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Abstract
Background
The coronavirus disease 2019 (COVID-19) is a newly recognized illness that has
spread rapidly all over the world. Severe hypoxemic respiratory failure from
COVID-19 will bring high risk of venous thromboembolism (VTE). Our study aims
to identify in-hospital VTE risk and bleeding risk in COVID-19 patients.
Methods
We retrospectively studied 138 consecutively enrolled patients with COVID-19
and identified in-hospital VTE and bleeding risk by Padua Prediction Score and
Improve bleed risk assessment model. The clinical data and features were
analyzed in VTE patients.
Results
Our findings identified that 23 (16.67%) patients with COVID-19 were at high risk
for VTE according to Padua prediction score, and 9(6.52%) patients were at high
risk of bleeding for VTE prophylaxis according to Improve prediction score.
Fifteen critically ill patients faced double high risk from thrombosis (Padua score
more than 4 points in all 15[100%] patients) and hemorrhage (Improve score
more than 7 points in 9[60.0%] patients). Thrombotic events were identified in
four patients (2.9%) of all COVID-19 patients. All of them were diagnosed as deep
vein thrombosis by ultrasound after 3 to 18 days after admission. Three (75.0%)
were critically ill patients, which means the incidence of VTE among critically ill

patients was 20%. One major hemorrhage was happened in critically ill patients
during VTE treatment.
Conclusion
Critically ill patients with COVID-19 suffered both high risk of thrombosis and
bleeding risks. More effective VTE prevention strategies based on an individual
assessment of bleeding risks were necessary for critically ill patients with COVID19.

Figures

Background
The coronavirus disease 2019 (COVID-19) is a newly recognized illness that has
spread rapidly throughout Wuhan (Hubei province) to other provinces in China
and around the world (1–4).The clinical spectrum of COVID-19 ranges from mild
to critically ill cases. Previous studies have mentioned old age, and those with
coexisting medical conditions were more likely to have a poor prognosis(5).
These factors, as well as infection, bedridden, and respiratory failure, are all risk
factors for venous thromboembolism (VTE)(6, 7). Once COVID-19 complicated
with deep vein thrombosis (DVT) or fatal pulmonary thromboembolism (PTE), the
treatment will be challenging, and patients with VTE may have a worse clinical
outcome.
In this study, we assessed the risk of VTE and bleeding and compared the risks
between critically ill patients and those of non-critically ill in hospitalized patients
with COVID-19 from the Shanghai Public Health Clinical Center. We also report
our experience with four patients that suffered clinically striking thrombotic
events with COVID-19.

Methods
Study Design And Participants
This single-center, retrospective, observational study was done at Shanghai
Public Health Clinical Center (Shanghai, China), which is a designated hospital to
treat patients with COVID-19. We retrospectively analyzed patients from Jan 21,
2020, to Feb 21, 2020, who had been diagnosed with COVID-19, according to
WHO interim guidance(8). Laboratory confirmation of COVID-19 infection was
performed by the local health authority(1, 2). Critically ill patients were defined as
those admitted to the intensive care unit (ICU) who required mechanical
ventilation or had a fraction of inspired oxygen (FiO2) of at least 60% or more(9).
Identification of critically ill patients was achieved by reviewing and analyzing
admission logs and histories from all available electronic medical records and
patient care resources. The Ethics Commission of Shanghai Public Health Clinical
Center approved this study. Written informed consent was waived due to the
rapid emergence of this infectious disease.
Data Collection And Definition Of Terms
Variables that were collected from the patients' electronic medical records and
completed from the medical files included; demographic, anthropometric, and
clinical variables that are components of the Padua prediction score and Improve
bleeding risk prediction score.
The Padua prediction score was calculated, for each patient at study entry,
according to the weight and number of the following risk factors; active cancer (3
point), previous VTE (3 point), reduced mobility (3 point), already known
thrombophilic condition (3 points), recent (≤ month) trauma and/or surgery (2
points), elderly age (≥ 70 years) (1 point), heart and/or respiratory failure (1
point), acute myocardial infarction or ischemic stroke (1 point), acute infection
and/or rheumatologic disorder (1 point), ongoing hormonal therapy (1 point),
and obesity (BMI ≥ 30 Kg/m2) (1 point). A high risk of VTE is defined as a
cumulative score ≥ 4 and a low risk as one of < 4(10).
The Improve bleeding risk prediction score was calculated according to the
weight and number of the following risk factors; active gastroduodenal ulcer (4.5
points), bleeding within past 3 month (4 points), admission
platelets < 50 × 109 cells/L (4 points), hepatic failure (2.5 points), ICU/CCU stay
(2.5 points), central venous Cather(2 points), rheumatic disease(2 points), active
malignancy(2 points), age 40–80 (1.5 points), age ≥ 85(3.5 points), renal disease:
Glomerular filtration rate (GFR) 30–59 ml/min (1 points), GFR < 30 ml/min (2.5
points). A high risk of Bleeding is defined as a cumulative score ≥ 7 and a low risk
as one of < 7(11).

