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ABSTRACT

Introduction: Evidence regarding the develop-
ment of pulmonary thromboembolism (PE)
during hospitalization is unclear. We hypothe-
sized that the incidence of PE could vary
depending on clinical department and aimed to
conduct a survey on the incidence of in-hospital
PE.
Methods: We conducted a retrospective analy-
sis using claims data of in-hospital patients in
Japan. We collected background information
regarding patients with and without PE occur-
rence during hospitalization. Further, we
determined the incidence of PE and

implemented prophylactic procedures in
patients with and without surgery according to
clinical department at admission. Finally, we
examined the duration of hospital stay and in-
hospital mortality rates in patients with and
without PE.
Results: We found that 5007 (0.107%, 20.61
per 1000 person-years) patients developed PE
during hospitalization and differed by clinical
department at admission. Moreover, 2272
(0.095%, 19.3 per 1000 person-years) and 2735
(0.119%, 21.8 per 1000 person-years) patients
with and without surgery, respectively, devel-
oped PE during hospitalization (P\0.001).
Further, 33.8% of inpatients underwent pro-
phylactic procedures for PE; however, the
implementation rate differed between patients
with and without surgery (59.2% vs. 7.3%,
P\ 0.001). The median duration of hospital
stay in patients with and without PE was 31.0
and 11.0 days, and the in-hospital mortality
rates in patients with and without PE were
11.0% and 3.5%, respectively (P\0.001).
Discussion: The incidence of in-hospital PE
differed according to patient characteristics,
clinical departments, and presence/absence of
surgery. The onset of PE during hospitalization
leads to prolonged hospital stay and in-hospital
death.
Conclusion: It is important to conduct a proper
risk assessment on admission as well as to
implement proper prophylactic procedures to
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prevent the development of PE during
hospitalization.

Keywords: Deep vein thrombosis; Pulmonary
embolism; Venous thromboembolism;
Inpatients; In-hospital mortality

Key Summary Points

Why carry out this study?

Acute pulmonary thromboembolism (PE)
develops suddenly without specific early
symptoms and can lead to death.

Long-term bed rest is among the risk factors
for PE.

There has been an increase in hospital
awareness and prevention efforts for PE;
however, unexpected onset of in-hospital PE
remains a significant safety issue.

Elucidating the characteristics of patients
with in-hospital PE and their prognosis
could inform preventive measures for
patients at a high risk of developing PE.

What was learned from the study?

The incidence of in-hospital PE was 0.1%;
moreover, it varied according to clinical
department and presence/absence of surgery
during hospitalization.

Furthermore, the implementation rate of
prophylactic procedures for PE differed
according to clinical department and the
presence/absence of surgery.

Patients with in-hospital PE had a longer
duration of hospital stay and a higher in-
hospital mortality rate than patients without
in-hospital PE.

It is important to appropriately evaluate the
risk of PE in hospitalized patients to adopt
informed preventative measures and
implement appropriate prevention of in-
hospital PE.

INTRODUCTION

Pulmonary thromboembolism (PE) and deep
vein thrombosis (DVT) are collectively termed
as venous thromboembolism (VTE). PE is char-
acterized by pulmonary artery occlusion by an
embolus; moreover, the embolus source is usu-
ally a thrombus formed in a vein in the lower
limbs or pelvis in 90% of cases [1] and can
progress rapidly and lead to death. Virchow’s
triad described three broad categories of factors
that contribute to thrombosis: (1) blood flow
stagnation, (2) vascular endothelial damage,
and (3) hypercoagulability [2, 3].

Hospitalized patients are at a high risk for
VTE due to long-term bed rest, disease back-
grounds considered risk factors for VTE, and
other hospitalization-related factors, including
surgery [4]. Our previous study has suggested
that half of patients with VTE had new diag-
nosis of VTE during hospitalization due to a
disease other than VTE [5]. However, quantified
evidence for VTE occurring during hospitaliza-
tion is still lacking.

