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Background: Data on thrombosis and current real-world management strategies for anticoagulation therapy are
scarce but important for understanding current issues and unmet needs of an optimal management of patients
with coronavirus disease 2019 (COVID-19).
Method: The CLOT-COVID Study (thrombosis and antiCoaguLatiOn Therapy in patients with COVID-19 in Japan
Study: UMIN000045800) was a retrospective, multicenter cohort study enrolling consecutive hospitalized pa-
tients with COVID-19 among 16 centers in Japan from April 2021 to September 2021, and we tried to capture
the status of the patients in the fourth and fifth waves of the COVID-19 infections in Japan. We enrolled consec-
utive hospitalized patients who were diagnosed with COVID-19 and had a positive polymerase chain reaction
test obtained from the hospital databases.
Results: Among 2894 patients with COVID-19, 1245 (43%) received pharmacological thromboprophylaxis. The
proportion of pharmacological thromboprophylaxis increased according to the severity of the COVID-19 in
9.8% with mild COVID-19, 61% with moderate COVID-19, and 97% with severe COVID-19. The types and doses
of anticoagulants varied widely across the participating centers. During the hospitalization, 38 patients (1.3%)
and 126 (4.4%) underwent ultrasound examinations for the lower extremities and contrast-enhanced computed
tomography examinations, respectively, and 55 (1.9%) developed thrombosis, mostly venous thromboembolism
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(71%). The incidence of thrombosis increased according to the severity of the COVID-19 in 0.2%withmild COVID-
19, 1.4%withmoderate COVID-19, and 9.5%with severe COVID-19.Major bleeding occurred in 57 patients (2.0%)
and 158 (5.5%) died, and 81% of them were due to respiratory failure from COVID-19 pneumonia.
Conclusions: In the present large-scale observational study, pharmacological thromboprophylaxis for hospitalized
patients with COVID-19 was common especially in patients with severe COVID-19, and management strategies
varied widely across the participating centers. The overall incidence of thrombosis was substantially low with
an increased incidence according to the severity of the COVID-19.
© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The coronavirus disease 2019 (COVID-19) has become a huge threat
all over the world as a pandemic [1,2], which has also been reported to
cause arterial and venous thrombotic complications including a high
prevalence of venous thromboembolism (VTE) [3–13]. Based on the
concept that patients with COVID-19 are at a high risk of developing
thrombosis leading to a worse mortality, the potential benefit of antico-
agulation therapy for primary prevention of thrombosis and an im-
provement in the survival has been reported [14]. Several current
international guidelines for COVID-19 recommend a pharmacological
thromboprophylaxis for all hospitalized patients with COVID-19 [15].
However, the risk of thrombosis and bleeding adverse events with anti-
coagulation therapy in patients with COVID-19 could widely vary ac-
cording to the ethnic differences and distinct resource availability [16],
which should be taken into consideration when deciding the manage-
ment strategies of anticoagulation therapy for patients with COVID-19.
Actually, several previous studies have reported that the number of pa-
tients diagnosed with thrombosis associated with COVID-19 in Japan
could be small as compared to the reports from other countries
[17,18], which could lead to widely varying management strategies in
daily clinical practice. Data on thrombosis and the current real-world
management strategies of anticoagulation therapy are important for
understanding the current issues and unmet needs of optimal manage-
ment of patients with COVID-19. However, there is a scarcity of data on
these issues in Japan. Thus, we conducted a large-scale multicenter ob-
servational study to reveal the current status of thrombosis and antico-
agulation therapy in hospitalized patients with COVID-19 in Japan.

