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Pulmonary Embolism is an Important Cause of Death
in Young Adults

Masahito Sakuma, MD; Mashio Nakamura, MD*; Tohru Takahashi, MD*?*;
Osamu Kitamukai, MD*; Takahiro Yazu, MD*; Norikazu Yamada, MD*;
Masahiro Ota, MD*; Takao Kobayashi, MD'T; Takeshi Nakano, MD*;
Masaaki Ito, MD*; Kunio Shirato, MD#

Background Population-based analysis shows that deaths from pulmonary embolism (PE) are increasing in
the older age groups, but it is unclear to what degree PE contributes to death in different ages and gender.
Methods and Results Potential contribution factors for all PE and for critical PE (in which PE was the primary
cause of death or the main diagnosis) were examined in 396,982 autopsy cases. For all PE, odds ratio (OR) in
males was 0.61 (95% confidence interval (CI) 0.59-0.64, p<0.0001), compared with that in females. ORs were
1.10 (95%CI 1.05-1.14, p<0.0001) in 1991-1994 and 1.19 (95% CI 1.14-1.25, p<0.0001) in 1995-1998, com-
pared with those in 1987-1990. ORs for ages 0-9 and 40+ were significantly low compared with that for ages
20-39. For critical PE, similar results were obtained. Pregnancy and/or delivery were found in 38.5% in cases of
critical PE in females aged 20-39.

Conclusion Compared with other age groups, PE contributed more to deaths in those aged 20-39 years. In
recent years, deaths from PE have been slightly but significantly increasing. The incidence of clinically diagnosed

critical PE also has been increasing. (Circ J 2007; 71: 1765—1770)
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has been increasing in Japan! and the incidence of
PE in autopsy cases is also reported to have in-
creased from 1958 to 198623 Population-based analysis
shows that deaths from PE are increasing in older age
groups but PE is often misdiagnosed*>
There are no reports on the incidence of PE in autopsy
cases after 1986 in Japan and the following remain to be
solved: (1) to what degree does PE contribute to death in
different ages and genders and (2) what factor (s) contrib-
utes to diagnosis of PE before death. Therefore, our aims in
the present study were to examine the incidence of PE in
autopsy cases after 1986, and to clarify these 2 unsolved
questions.

T he number of deaths from pulmonary embolism (PE)

Methods

The subjects of the present study included PE cases
confirmed by autopsy in Japan between 1987 and 19986-17
We excluded cases of pulmonary microembolism with
disseminated intravascular coagulation from our analysis.
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PE was defined as critical (critical PE) when it was the pri-
mary cause of death or the main diagnosis and it includes
all types of PE. The term “all PE” was used to indicate the
total number of thrombotic PEs, tumor PEs, bacterial PEs,
mycotic PEs and other emboli (eg, fat, amniotic fluid, etc)!8
To make it possible to compare our data with those
reported by Mieno et al? we analyzed our PE cases accord-
ing to Mieno’s criteria in which cases less than 1 year old
and those with non-thrombotic PE were excluded.

Statistical Analysis

Statistical analysis was performed using SPSS 13.0
(SPSS Inc, Chicago, IL, USA). Non-ordinal categorical data
using the chi-square test. The results of the logistic regres-
sion models and Poisson regression analysis!® are presented
as estimated odds ratios (ORs) with the corresponding 95%
confidence intervals (CIs).

Table 1 Embolic Source (n=11,367)

n (%)
Thrombus 10,369 (91.2)
Tumor 503 (4.4)
Bacterial or fungal 247 (2.2)
Bone marrow 143 (1.3)
Fat 124 (1.1)
Amnionic fluid 49(0.4)
Others* 25(0.2)

Some cases had 2 or more sources.

*Air in 8 cases, cholesterin crystal in 6, contrast medium in 2, bone meal in
2 (both after bone fracture), foreign body in 2, and bile, amebic abscess,
amyloid, ovum of paracsite, and compression from the aorta in I case each.
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Figl. Distribution of autopsy cases with all pulmonary embolisms.

Table 2 Number of Cases of PE in Autopsies by Years
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Fig2. Ratio of autopsy cases of all pulmonary embolism by age (5-
year groups) and gender.

