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respiratory syndrome coronavirus 2, but it can also cause 
thromboembolic complications through coagulopathy.3,4 
In particular, several studies reported a high prevalence of 
venous thromboembolism (VTE), including pulmonary 
embolism (PE) and deep vein thrombosis (DVT) in hospi-

T he coronavirus disease 2019 (COVID-19) was first 
reported in Wuhan, China, in December 2019, and 
has become a huge threat worldwide as a pan-

demic.1,2 The main pathophysiology of COVID-19 is a 
respiratory infectious disease caused by the severe acute 
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Background: Coronavirus disease 2019 (COVID-19) reportedly causes venous thromboembolism (VTE), but the status of this 
complication in Japan was unclear.

Methods and Results: The VTE and COVID-19 in Japan Study is a retrospective, multicenter cohort study enrolling hospitalized 
patients with COVID-19 who were evaluated with contrast-enhanced computed tomography (CT) examination at 22 centers in Japan 
between March 2020 and October 2020. Among 1,236 patients with COVID-19, 45 (3.6%) were evaluated with contrast-enhanced 
CT examination. VTE events occurred in 10 patients (22.2%), and the incidence of VTE in mild, moderate, and severe COVID-19 
was 0%, 11.8%, and 40.0%, respectively. COVID-19 patients with VTE showed a higher body weight (81.6 vs. 64.0 kg, P=0.005) 
and body mass index (26.9 vs. 23.2 kg/m2, P=0.04), and a higher proportion had a severe status for COVID-19 compared with those 
without. There was no significant difference in the proportion of patients alive at discharge between patients with and without VTE 
(80.0% vs. 88.6%, P=0.48). Among 8 pulmonary embolism (PE) patients, all were low-risk PE.

Conclusions: Among a relatively small number of patients undergoing contrast-enhanced CT examination in Japanese real-world 
clinical practice, there were no VTE patients among those with mild COVID-19, but the incidence of VTE seemed to be relatively 
high among severe COVID-19 patients, although all PE events were low-risk without significant effect on mortality risk.
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with severe COVID-19 were defined as those who required 
mechanical ventilation. VTE was defined as PE and/or 
DVT objectively confirmed by contrast-enhanced CT 
examination during hospitalization after the patient had 
tested positive for COVID-19. Heart disease was defined 
as heart disorders such as heart failure (HF), angina pec-
toris, and history of myocardial infarction. HF was diag-
nosed if the patient had a history of hospitalization for HF, 
had symptoms due to HF (New York Heart Association 
functional class ≥2), or the left ventricular ejection fraction 
was <40%. Respiratory disease was defined as persistent 
lung disorders such as asthma, chronic obstructive pulmo-
nary disease, and restrictive lung diseases. History of major 
bleeding was diagnosed if the patient had a history of 
International Society of Thrombosis and Hemostasis 
(ISTH) major bleeding, which consisted of a reduction in 
the hemoglobin level by at least 2 g/dL, transfusion of at 
least 2 units of blood or symptomatic bleeding in a critical 
area or organ.15 Active cancer was defined as cancer diag-
nosed within the previous 6 months; recurrent, regionally 
advanced, or metastatic cancer; cancer for which treatment 
had been administered within 6 months before diagnosis; 
or hematologic cancer that was not in complete remis-
sion.16 Transient risk factors for VTE included recent  
surgery (within 2 months prior to diagnosis), recent immo-
bilization (defined as non-surgical bed-ridden patient with 
bathroom privileges for >4 days within 2 months prior to 
diagnosis), long-distance travel (lasting ≥6 h in the previous 
3 weeks), central venous catheter use, pregnancy or puer-
perium, recent leg trauma, a fracture or a burn (any event 
requiring immobilization in the past 2 months), and estro-
gen use. The Padua risk score was calculated for each 
patient as a risk assessment model of hospitalized patients 
at risk for VTE.17

Unfractionated heparin at therapeutic dose was defined 
as administration of unfractionated heparin targeting the 
therapeutic range with reference to the activated partial 
thromboplastin time (APTT) (i.e., dosing guided by the 
APTT until therapeutic range achieved). Unfractionated 
heparin at prophylactic dose was defined as administration 
of unfractionated heparin at a fixed dose without a reference 
APTT. Based on the classification in the American Heart 
Association guideline,18 PE was classified according to 
clinical severity: (1) massive PE: shock and/or hypotension 
(systolic blood pressure <90 mmHg or a pressure drop 
≥40 mmHg for >15 min if not caused by a new-onset 
arrhythmia, hypovolemia or sepsis); (2) submassive PE: 
hemodynamically stable with right ventricular (RV) dys-
function; and (3) low-risk PE: hemodynamically stable 
without RV dysfunction.