The in-hospital mortality rate attributable to
PE has been reported to be 14% [6]; further-
more, 10–13.5% of PE-related deaths occur
within 1 h of onset [7, 8]. In Europe and the
USA, a scoring system and other methods have
been proposed for assessing the risk of in-hos-
pital PE to mitigate the in-hospital onset of VTE
[9, 10]. Additionally, risk assessment is recom-
mended in the Japanese Circulation Society
guidelines [1]. Patients at high risk of PE, such as
during the perioperative period, receive pro-
phylactic drugs, including heparins and fac-
tor Xa inhibitors, as well as other prophylactic
interventions, such as wearing compression
stockings and intermittent air compression.
However, unexpected onset of in-hospital PE
remains a significant safety issue. Additionally,
the epidemiology of in-hospital PE, including
the in-hospital incidence, related background
characteristics, and proper implementation of
prophylactic interventions, remain unclear. PE
is a life-threatening, serious disease and devel-
opment of PE during hospitalization, which is
one of the major risk factors, must be mini-
mized as much as possible. However, there are
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differences in awareness of in-hospital PE
among facilities, departments, and physicians,
and it is believed that there are still sufficient
differences in awareness and practice of pre-
vention of PE during hospitalization. No
nationwide survey on this belief exists.

We hypothesized that the incidence of PE
could vary depending on clinical department.
Therefore, we aimed to conduct a survey on the
incidence of, and factors related to, in-hospital
PE in Japan. Our findings may provide inter-
ventions that can help further prevent PE dur-
ing hospitalization.

METHODS

Study Design

In this non-interventional descriptive observa-
tional study, we extracted eligible patients’ data
from the Medical Data Vision (Medical Data
Vision Co., Ltd., Tokyo, Japan) administrative
claims database.

Population

We included patients hospitalized for diseases
other than DVT or PE. Since current guidelines
recommend direct oral anticoagulants (DOACs)
over warfarin, becoming the main treatment
option in Japan since 2017, patients with new
PE on and after January 1, 2017 were included
in the analysis. The inclusion criteria were as
follows: (1) record of hospitalization for treat-
ment of any diseases other than DVT/PE
between January 2017 and December 2021 and
(2) age 20 years or more on the date of first
hospitalization. The exclusion criteria were as
follows: (1) a diagnosis of atrial fibrillation
within 6 months before the admission date
(baseline period); (2) having received anticoag-
ulants, including parenteral anticoagulants, for
more than 7 days during the baseline period; (3)
having a duration of hospital stay of less than
3 days including the admission day; and (4)
missing information regarding the clinical
departments in which the patients were

hospitalized. Eligible patients were divided into
those with and without PE during
hospitalization.

Definitions

In-hospital PE was defined as PE occurring dur-
ing hospitalization for diseases other than DVT
and/or PE. This included patients hospitalized
for PE treatment who had also been hospitalized
for a disease other than DVT and/or PE on the
same day or the day before. The examination,
diagnosis, treatment, and follow-up for PE were
determined on the basis of a validated algo-
rithm [11].

The diagnosis of PE was confirmed by the
presence of ICD-10 codes specific for PE in the
list of diseases that developed after hospitaliza-
tion, or those for whom the first or second most
medical resources utilized. We excluded
patients with ICD-10 codes specific for PE or in
the list of comorbidities at admission. PE
examination was also confirmed using imaging
protocols such as scintigram (E100-00) and
computer tomography (E200, E2001, E2002,
and E2003).

Treatment interventions for PE included
more than 5000 units of heparin (unfraction-
ated heparin), fondaparinux, oral anticoagu-
lants, thrombolytic agents (urokinase, tissue
plasminogen activator), or
thromboembolectomy.

Follow-up examinations for PE included
electrocardiography, chest radiography, ultra-
sonography, blood gas analysis to confirm the
need for oxygen administration, and monitor-
ing respiratory and heart rate within 7 days of
treatment for PE.

The date of in-hospital PE development was
defined as the date when treatment for PE was
initiated. Moreover, for patients who developed
PE during anticoagulant treatment for throm-
bosis prevention, the PE development date was
determined as the date when the anticoagulant
regimen or dosage was changed.

Surgery types were determined using ‘‘K
codes’’, which is a medical procedure coding
system. Patients with and without surgery
before in-hospital PE development were
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included in the ‘‘with surgery cohort’’ and
‘‘without surgery cohort’’, respectively.