Routine thromboprophylaxis was provided to patients whose Padua score more
than four points. For those with Improve score more than 7,intermittent
pneumatic compression (IPC) or low intensive thromboprophylaxis was
suggested. Lower extremity compression ultrasound (CUS) was performed for all
critically ill patients and those with high risk of VTE and high level of D-dimer. If
possible, these patients received computed tomography pulmonary angiogram
(CTPA). VTE and bleeding complications and their management were recorded.
Statistical Analysis
Statistical calculations were done with the software package Statistical Package
for the Social Sciences version 21 (IBM SPSS Statistics; Armonk, NY, USA). We
expressed descriptive data as mean (standard deviation) or median (interquartile
range) for continuous variables and number (%) for categorical variables. We
assessed differences between critically ill patients and non-critically ill ones using
two-sample t test or Wilcoxon rank-sum test depending on parametric or
nonparametric data for continuous variables and Fisher’s exact test for
categorical variables. Tests were two-sided with significance set at α less than
0·05.

Results
Demographic And Clinical Characteristics
The study population included 138 hospitalized patients with confirmed COVID19 in Shanghai Public Health Clinical Center, of whom 15 (10.9%) were critically
ill. 81 (58.7%) patients were male. The average age was 52.43 ± 16.68 years. Of
the 138 patients, 56 (40.6%) had 1 or more coexisting medical conditions.
Hypertension (39 [28.3%]) and diabetes (16 [11.6%]) were the most common
coexisting conditions. Compared non-critically ill patients(n = 123), critically ill
patients were significantly older (60.07 ± 14.25 years vs 50.52 ± 15.97 years;
P < 0.01) and were more likely to have underlying comorbidities, including atrial
fibrillation(3 [20.0%] vs 3 [2.4%]), hypertension (8 [53.3%] vs 31 [25.2%], and
stroke (4 [26.67%] vs 0 [0%]). Furthermore, critically ill patients had abnormally
elevated D-dimer levels on baseline, which was significantly higher than noncritically ill patients (0.74[0.44,135] vs 0.39[0.29,0.83], P < 0.01). There were no
significant differences in gender, weight, and other complications between
critically ill and non- critically ill patients.
Risk Prediction Of VTE In COVID-19
Padua score in COVID-19 patients ranged from 1 point to 9 points and the
median risk score was 1 point. Overall 115 (83.3%) patients had Padua score < 4
(low risk for VTE), and 23 (16.7%) patients had Padua score ≥ 4 (high risk for VTE).
The presence of high risk for VTE was more common among patients with
critically ill than those with non-critically ill patients (15[100%] vs 7[6.5], P < 0.01),

as illustrated in Table 1 and Fig. 1. The most common Padua risk parameters
involved in COVID-19 were acute infection (138[100%]), heart failure or
respiratory failure (55[39.9%]), reduced mobility (21[15.2%]), and elderly age
(17[12.3%]). Compared non-critically ill patients, critically ill patients were more
likely to have the following VTE risk factors, including reduced
mobility(15[100.0%] vs 6[5.0%], P < 0.001), elderly age (7[46.7%] vs 10[8.3%],
P < 0.001), respiratory failure (11[73.3] vs 44[36.4%], P < 0.01) and obesity
(2[13.3%] vs 0[0%], P = 0.01), as shown in Table 2. All patients at high VTE risk
received adequate prophylaxis.
Table 1
Demographics and baseline characteristics of patients with COVID-19
All patients