Methods

Study population

The CLOT-COVID Study (thrombosis and antiCoaguLatiOn Therapy
in patients with COVID-19 in Japan Study: UMIN000045800) was a
physician-initiated, retrospective, multicenter cohort study enrolling
consecutive hospitalized patients with COVID-19 among 16 centers in
Japan from April 2021 to September 2021, and we tried to capture the
status of the patients in the fourth and fifth waves of the COVID-19
infections in Japan. The current study was conducted by dedicated
members of the Taskforce of VTE and COVID-19 in Japan in a collabora-
tive effort with the Japanese Society of Phlebology and Japanese Society
of Pulmonary Embolism Research [19]. We enrolled consecutive
hospitalized patients who were diagnosed with COVID-19 and had a
positive polymerase chain reaction (PCR) test obtained from the hospi-
tal databases.

Ethics approval and consent to participate

All procedures followed were in accordance with the Declaration of
Helsinki. The relevant review boards or ethics committees in all partic-
ipating centers approved the research protocol. Written informed con-
sent from each patient was waived, because we used the clinical
information obtained in routine clinical practice. This method was
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concordant with the guidelines for epidemiological studies issued by
the Ministry of Health, Labor, and Welfare in Japan.
Data collection

We collected the patient data and follow-up information using an
electronic report form. Data on the patient characteristics, pharma-
cological thromboprophylaxis managements, and clinical outcomes
were collected from the hospital charts or hospital databases accord-
ing to the pre-specified definitions. The physicians at each institution
were responsible for the data entry into an electronic case report
form. In addition, data were manually checked for missing or
contradictory input and values out of the expected range at the
general office.
Definitions for the patient characteristics

Hypertension was diagnosed if the peripheral blood pressure was
>140/90 mmHg or if the patient was taking medication for hypertension.
The presence of diabetes was diagnosed using the hemoglobin A1c
(National Glycohemoglobin Standardization Program, 6.5%) as the stan-
dard or was assumed if the patient was taking medication for the treat-
ment of diabetes. Heart disease was defined as heart disorders such as
heart failure, angina pectoris, and a history of myocardial infarction.
Heart failurewas diagnosed if the patient had a history of a hospitalization
for heart failure, the patient had symptoms due to heart failure (NewYork
Heart Association functional class ≥2), or the left ventricular ejection frac-
tionwas<40%. Respiratory diseasewas defined as a persistent lung disor-
der such as asthma, chronic obstructive pulmonary disease, or restrictive
lung disease. Patients with active cancer were defined as those on treat-
ment for cancer, such as chemotherapy or radiotherapy, those scheduled
to undergo cancer surgery, those with metastasis to other organs, and/or
those with terminal cancer [20]. A history of major bleeding was diag-
nosed 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 [21].

The severity of the COVID-19 was classified as mild, moderate, or
severe COVID-19. 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 or extracorporeal membrane oxygenation (ECMO). Phar-
macological thromboprophylaxis management was evaluated by the
usage of anticoagulants during the hospitalization except for their
usage for the treatment of thrombosis, which were divided into the
following 7 groups according to the types and doses of the anticoag-
ulants; unfractionated heparin (UFH) of a prophylactic dose, UFH of a
therapeutic dose, low-molecular-weight heparin (LMWH) of a pro-
phylactic dose, LMWH of a therapeutic dose, direct oral anticoagu-
lants (DOACs), warfarin, and others. UFH of a therapeutic dose was
defined as the administration of UFH targeting a therapeutic range
referencing the activated partial thromboplastin time (APTT). UFH
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Table 1
Patient characteristics, pharmacological thromboprophylaxis management, and imaging
examinations during the hospitalization.

Total (N = 2894)

Baseline characteristics
Age (years) 53 ± 18
Men 1885 (65%)
Body weight (kg) 68.9 ± 18.5
Height (cm) 164.4 ± 12.4
Body mass index (kg/m2) 25.3 ± 5.4