Clinical outcomes evaluated in the current study were 
VTE events, including recurrent VTE events, bleeding 
events and all-cause death. Bleeding events were classified 
as major bleeding and clinically relevant non-major 
(CRNM) bleeding according to ISTH definitions.15 Major 
bleeding was as defined above, and CRNM bleeding was 
defined as overt bleeding that did not meet the criteria for 
major bleeding but was associated with medical interven-
tion, unscheduled contact with a physician, interruption or 
discontinuation of anticoagulation therapy, or discomfort 
or impairment of activities of daily life.

Statistical Analysis
Categorical variables are presented as numbers and per-
centages. Continuous variables are presented as the mean 

talized patients with COVID-19.5–11 However, the preva-
lence of VTE varied widely among these reports, which 
might be due to the different study populations, different 
diagnostic strategies, and different thromboprophylaxis 
management.12 Furthermore, ethnic differences and dis-
tinct resource availability may have notable implications 
in the presentation and diagnosis of VTE. A recent surveil-
lance questionnaire reported that the number of patients 
diagnosed as VTE in COVID-19 in Japan could be small 
compared with reports from other countries, although it is 
unknown whether these results suggest under-diagnosis of 
VTE in COVID-19 or an actual lower incidence of VTE in 
Japan.13,14 Further studies were warranted to clarify the 
current status of VTE in Japan among patients with 
COVID-19 who were evaluated with imaging examination, 
whereby under-diagnosis of VTE could be avoided. Thus, 
we conducted a multicenter retrospective cohort study to 
investigate the incidence and clinical features of VTE 
among hospitalized patients with COVID-19 who were 
evaluated with contrast-enhanced computed tomography 
(CT) examination during hospitalization in Japan.

Methods
Study Population
The VTE and COVID-19 in Japan Study (UMIN: 000042235) 
is a physician-initiated, retrospective, multicenter cohort 
study enrolling consecutive hospitalized patients with 
COVID-19 who were evaluated with contrast-enhanced 
CT examination during hospitalization at 22 centers in 
Japan between March 2020 and October 2020. The current 
study was conducted by the Taskforce of VTE and 
COVID-19 in Japan Study in a collaborative effort with 
the Japanese Society of Phlebology and Japanese Society 
of Pulmonary Embolism Research.13 We searched for con-
secutive patients who were diagnosed as COVID-19 with a 
positive polymerase chain reaction test through the hospi-
tals’ databases, and enrolled patients with COVID-19 who 
were evaluated with contrast-enhanced CT examination 
during their hospitalization. We divided the entire cohort 
into 2 groups according to the presence or absence of VTE 
diagnosis during hospitalization and compared the patients’ 
characteristics, thromboprophylaxis management, and 
outcomes of the 2 groups.

All the procedures followed were in accordance with the 
Declaration of Helsinki. The relevant review boards or 
ethics committees in participating centers approved the 
research protocol. Written informed consent from each 
patient was waived, because we used clinical information 
obtained in routine clinical practice. This method con-
curred with the Guidelines for Epidemiological Studies 
issued by the Ministry of Health, Labor, and Welfare in 
Japan.

Data Collection and Definitions
Data on the patients’ characteristics, thromboprophylaxis 
management, and outcomes were collected from the hos-
pital chart or hospital database and input by physicians at 
each institution using an electronic case report form and 
prespecified definitions. The data were also manually 
checked at the central office for missing or contradictory 
input and values out of the expected range.

Patients with mild COVID-19 were defined as those who 
did not require oxygen, patients with moderate COVID-19 
were defined as those who required oxygen, and patients 
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2.9%, P=0.006, respectively).

