis and catheter fragmentation
are now used in patients with VTE. These techniques are being used to dissolve a
thromboembolus and reduce right ventricular overload in PTE, rapidly restore a
venous valve, and decrease the frequency of postthrombotic syndrome. Although it is
often difficult to dissolve an obstructive DVT using conventional pharmacotherapy, a
recent Japanese study reported that catheter-directed thrombolysis achieves a high
dissolution rate of DVT and a reduction in the incidence of postthrombotic syndrome
[41]. Thus, this technique appears to be promising.

The development of inferior vena cava (1VC) filters constitute a marked advance in
the prevention of primary and recurrent PTE with DVT. When the technique was
initially introduced, only permanent filters were used, and the recurrence rate of PTE
after IVC filter implantation was reported to be 2% [42], However, results of a French
prospective multicenter study indicated that the long-term prognosis was worse after
IVC filter implantation than after anticoagulation [43]. As a result, prophylactic use
of permanent IVC filters for stable patients is not recommended. On the other hand,
when anticoagulation alone is performed as PTE management, it may lead to massive
recurrent PTE, a critical complication. To avoid such cases of recurrent, severe PTE,
nonpermanent [VC filters have recently come into use. These filters are implanted only
during the acute phase when a venous thrombus can easily migrate and the pulmo-
nary vascular bed is small. The filter can then be removed after thrombus dissolution,
decreasing the risk of embolism. Temporary IVC filters [44] and retrievable IVC filters
[45] can now be used as nonpermanent IVC filters. Although temporary filters carry
a risk of infection and bleeding, because they are joined to an external catheter they
fare better in younger subjects and women of child-bearing age because they can be
readily removed. At the same time, retrievable IVC filters are implanted as permanent
filters and can be retrieved with a catheter after use. They impose fewer limitations
of patient activities, and the risk of infection and bleeding is small. Moreover, they
can be implanted permanently. Although the indications for use of these IVC filters
have not yet been determined, the decision to use these devices should be based on
the severity of the right ventricular overload and the size and ease of migration of
the DVT. The trend in Japan, more so than in the West, is toward increased use of IVC
filters. Once the utility of anticoagulation has been confirmed, indications for use of
IVC filters should be determined carefully, especially when considering the use of
permanent [VC filters (Table 4).
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TaBLE 4. Development of methods of management of pulmonary thromboembolism in Japan

Methods of management Development (%)
1/1994-10/1997 11/1997-10/2000 11/2000-8/2003
(= 309) (n=257) (n=461)
Anticoagulation 74 82 2
Thrombolytic therapy 50 48 58
Catheter intervention 6 6 10
Surgical pulmonary 2 3 2
thrombectomy
Vena cava filter 18 34 35

Data are from Nakamura [34] and Sakuma [35, 37]

Current Status of Prophylaxis of
Venous Thromboembolism

In-hospital prophylaxis of VTE is important for the following reasons: (1) the incidence
of VTE is remarkably high in hospitals; (2) early diagnosis of DVT is difficult because
it produces few symptoms; (3) PTE has a high fatality rate; and (4) prophylaxis of VTE
is cost-efficient. Many Western medical societies have developed guidelines for the
prevention of VTE based on extensive evidence. Sudden death from PTE after surgery
and in other conditions is an increasing problem in Japan, and medical malpractice
litigation is becoming more frequent when an appropriate treatment for PTE has not
been provided. Until now, it was difficult to estimate the incidence of PTE accurately
because of the difficulty of its diagnosis. However, adequate diagnosis and manage-
ment of PTE is currently regarded as a matter of course, and an inadequate response
by health care providers could be judged a lack of due diligence. For these reasons, a
guideline for prophylaxis of VTE was anxiously awaited in Japan. As previously noted,
it was impossible to use Western guidelines without modification because of differ-
ences in the incidence and use of prophylactic agents between Japan and the West. In
response to this situation, the “Japanese Guideline for Prevention of Venous Thrombo-
embolism” [8] was published in the spring of 2004 by the Editorial Committee orga-
nized by the Japanese Society of Anesthesiologists, Japanese Society of Phlebology,
Japanese Society of Pulmonary Embolism Research, Japan Society of Obstetrics and
Gynecology, Japanese College of Cardiology, Japanese Orthopaedic Association, Japa-
nese Society of Intensive Care Medicine, Japanese Society of Thrombosis and Homeo-
stasis, Japanese Urological Association, and Japan Society of Obstetrical Gynecological
and Neonatal Hematology. Because few clinical studies are available that provide evi-
dence specific to Japanese patients, the guideline remains incomplete. Even so, the
participation of numerous medical societies in the development of the Japanese guide-
lineis a significant step thatis unprecedented elsewhere in the world. At about the same
time, a PTE prophylaxis management fee was listed in the revised health insurance as
a part of medical treatment fees in the spring of 2004. As a result, in-hospital VTE
prophylaxis is starting to be implemented in many institutions. In the future, collection