Body mass index >30 kg/m2 459 (16%)
D-dimer level upon admission (μg/mL) (N = 2771) 0.8 (0.5–1.3)
Comorbidities
Hypertension 874 (30%)
Diabetes mellitus 597 (21%)
Heart disease 255 (8.8%)
Respiratory disease 298 (10%)
Active cancer 60 (2.1%)
History of major bleeding 28 (1.0%)
History of VTE 15 (0.5%)
Severity of COVID-19 upon admission
Mild 1738 (60%)
Moderate (Need oxygen) 927 (32%)
Severe (Need mechanical ventilation/ECMO) 229 (7.9%)
Worst severity of COVID-19 during hospitalization
Mild 1283 (44%)
Moderate (Need oxygen) 1230 (43%)
Severe (Need mechanical ventilation/ECMO) 381 (13%)
Pharmacological thromboprophylaxis managements
Anticoagulants 1245 (43%)

Unfractionated heparin of a prophylactic dose 685/1245 (55%)
Unfractionated heparin of a therapeutic dose 161/1245 (13%)
Low-molecular-weight heparin of a prophylactic dose 204/1245 (16%)
Low-molecular-weight heparin of a therapeutic dose 0/1245 (0%)
Direct oral anticoagulants 164/1245 (13%)
Warfarin 19/1245 (1.5%)
Others 12/1245 (1.0%)

Imaging examinations during hospitalization
Ultrasound examination of the lower extremities 38 (1.3%)
Contrast-enhanced CT examination 126 (4.4%)
Reasons for performing contrast-enhanced CT examination

Suspicion of VTE 59/126 (47%)
Other reasons 67/126 (53%)

Unfractionated heparin of a therapeutic dose was defined as the administration of unfrac-
tionated heparin targeting a therapeutic range referencing the APTT. Unfractionated hep-
arin of a prophylactic dose was defined as the administration of unfractionated heparin of
a fixed dose without referencing the APTT.
VTE, venous thromboembolism; COVID-19, coronavirus disease 2019; ECMO, extracorpo-
real membrane oxygenation; APTT, activated partial thromboplastin time; CT, computed
tomography.
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of a prophylactic dose was defined as the administration of UFH of a
fixed dose without referencing the APTT.

Clinical outcomes

The outcomemeasures in the present studywere thrombosis, major
bleeding, and all-cause death during the hospitalization after the pa-
tients were diagnosed with COVID-19 and had a positive PCR test. The
thrombosis included VTE, ischemic stroke, myocardial infarction, and
systemic arterial thromboembolism during the hospitalization.

VTE was defined as pulmonary embolism (PE) and/or deep vein
thrombosis (DVT) objectively confirmed by imaging examinations
[ultrasound, contrast-enhanced computed tomography (CT),
ventilation-perfusion lung scintigraphy, pulmonary angiography, or
contrast venography] or by autopsy. PE was classified into the fol-
lowing five categories according to the most central pulmonary ar-
tery site where the thrombi were located: main trunk pulmonary
artery, left or right main pulmonary artery, lobar artery, segmental
artery, or subsegmental artery. Proximal DVT was defined as venous
thrombosis that was located in the popliteal, femoral, or iliac veins.
Distal DVT was defined as venous thrombosis that was located in
calf veins including the peroneal, posterior tibial, anterior tibial, gas-
trocnemius muscle veins, and soleus muscle veins below the knee.
Veins in upper extremities included thrombosis in brachial, axillary,
subclavian, internal jugular, and brachiocephalic veins [22]. Ischemic
stroke was defined as stroke either requiring or prolonging the hos-
pitalization with symptoms lasting more than 24 h. Myocardial in-
farction was defined in accordance with the universal myocardial
infarction guidelines [23]. Major bleeding was diagnosed as 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 [21]. We classified
the causes of death as due to respiratory failure from COVID-19
pneumonia, due to PE, due to thrombosis other than PE, or due to
other causes. Death was judged to be due to PE (fatal PE) or throm-
bosis if it was confirmed by autopsy or if death followed a clinically
severe PE or thrombosis without a specific cause of death.