Prophylactic interventions were identified
when a prophylactic procedure fee (N001-6) was
claimed on health insurance. This fee can be
claimed when elastic stockings or an intermit-
tent air compression device is used to prevent
PE but not when prophylactic drugs are
administered.

Prophylactic anticoagulants for DVT and/or
PE include edoxaban up to 30 mg/day, less than
5000 units of heparin, and enoxaparin. These
anticoagulants were considered to be prophy-
lactically used if they were administered after
surgery and if the duration was 15 days or less.

Table S1 in the supplementary material
describes the classification of clinical depart-
ments. Table S2 in the supplementary material
presents the definitions of comorbidities.

Endpoint and Subgroup Analyses

We investigated the overall incidence of PE
during hospitalization. Additionally, we inves-
tigated the incidence for in-hospital PE accord-
ing to clinical departments and the presence/
absence of surgery.

Furthermore, we investigated differences in
patient background characteristics, including
presence/absence of prophylactic and duration
of hospital stay, between patients with and
without in-hospital PE. Moreover, we investi-
gated the mortality rate related to in-hospital PE
and the timing of in-hospital PE development.

Statistical Analysis

All analyses were conducted with SAS V.9.4 (SAS
Institute Inc., Cary, NC, USA). Incidence and
1000 person-years were calculated for in-hospi-
tal PE by department and by presence or
absence of surgery. Patients were followed up
from the index date until discharge from the
index hospitalization. The chi-square test was
used to compare the incidence of in-hospital PE
between patients with and without surgery
within each medical department. Statistical
significance was set at P\ 0.05.

Clinical and demographic characteristics are
presented as mean ± standard deviation (con-
tinuous variables) and patient percentage (%)
(categorical variables). Because the value of N is
large in most epidemiological studies, even a
medically meaningless small difference would
be significantly different when the difference is
assessed using P values calculated by typical
statistical tests (i.e., unpaired t test, chi-square
test, etc.), we evaluated whether there was a
difference in patient background variables
between the two groups not by P values but by a
standardized difference (std. diff.), intuitive
indexes which measure the effect size between
two groups and are independent of the sample
size in contrast to P values. If the std. diff. was
smaller than 0.1, the factor was not considered
to be different between the two groups [12].
Comparisons regarding incidence, mortality, or
percentage of procedures performed were con-
ducted using the Wilcoxon rank-sum test or
Fisher’s exact test to calculate P values because
the number of incidence or percentage is not
large and the difference between the two groups
should be statistically compared.

The duration of hospital stay for patients
with and without in-hospital PE is described in
terms of the mean, median, and interquartile
rage (IQR). The number of days until PE onset
was defined as the duration from the hospital-
ization date to the date of PE onset in the ‘‘with
surgery cohort’’ and ‘‘without surgery group’’, or
from the surgery date to the date of PE onset in
the ‘‘with surgery cohort’’.

This study is a retrospective database study
that (1) is not related to the efficacy and safety
of drugs or a disease and (2) uses data that do
not contain complete personal information.
Therefore, in accordance with the ‘‘ethical
guidelines for medical and biological research
involving human subjects’’, which is the ethical
guideline for clinical research in Japan, obtain-
ing informed consent from patients and
approval by the institutional review board or
ethical committee are not required.
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RESULTS

Incidence of In-Hospital PE in Each
Clinical Department

Overall, we extracted 7,800,521 patient records
with a history of hospitalization from January
2017 to June 2021. Among them, 4,684,659
patients met the study criteria and 5007
(0.107%, 20.61 per 1000 person-years) devel-
oped PE during hospitalization (Figs. 1 and 2,
Tables 1 and S3).