Year No. autopsies All PE, n (%) Thrombotic PE, n (%) Critical PE, n (%) Clinically diagnosed critical PE, n (%)
1987 39,399 1,169 (2.97) 1,063 (2.70) 336 (0.85) 46 (13.69)
1988 39,333 1,028 (2.61) 939 (2.39) 318(0.81) 48(15.09)
1989 38,439 972 (2.53) 895 (2.33) 299 (0.78) 44(14.72)
1990 38,288 980 (2.56) 885 (2.31) 347 (0.91) 55(15.85)
1991 36,474 1,141 (3.13) 1,047 (2.87) 430(1.18) 71(16.51)
1992 34,071 889 (2.61) 797 (2.34) 356 (1.04) 76 (21.35)
1993 31,949 1,030 (3.22) 946 (2.96) 419 (1.31) 72 (17.18)
1994 28,563 726 (2.54) 657 (2.30) 310(1.09) 43(13.87)
1995 28,682 899 (3.13) 813 (2.83) 426 (1.49) 81(19.01)
1996 27,774 796 (2.87) 743 (2.68) 353(1.27) 71(20.11)
1997 27,391 857 (3.13) 781 (2.85) 370 (1.35) 81(21.89)
1998 26,619 880 (3.31) 803 (3.02) 399 (1.50) 88 (22.06)
Numbers in parentheses show the percentage incidence in each year.
PE, pulmonary embolism.
Table 3 Univariate Analysis of Risk for PE in Autopsy Cases
" All PE Thrombotic PE Critical PE Clinacally diagnosed critical PE
ear
OR (95%CI) p value OR (95%ClI) p value OR (95%CI) p value OR (95%ClI) p value
1987-1990 1.00 1.00 1.00 1.00
1991-1994 1.08 (1.04-1.13) 0.0004 1.08 (1.03-1.13) 0.001 1.38 (1.28-1.49) <0.0001 1.16 (0.97-1.40) 0.11
1995-1998 1.16(1.11-1.22) <0.0001 1.17(1.11-1.23) <0.0001 1.68 (1.56-1.80) <0.0001 1.40(1.17-1.67) 0.0003

OR, odds ratio; CI, confidence interval. Other abbreviation see in Table 2.

Results

A total of 11,367 PE cases (2.9%: 5,869 males, 5,474
females, and 24 cases without description of sex) were iden-
tified from 396,982 postmortem examinations (249,492
males, 146,484 females, and 1,006 cases without descrip-
tion of sex) between 1987 and 1998%-17 We excluded cases
without confirmation of the diagnosis. There were 4,363
cases of critical PE (2,097 males, 2,258 females, and 8 with-
out description of sex). Cases of thrombotic PE accounted
for 91% of all PE (Table 1). The age distribution of cases
with all PE had a peak between 60s and 70s for both sexes
(Fig 1). The ratio of all PE in autopsy cases by age, how-
ever, had a peak in young adults in both sexes (Fig2). All

PE, thrombotic PE, critical PE, and also clinically diag-
nosed critical PE increased (Tables2,3). Deep vein throm-
bosis (DVT) was reported in 1,044 (9.2%) cases among all
PE.

As causes of critical PE according to patient age, heart
diseases and major operations were prominent from birth to
age 9, and almost all of the heart diseases were congenital.
In this age group, there were no cases of critical PE diag-
nosed clinically. Cancer was a risk in many critical PE cases
that were older than 10 years. In the 20s and 30s, pregnan-
cy and/or delivery were associated with 38.5% of female
cases with critical PE, whereas in males fractures and neu-
romuscular diseases were involved in 16% and 12.3% of
cases, respectively (Table4).
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Both all PE and critical PE occurred at low OR in males,
including those under the age of 10 years or older than 39
years (Table5). In the 20-39 years age group, critical PE
was found in 2.3% of autopsy cases. ORs of thrombotic PE
were 1.08 (95% CI 1.03-1.13; p=0.001) between 1991 and
1994, and 1.17 (95%CI 1.11-1.23; p<0.0001) between
1995 and 1998, when using the data between 1987 and 1990
as the reference. By similar analysis, ORs of critical PE
were 1.16 (95%CI 0.97-1.40; p=0.11) between 1991 and
1994, and 1.40 (95%CI 1.17-1.67; p=0.0003) between
1995 and 1998. Both all PE and critical PE according to
Mieno’s criteria increased year by year (Table6).

