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Abstract

Background: High incidence of asymptomatic venous thromboembolism (VTE) has
been observed in severe COVID-19 patients, but the characteristics of symptomatic
VTE in general COVID-19 patients have not been described.

Objectives: To comprehensively explore the prevalence and reliable risk prediction
for VTE in COVID-19 patients.

Methods/Results: This retrospective study enrolled all COVID-19 patients with a sub-
sequent VTE in 16 centers in China from January 1 to March 31, 2020. A total of 2779
patients were confirmed with COVID-19. In comparison to 23,434 non-COVID-19
medical inpatients, the odds ratios (ORs) for developing symptomatic VTE in severe
and non-severe hospitalized COVID-19 patients were 5.94 (95% confidence interval
[CI] 8.91-10.09) and 2.79 (95% CI 1.43-5.60), respectively. When 104 VTE cases and
208 non-VTE cases were compared, pulmonary embolism cases had a higher rate
for in-hospital death (OR 6.74, 95% CI 2.18-20.81). VTE developed at a median of
21 days (interquartile range 13.25-31) since onset. Independent factors for VTE were
advancing age, cancer, longer interval from symptom onset to admission, lower fi-
brinogen and higher D-dimer on admission, and D-dimer increment (DI) 21.5-fold;
of these, DI >1.5-fold had the most significant association (OR 14.18, 95% Cl 6.25-
32.18, p = 2.23 x 107%%). A novel model consisting of three simple coagulation vari-
ables (fibrinogen and D-dimer levels on admission, and DI 21.5-fold) showed good
prediction for symptomatic VTE (area under the curve 0.865, 95% Cl 0.822-0.907,
sensitivity 0.930, specificity 0.710).

Conclusions: There is an excess risk of VTE in hospitalized COVID-19 patients. This

novel model can aid early identification of patients who are at high risk for VTE.

KEYWORDS
COVID-19, D-dimer increment, SARS-CoV-2, thrombosis, venous thromboembolism

Essentials

Venous thromboembolism (VTE), consisting of deep vein thrombosis
(DVT) and pulmonary embolism (PE), occurs in approximately 1 out
of 1000 individuals in the general population, but is often second-
ary to other clinical conditions. During the coronavirus disease 2019
(COVID-19) pandemic, high prevalence of DVT was observed in se-
vere COVID-19 patients, especially in the intensive care unit (ICU).%*
High prevalence of incident thrombosis in small and mid-sized pul-
monary arteries has been demonstrated in clinicopathologic case
series, despite thromboprophylaxis.>® Most VTE are asymptomatic
and whether they are the cause of death or only concurrent events
remains controversial.” On the other hand, COVID-19 patients at
high risk for VTE are also at high risk for bleeding, and sometimes
catastrophic intracranial hemorrhage may occur.® Therefore, anti-
coagulation may potentially be harmful, and it would be important
to distinguish those who will develop thromboses in hospitalized
COVID-19 patients.’

The prevalence, clinical characteristics, and risk factors for
clinically relevant symptomatic VTE in hospitalized COVID-19

e There is an excess risk of venous thromboembolism
(VTE) in severe and non-severe hospitalized COVID-19
patients.

e Risk factors are aging, cancer, longer duration of symp-
toms prior to admission, lower fibrinogen, higher D-
dimer, and D-dimer increment.

e D-dimer increment21.5-fold has the most significant as-
sociation with VTE in hospitalized COVID-19 patients.

o A novel experimental model is a promising approach for

symptomatic VTE prediction.

patients continue to be debated, and there remains a lack of satis-
factory VTE risk prediction in these patients. Given this context,
we performed a multicenter study to explore the prevalence, risk
factors, and prediction models for symptomatic VTE in hospital-
ized COVID-19 patients.
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2 | MATERIALS AND METHODS

2.1 | Study design and participants
The flowchart for the study is summarized in Figure S1 in support-
ing information. This multicenter, retrospective, observational study
was conducted in 16 centers including Wuhan, China, the first epi-
center of the COVID-19 pandemic in the world.