As demonstrated in Table 1, the proportion
of women (52.2% vs. 58.9%, std. diff. = 0.1096)
and mean age (66.8 ± 18.3 vs.
72.9 ± 14.3 years, std. diff. = 0.3709) are con-
sidered different between the non-PE and in-
hospital PE cohorts because std. diff. values are
higher than 0.1. Moreover, there was a higher
incidence of stroke/transient ischemic attack,
congestive heart disease, hypertension, history
of VTE, fractures, and active cancer in the in-

hospital PE cohort than in the non-PE cohort.
Prescriptions for medications such as angio-
tensin-converting enzyme inhibitors/an-
giotensin II receptor blockers, calcium channel
blockers, and chemotherapy were more com-
mon in the in-hospital PE cohort than in the
non-PE cohort.

Regarding clinical department, the incidence
of in-hospital PE was relatively higher in the
respiratory surgery (53.9 per 1000 person-years),
cardiovascular medicine (37.9 per 1000 person-
years), and respiratory medicine (37.9 per 1000
person-years) departments (Fig. 2, Table S3 in
the supplementary material).

In-hospital PE occurred in 2272 (0.095%,
19.3 per 1000 person-years) and 2735 (0.119%,
21.8 per 1000 person-years) patients with and
without surgery, respectively (P\0.001) (Fig. 2,
Table S3).

Among the patients with in-hospital PE, the
most common reasons for hospitalization were
cancer (n = 913), fracture (n = 714), pneumonia

Fig. 1 Patient selection flow. Patients with and without
surgery during the index hospitalization before the
incidence of in-hospital PE were included in the ‘‘with

surgery cohort’’ and ‘‘without surgery cohort,’’ respectively.
PE pulmonary embolism, VTE venous thromboembolism
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(n = 236), heart failure (n = 208), and respira-
tory insufficiency (n = 202) (Tables 2, S4 in the
supplementary material). Among the clinical
departments with a high risk of PE develop-
ment, the diseases that resulted in hospitaliza-
tion were cancer (n = 60), pneumonia (n = 13),
and pneumothorax (n = 11) in the respiratory
surgery department; heart failure (n = 111),
angina/myocardial infarction (n = 75), respira-
tory failure (n = 66), cardiac arrest (n = 38), and
pneumonia (n = 23) in the cardiovascular
department; and lung disease (n = 86), cancer
(n = 78), pneumonia (n = 60), and respiratory
failure (n = 60) in the respiratory medicine
department.

Implementation Rate of Prophylactic
Procedures for PE

We compared the implementation rate of pro-
phylactic procedures for PE between patients
with and without surgery (Fig. 3, Table S5 in the
supplementary material). Prophylactic proce-
dures for PE were performed in 33.8% of the
inpatients; however, the implementation rate
differed across the clinical departments.

Prophylactic procedures for PE were more
common in the oncology (68.6%), respiratory
surgery (68.0%), obstetrics and gynecology
(63.4%), orthopedics (62.7%), digestive surgery
(62.6%), general surgery (60.4%), and urology
(57.5%) departments. Furthermore, there was a
significant difference in prophylactic proce-
dures between patients with and without sur-
gery (59.2% vs. 7.3%, P\0.001). In each
clinical department, the implementation rate of
prophylactic procedures was higher in patients
with surgery than in those without surgery.

PE Onset Date and Outcome

The median duration from admission to PE
onset was 9.0 days (IQR 3–18, mean 13.3 days)
in the without surgery cohort. In the surgery
cohort, the median duration from admission
and surgery to PE development was 14.0 days
(IQR 6–27, mean 20.6 days) and 9.0 days (IQR
3–21, mean 16.0 days), respectively.

The median duration of hospital stay in the
non-PE cohort and in-hospital PE cohorts was
11.0 days (IQR 7–22, mean 18.9 days) and
31.0 days (IQR 18–50, median 39.8 days),

Fig. 2 Incidence of in-hospital pulmonary embolism (per
1000 person-years). Blue column, all patients; orange
column, patients with surgery; green column, patients

without surgery. Definitions of clinical departments are
shown in Table S1. PE pulmonary embolism
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Table 1 Patient characteristics in each cohort

All patients Patient with in-
hospital
PE (in-hospital PE)

Patients without in-
hospital
PE (non-PE)

Standardized
difference*

N (%) 4,684,659 (100.0) 5007 (100.0) 4,679,652 (100.0)