Critical PE was diagnosed more frequently in the pres-
ence of DVT, recent major surgery, and more recent cases.
On the other hand, it was less frequent in males and in the
presence of cancer, heart diseases, chronic respiratory fail-
ure, neuromuscular diseases, and connective tissue diseases
(Table7).

Discussion

PE in Young Adults

Population-based analysis has shown that deaths from
PE are increasing in older age groups! and the present
study results supports this finding. But from the viewpoint
of incidence in deaths, PE contributed more to deaths in
patients between the ages of 20—39 years than in other age
groups. The number of deaths was less in this age group
than in older age, but PE was more important as the cause of
death. As the cause of natural death in the forensic setting,
PE comprised 5.0% of the leading causes of death for ages
18-40; that is, higher than in the 41-60-years age group
(<2.7% for ages 41-60, and <2.4% for ages 61-80)20

One main reason why the ratio of deaths from PE is
higher in the 20—39-years age group compared with other
ages is that the overall number of deaths in that cohort is
low. Another reason is that there are many cases of PE in
females resulting from pregnancy/delivery, which are well-
known risk factors for PE. The number of PE reported in
the fields of gynecology and obstetrics increased 6.5-fold in
2000 compared with 19912! In Japan, the incidence in
obstetrics consists of 0.02% of total deliveries, 0.003% of
vaginal deliveries, and 0.06% of cesarean deliveries be-
tween 1991 and 2000?! In the United States PE was attrib-
uted to 19.8% of maternal deaths between 1974 and 1978,
and 23.4% between 1979 and 19862223 In forensic cases,
10 deaths were associated with pregnancy, and 3 of those
resulted from PE24 Of the males in their 20s and 30s, 25%
of deaths from PE were associated with a fracture or a
neuromuscular disease, which is a higher rate than that in
other age groups of males.

PE in Children Aged 0-9

Although pediatric cases of PE are rare, it is suggested
that the risk of venous thromboembolism increases when
central venous catheters are used?326 The present study
revealed that fatal PE was not diagnosed clinically in the
0-9 age group and the results indicate that even in children
it is necessary to pay proper attention to the occurrence of
PE associated with congenital heart diseases or major opera-
tions. Autopsy studies in Western countries have shown an
incidence of PE ranging between 0.05% and 4.2% in child-
hood?¢ The Canadian Registry of Venous Thromboembol-
ism (VTE) indicated that the incidence of VTE in children
(ages 1 month to 18 years) was 5.3/10,000 hospital admis-
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Table 4 Characteristics inof Autopsy Cases With Critical PE
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*Autopsy cases with critical PE and heart disease; **autopsy cases with critical PE and heart disease.

Abbreviation see in Table 2.
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Table 5 Multivariate Analysis of Risk for PE in Autopsy Cases

SAKUMA M et al.

All PE Critical PE
OR (95%CI) p value OR (95%CI) p value
Gender
Female 1.00 1.00
Male 0.61 (0.59-0.64) <0.0001 0.53 (0.50-0.56) <0.0001
Year
1987-1990 1.00 1.00
1991-1994 1.10(1.05-1.14) <0.0001 1.41(1.30-1.51) <0.0001
1995-1998 1.19(1.14-1.25) <0.0001 1.73 (1.60-1.86) <0.0001
Age group
0-9 0.14 (0.12-0.16) <0.0001 0.07 (0.05-0.10) <0.0001
10-19 0.90 (0.76-1.06) 0.22 0.73 (0.56-0.96) 0.02
20-39 1.00 1.00
40-59 0.67 (0.62-0.73) <0.0001 0.57 (0.51-0.65) <0.0001
60-79 0.56 (0.52-0.60) <0.0001 0.46 (0.41-0.52) <0.0001
80- 0.51 (0.47-0.55) <0.0001 0.41 (0.36-0.47) <0.0001
Abbreviations see in Tables 2,3.
Table 6 Univariate Analysis of Risk for PE Using Mieno’s Criteria
Total PE* Critical PE*
Year
OR (95%CI) p value OR (95%CI) p value
1967-1970 0.28 (0.25-0.30) <0.0001 0.20 (0.16-0.24) <0.0001
1971-1974 0.51 (0.47-0.54) <0.0001 0.31 (0.26-0.36) <0.0001
1975-1978 0.68 (0.64-0.72) <0.0001 0.46 (0.40-0.52) <0.0001
1979-1982 0.64 (0.61-0.68) <0.0001 0.51 (0.46-0.56) <0.0001
1983-1986 0.86 (0.82-0.91) <0.0001 0.88 (0.81-0.96) 0.003
1987-1990 1.00 1.00
1991-1994 1.07 (1.02-1.12) 0.006 1.39(1.28-1.50) <0.0001
1995-1998 1.15(1.09-1.20) <0.0001 1.68 (1.55-1.81) <0.0001