Critically ill

(n = 138)

(n = 15)

Non- Critically P value
ill
(n = 123)

Characteristics
Age, years

52.43 ± 16.68 60.07 ± 14.25 50.52 ± 15.97

< 0.01

Men, n (%)

81(58.70)

0.06

Weight, kg

68.75 ± 13.71 74.33 ± 15.51 68.07 ± 13.40

D-dimer*, µg/ml

0.43(0.3,0.89) 0.74(0.44,1.35) 0.39(0.29,0.83) < 0.01

12(80.00)

69(56.10)

0.08

Comorbidity, n (%)
Malignancy

4 (2.90)

1(6.67)

3(2.44)

0.37

Obesity

1 (0.72)

1(6.67)

0(0)

0.11

Liver disease

2 (1.44)

0(0)

2(1.62)

0.79

DM

16(11.59)

4(26.67)

12(9.76)

0.08

Kidney disease

3(2.17)

1(6.67)

2(1.62)

0.29

AF

6(4.34)

3(20.00)

3(2.44)

0.02

CHD

7(5.07)

2(13.33)

5(4.07)

0.17

Hypertension

39(28.26)

8(53.33)

31(25.20)

0.03

Stroke

4(2.90)

4(26.67)

0(0)

< 0.001

Padua Score

< 0.001

Table 1
Demographics and baseline characteristics of patients with COVID-19
All patients

Critically ill

Non- Critically P value
ill

(n = 138)

(n = 15)

< 4, n (%)

115 (83.33)

0 (0)

115 (93.50)

≥4, n (%)

23 (16.67)

15(100.00)

7 (6.50)

(n = 123)

Improve Score

< 0.001

< 7, n (%)

129 (93.48)

6 (40.00)

123 (100.00)

≥7, n (%)

9 (6.52)

9 (60.00)

0 (0)

Confirmed VTE, n
(%)

4 (2.9)

3 (26.67)

1 (0)

< 0.001

15(100.00)

26(21.50)

< 0.001

Prophylaxis, n (%) 41(30.10)

AF: Atrial fibrillation; CHD: Coronary Heart Disease
* The levels of D-dimer were obtained on admission.

Table 2
Padua prediction score component in patients with COVID-19
All patients

Critically ill

NonP
Critically ill value

(n = 138)

(n = 15)

Active cancer

1(0.7)

1(6.7)

0(0)

0.11

Previous VTE

1(0.7)

15(100)

1(0.8)

0.89

Reduced mobility

21(15.2)

15(100)

6(6)

< 0.001

Known thrombophilic condition

0 (0)

0 (0)

0 (0)

N

(n = 123)

Table 1
Demographics and baseline characteristics of patients with COVID-19
All patients

Critically ill

(n = 138)

(n = 15)

Non- Critically P value
ill
(n = 123)

Recent trauma or/and surgery

0 (0)

0 (0)

0 (0)

N

Age ≥ 70 years

17(12.3)

7(46.7)

10(8.3)

< 0.001

Heart and/or respiratory failure

55(39.9)

11(73.3)

44(36.4)

0.006

Acute myocardial infarction or
stroke

1 (0.7)

1(6.7)

0(0)

0.11

Acute infection and/or
rheumatologic disorder

138 (100.0)

15(100)

123(100)

N

Obesity

2(1.4)

2(13.3)

0(0)

0.01

Hormonal treatment

0(0)

0(0)

0(0)

N

Categorical variables are summarized with numbers and percentages.
VTE: venous thromboembolism; N: Not applicable.
Table 3
Improve prediction score component in patients with COVID-19
All
patients

Critically
ill

Non-Critically
ill

P
value

(n = 138)

(n = 15)

(n = 123)

Active gastroduodenal ulcer

0 (0)

0(0)

0(0)

N

Bleeding within past 3 month

6 (4.3)

5(33.3)

1(0.8)

< 0.01

Admission
platelets < 50 × 109 cells/L

2 (1.4)

2(13.3)

0(0)

0.01

Hepatic failure

5 (3.6)

3(20.0)

2(1.6)

0.01

ICU/CCU stay

15 (10.9)

15(100.0)

0(0)

< 0.01

Central venous Cather

14 (10.1)

13(86.7)

1(0.8)