Sex

Male 2,236,966 (47.8) 2059 (41.1) 2,234,907 (47.8) 0.1096

Female 2,447,693 (52.3) 2948 (58.9) 2,444,745 (52.2) 0.1096

Age (years of age)

Mean ± SD 66.8 ± 18.3 72.9 ± 14.3 66.8 ± 18.3 0.3709

Median 71 76 71

B 65 1,803,720 (38.5) 1243 (24.8) 1,802,477 (38.5) 0.2479

66–75 1,091,832 (23.3) 1239 (24.8) 1,090,593 (23.3) 0.0274

C 76 1,789,107 (38.2) 2525 (50.4) 1,786,582 (38.2) 0.2019

Body weight (kg)

Mean ± SD 58.0 ± 13.6 58.50 ± 14.6 58.1 ± 13.6 0.0284

Median 56.8 56.6 56.8

Height (cm)

Mean ± SD 158.8 ± 9.9 157.3 ± 10.2 158.8 ± 9.9 0.0149

Median 159.0 157.0 159.0

BMI (kg/m2)

Mean ± SD 22.9 ± 4.2 23.5 ± 4.7 22.9 ± 4.2 0.0135

Median 22.6 23.0 22.6

Comorbidity

Stroke/TIA 494,968 (10.6) 738 (14.7) 494,230 (10.6) 0.1005

Congestive heart disease 534,479 (11.4) 1060 (21.2) 533,419 (11.4) 0.2095

Diabetes 1,080,147 (23.1) 1260 (25.2) 1,078,887 (23.1) 0.0401

Hyperlipidemia 902,215 (19.3) 1142 (22.8) 901,073 (19.3) 0.0705

Hypertension 1,682,256 (35.9) 2341 (46.8) 1,679,915 (35.9) 0.1798

Liver disease 540,246 (11.5) 713 (14.2) 539,533 (11.5) 0.0651

Renal disease 136,634 (2.9) 193 (3.9) 136,441 (2.9) 0.0411

Conditions known as risk factors for PE

Varicose veins 15,032 (0.3) 35 (0.7) 14,997 (0.3) 0.0411

History of VTE 112,118 (2.4) 3540 (70.7) 108,578 (2.3) 1.4629

Fractures 506,580 (10.8) 1028 (20.5) 505,552 (10.8) 0.2117
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respectively (Fig. 4, Table S6 in the supplemen-
tary material).

The in-hospital mortality rates were 11.0%
and 3.5% in the in-hospital PE and non-PE
cohorts, respectively (P\0.001) (Table S6).

DISCUSSION

To the best of our knowledge, this is the first
nationwide epidemiological study on in-hospi-
tal PE. First, the incidence of in-hospital PE
differed according to clinical department and
presence/absence of surgery. Second, the

implementation rate of prophylactic procedures
for PE was higher among patients with surgery
than among patients without surgery. Third,
the in-hospital PE cohort showed a longer
duration of hospital stay and more in-hospital
deaths than the non-PE cohort. Our findings
demonstrate the need for prompt assessment of
the risk of PE, preferably upon admission, fol-
lowed by risk-appropriate implementation of
prophylactic procedures.

The risk of PE in hospitalized patients was
higher in this study than in general epidemio-
logical studies. In 2006, there were 7864 (0.62
per 1000 person-years) PE patients in Japan

Table 1 continued

All patients Patient with in-
hospital
PE (in-hospital PE)

Patients without in-
hospital
PE (non-PE)