Thromboprophylaxis Managements and Outcomes
In the current study population, 24 patients (53.3%) 
received compression stockings or intermittent pneumatic 
compression, and 30 patients (66.7%) received anticoagu-
lants (Table 1). Among the patients with anticoagulant 
treatment, 46.7% received unfractionated heparin at a pro-
phylactic dose, 30.0% of patients received unfractionated 
heparin at a therapeutic dose, and 13.3% of patients 
received low-molecular-weight heparin. Among patients 
with VTE, 80.0% of received anticoagulants, and 37.5% 
received unfractionated heparin at a therapeutic dose.

There were no recurrent VTE events during hospitaliza-
tion. Among the 45 patients, there were 8 bleeding events 
(17.8%) including 5 major bleeding events (11.1%). There 
was no significant difference in the proportion of patients 
alive at discharge between those with and without VTE 
(80.0% vs. 88.6%, P=0.48).

Clinical Features of VTE in COVID-19 Patients
The median time from admission to VTE onset was 18 
days: 50.0% of patients were diagnosed as VTE in the 
intensive care unit (ICU) and 50.0% were diagnosed as 
VTE in the general ward (Table 2). Among 10 VTE 
patients, 8 (80.0%) were diagnosed as PE with or without 
DVT, and all cases were low-risk PE. As antiviral therapies 
for COVID-19, 7 patients received favipiravir, 4 patients 
received remdesivir, 2 patients received ivermectin, and 1 
patient received tocilizumab. For the treatment of VTE, 7 
patients received with unfractionated heparin at a thera-
peutic dose or increased dose targeting a higher therapeutic 
range with a reference of APTT, 2 patients received rivar-
oxaban as an initial intensive regimen, and 1 patient 
received edoxaban at the normal dose.

and standard deviation or the median and interquartile 
range based on their distributions. Categorical variables 
were compared with the chi-square test when appropriate; 
otherwise, Fisher’s exact test was used. Continuous vari-
ables were compared using Student’s t-test or Wilcoxon’s 
rank sum test based on their distributions. All statistical 
analyses were performed with JMP version 14.0.0 (SAS 
Institute Inc., Cary, NC, USA). All reported P values are 
2-tailed, and P<0.05 was considered statistically significant.

Results
Prevalence of Contrast-Enhanced CT Examination and 
Incidence of VTE
We identified 1,236 consecutive patients hospitalized with 
COVID-19 during the study period and of them, 45 (3.6%) 
were evaluated with contrast-enhanced CT examination 
during their hospitalization (Figure 1). Among the 45 
patients, 28 (62.2%) were evaluated with contrast-enhanced 
CT examination due to suspicion of VTE development. In 
the current study population, the mean age was 67 years, 
84.4% were male, and the mean body weight and body 
mass index (BMI) were 67.6 kg and 24.0 kg/m2, respec-
tively. During hospitalization, VTE events occurred in 10 
patients (22.0%), and the incidence of VTE in mild, moder-
ate, and severe COVID-19 was 0%, 11.8%, and 40.0%, 
respectively (Figure 2).

Differences in the Characteristics of Patients With and 
Without VTE
There were no significant differences in the baseline char-
acteristics or comorbidities between the patients with and 
without VTE, except for higher body weight, height, and 
BMI in the patients with VTE (81.6 vs. 64.0 kg, P=0.005; 
172.3 vs. 164.7 cm, P=0.01; 26.9 vs. 23.2 kg/m2, P=0.04, 
respectively) (Table 1). The proportions of patients who 
required mechanical ventilation and extracorporeal mem-
brane oxygenation were significantly higher among the 
patients with VTE (80.0% vs. 34.3%, P=0.01; 40.0% vs. 

Figure 1.  Study flow chart. VTE included PE and/or DVT. 
COVID-19, coronavirus disease 2019; CT, computed tomog-
raphy; DVT, deep vein thrombosis; PE, pulmonary embolism; 
VTE, venous thromboembolism.

Figure 2.  Incidence of VTE according to the severity of 
COVID-19. VTE included PE and/or DVT. Patients with mild 
COVID-19 were defined as those who did not require oxygen, 
patients with moderate COVID-19 were defined as those who 
required oxygen, and patients with severe COVID-19 were 
defined as those who required mechanical ventilation. 
COVID-19, coronavirus disease 2019; CT, computed tomog-
raphy; DVT, deep vein thrombosis; PE, pulmonary embolism; 
VTE, venous thromboembolism.
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among severe COVID-19 patients. (3) COVID-19 patients 
with VTE showed a higher body weight and BMI, and a 
higher proportion had a severe status for COVID-19 com-
pared with those without. (4) There was no significant 
difference in the mortality risk between patients with and 
without VTE, and all PE events were low-risk in the popu-
lation with high suspicion of PE.