< 0.01

Table 3
Improve prediction score component in patients with COVID-19
All
patients

Critically
ill

Non-Critically
ill

P
value

(n = 138)

(n = 15)

(n = 123)

Rheumatic disease

0 (0)

0(0)

0(0)

N

Active malignancy

1 (0.7)

1(6.7)

0(0)

0.11

40–80

95(68.8)

14(93.3)

81(65.9)

0.02

≥85

0 (0)

0(0)

0(0)

N

GFR 30–59 ml/min

4 (2.9)

2(13.3)

2(1.6)

0.06

GFR ༜30 ml/min

2 (1.4)

2(13.3)

0(0)

0.01

Age

Renal disease

Categorical variables are summarized with numbers and percentages.
GFR: Glomerular filtration rate; N: Not applicable.
Bleeding Risk Prediction For VTE Prophylaxis In COVID-19
Improve score in COVID-19 patients ranged from 0 point to 12.5 points and the
median risk score was 1.5 point. Overall, 129 (93.5%) patients had Improve
score < 7 (low risk for bleeding), and 9 (6.5%) patients had Improve score ≥ 7
(high risk for bleeding). The presence of high risk for bleeding was obviously
more common among patients with critically ill than those with non-critically ill
patients (9[60.0%] vs 0[0%], P < 0.01), as illustrated in Table 1 and Fig. 2. The
most common Improve risk parameters involved in COVID-19 were age between
40 and 84 years (95[68.8%]), ICU stay (15[10.9%]), and central venous catheter
(14[10.1%]). Compared non-critically ill patients, critically ill patients were more
likely to have the following bleeding risk factors, including bleeding with past 3
months(5[33.3%] vs 1[0.8%], P < 0.001), hepatic failure(3[20.0%] vs 2[1.6%],
P = 0.011), ICU stay(15[100.0%] vs 0[0%], P < 0.001), central venous
catheter(13[86.7%] vs 1[0.8%], P < 0.001), age between 40 and 84 years(14[93.3%]
vs 81[65.9%], P = 0.023), and GFR less than 30 mL/min(2[13.3%] vs 0[0%],
P = 0.011). For patients both at high risk for VTE and bleeding, most patients
accepted low-dose heparin or low molecular weight heparin (LMWH) and 2
patients applied IPC. A total of 6 (4.3%) patients who were all at high bleeding

risk experienced bleeding event, including mild hematuria or microscopic
hematuria (3[2.2%]), mild gastrointestinal bleeding (1[0.7%]), moderate
nosebleed (1[0.7%]), and severe hemothorax (1[0.7%]).
Thrombotic Complications In COVID-19
Thrombotic events were identified in four patients (2.9%) of all COVID-19
patients. All of them were diagnosed as DVT by ultrasound on the 3rd to 18th
day of admission. Three (75.0%) were critically ill patients, which means the
incidence of VTE among critically ill patients was up to 20%. All four patients
were male whose ages ranged from 25 to 70 years and had one or more
coexisting medical conditions. Baseline D-dimer elevated, but to varying degrees
in three patients. The other patient had a normal D-dimer level on the baseline
which increase to 3.9 µg/ml at 14 days after admission. Three of these patients
received mechanical ventilation and central venous catheter treatment; one of
whom used continuous renal replacement therapies (CRRT); and one had
extracorporeal membrane oxygenation (ECMO) treatment. All patients accepted
anticoagulant therapy with LMWH or heparin. One patient with a high risk of
bleeding had severe hemothorax. All patients survived except one died of
respiration failure (Table 4).

Patient 1
Age
Sex
Comorbidity
D-dimer*, µg/ml
Ventilation
CRRT
ECMO
Central venous catheterization
Padua score
Improve score
VTE complication
VTE diagnosis day
Prophylaxis

Patient 2

Patient 3

70
Male
DM,HTN
1.39
Y
Y
N
Y
6
5
DVT
3
LMWH

25
Male
Obesity
0.39
Y
N
Y
Y
6
7.5
DVT
18
Heparin

Patient 4

64
64
Male
Male
HTN
HTN
0.54
1.00
Y
N
N
N
Y
N
Y
N
5
5
5
1.5
DVT
DVT
8
10
LMWH
LMWH
Heparin
Bleeding event
None
Hemothorax
None
None
Outcome
Survived
Deceased
Survived
Survived
CRRT: Continuous renal replacement therapies; ECMO: extracorporeal membrane
oxygenation; VTE: venous thromboembolism
* The levels of D-dimer were obtained on admission.