Standardized
difference*

Peripheral vascular disease 68,784 (1.5) 83 (1.7) 68,701 (1.5) 0.0124

Pregnancy 107,274 (2.3) 17 (0.3) 107,257 (2.3) 0.1615

Coagulopathy 6920 (0.2) 21 (0.4) 6899 (0.2) 0.0384

Active cancer 286,974 (6.1) 715 (14.3) 286,259 (6.1) 0.2099

Drugs

ACE inhibitors/ARBs 1,139,608 (24.3) 1781 (35.6) 1,137,827 (24.3) 0.1987

Beta blockers 207,851 (4.4) 321 (6.4) 207,530 (4.4) 0.0695

Calcium channel blockers 763,308 (16.3) 1207 (24.1) 762,101 16.3) 0.1560

Anti-platelets 471,676 (10.1) 563 (11.2) 471,113 (10.1) 0.0307

Statins 432,450 (9.2) 528 (10.6) 431,922 (9.2) 0.0358

NSAIDs 774,616 (16.5) 980 (19.6) 773,636 (16.5) 0.0639

Estrogen hormone agents 15,083 (0.3) 15 (0.3) 15,068 (0.3) 0.0030

Chemotherapy 448,627 (9.6) 896 (17.9) 447,731 (9.6) 0.1908

Radiation therapy for cancer 24,702 (0.5) 79 (1.6) 24,623 (0.5) 0.0779

Values are presented as N (%), mean ± SD or median
Standardized difference demonstrating the difference between in-hospital PE and non-PE cohorts
PE pulmonary thromboembolism, SD standard deviation, BMI body mass index, TIA transient ischemic attack, COPD
chronic obstructive pulmonary disease, VTE venous thromboembolism, ACE angiotensin converting enzyme, ARB
angiotensin II receptor blocker, NSAIDs non-steroidal anti-inflammatory drugs
*% in the in-hospital PE cohort vs. % in the non-PE cohort
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[1, 13]. There is an increasing incidence of VTE
in Japan; notwithstanding, the incidence of in-
hospital PE in our study (20.6 per 1000 person-
years) is quite high. This could be attributed to
the incidence of PE being much higher in
inpatients than in outpatients as a result of the
multiple risk factors associated with hospital-
ization. Disease conditions requiring hospital-
ization, surgical procedures, and long-term bed
rest are considered major risk factors for PE
development [4].

Interestingly, the incidence of in-hospital PE
differed across clinical departments. This could
be attributed to between-department differ-
ences in patient characteristics, surgery fre-
quency, and the implementation rate of
prophylactic procedures for PE. Departments
involving a high risk of PE development were
the respiratory surgery, cardiovascular

Table 2 Diseases responsible for admission

Disease at admission Number of
patients

Cancer 913

Bone fracture 714

Pneumonia 236

Heart failure 208

Respiratory insufficiency 202

Cerebral hemorrhage 184

Cerebral infarction 179

Trauma/injury 149

Orthopedic disease 116

Gallbladder/cholangitis/liver disease 105

Coronary artery disease 105

Colon diseases (other than colorectal

cancer and uncreative colitis)

99

Neurological diseases 84

Digestive disease 82

Weight loss disorder, malnutrition 79

Cardiac arrest 77

Aneurysm/arterial dissection 77

Benign tumors/neoplasm of unknown

or unknown tumors

72

Coma/fainting 70

Respiratory disease 65

Pneumonia due to food and vomit 63

Interstitial pneumonia 59

Pressure sores/cellulitis/skin diseases 56

Knee osteoarthritis 55

Septicemia 54

Cardiovascular disease 49

Urinary-tract infection 47

COVID-19 virus 46

Diabetes/ketoacidosis 44

Dyspnea 42

Table 2 continued

Disease at admission Number of
patients

COPD/asthma 39

Kidney failure 34

Tubular interstitial nephritis 32

Gynecological diseases 37

Appendicitis/peritonitis 36

Autoimmune disease 36

Pleural effusion 29

Infectious disorder 29

Anemia 29

Gastric/duodenal ulcer 27

Obstetrics disorder 26

Pancreatitis 26

Pulmonary hypertension 24

Epilepsy 22

Blood/coagulation 22

Hip joint disease 21

Other 207
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Fig. 3 Proportion of patients with prophylactic procedures by clinical department. Orange column, patients with surgery;
blue column, patients without surgery. Definitions of clinical departments are shown in Table S1

Fig. 4 Duration of hospital stay (days) by clinical
department. Medians with 25th and 75th percentiles are
presented. Blue column, patients with PE; red column,

patients without PE. PE pulmonary embolism. Definitions
of clinical departments are shown in Table S1