*Mieno’s criteria (see details in text).
Abbreviations see in Tables 2,3.

Table 7 Factors Affecting Clinical Diagnosis of Critical PE

OR (95%ClI) p value
Age (10-year increments) 1.02 (0.98-1.08) 0.35
Male 0.76 (0.64-0.90) 0.002
Deep vein thrombosis 1.40(1.11-1.77) 0.004
Major operation 1.31 (1.08-1.59) 0.006
Cancer 0.26 (0.21-0.31) <0.0001

0.36 (0.27-0.48) <0.0001
0.52 (0.42-0.64) <0.0001
0.49 (0.37-0.66) <0.0001

Heart disease
Chronic respiratory failure
Neuromuscular disease

Connective tissue disease 0.18 (0.07-0.46) 0.0003
Fracture 0.70 (0.48-1.02) 0.07
Pregnancy and/or delivery 1.65(0.97-2.81) 0.07
Coagulopathy 2.46 (0.85-7.09) 0.09

Year (10-year increments) 1.72 (1.35-2.18) <0.0001

OR less than 1.00 means more difficult to diagnose clinically.
Abbreviations see in Tables 2,3.

sions or 0.07/10,000 children?’ Thereafter, the Canadian
Childhood Thrombophilia Registry showed that 2.2% of
children with VTE that was directly associated with deaths,
and was central venous line-associated thrombosis28

Incidence of PE

The present study showed that deaths from PE confirmed
in autopsy have slightly but significantly increased in Japan,
which is consistent with the results from death certificates!
and in clinical settings?°-3! Improvement in diagnostic tech-
niques, incremental increase of the geriatric population,

and westernization of life style are suggested as factors
causing the increase of PE in Japan?9-3!

The changes in the incidence of autopsy-proven PE by
year differ among countries. An autopsy study from Hong
Kong documented a rising trend of PE from 1975 to
19893233 Conversely, the incidence of PE in autopsies
reduced in the United States from 1966 to 198034 and in the
United Kingdom from 1965 to 20003536 but a Swedish
study indicated that the incidence of PE was unchanged
from 1957 to 198737 These differences may be related to
differences in clinically diagnostic accuracy, in population
structure, in prophylaxis and management of DVT/PE, and
in life style.

Rate of Diagnosis of PE

We indicate that the incidence of clinically diagnosed
critical PE 1is increasing, but it was only 22% in 1998.
Walden et al showed that, in 425 autopsy cases with PE,
14% was diagnosed before death, 30% was written first on
the death certificate, and 56% was revealed in autopsy?
Another report indicated that, in 92 cases confirmed as PE
by autopsy, 49% was considered as PE before autopsy and
the remaining 51% was diagnosed by autopsy. Moreover,
PE was assigned as the cause of death on the death certifi-
cate or in the medical report in 32% of 92 cases? In recent
reports, only approximately 20% of PE confirmed by autop-
sy was diagnosed clinically383% On the other hand, there
was improvement in the diagnosis of PE in a Swedish
study#0 Taken together, all the results shown indicate that
fatal PE is difficult to diagnose before death.

Circulation Journal ~Vol. 71, November 2007
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PE was diagnosed before death more accurately in the
presence of DVT, recent major operation, and more recent
cases, but was difficult to diagnose in association with colla-
gen diseases, cancer, heart diseases, neuromuscular dis-
eases, chronic respiratory failure, and in males. This finding
partly confirms the finding that diagnosis of PE delayed in
clinical cases, as we previously reported, when cardiac dis-
ease or pulmonary diseases exist#!