A number of previous studies suggested that hospital-

Discussion
The main findings of the current study were as follows. (1) 
The number of patients who were evaluated with contrast-
enhanced CT examination during hospitalization in real-
world clinical practice was considerably small. (2) There 
were no VTE patients among mild COVID-19 patients, 
whereas the incidence of VTE seemed to be relatively high 

Table 1. Patients’ Characteristics, Thromboprophylaxis Managements, and Outcomes

Total  
(n=45)

Patients with  
VTE (n=10)

Patients without  
VTE (n=35) P value

Baseline characteristics

  Age (years) 67.2±13.2 62.6±11.2 68.5±13.6 0.21　　
    >70 years 21 (46.6%)    2 (20.0%) 19 (54.3%) 0.08　　
  Male 38 (84.4%) 10 (100%) 28 (80.0%) 0.32　　
  Body weight (kg) 67.6±17.2 81.6±24.1 64.0±13.0 0.005

  Height (cm) 166.5±8.6　　　　 172.3±6.3　　　　 164.7±8.5　　　　 0.01　　
  Body mass index (kg/m2) 24.0±4.9　　 26.9±7.0　　 23.2±3.8　　 0.04　　
    >30 kg/m2 2 (4.4%)    1 (10.0%) 1 (2.9%) 0.40　　
  D-dimer level at admission (μg/mL)  1.9 (1.2–3.2)   1.4 (1.1–2.3)  2.2 (1.4–4.2) 0.13　　
  Hospitalization

    ICU 25 (55.6%)    7 (70.0%) 18 (51.4%) 0.47　　
    General ward 20 (44.4%)    3 (30.0%) 17 (48.6%)

Comorbidities

  Hypertension 25 (55.6%)    5 (50.0%) 20 (57.1%) 0.73　　
  Diabetes mellitus 17 (37.8%)    6 (60.0%) 11 (31.4%) 0.14　　
  Heart disease 10 (22.2%)    1 (10.0%)   9 (25.7%) 0.42　　
  Respiratory disease   8 (17.8%)    1 (10.0%)   7 (20.0%) 0.66　　
  Active cancer 3 (6.7%)    1 (10.0%) 2 (5.7%) 0.54　　
  History of major bleeding 1 (2.2%) 0 (0%)　　 1 (2.9%) 1.00　　
  History of VTE 1 (2.2%) 0 (0%)　　 1 (2.9%) 1.00　　
VTE risk at admission

  Transient risk factors 19 (42.2%)    7 (70.0%) 12 (34.3%) 0.04　　
  Padua risk score 2 (2–5)　　 4 (2–4)　 2 (1–5)　　 0.61　　
    ≥4 17 (37.8%)    6 (60.0%) 11 (31.4%) 0.14　　
Severity of COVID-19

  Need oxygen 37 (82.2%) 10 (100%) 27 (77.1%) 0.17　　
  Need mechanical ventilation 20 (44.4%)    8 (80.0%) 12 (34.3%) 0.01　　
  Need ECMO   5 (11.1%)    4 (40.0%) 1 (2.9%) 0.006

Thromboprophylaxis management

  Compression stockings/intermittent pneumatic compression 24 (53.3%)    9 (90.0%) 15 (42.9%) 0.01　　
  Anticoagulants 30 (66.7%)    8 (80.0%) 22 (62.9%) 0.31　　
    Unfractionated heparin at prophylactic dose 14/30 (46.7%)　　　　　 3/8 (37.5%) 11/22 (50.0%)　　　　　 0.86　　
    Unfractionated heparin at therapeutic dose 9/30 (30.0%)　　　 3/8 (37.5%) 6/22 (27.3%)　　　
    Low-molecular-weight heparin 4/30 (13.3%)　　　 1/8 (12.5%) 3/22 (13.6%)　　　
    Direct oral anticoagulants 2/30 (6.7%)　　　　　 1/8 (12.5%) 1/22 (4.6%)　　　　　
    Warfarin 1/30 (3.3%)　　　　　 0/8 (0%)　　　　　 1/22 (4.6%)　　　　　
CT examination for suspicion of VTE 28 (62.2%)    9 (90.0%) 19 (54.3%) 0.04　　
Bleeding events   8 (17.8%)    5 (50.0%) 3 (8.6%) 0.003

