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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. More and more reports high-
light the risk of venous thromboembolism (VTE) in COVID-19. 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 Predic-
tion Score and Improve bleed risk assessment model. The clinical data and fea-
tures were analyzed in VTE patients.

Results: Our findings identified that 23 (16.7%) patients with COVID-19 were
at high risk for VTE according to Padua prediction score and 9 (6.5%) patients
were at high risk of bleeding for VTE prophylaxis according to Improve predic-
tion 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 with deep vein thrombosis by ultrasound 3 to 18 days after
admission. Three (75.0%) were critically ill patients, which means that the inci-
dence of VTE among critically ill patients was 20%. One major hemorrhage
happened in critically ill patients during VTE treatment.

Conclusion: Critically ill patients with COVID-19 suffered both a 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 COVID-19.

Abbreviations: COVID-19, coronavirus disease 2019; DVT, deep vein thrombosis; ECMO, extracorporeal membrane oxygenation; FiO,, fraction of
inspired oxygen; GFR, glomerular filtration rate; ICU, intensive care unit; IPC, intermittent pneumatic compression; LMWH, low molecular weight
heparin; PTE, pulmonary thromboembolism; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VTE, venous thromboembolism.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) is a newly rec-
ognized illness that has spread rapidly around the
world." ™ The clinical spectrum of COVID-19 ranges from
mild to critically ill cases. Previous studies have men-
tioned old age, and those with coexisting medical condi-
tions were more likely to have a poor prognosis.” These
factors, as well as infection, bedridden, and respiratory
failure are all risk factors for venous thromboembolism
(VTE).*” Once COVID-19 is 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 bleed-
ing 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.

2 | METHODS

2.1 | 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 January 21, 2020, to February 21, 2020,
who had been diagnosed with COVID-19, according to
WHO interim guidance.® Laboratory confirmation of
COVID-19 infection was performed by the local health
authority.™? Critically ill patients were defined as those
admitted to the intensive care unit (ICU) who required
mechanical ventilation or had a fraction of inspired oxy-
gen (FiO,) of at least 60% or more.’ Identification of criti-
cally 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 Clini-
cal Center approved this study. Written informed consent
was waived due to the rapid emergence of this infectious
disease.

2.2 | 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 vari-
ables 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 num-
ber of the following risk factors; active cancer (3 point),
previous VTE (3 points), reduced mobility (3 points),
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 obe-
sity (body mass index [BMI] >30 kg/m?) (1 point). A high
risk of VTE is defined as a cumulative score >4 and a low
risk as one of <4.'°

The Improve bleeding risk prediction score was calcu-
lated according to the weight and number of the follow-
ing risk factors; active gastroduodenal ulcer (4.5 points),
bleeding within past 3 months (4 points), admission
platelets <50 x 10° cells/L (4 points), hepatic failure (2.5
points), ICU/CCU stay (2.5 points), central venous cathe-
ter (2 points), rheumatic disease (2 points), active malig-
nancy (2 points), age 40-80 (1.5 points), age >85 (3.5
points), renal disease: glomerular filtration rate (GFR)
30-59 ml/min (1 point), 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.

The risk factors were evaluated on admission.
Dynamic evaluations were further conducted if the
patient’s situation changed depending on the VTE and
bleeding risk. Routine thromboprophylaxis was provided
to patients whose Padua score more than four points or
according to the clinicians’ decision based on clinical pre-
sentation and D-dimer levels, even in patients with low
Padua score. 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 a high risk of
VTE and a high level of D-dimer. If possible, these
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patients received computed tomography pulmonary
angiogram (CTPA). VTE and bleeding complications and
their management were recorded.

2.3 | Statistical analysis

Statistical calculations were done with the software pack-
age 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 a two-sample ¢ 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 signifi-
cance set at o less than 0.05.

3 | RESULTS
3.1 | Demographic and clinical
characteristics

The study population included 138 hospitalized patients
with confirmed COVID-19 in Shanghai Public Health
Clinical Center, of whom 15 (10.9%) were critically ill.
Eighty-one (58.7%) patients were male. The average age
was 52.43 + 16.68 years. Of the 138 patients, 56 (40.6%)
had one or more coexisting medical conditions. Hyper-
tension (39 [28.3%]) and diabetes (16 [11.6%]) were the
most common coexisting conditions. Compared with
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 fibrilla-
tion (3 [20.0%] vs. 3 [2.4%]), hypertension (8 [53.3%]
vs. 31 [25.2%]), and stroke (4 [26.7%] vs. 0 [0%]). Further-
more, critically ill patients had abnormally elevated D-
dimer levels (normal value: 0 ~ 0.5 pg/ml) on baseline,
which was significantly higher than non-critically ill
patients (0.7 [0.4,1.4] vs. 0.4 [0.3,0.8], p < 0.01). There
were no significant differences in gender, weight, and
other complications between critically ill and non-
critically ill patients.

3.2 | 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
Figure 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 with 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.