First, we investigated the absolute and relative risk for symp-
tomatic VTE in hospitalized COVID-19 patients using a retrospec-
tive cohort study design, with data from 3 of the 16 centers in
which a Big Data system was present. From January 1 to March
31, 2020, all laboratory-confirmed hospitalized COVID-19 pa-
tients were included, and were compared to a historic cohort
of 23,434 non-COVID-19 medical inpatients from January 1 to
March 31, 2018. Data on age, sex, and symptomatic VTE events
were extracted by the Lex Clinical Data Application 3.2 (Shanghai
Lejiu Healthcare Technology Co., Ltd), a validated big data sys-
tem designed to query a clinical data warehouse and return tab-
ular data for analysis and visualization.!® Second, we investigated
the potential risk factors and predictors for symptomatic VTE in
hospitalized COVID-19 patients using a case-control study design.
From January 1 to March 31, 2020, those COVID-19 patients who
had a subsequent symptomatic VTE event during hospitalization
were included from 16 centers (“cases”) and compared to disease-
severity matched COVID-19 patients without symptomatic VTE
(“control group”) at an approximate 2:1 ratio (Figure S2 in support-
ing information).

This study was registered in the Chinese Clinical Trial Registry
(ChiCTR2000033055) and approved by the Ethics Committee
of Tongji Medical College, Huazhong University of Science and

Technology. Informed consent was waived by the Ethics Committee.

2.2 | Data collection and definitions

For the case-control study, data on demographic, clinical, labora-
tory, chest radiographs or CT scan, treatment, outcome, and VTE
and bleeding events were extracted from electronic medical records
of each center. Missing or uncertain records were clarified through
communication with involved clinicians or patients. All data were
checked by two investigators (LVT and HFW), and any difference in
interpretation was adjudicated by a third clinician (WZL).

COVID-19 was confirmed by the laboratory tests of SARS-CoV-2
RNA as described previously.”’12 Severity of COVID-19 was divided
into mild, moderate, and severe categories, based on World Health
Organization guidelines (https://apps.who.int/iris/handle/10665/
331446). Virus clearance was defined as at least two consecutive
negative RNA tests for SARS-CoV-2. The time of follow-up was de-
fined as the duration from illness onset of COVID-19 to outcomes
(symptomatic VTE, discharge, or death) of patients. No cases were

lost to follow-up in this study.

Symptomatic VTE was diagnosed based on both clinical man-
ifestations and elevated level of D-dimer (>0.5 pg/ml), and was
confirmed by objective imaging: compression ultrasonography
for deep vein thrombosis, computed tomography (CT) pulmonary
angiography for pulmonary embolism. Clinical manifestations in-
cluded swelling and pain of the lower extremities, superficial
varicose veins, severe chest pain and hemoptysis under a stable
disease state, worse PaO2/FiO2, hemodynamic impairment requir-
ing fluid challenge, or dilated right ventricle. Catheter-associated
thrombosis and visceral VTE were not examined. According to the
ISTH criteria, major bleeding following anticoagulation was defined
as clinically overt bleeding accompanied by a decrease in the he-
moglobin level of at least 20 g/L or transfusion of at least 2 U of
packed red blood cells, occurring at a critical site (such as intracra-
nial), or resulting in death. In this study, D-dimer increment (DI) was
defined as D-dimer level on day 4 to day 6 divided by that on day 1
to day 3 following hospitalization.

2.3 | Risk prediction for VTE

Three clinical risk assessment models (the Padua model, the Improve
model, and the Geneva model) for VTE in hospitalized medical pa-
tients were evaluated for each participant.'®'* A “6-factor model”
was tentatively defined as the combination of six independent vari-
ables for VTE in the final logistic regression model: age, cancer, in-
terval from COVID-19 onset to admission, fibrinogen concentration
and D-dimer level on admission, and D-dimer increment >1.5-fold.
A simplified “3-factor model,” or “Wuhan score” was tentatively
defined as the model consisting of the three coagulation variables
(fibrinogen and D-dimer on admission, and DI 21.5-fold) that were
significantly associated with symptomatic VTE in COVID-19 patients

described in the analysis below.