Discussion
Our findings identified that 16.67% of patients with COVID-19 were at high risk
for VTE according to Padua prediction score, and 6.52% of patients were at high
risk of bleeding for VTE prophylaxis according to Improve prediction score. The
prediction risk of VTE (6.5%), as well as the incidence of VTE (0.8%), was low in
non-critically patients. However, critically ill patients faced double high risk from
thrombosis (Padua score more than 4 points in 100% of critically ill patients) and
hemorrhage (Improve score more than 7 points in 60.0% of critically ill patients).
Furthermore, we identified a high incidence of VTE (20.0%) in critically ill patients
with COVID-19,despite the use of universal, guideline-recommended
thromboprophylaxis. Critically ill patients suffered a marked incidence of
bleeding (26.7%), which suggested a complicated situation in VTE prophylaxis to
COVID-19.
As described, there are several reasons for high risk of VTE in critically ill patients
with COVID-19. On the one hand, critically ill population in our findings had three
qualities in physiology, including: venous stasis due to sedation or bedridden,
hypercoagulability caused by glucocorticoid and immunoglobulins, and
endothelial damage from central venous catheterization and/or ECMO. On the
other hand, a significant number of COVID-19 patients, especially critically ill
ones, were the aged(1) who were easy to complicate with VTE high risk factors,
such as heart failure, stroke, cancer and diabetes. In addition, critically ill patients
had a higher level of D-dimer compared to non-critically one(5), which might be
associated with hypercoagulability induced by coronavirus. All these factors
increased the risk of developing potentially deadly blood clots.
The COVID-19 patients, especially critically ill ones, should pay attention to high
risk of bleeding during thromboprophylaxis. Older Age is the high-risk factors of
both thrombosis and hemorrhage(11, 12). Nearly 70% of patients in our study
had age-related bleeding risk. Besides age, coexisting medical conditions,
including tumors, renal or liver failure, hypertension, and diabetes, brought the
risk of bleeding in our patients. Moreover, some Invasive treatment increased the
bleeding risk, especially ECMO which widely used in critically ill patients(13).
Our findings confirmed four patients with VTE complications. That did not mean
the rate of VTE complications occurring in COVID-19 patients was low. More
likely, it was the consequence of effective thromboprophylaxis in patients
classified as being at high risk of thrombosis. The high incidence of VTE in
critically ill patients of COVID-19 despite the universal use of guidelinerecommended VTE prophylaxis was similar to sepsis(14) but markedly higher than
published reports in critically ill patients without sepsis(15, 16), suggesting that
dysregulated hemostasis and coagulation in severe COVID-19.

Notably, both VTE complications and major bleeding events occurred in critically
ill patients. Hence, routine thromboprophylaxis was provided to critically ill
patients based on an individual assessment of their thrombosis and bleeding
risks in our study. For critically ill patients with extremely high levels of D-dimer
and FDP associated with pulmonary microthrombosis, heparin was
recommended. For those at a very high risk of bleeding, mechanical prophylaxis
was instituted(17). For those used ECMO, better control of the aPTT (through
better control of either coagulopathy or anticoagulation) was essential(18).
This study has several limitations. First, a small population were included in this
study. We hope that the findings presented here will encourage a larger cohort
study. Second, among the 138 cases, some of the patients are still hospitalized at
the time of manuscript submission. Therefore, it is difficult to assess the exact
incidence of VTE and major bleeding events, and continued observations are
needed. Third, this is a retrospective study. The data in this study permit a
preliminary assessment of VTE and bleeding risk of patients with COVID-19.
Further prospective studies need to determine the exact incidence of VTE among
these patients and focus on thromboprophylaxis.
In conclusion, critically ill patients with COVID-19 suffered both high risk of
thrombosis and bleeding risks. However, the prediction risk of VTE and major
bleeding was low in non-critically patients. More effective VTE prevention
strategies based on an individual assessment of bleeding risks were necessary for
critically ill patients with COVID-19.
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