3.3 | 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 a 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 Figure 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 with
non-critically ill patients, critically ill patients were more
likely to have the following bleeding risk factors, includ-
ing 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 half-
dose heparin or low molecular weight heparin (LMWH)
and two patients applied IPC. A total of 6 (4.3%) patients
who were all at high bleeding risk experienced bleeding
event after anticoagulant therapy, including mild hema-
turia or microscopic hematuria (3 [2.2%]), mild gastroin-
testinal bleeding (1 [0.7%]), moderate nosebleed
(1 [0.7%]), and severe hemothorax (1 [0.7%]) (Table 3).
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TABLE 1 Demographics and baseline characteristics of patients with COVID-19

All patients (n = 138) Critically ill (n = 15) Non-critically ill (n = 123) p value
Characteristics
Age, years 52.4 +16.7 60.1 +14.3 50.5 £ 16.0 <0.01
Men, 1 (%) 81 (58.70) 12 (80.00) 69 (56.10) 0.06
Weight, kg 68.75 + 13.71 74.33 £ 15.51 68.07 + 13.40 0.08
D-dimer?, pg/ml 0.43 (0.30,0.89) 0.74 (0.44,1.35) 0.39 (0.29,0.83) <0.01
Comorbidity, n (%)
Malignancy 4(2.9) 1(6.7) 3(24) 0.37
Obesity 1(0.7) 1(6.7) 0(0) 0.11
Liver disease 2(1.4) 0(0) 2 (1.6) 0.79
DM 16 (11.6) 4(26.7) 12 (9.8) 0.08
Kidney disease 3(2.2) 1(6.7) 2 (1.6) 0.29
AF 6 (4.3) 3(20.0) 3(24) 0.02
CHD 7(5.1) 2(13.3) 5(4.1) 0.17
Hypertension 39 (28.2) 8(53.3) 31 (25.2) 0.03
Stroke 42.9) 4(26.7) 0(0) <0.001
Padua score <0.001
<4, n (%) 115 (83.3) 0(0) 115 (93.5)
>4, n (%) 23(16.7) 15 (100.0) 7(6.5)
Improve score <0.001
<7, n (%) 129 (93.5) 6 (40.0) 123 (100.0)
>7, n (%) 9 (6.5) 9 (60.0) 0(0)
Confirmed VTE, n (%) 4(2.9) 3(26.7) 1(0) <0.001
Prophylaxis, n (%) 41 (30.1) 15 (100.0) 26 (21.5) <0.001

Abbreviations: AF, atrial fibrillation; CHD, coronary heart disease.
2The levels of D-dimer were obtained on admission.

80 S 3.4 | Thrombotic complications in
CiNon-ritealy i COVID-19

60+ Thrombotic events were identified in four patients (2.9%)
of all COVID-19 patients. All of them were diagnosed
with DVT by ultrasound on the 3rd to 18th day of admis-
sion. Three (75.0%) were critically ill patients, which
means that 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
H was elevated, but to varying degrees in three patients.
o 1 . m . . - . The other patient had a normal D-dimer level on the
10 20 30 48 40 60 30 baseline which increase to 3.9 pg/ml at 14 days after

Padua score admission. Three of these patients received mechanical
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TABLE 2 Padua prediction score component in patients with COVID-19 on admission
All patients Critically ill Non-critically ill p
(n =138) (n=15) (n=123) value
Active cancer 1(0.7) 1(6.7) 0(0) 0.11
Previous VTE 1(0.7) 15 (100.0) 1(0.8) 0.89
Reduced mobility 21 (15.2) 15 (100.0) 6 (6.0) <0.001
Known thrombophilic condition 0 (0) 0 (0) 0 (0) N
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 138 (100.0) 15 (100.0) 123 (100.0) N
disorder
Obesity 2(1.4) 2(13.3) 0 (0) 0.01
Hormonal treatment 0(0) 0(0) 0(0) N

Note: Categorical variables are summarized with numbers and percentages.
Abbreviations: N, not applicable; VTE, venous thromboembolism.
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FIGURE 2 Distribution of patients and Improve scores

(CRRT); and two had extracorporeal membrane oxygena-
tion (ECMO) treatment. All patients accepted anticoagu-
lant 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).

4 | DISCUSSION

Our findings identified that 16.67% of patients with
COVID-19 were at high risk for VTE according to the
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 throm-
boprophylaxis. Critically ill patients suffered a marked
incidence of bleeding (26.7%), which suggested a compli-
cated situation in VTE prophylaxis to COVID-19.

As described, there are several reasons for the high
risk of VTE in critically ill patients with COVID-19. On
the one hand, the 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 venous catheterization and/or ECMO. On
the other hand, a significant number of COVID-19
patients, especially critically ill ones, were the aged' 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 com-
pared to non-critically one,” which might be associated
with hypercoagulability induced by coronavirus. All these
factors increased the risk of developing potentially deadly
blood clots.