Statistical analysis

Categorical variables were presented as numbers and percentages.
Continuous variables were presented as the mean and standard deviation
(SD) or the median and interquartile range (IQR) based on their distribu-
tions. In this primary report from the CLOT-COVID study, we tried to per-
form an overview of the current status of the patient characteristics,
management strategies, and clinical outcomes through descriptive statis-
tics. The clinical outcomes during the hospitalization are presented as
numbers of events and percentages with the 95% confidence intervals
(CI). As a sensitivity analysis, we also described the patient characteristics,
pharmacological thromboprophylaxis strategies, and clinical outcomes
only in patientswhounderwent imaging examinations. All statistical anal-
yses were performed with JMP version 14.0.0 software (SAS Institute Inc.,
Cary, NC, USA).

Results

Patient characteristics

During the study period, we identified 2894 consecutive hospital-
ized patients with COVID-19. The mean age was 53 years and 65%
were men (Table 1). The mean body weight and body mass index
were 68.9 kg and 25.3 kg/m2, respectively. The proportion of a
body mass index of >30 kg/m2 was 16%. The median D-dimer level
upon admission was 0.8 μg/mL. The severity of the COVID-19 upon
admission was mild, moderate, or severe in 60%, 32%, and 7.9% of pa-
tients, respectively. The worst severity of the COVID-19 during the
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hospitalization was mild, moderate, and severe in 44%, 43%, and
13% of patients, respectively.

Pharmacological thromboprophylaxis management and imaging
examinations

During the hospitalization, 1245 patients (43%) received anticoagu-
lants (Table 1). Among the patients with anticoagulants, 55% received
UFH of a prophylactic dose, 13% received UFH of a therapeutic dose,
16% received LMWH of a prophylactic dose, and 13% received DOACs.
The proportion of pharmacological thromboprophylaxis increased dra-
matically according to the worst severity of the COVID-19 during the
hospitalization in 9.8% with mild COVID-19, 61% with moderate
COVID-19, and 97% with severe COVID-19 (Fig. 1). The distribution of
a detailed pharmacological thromboprophylaxis varied widely across
the participating centers (Fig. 2).

During the hospitalization, 38 patients (1.3%) and 126 (4.4%) under-
went ultrasound examinations for the lower extremities and contrast-
enhanced CT examinations, respectively (Table 1). Among the patients
with contrast-enhanced CT examinations, more than half of them re-
ceived contrast-enhanced CT examinations due to other reasons than
the suspicion of VTE.



Fig. 1. Proportion of pharmacological thromboprophylaxis according to theworst severity
of COVID-19 during the hospitalization. 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 or extracorporeal membrane oxygenation.
COVID-19, coronavirus disease 2019.
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Clinical outcomes during the hospitalization

During the hospitalization, 55 patients [1.9% (95% CI, 1.5–2.5%)] de-
veloped thrombosis (Table 2). The incidence of thrombosis increased
sequentially according to the worst severity of the COVID-19 during
the hospitalization in 0.2% with mild COVID-19, 1.4% with moderate
COVID-19, and 9.5% with severe COVID-19 (Fig. 3). As for the types of
thrombosis, 39 patients [1.3% (95% CI, 1.0–1.8%)], 9 [0.3% (95% CI, 0.2–
0.6%)], 2 [0.07% (95% CI, 0.00–0.27%)], and 1 [0.04% (95% CI, 0.00–
0.22%)] developed VTE, ischemic stroke, myocardial infarction, and sys-
temic arterial thromboembolism, respectively (Table 2). Among the 39
patients with VTE, 21 (54%) and 18 (46%) developed PE and DVT, re-
spectively. Most sites of the thrombi associated with the PE were
more proximal than the lobar artery, whereas the major sites of the
thrombi associatedwith the DVTwere distal veins in the lower extrem-
ities and veins in the upper extremities.