Study Limitations

We could not sufficiently analyze the incidence of DVT
in cases with PE. Generally, DVT is found in many cases
of PE. DVT was detected in 165 legs (95%) among 174
legs from 87 autopsy cases with PE in a medical examiner’s
office#? Clinically, DVT was found in 84.6% and 87.5% of
cases of acute PE on the day it was diagnosed or the next
day, respectively*! However, in the present study, DVT
was found in only 9.2% of cases with PE. The discrepancy
between the previous reports and the present study may be
related to insufficient examination for DVT in routine
autopsy.

Conclusion

Compared with other ages, PE contributed more to deaths
in those aged 20-39 years. In recent years, deaths from PE
have been slightly but significantly increasing in Japan.
The incidence of clinically diagnosed critical PE has also
been increasing.

Acknowledgment

This study was partly supported by a grant from the Respiratory Failure
Research Group from the Ministry of Health, Labour and Welfare, Japan.

References

1. Sakuma M, Konno Y, Shirato K. Increasing mortality from pulmo-
nary embolism in Japan, 1951-2000. Circ J 2002; 66: 1144—1149.

2. Hasegawa H, Nagata H, Yamauchi M, Murakoshi T, Oguma Y,
Takei H, et al. Statistical status of pulmonary embolism in Japan (II).
Jpn J Chest Dis 1981; 40: 677-681 (in Japanese).

3. Mieno T, Kitamura S. Incidence of pulmonary thromboembolism in
Japan. Kokyu to Junkan 1989; 37: 923-927 (in Japanese).

4. Walden R, Bass A, Modan R, Adar R. Pulmonary embolism in post-
mortam material with clinical correlation in 425 cases. Int Angiol
1985; 4: 469-493.

5. Morgenthaler TI, Ryu JH. Clinical characteristics of fatal pulmonary
embolism in a referral hospital. Mayo Clin Proc 1995; 70: 417-424.

6. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.30 (Jan.—Dec. 1987). Tokyo: The Society;
1988.

7. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.31 (Jan.—Dec. 1988). Tokyo: The Society;
1989.

8. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.32 (Jan.—Dec. 1989). Tokyo: The Society;
1990.

9. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.33 (Jan.—Dec. 1990). Tokyo: The Society;
1991.

10. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.34 (Jan.—Dec. 1991). Tokyo: The Society;
1992.

11. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.35 (Jan.—Dec. 1992). Tokyo: The Society;
1993.

12. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.36 (Jan.—Dec. 1993). Tokyo: The Society;
1994.

13. Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.37 (Jan.—Dec. 1994). Tokyo: The Society;
1995.

Circulation Journal ~ Vol. 71, November 2007

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.
40.

1769

Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.38 (Jan.—Dec. 1995). Tokyo: The Society;
1996.

Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.39 (Jan.—Dec. 1996). Tokyo: The Society;
1997.

Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.40 (Jan.—Dec. 1997). Tokyo: The Society;
1998.

Japanese Society of Pathology, editor. Annual of the pathological au-
topsy cases in Japan, Vol.41 (Jan.—Dec. 1998). Tokyo: The Society;
1999.

Sakuma M, Fukui S, Nakamura M, Takahashi T, Kitamukai O, Yazu
T, et al. Cancer and pulmonary embolism: Thrombotic embolism,
tumor embolism, and tumor invasion into a large vein. Circ J 2006;
70: 744-749.

Armitage P, Berry G, Matthews JNS. Statistical methods in medical
research, 4th edn. London: Blackwell Science; 2002.

Christiansen LR, Collins KA. Natural death in the forensic setting: A
study and approach to the autopsy. Am J Forensic Med Pathol 2007,
28:20-23.

Kobayashi T, Nakabayashi M, Ishikawa M, Ikenouchi T, Adachi T,
Kohashi M, et al. Final reports of deep vein thrombosis/pulmonary
thromboembolism between 1991 and 2000 in obstetrics and gynecol-
ogy. Jpn J Obstet Gynecol Neonatal Hematol 2005; 14: 1-24.
Kaunitz AM, Hughes JM, Grimes DA, Smith JC, Rochat RW,
Kafrissen ME. Causes of maternal mortality in the United States.
Obstet Gynecol 1985; 65: 605-612.