More interestingly, the national study in China of
COVID-19 patients had found 407 (40%) among total of
1026 patients were at high risk of VTE, which was much
higher than our study.'” The difference might be due to
two reasons. First of all, we evaluated the Padua predic-
tion score mostly during the first week of admission.
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TABLE 3

All patients (n = 138)

Active gastroduodenal ulcer 0(0)
Bleeding within past 3 month 6(4.3)
Admission platelets <50 x 10° cells/L 2(1.4)
Hepatic failure 5(3.6)
ICU/CCU stay 15 (10.9)
Femoral catheters 14 (10.1)
Rheumatic disease 0(0)
Active malignancy 1(0.7)
Age

40-80 95 (68.8)

>85 0(0)
Renal disease

GFR 30-59 ml/min 4(2.9)

GFR <30 ml/min 2(1.4)

Note: Categorical variables are summarized with numbers and percentages.
Abbreviations: GFR, glomerular filtration rate; N, not applicable.

Improve prediction score component in patients with COVID-19

TABLE 4 Thrombotic complications in our patients with COVID-19

Patient 1
Age 70
Sex Male
Comorbidity DM, HTN
D-dimer?, pg/ml 1.39
Ventilation Y
CRRT Y
ECMO N
Venous catheterization Y
Padua score 6
Improve score 5
VTE complication DVT
VTE diagnosis day 3
Prophylaxis LMWH
Bleeding event after anticoagulant therapy None
Outcome Survived

Critically ill (n =15) Non-critically ill (n = 123) p value
0(0) 0(0) N
5(33.3) 1(0.8) <0.01
2(13.3) 0(0) 0.01
3 (20.0) 2(1.6) 0.01

15 (100.0) 0 (0) <0.01

13 (86.7) 1(0.8) <0.01
0(0) 0(0) N
1(6.7) 0 (0) 0.11

14 (93.3) 81 (65.9) 0.02
0(0) 0(0) N
2(13.3) 2(1.6) 0.06
2(13.3) 0 (0) 0.01

Patient 2 Patient 3 Patient 4
25 64 64

Male Male Male
Obesity HTN HTN
0.39 0.54 1.00

Y Y N

N N N

Y Y N

Y Y N

6 5 5

7.5 5 1.5

DVT DVT DVT

18 8 10
Heparin LMWH heparin LMWH
Hemothorax None None
Deceased Survived Survived

Abbreviations: CRRT, continuous renal replacement therapies; ECMO, extracorporeal membrane oxygenation; VTE, venous thromboembolism.

2The levels of D-dimer were obtained on admission.

Some risk factors may be changed after 1 week, such as
respiratory failure and reduced mobility. Second, the risk
of reduced mobility, which had 3 points in the Padua pre-
diction score, was low in our study. Most non-critically ill
patients had no or slight limitation during ordinary activ-
ity and were not encouraged to bed rest. No matter the
different rates of COVID-19 patients with high VTE risk,

more and more attention has been paid to the role of
VTE in COVID-19."*""

The COVID-19 patients, especially critically ill ones,
should pay attention to the high risk of bleeding during
thromboprophylaxis. Older age is the high-risk factor of
both thrombosis and hemorrhage.'"'® Nearly 70% of
patients in our study had age-related bleeding risk.
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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 treatments increased the bleeding risk,
especially ECMO, which is widely used in critically ill
patients.”’

Our findings confirmed four patients with VTE com-
plications. The VTE rate was 2.9% in all COVID-19
patients. Recent small-scale investigations have shown
that the incidence of VTE for COVID-19 patients in ICU
was 25% to 31%, which is much higher than the rate in
our study. However, there have been few reports of VTE
complicated in patients with non-critically ill, and the
total incidences of thrombotic events in COVID-19
patients is uncertain. The recent study from Milan
showed that the rate of VTE was 4.1% in COVID-19
patients, which was similar to our study. Furthermore,
the number 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 guideline-
recommended VTE prophylaxis was similar to sepsis®
but markedly higher than published reports in critically
ill patients without sepsis,'®** suggesting that dys-
regulated 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 Fibrinogen
degradation product (FDP) associated with pulmonary
microthrombosis, heparin was recommended. For those
at a very high risk of bleeding, mechanical prophylaxis
was instituted.?! For those who used ECMO, better con-
trol of the aPTT (through better control of either
coagulopathy or anticoagulation) was essential.**

This study has several limitations. First, a small popu-
lation was included in this study. We hope that the find-
ings presented here will encourage a larger cohort study.
Second, this is a retrospective study. The data in this
study permit a preliminary assessment of VTE and the
bleeding risk of patients with COVID-19. Further pro-
spective studies need to determine the exact incidence of
VTE among these patients and focus on hemorrhage
complications during thromboprophylaxis.

In conclusion, critically ill patients with COVID-19
suffered both a 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 assess-
ment of bleeding risks were necessary for critically ill
patients with COVID-19.
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