2.4 | Statistical analysis

Continuous and categorical variables were presented as median
(interquartile range [IQR]) and number (%), respectively. The Mann-
Whitney U test, chi-squared, or Fisher's exact test were employed
to compare differences between VTE group and non-VTE group
where appropriate. To explore the risk factors associated with
symptomatic VTE in-hospital, univariable and multivariable logistic
regression analyses were performed to estimate odds ratios (ORs)
and 95% confidence intervals (Cls). There were 13 factors showing
significant differences in univariable analysis (Table 1 and Table S3
in supporting information). To avoid overfitting in the model, three
factors (white blood cell count, neutrophils, and lymphocytes on ad-
mission) were excluded from further analysis because we think they
would have collinearity with coagulation variables. Finally, 10 fac-
tors were included in multivariable analysis, including: age, hyper-

tension, active cancer, venous catheterization, glucocorticoid, days
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TABLE 1 Demographic, clinical characteristics, and laboratory findings of COVID-19 patients with or without symptomatic VTE

Characteristics

Severity of COVID-19
Moderate
Severe
Age (year, median, IQR)
Male sex
Smoking
Top temperature
<37.5°C
>37.5 and <39°C
239°C
Cough
Dyspnea on admission
Pulmonary radiography on admission
Focal small patchy lesions
Extensive or diffuse lesions
Comorbidities
Coronary heart disease
Hypertension
Diabetes
Atrial fibrillation
COPD
Chronic heart failure
Active cancer
Autoimmune disease
Therapies
Arbidol
Hydroxychloroquine
Lopinavir-ritonavir
Remdesivir
Convalescent plasma
Antibiotics
Antifungal agents
Tocilizumab
Glucocorticoid
Immunoglobin

Mechanical ventilation

Laboratory findings on admission (median, IQR)

WBC count (107/L)
Neutrophil (10%/L)
Lymphocyte (10%/L)
Platelet count (10%/L)
ALT (U/L)

AST (U/L)

CRP (mg/L)

IL-6 (pg/ml)

D-dimer (pug/ml)
Fibrinogen (g/L)

VTE group
N =104

40 (39.5%)
64 (61.5%)
66 (61-79)
45 (43.3%)
8(7.7%)

29 (27.9%)
48 (46.2%)
27 (25.9%)
87 (83.6%)
33 (31.7%)

48 (46.2%)
56 (53.8%)

24 (23.1%)
46 (44.2%)
22(21.2%)
10 (9.6%)
15 (14.4%)
19 (18.3%)
12 (11.5%)
2(1.9%)

71 (68.3%)
12 (11.5%)
20 (19.2%)
2(1.9%)

2 (1.9%)
97 (93.3%)
24 (23.1%)
10 (9.6%)
44 (42.3%)
50 (48.1%)
18 (17.3%)

6.33 (4.70-9.67)
4.51(3.15-8.16)
0.82(0.54-1.33)
205.5(153.25-306)
35(20.8-50)
29.5(21.8-49.2)
59.4(32.9-83.4), n = 104
14.09 (5.34-27.09),n = 81
2.07 (0.8-6.57),n = 96
4.12(2.89-4.98),n = 94

Non-VTE group

N =208 p

88 (42.3%) .52

120 (57.7%)

60.5 (49-68) 6.77 x 1077
95 (45.7%) .69
8(3.8%) 18

68 (32.7%) 69

90 (43.3%)

50 (24.0%)

155 (74.5%) .08

61 (29.3%) 70

94 (45.2%) .87

114 (54.8%)