  Major bleeding   5 (11.1%)    3 (30.0%) 2 (5.7%) 0.06　　
Alive at discharge 39 (86.7%)    8 (80.0%) 31 (88.6%) 0.48　　

Transient risk factors for VTE included recent surgery (within 2 months prior to diagnosis), recent immobilization (non-surgical bed-ridden 
patients with bathroom privileges for >4 days within 2 months prior to diagnosis), long-distance travel (lasting ≥6 h in the previous 3 weeks), 
central venous catheter use, pregnancy or puerperium, recent leg trauma, a fracture or a burn (any event requiring immobilization in the past 2 
months), and estrogen use. Unfractionated heparin at therapeutic dose was defined as administration of unfractionated heparin targeting the 
therapeutic range with reference to the APTT (i.e., dosing guided by the APTT until therapeutic range achieved). Unfractionated heparin at 
prophylactic dose was defined as administration of unfractionated heparin at a fixed dose without a reference of APTT. APTT, activated partial 
thromboplastin time; COVID-19, coronavirus disease 2019; CT, computed tomography; ECMO, extracorporeal membrane oxygenation; ICU, 
intensive care unit; VTE, venous thromboembolism.
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and bleeding events sometimes can be critical, in which 
case anticoagulation therapy might be potentially harmful. 
Patients with COVID-19 have been reported to be at a 
relatively high risk for bleeding events with anticoagula-
tion therapy.24 In addition, there is concern that antico-
agulation might be associated with a higher risk of 
bleeding, more particularly in Asians than in Caucasians.25,26 
Thus, it is important to assess the balance between throm-
botic and bleeding risks in individual patients, including 
ethnic differences, when clinicians consider thrombopro-
phylaxis by anticoagulants.27,28 Currently, based on the 
concept of a high risk for VTE in patients with COVID-19, 
the primary prevention of VTE in COVID-19 by antico-
agulants has been drawing attention. In fact, some studies 
report that use of anticoagulants was associated with 
reduced mortality in patients hospitalized with COVID-
19,29,30 and the effect was more remarkable in patients with 
severe condition. These results suggest a potential benefit 
of anticoagulants for better prognosis and prevention of 
VTE in COVID-19, especially those with severe condition 
such as ICU patients. Although several consensus state-
ments have recommended thromboprophylaxis by antico-
agulants in all patients hospitalized due to COVID-19,31–33 
the optimal strategies for the prevention of VTE in 
COVID-19, including good candidates, intensity, and 
duration of anticoagulation therapy, as well as ethnic dif-
ferences still remain unknown, and need to be revealed 
through further studies.

Study Limitations
First, the current study was based on observational cohort 

ized patients with COVID-19 could have a high risk for 
developing VTE, with a higher incidence associated with 
routine screening by imaging and inclusion of critically ill 
patients including ICU patients,19,20 Notably, the current 
study found only a small number of patients were evalu-
ated with contrast-enhanced CT examination in Japanese 
real-world clinical practice, which suggests some reluc-
tance to conduct imaging examinations due to the risk of 
infection to healthcare providers. The current study also 
showed that there were no cases of VTE among mild 
COVID-19 patients who did not require oxygen. Although 
previous studies reported relatively high incidences, even 
in non-ICU hospitalized patients,19,20 our results suggested 
that patients with the least severity for COVID-19, such as 
patients who do not require oxygen, were at a lower risk of 
VTE among non-ICU hospitalized patients in Japan. 
However, the current study showed that the incidence of 
VTE was considerably high among severe COVID-19 
patients who might be suspected of VTE and evaluated 
with contrast-enhanced CT examination, which seems con-
sistent with the quite high incidence of VTE in previous 
studies of ICU patients with routine screening by imag-
ing.19,20 Considering the especially high risk of VTE in 
severe COVID-19 patients, clinicians might wish conduct 
an appropriate imaging examination of these patients 
when they are suspected of VTE during the course of 
COVID-19 treatment to avoid under-diagnosis of VTE.