136 Cardiol Ther (2023) 12:127–141



medicine, and respiratory medicine depart-
ments. The most common disease responsible
for hospitalization in the respiratory surgery
and respiratory medicine departments was
cancer. The incidence of VTE in patients with
cancer is 4–7 times higher than that in patients
without cancer [14, 15]. The risk of VTE devel-
opment differs according to cancer type, with
lung cancer showing one of the highest risks
among all cancer types [16], with 5–6% of
patients with lung cancer having VTE in Japan
[17, 18]. The high incidence of VTE in patients
with cancer could be attributed to increased
coagulation activities due to humoral factors
produced by cancer cells and surrounding tis-
sues, endothelial cell damage caused by
chemotherapy and other anticancer treatments,
surgical cancer treatment, decreased physical
activity, and advanced age [19]. Although it is
conceivable that PE is more likely to be detected
in respiratory diseases at the time of admission,
patients with ICD-10 codes specific for PE or in
the list of comorbidities at admission were
excluded. In other words, PE incidentally diag-
nosed at the time of hospitalization was not
counted, and it is thought that there could be
many cases of PE occurring during hospitaliza-
tion in these clinical departments due to the
background of the patients and medical prac-
tices. In the cardiovascular medicine and respi-
ratory medicine departments, patients were also
hospitalized for heart failure, chronic lung dis-
ease, pneumonia, and respiratory failure, which
are risk factors for VTE because they are associ-
ated with decreased blood flow [1]. Moreover,
heart failure could directly contribute to VTE
through factors such as impaired hemodynam-
ics [20]. The risk of developing PE may depend
on the disease and the condition of the patient,
indicating the need for a more detailed inves-
tigation of the risk of PE during hospitalization
for each disease.

Given that surgery is also reported as a risk
factor for VTE [1, 21], we examined the risk of
VTE by the presence or absence of surgery in
each department. Tissue and vascular damage
due to surgery might activate the coagulation
system and cause thrombogenesis, which is why
surgery is associated with a high risk of VTE
development, specifically abdominal surgery or

plastic surgery of the lower extremities involves
an increased risk of developing DVT and sub-
sequent PE [1, 21–24]. In practice, we observed a
high risk of PE development among patients
with surgery. However, compared with the
‘‘without surgery’’ cohort, the ‘‘with surgery’’
cohort showed a higher implementation rate of
prophylactic procedures for PE (less than 10%
vs. approx. 60%). Because the incidence of VTE
is known to be high in the perioperative period
and because prophylactic interventions are also
recommended in the guidelines [1, 21], surgical
patients often receive prophylactic interven-
tions for PE, which may reduce the risk of PE
development. Fractures were the second most
common trigger for hospitalization in the PE
group, but the implementation rate of PE pre-
vention management in orthopedics was high,
and the incidence of PE in orthopedics was
comparatively low. Contrastingly, patients
without surgery may not receive sufficient pro-
phylactic interventions, which could result in
the onset of preventable PE. It may be necessary
to raise awareness about PE prevention for
patients who do not undergo surgery during
hospitalization.

Patients with in-hospital PE showed a longer
duration of hospitalization than patients with-
out (31.0 days vs. 11.0 days). Long-term hospi-
talization is considered to be a PE risk because of
reduced blood flow due to decreased physical
activity [4]. However, the time to PE onset was
used to calculate the incidence using the per-
son-year method in this study, and the risk of
VTE during hospitalization was adjusted for
duration of hospital stay. Moreover, considering
that about half of PE develops within 9.0–-
14.0 days after admission or surgery, it is
thought that additional hospitalization was
necessary because PE developed and not that
the risk of developing PE was high because of
the long hospitalization period. Therefore, it is
important to provide appropriate PE prevention
not only for long-term hospitalization patients
but also for hospitalized patients from the ini-
tial stage of hospitalization.

The mortality rates among patients with and
without PE were 11.0% and 3.5%, respectively
(P\0.001). Similarly, a previous Japanese study
reported that the mortality rate attributable to
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PE was 14% [6]. In about 25% of the patients
with PE, the first sign/symptom of PE is death
[25], and more than 10–13.5% of deaths occur
within 1 h of onset of PE [7, 8]. Death in such a
short time after onset may be difficult to avoid,
but if the risk is properly assessed and if the
onset of PE can be predicted, a prompt response
may be possible. The results could be affected by
clinical and demographic characteristics,
including age and background diseases, but the
present results were not adjusted for these
potential confounding factors in this analysis.
For this reason, comparisons between groups
are not appropriate. Further study is needed
after adjusting for patient background.