35 (16.8%) 22

58 (27.9%) 8.99 x 107*
38(18.3%) .54
8(3.8%) .07

20 (9.6%) .25

23 (11.0%) A1

5 (2.4%) .001
1(0.5%) .26

155 (74.5%) .24

24 (11.5%) 1.00

44 (21.1%) 77
1(0.5%) .26

2 (1.0%) .60

189 (90.9%) .52

36 (17.3%) .23

11 (5.3%) 16

54 (26.0%) .003

82 (39.4%) 14

24 (11.5%) 16

4.28 (2.96-6.56) 8.08 x 1071
3.26 (2.20-5.46) 3.02x107°
1.19 (0.79-1.56) .001

216 (156.2-278) 73

26.5 (19-48.2) 11

28 (20-39) 10

12.3 (4.4-49.2), n = 206 6.16x1071°
9.47 (4.78-24.19), n = 164 .28
0.61(0.29-1.46),n = 187 1.62 x1071°
4.47 (3.66-5.39), n = 185 .005

Notes: Cases (VTE group) and controls (non-VTE group) were 1 to 2 matched by severity of COVID-19. Some laboratory tests were not performed on

admission and comparisons were made by available data.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COPD, chronic obstructive pulmonary disease; CRP, C-
reactive protein; IL-6, interleukin 6; IQR, interquartile range; Top temperature, the highest temperature during hospitalization; VTE, venous

thromboembolism; WBC, white blood cell.
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from COVID-19 onset to admission, C-reactive protein, D-dimer on
admission, DI, and fibrinogen.

Multivariable analysis with the Cox proportional-hazard model
was employed to assess the simultaneous effects of related fac-
tors on symptomatic VTE. VTE-free survivals were estimated by
the Kaplan-Meier method stratified by Padua score, Improve score,
Geneva score, and D-dimer increment. Any differences in VTE in-
cidence were evaluated with a log-rank test. Receiver-operating-
characteristic (ROC) analysis was performed to estimate the
sensitivity, specificity, and overall accuracy of predictors for symp-
tomatic VTE. Area under the curve (AUC) was calculated for each
factor included. A two-sided P value <.05 was considered statisti-
cally significant. All statistical analyses were performed using SPSS
13.0.

3 | RESULTS
From January 1 to March 31, 2020, a total of 2779 COVID-19
patients were enrolled from three centers: there were 1139 non-
severe and 1640 severe COVID-19 patients. Of these, 42 developed
symptomatic VTE during hospitalization.

A historical cohort of 23,434 non-COVID-19 medical
patients was retrospectively enrolled from the same centers during

in-

the same month period in 2018 (Figure S1). The historical cohort
consisted of non-COVID-19 patients hospitalized for a variety of
medical conditions, all of whom were de-identified. The median
age was 61.5 years (IQR 46-79.5 years) and 53.3% of the patients
were male; 71.6% of the patients were admitted mainly for cardio-
vascular diseases, hematological tumors, nervous system diseases,

or respiratory diseases and 8.0% of them were transferred to the
ICU. The following cases were excluded: receiving surgical proce-
dures during hospitalization, hospital stay less than 3 days, age less
than 14 years, or readmission due to transfer to another ward. Of
these, 70 patients of the historical cohort developed symptomatic
VTE. The crude rates of VTE were 1.95% (1.27% to 2.63%) in se-
vere COVID-19 patients, 0.87% (0.32% to 1.43%) in non-severe
COVID-19 patients, and 0.30% (0.23% to 0.37%) in non-COVID-19
medical patients (P = 4.26 x 1073, Figure 1A). After adjustment for
age and gender, the ORs for developing symptomatic VTE were 5.94
(95% CI 3.91-10.09) and 2.79 (95% Cl 1.43-5.60) in severe and non-
severe hospitalized COVID-19 patients, compared to non-COVID-19
patients (Figure 1B).