Major bleeding occurred in 57 patients [2.0% (95% CI, 1.5–2.5%)]. The
most frequent site of the major bleeding was gastrointestinal (44%),
Fig. 2. Distribution of the detailed pharmacological thromboprophylaxis according to the parti
lactic dose, UFH of a therapeutic dose, LMWH of a prophylactic dose, DOACs, and others.
LMWH, low-molecular-weight heparin; UFH, unfractionated heparin; DOAC, direct oral antico
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followed by surgery-related/iatrogenic (19%). During the hospitalization,
158 patients [5.5% (95% CI, 4.7–6.3%)] died, and 81% of them were due
to respiratory failure from COVID-19 pneumonia.

Anticoagulation strategies and clinical outcomes after developing VTE

Among 39 patients with VTE, 38 (97%) received pharmacological
thromboprophylaxis before the VTE diagnosis (Table 3). After the VTE
diagnosis, 83% of the patients with anticoagulants received UFH as an
anticoagulation therapy. However, at the time of discharge, 80% of the
patients with anticoagulants received DOACs as an anticoagulation
therapy. Among the 39 patients with VTE, 8 (21%) died during the hos-
pitalization, however, no patients died due to PE.

Sensitivity analysis

Among 151 patients who underwent imaging examinations, the
median D-dimer level upon admission was higher in the patients with
VTE than those without VTE [2.8 (1.3–11) μg/mL vs. 1.6 (1.0–2.9)
μg/mL, p = 0.03). And, the cut-off value to predict the development of
VTE was 2.8 μg/mL by receiver-operating characteristic curve analysis.
The proportion of pharmacological thromboprophylaxis increased ac-
cording to the severity of the COVID-19 in 33% with mild COVID-19,
88% with moderate COVID-19, and 96% with severe COVID-19 (Online
Fig. 1). The incidence of thrombosis also increased according to the se-
verity of the COVID-19 in 11% with mild COVID-19, 24% with moderate
COVID-19, and 32% with severe COVID-19 (Online Fig. 2).

Discussion

The main findings of the present study were as follows: 1) nearly
half of the hospitalized patients with COVID-19 received a pharmaco-
logical thromboprophylaxis with an increased proportion according to
the severity of the COVID-19, 2) the pharmacological thromboprophy-
laxis strategies including the types and doses of the anticoagulants var-
ied widely across the participating centers, and 3) the overall incidence
of thrombosis, mostly VTE, was substantially low with a small number
of patients with imaging examinations, however, the incidence of
thrombosis increased according to the severity of the COVID-19.

The proportion of hospitalized patients with COVID-19who received a
pharmacological thromboprophylaxis, mostly UFH of a prophylactic dose,
was substantially higher in the present study than in the previous studies
with a targeted population from the first and second waves of COVID-19
infections in Japan (43% vs. up to 25%) [17,19,24,25]. This change may
cipating centers. Pharmacological thromboprophylaxis was classified as UFH of a prophy-

agulant.

Image of &INS id=
Image of Fig. 2


Fig. 3. Incidences of thrombosis according to the worst severity of COVID-19 during the
hospitalization. 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 ven-
tilation or extracorporeal membrane oxygenation.
COVID-19, coronavirus disease 2019.

Table 3
Anticoagulation strategies and clinical outcomes among patients with VTE.

Patients with VTE
(N = 39)

Pharmacological thromboprophylaxis before the VTE diagnosis
Anticoagulants 38 (97%)

Unfractionated heparin of a prophylactic dose 16/38 (42%)
Unfractionated heparin of a therapeutic dose 15/38 (39%)
Low-molecular-weight heparin of a prophylactic dose 3/38 (7.9%)
Low-molecular-weight heparin of a therapeutic dose 0/38 (0%)
Direct oral anticoagulants 1/38 (2.6%)
Warfarin 0/38 (0%)
Others 3/38 (7.9%)

Anticoagulation therapy after the VTE diagnosis
Anticoagulants 35 (90%)

Unfractionated heparin 29/35 (83%)
Low-molecular-weight heparin 0/35 (0%)
Direct oral anticoagulants 5/35 (14%)
Edoxaban 1/5 (20%)
Rivaroxaban 2/5 (40%)
Apixaban 2/5 (40%)