Although all hospitalized patients have a risk for devel-
oping VTE, the risk could differ widely depending on each 
patient. A previous study reported that VTE patients with 
COVID-19 had a high median BMI (30.2 kg/m2).6 Another 
study also reported a high mean body weight (87 kg).7 
Consistent with those previous reports, the current study 
showed COVID-19 patients with VTE had a higher body 
weight and BMI compared with those without VTE. Obesity 
is a well-known risk factor for the development of VTE,21 
and must be considered as an especially important risk 
factor for the development of VTE in COVID-19 patients. 
The current study also revealed that among COVID-19 
patients with VTE a higher proportion had severe status 
for COVID-19 compared with those without. Most of the 
patients with VTE received anticoagulants as thrombopro-
phylaxis. In line with the current study, the previous stud-
ies also showed a higher incidence of VTE in ICU patients 
despite thromboprophylaxis by anticoagulants,5,7 which 
suggests that patients with severe disease are at especially 
high risk of VTE despite anticoagulant drugs.

In addition to developing VTE, the severity of VTE, 
including PE, might be clinically relevant in terms of the 
clinical impact of VTE on prognosis. The previous studies 
reported a high prevalence of incidental thrombosis in 
small and mid-sized pulmonary arteries despite thrombo-
prophylaxis.22,23 In particular, studies using a screening 
strategy with imaging examinations for critically ill patients 
showed a strikingly high prevalence of VTE, including 
minor and asymptomatic VTE, although it remains con-
troversial whether VTE was the cause of death or only a 
concurrent event.12 Interestingly, the current study showed 
that all PE events were low-risk, and there was no signifi-
cant difference in the mortality risk between patients with 
and without VTE. It is unknown whether these results 
could be due to the high proportion of thromboprophy-
laxis by anticoagulants or a relatively low risk of severe PE 
in COVID-19 patients. On the other hand, COVID-19 
patients are also reported to be at a high risk for bleeding,20 

Table 2. Detailed Presentation of VTE Cases

Patients (n=10)

Days from admission to VTE onset 18 (9–31)　　　　
VTE diagnosis

  ICU 5 (50.0%)

  General ward 5 (50.0%)

D-dimer level at diagnosis (μg/mL) 10.0 (7.4–19.5)　
VTE type

  PE with DVT 2 (20.0%)

  PE only 6 (60.0%)

  DVT only 2 (20.0%)

Severity of PE (n=8)

  Massive 0/8 (0%)　　　　　　　　
  Submassive 0/8 (0%)　　　　　　　　
  Low-risk 8/8 (100%)　　　　
Location of DVT (n=4)

  Proximal DVT 2/4 (50.0%)　　　
  Distal DVT 2/4 (50.0%)　　　

The severity of PE was classified according to the clinical severity: 
(1) massive PE: shock and/or hypotension (systolic blood pressure 
<90 mmHg or a pressure drop ≥40 mmHg for >15 min if not 
caused by a new-onset arrhythmia, hypovolemia or sepsis); (2) 
submassive PE: hemodynamically stable with right ventricular 
dysfunction; and (3) low-risk PE: hemodynamically stable without 
right ventricular dysfunction. Proximal DVT was defined as 
venous thrombosis located in the popliteal, femoral, or iliac vein. 
Distal DVT was defined as venous thrombosis located in calf 
veins, including the peroneal, posterior tibial, anterior tibial, and 
soleus muscle veins below the knee without proximal DVT. DVT, 
deep vein thrombosis; ICU, intensive care unit; PE, pulmonary 
embolism; VTE, venous thromboembolism.
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data and the decisions regarding the management strategies, 
including imaging examination, were at the discretion of 
the attending physicians. Therefore, we could not deny the 
potential for selection bias. Second, the absolute number 
of patients was relatively small, although it was derived from 
a multicenter cohort study in Japan. Third, demographics 
and practice patterns as well as the clinical outcomes in 
patients at the participating centers may be different from 
those at other centers. Thus, it should be interpreted with 
caution whether the current results can be extrapolated to 
patients at all institutions in Japan. Fourth, we could not 
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