To prevent in-hospital PE, it is important to
assess the risk of PE upon admission and
implement risk-appropriate prophylactic pro-
cedures. DVT requires prompt diagnosis because
early diagnosis and therapeutic intervention
can improve the condition and prognosis. The
scoring systems such as the Wells score are often
used to estimate the preclinical establishment
of the disease, and measurement of D-dimer is
also useful for risk assessment [26, 27]. How-
ever, since it has been suggested that the Wells
score is less useful in hospitalized patients [28],
it is necessary to develop a more reliable score
that can be used for assessment of developing
PE risk in hospitalized patients. In addition,
hospital manuals should help healthcare pro-
viders to understand the risk of in-hospital PE as
well as the importance of early and appropriate
prophylactic interventions. Furthermore, stud-
ies on what diseases are most likely to associated
with development of in-hospital PE may be
useful to predict the PE risk. Patients that
developed in-hospital DVT should be aggres-
sively treated with DOACs at defined doses to
prevent disease progress to PE if the patients are
estimated to be at higher risk of PE. Although
prophylactic use of anticoagulants might be
also useful for hospitalized patients at higher
risk of DVT and/or PE, the current situation is
that prophylactic use of DOACs can only be
carry out under limited conditions. DOACs
have been shown to be equivalent or superior to
warfarin in terms of efficacy and safety [29–31].
Subgroup analyses in patients with various
comorbidities and medical histories have also

been performed, primarily in patients with
atrial fibrillation (AF), and have consistently
shown the benefit of DOACs. It has been sug-
gested that DOACs are more useful than war-
farin in patients with AF, even in patients with
impaired renal function [28, 32], and the same
is likely true in patients with VTE, but the renal
excretion rate varies with the type of DOACs,
and blood levels may be more affected by renal
function in DOACs with high renal excretion
rates. Therefore, DOACs with high renal excre-
tion rates are likely to be more affected by renal
function. The benefit of DOACs in patients with
malignant tumors or other diseases with a high
tendency to thrombus formation has not been
adequately tested, and the use of DOACs in
these patients remains an issue for the future.

Limitations

First, because we only included data from acute-
phase hospitals using the Diagnosis Procedure
Combination system, we could not include data
from other hospitals, including psychiatric
hospitals, clinics, and hospitals not using this
system. Therefore, the risk of developing in-
hospital PE could have been underestimated.
Second, we investigated patients hospitalized
for other diseases who unexpectedly developed
PE in the hospital; however, some patients
could have been admitted with undiagnosed PE.
Third, some patients may have had a DVT at the
time of admission. In this study, patients on
VTE treatment were not included because anti-
coagulation for more than 7 days during the
baseline period was an exclusion criterion.
However, DVT could have been missed if no
symptoms were present or no lower extremity
ultrasonography was performed. Therefore,
some PE cases could have resulted from a
thrombus in the lower limbs at the time of
admission. Fourth, PE can rapidly progress and
cause death. Therefore, patients who died of PE
without being diagnosed were not accounted
for. Last, this study is a retrospective analysis
using an administrative claims database. We
used the algorithm that was validated in the
previous study for identification of patients
with in-hospital PE, but diagnosis of PE and its
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onset timing was not always accurate. Detailed
information of treatment, medical procedures,
and drug prescriptions are available, but as a
result of the nature of retrospective analyses
using the claims database, we do not know
exactly for what purpose these were
implemented.

CONCLUSION

The incidence of in-hospital PE differed
according to the patient characteristics, clinical
departments, and the presence/absence of sur-
gery. Patients without surgery showed lower
implementation of prophylactic procedures for
PE than patients with surgery. Further, the
onset of PE during hospitalization leads to pro-
longed hospital stay and in-hospital death.
Therefore, it is important to conduct a proper
risk assessment at admission and implement
proper prophylactic interventions for PE as
hospital medical safety.
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