Others 1/35 (2.9%)
Anticoagulation therapy at the time of discharge
Anticoagulants 30 (77%)

Unfractionated heparin 5/30 (17%)
Low-molecular-weight heparin 0/30 (0%)
Direct oral anticoagulants 24/30 (80%)
Edoxaban 17/24 (71%)
Rivaroxaban 3/24 (13%)
Apixaban 4/24 (16%)

Others 1/30 (3.3%)
All-cause death during hospitalization 8/39 (21%)
Cause of death

Due to respiratory failure from COVID-19 pneumonia 5/8 (63%)
Due to PE (fatal PE) 0/8 (0%)
Due to other causes 3/8 (38%)

VTE, venous thromboembolism; PE, pulmonary embolism; COVID-19, coronavirus
disease 2019.

Table 2
Clinical outcomes during hospitalization.

Thrombosis N = 55/2894 (1.9%
[1.5–2.5%])

VTE 39/2894 (1.3% [1.0–1.8%])
Days from admission to the VTE event (days) 11 (4–19)
D-dimer level upon the VTE diagnosis (μg/mL)
(N = 37)

18.1 (6.6–36.5)

VTE types
PE with or without DVT 21/39 (54%)
Main trunk pulmonary artery 2/21 (9.5%)
Left or right main pulmonary artery 6/21 (29%)
Lobar artery 9/21 (43%)
Segmental artery 2/21 (9.5%)
Subsegmental artery 2/21 (9.5%)

DVT only 18/39 (46%)
Proximal DVT in the lower extremities 3/18 (17%)
Distal DVT in the lower extremities 6/18 (33%)
Veins in the upper extremities 6/18 (33%)
Others 3/18 (17%)

Arterial thrombotic events 12/2894 (0.4% [0.2–0.7%])
Ischemic stroke 9/2894 (0.3% [0.2–0.6%])
Myocardial infarction 2/2894 (0.07% [0.00–0.27%])
Systemic arterial thromboembolism 1/2894 (0.04% [0.00–0.22%])

Others 7/2894 (0.2% [0.1–0.5%])

Major bleeding N = 57/2894 (2.0%
[1.5–2.5%])

Site of bleeding
Intracranial 4/57 (7.0%)
Respiratory 2/57 (3.5%)
Gastrointestinal 25/57 (44%)
Urinary 1/57 (1.8%)
Intrathoracic/Intra-abdominal 2/57 (3.5%)
Surgery-related/Iatrogenic 11/57 (19%)
Subcutaneous 1/57 (1.8%)
Others 11/57 (19%)

All-cause death N = 158/2894 (5.5%
[4.7–6.3%])

Cause of death
Due to respiratory failure from COVID-19
pneumonia

128/158 (81%)

Due to PE (fatal PE) 0/158 (0%)
Due to thrombosis other than PE 0/158 (0%)
Due to other causes 30/158 (19%)

The clinical outcomes during hospitalization are presented as numbers of events and per-
centages with the 95% CI. PE was classified into the following five categories according to
the most central pulmonary artery site where the thrombi were located: main trunk pul-
monary artery, left or right main pulmonary artery, lobar artery, segmental artery, or
subsegmental artery. Proximal DVT was defined as venous thrombosis that was located
in the popliteal, femoral, or iliac veins. Distal DVT was defined as venous thrombosis
that was located in the calf veins including the peroneal, posterior tibial, anterior tibial,
and soleus muscle veins below the knee.
VTE, venous thromboembolism; PE, pulmonary embolism; DVT, deep vein thrombosis;
CI, confidence interval; COVID-19, coronavirus disease 2019.
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have been affected by the COVID-19 Clinical Practice Guidelines version
5.0 issued by the Japanese Ministry of Health, Labour and Welfare on
May 26, 2021, which recommended prophylactic-dose heparin for hospi-
talized patients withmoderate or severe COVID-19. However, the propor-
tion of a pharmacological thromboprophylaxis had not yet reached the
“universal” pharmacological thromboprophylaxis for all hospitalized pa-
tients with COVID-19, as recommended by several current international
guidelines in other countries [15]. In addition, the pharmacological throm-
boprophylaxis strategies varied widely across the participating centers,
suggesting that the current management strategies might have been
based on individual decisions and the distinct resource availability at
each institution.