3.1 | VTEvs Non-VTE patients
We compared 104 VTE cases and 208 disease-severity-matched
controls without symptomatic VTE from 16 centers (Figure S1 and
Figure S2). The 104 VTE cases consisted of 88 DVT events and 16 PE
events (also combined with DVT). During hospitalization of the DVT,
PE, and non-VTE groups, there were 9, 6, and 17 deaths, respectively
(Figure S3 in supporting information). All other patients were dis-
charged. The crude case-fatality rates in hospital were broadly com-
parable between COVID-19 patients with DVT (10.23%) and those
without VTE (8.17%). Nevertheless, PE cases had a significantly
higher rate for death compared to non-VTE ones (OR 6.74, 95% Cl
2.18-20.81, P =.001).

There were 64 and 120 severe cases in the VTE group and
non-VTE group (61.5% vs. 57.7%, P = .52), respectively (Table 1).

(A) Type N VTE event VTE Rate, % (95%Cl) P value
Non-COVID-19 23434 70 L ] 0.30 (0.23t0 0.37) 4.26 x 10'®
Moderate COVID-19 1139 10 —— 0.87 (0.32 to 1.43)

Severe COVID-19 1640 32 ‘H 1.95 (1.27 t0 2.63)
T
0 2.62

(B) Type OR for symptomatic VTE (95%Cl) P value
Moderate vs Non-COVID-19 @ 2.79 (1.43 t0 5.60) 0.012
Severe vs Non-COVID-19 —&—— 594 (3.91t010.09) 2.68 x 10®

T
1 1

FIGURE 1 Risk of symptomatic venous thromboembolism (VTE) in COVID-19 patients. Rates and odds ratios (ORs) were calculated with
data from COVID-19 patients and a historical non-COVID-19 cohort in three centers. ORs were adjusted for age and gender. A, Absolute risk

of symptomatic VTE. B, Relative risk of symptomatic VTE
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The median age of the VTE patients was 66.0 years (IQR 61.0-
79.0), significantly higher than the non-VTE group (60.5, IQR 49-
68). The most frequently used antiviral drug was arbidol, and more
than 90% of cases were prescribed broad-spectrum antibiotics.
Systematic glucocorticoid use was significantly higher in VTE
cases compared to non-VTE cases (P = .003). On admission, the
VTE group had significantly higher levels of median white blood
cells, neutrophil count, C-reactive protein, and D-dimer levels, and
lower fibrinogen concentrations, compared to the non-VTE group
(Table 1).

3.2 | VTE prophylaxis and treatment

Pharmacological thromboprophylaxis was employed in 13 (12.5%)
VTE cases and 35 (16.8%) non-VTE cases with COVID-19 (Table S1in
supporting information); low molecular weight heparin (LMWH) was
most commonly prescribed (95.8%), usually 4000 IU per day. One
gastrointestinal major bleeding occurred in the VTE group, whereas
one gastrointestinal major bleeding and one intra-abdominal fatal
bleeding occurred in the non-VTE group. All the major and fatal
bleeding events developed in patients receiving LMWH of 4000 U
per day. Treatment for VTE was shown in Table S2 in supporting
information.

The timeline for clinical outcomes from COVID-19 onset is sum-
marized in Figure 2. Symptomatic VTE developed at a median of
21 days (IQR 13.25-31) after illness onset and 11 days (IQR 8-20.75)
after hospitalization. Median time from illness onset to admission
was longer in VTE cases than in non-VTE cases (10 days, IQR 6-14,
vs. 5 days, IQR 3-9, P = 7.86 x 107'°). The VTE group had a lon-
ger duration of hospitalization than that in non-VTE group (median
39 days, IQR 25.5-48, vs. 22 days, IQR 18-28, P = 6.77 x 107%).

Days from COVID-19

onset to admission 5(3-9), N = 208

Days from admission

to VTE occurrence

Days from COVID-19

j.l.j.‘ | 1043

Median times from COVID-19 onset to virus clearance were similar

in the two groups (P = .53).

3.3 | Risk prediction for VTE

Possible factors and prediction models related to VTE in hospital-
ized COVID-19 patients were assessed (Table S3). The proportion
of Padua score 24, Improve score 23, Geneva score 23, and D-dimer
increment 21.5-fold were higher in the VTE cases than in non-VTE
cases.