Atrash HK, Koonin LM, Lawson HW, Franks AL, Smith JC. Mater-
nal mortality in the United States, 1979—1986. Obstet Gynecol 1990;
76: 1055-1060.

Christiansen LR, Collins KA. Pregnancy-associated deaths: A 15-
year retrospective study and overall review of maternal pathophysi-
ology. Am J Forensic Med Pathol 2006; 27: 11-19.

Rosendaal FR. Venous thrombosis: A multicausal disease. Lancet
1999; 353: 1167-1173.

Van Ommen CH, Peters M. Acute pulmonary embolism in child-
hood. Thromb Res 2006; 118: 13-25.

Andrew M, David M, Adams M, Ali K, Anderson R, Barnard D, et
al. Venous thromboembolic complications (VTE) in children: First
analyses of the Canadian Registry of VTE. Blood 1994; 83: 1251 —
1257.

Monagle P, Adams M, Mahoney M, Ali K, Barnard D, Bernstein M,
et al. Outcome of pediatric thromboembolism disease: A report from
the Canadian Childhood Thrombophilia Registry. Pediatr Res 2000;
47: 763-766.

Kumasaka N, Sakuma M, Shirato K. Incidence of pulmonary throm-
boembolism in Japan. Jpn Circ J 1999; 63: 439-441.

Kitamukai O, Sakuma M, Takahashi T, Kagaya Y, Watanabe J,
Shirato K. Incidence and characteristics of pulmonary thrombo-
embolism in Japan 2000. Intern Med 2003; 42: 1090—1094.
Sugimura K, Sakuma M, Shirato K. Potential risk factors and inci-
dence of pulmonary thromboembolism in Japan: Results from an
overview of mailed questionnaires and matched case-control study.
Circ J 2006; 70: 542—547.

Chau KY, Yuen ST, Ng HK, Ng WF. An autopsy study of pulmo-
nary thromboembolism in Hong Kong Chinese. Pathology 1992; 23:
181-184.

Chau KY, Yuen ST, Wong MP. Clinicopathological pattern of pul-
monary thromboembolism in Chinese autopsy patients: Comparison
with Caucasian series. Pathology 1997; 29: 263 —266.

Dismuke SE, Wagner EH. Pulmonary embolism as a cause of death.
JAMA 1986; 255: 2039-2042.

Cohen AT, Edmondson RA, Phillips MJ, Ward VP, Kakkar VV. The
changing pattern of venous thromboembolic disease. Haemostasis
1996; 26: 65-71.

Alikhan R, Peters F, Wilmott R, Cohen AT. Fatal pulmonary embol-
ism in hospitalized patients: A necropsy review. J Clin Pathol 2004;
57: 1254-1257.

Lindblad B, Sternby NH, Bergqvist D. Incidence of venous throm-
boembolism verified by necropsy over 30 years. BMJ 1991; 302:
709-711.

Attems J, Arbes S, Bohm G, Bohmer F, Lintner F. The clinical diag-
nostic accuracy rate regarding the immediate cause of death in a
hospitalized geriatric population; an autopsy atudy of 1594 patients.
Wien Med Wochenschr 2004; 154: 159—-162.

Aalten CM, Samson MM, Jansen PAF. Diagnostic errors; the need to
have autopsies. Neth J Med 2006; 64: 186—190.

Veress B, Alafuzoff I. Clinical diagnostic accuracy audited by autop-
sy in a iniversity hospital in two eras. Qual Assur Health Care 1993;



1770

41.

5:281-286.

Sakuma M, Nakamura M, Nakanishi N, Miyahara Y, Tanabe N,
Yamada N, et al. Clinical characteristics and management of patients
with pulmonary thromboembolism who are not diagnosed in the
acute phase ant not classified as chronic thromboembolic pulmonary

42.

SAKUMA M et al.

hypertension. Circ J 2005; 69: 1009—-1015.

Ro A, Kageyama N, Tanifuji T, Fukunaga T. Significance of soleal
vein and its drainage veins in the cases with fatal pulmonary throm-
boembolism. Jpn J Phlebol 2007; 17: 132.

Circulation Journal ~Vol. 71, November 2007