In line with the previous studies [17,19,24,25], the present study from
Japan showed a lower incidence of VTE in hospitalized patients with
COVID-19 than that in the studies fromWestern countries [7,9,10]. The in-
terpretation of the present results should be taken with caution because
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the number of patients that underwent imaging examinations was small,
whichmay have been partly due to the difficulty in diagnosing VTE in pa-
tientswithCOVID-19 from the following perspectives: 1) the symptomsof
COVID-19, such as fever, dyspnea, and tachypnea, mimic those of PE [26],
2) amajor influence of COVID-19on thehemodynamic status andoxygen-
ation could mask the suspicion of VTE leading to imaging examinations,
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and 3) a high threshold for imaging examinations due to isolation [27]. On
the other hand, the incidence of VTE in patientswith severe COVID-19was
relatively high despite a quite high prevalence of a pharmacological
thromboprophylaxis, which was consistent with the previous reports
[7,8,18]. Given a high risk of developing VTE in patients with severe
COVID-19 [28,29], cliniciansmight need to conduct imaging examinations
without delay when patients are suspected of developing VTE.

In addition to who should receive anticoagulation therapy among
patients with COVID-19, it could also be important to know what is
the optimal type and dose of anticoagulants. The latest updated interna-
tional guidelines from the US National Institutes of Health recommend
therapeutic-dose heparin, especially LWMH, for hospitalized patients
who require low-flow oxygen but do not require intensive care [30].
That recommendation is based on recent randomized clinical trials
that showed that therapeutic-dose heparin increased the probability
of survival to hospital discharge with a reduced use of cardiovascular
or respiratory organ support as compared to prophylactic-dose heparin
[31–33]. Notably, LMWH is preferable to UFH in terms of bleeding, how-
ever, LMWH for thromboprophylaxis in patients with COVID-19 is not
covered by the Japanese national insurance. Furthermore, given the
concern that anticoagulation therapy might be associated with a higher
risk of bleeding, especially in Asians as compared to Caucasians [34,35],
it could be important to achieve a good balance between the thrombotic
and bleeding risks with an appropriate type and dose of anticoagulants
in Japan. Considering the uncertainty and varieties of the anticoagula-
tion strategies in the real world, further investigations are warranted
to clarify the optimal pharmacological thromboprophylaxis strategies
for patients with COVID-19 in Japan, including the indications, types,
and doses of anticoagulants.

Study limitations

The present study had several limitations. First, the present study
was based on observational cohort data and the decisions regarding
themanagement strategies were at the discretion of the attending phy-
sicians. In particular, the number of patients who underwent imaging
examinations was considerably small. Therefore, we could not deny
the potential for selection bias and an under-diagnosis of thrombosis,
which should be cautiouswhen interpreting thepresent results. Second,
patients with moderate I COVID-19, defined in the COVID-19 Clinical
Practice Guidelines as patients with dyspnea or pneumonia but not re-
quiring oxygen, were classified as patients with mid COVID-19 in the
present study from the clinical point of view. Finally, the demographics
and practice patterns as well as the clinical outcomes in the patients at
the present participating centers may differ from those at other centers.
Thus, it should be interpreted with caution whether the present results
could be extrapolated to patients at all institutions in Japan.

Conclusions

In the present large observational study, pharmacological thrombo-
prophylaxis for hospitalized patients with COVID-19 was common es-
pecially in patients with severe COVID-19, and the management
strategies varied widely across the participating centers. The overall in-
cidence of thrombosis was substantially low with an increased inci-
dence according to the severity of the COVID-19.
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