On multivariable analysis (Table 2), independent factors for
symptomatic VTE were advancing age, cancer, longer interval
from onset to admission, lower fibrinogen and higher D-dimer on
admission, and D-dimer increment >1.5-fold. Of these, D-dimer
increment 21.5-fold had the most significant association (OR
14.18, 95% Cl 6.25-32.18, P = 2.23 x 107'), followed by D-dimer
level on admission (OR 1.33, 95% Cl 1.17-1.50, P = 7.46 x 107°),
and fibrinogen level on admission (OR 0.64, 95% CI 0.49-0.83,
P=756x107.

Kaplan-Meier curves showed a higher cumulative symptomatic
VTE incidence in hospitalized COVID-19 patients with Padua score
>4, Improve score 23, Geneva score 23, and D-dimer increment 21.5-
fold (Figure 3A-D). Multivariable analysis using a Cox proportional-
hazard model also indicated that D-dimer increment 21.5-fold had
the most significant association with symptomatic VTE (Table S4 in
supporting information; hazard ratio [HR] 4.66, 95% Cl 2.76-7.85,
P=765x107).

ROC curve analysis was performed for the possible predicting
factors (Figure 4). We tentatively defined the “6-factor model” as
the combination of six independent variables for VTE in the final

logistic regression model. We also defined a simpler “3-factor

onset to VTE occurrence

Days from COVID-19 @

onset to virus clearance

48 (34-63), N = 15 @

Days from COVID-19

onset to death 31/(24.5-43.5), N =17

24 (15-34), N = 89

23 (17-33), N =191

Length of |39 (25.5-48), N = 104

hospitalization

0 5 10 15 20

22 (18-28) N = 208

30 35 40 45 50 55 60

Time afer COVID-19 onset (days)

FIGURE 2 Timeline chart for clinical outcomes from COVID-19 onset. Data were expressed as median (circle) and interquartile range
(IQR; straight line); blue: venous thromboembolism (VTE) group; green: non-VTE group; virus clearance was defined as at least two

consecutive negative RNA tests for SARS-CoV-2
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TABLE 2 Multivariable logistic regression analysis of factors associated with symptomatic VTE risk in COVID-19 patients

Factors Crude OR (95% ClI) p Adjusted OR (95% Cl) p

Age 1.05(1.03-1.07) 2.86x107¢ 1.04 (1.01-1.07) .008
Days from COVID-19 onset to 1.10 (1.05-1.16) 2.07x107* 1.12(1.05-1.20) .001

admission

Hypertension 2.60 (1.60-4.21) 8.99 x 107 1.62 (0.76-3.44) .208
Active cancer 5.30(1.81-15.46) .001 6.14 (1.29-29.21) .022

CRP on admission 1.008 (1.000-1.015) .054 1.007 (0.996-1.014) .067
D-dimer on admission 1.26 (1.14-1.38) 5.10x 107 1.33(1.17-1.50) 7.46 x 107
DI 21.5 fold 8.32 (4.63-14.96) 9.54x 107 14.18 (6.25-32.18) 2.23x107%°
Fibrinogen on admission 0.72 (0.58-0.89) .002 0.64 (0.49-0.83) 7.56 x 107*
Glucocorticoid 2.09 (1.27-3.44) .004 1.95(0.86-4.44) 113
Central venous catheterization 4.64 (2.20-9.76) 5.36x107° 2.10(0.58-7.57) .255

Note: DI: D-dimer increment, defined as D-dimer level on day 4 to day 6 divided by that on day 1 to day 3 following admission; DI values were
available for 88 VTE cases and 169 Non-VTE ones; adjusted OR: odds ratio for symptomatic VTE was adjusted for age, hypertension, active cancer,
venous catheterization, glucocorticoid, days from COVID-19 onset to admission, CRP, D-dimer on admission, DI, fibrinogen.

Abbreviations: Cl, confidence interval; CRP, C-reactive protein; OR, odds ratio; VTE, venous thromboembolism; WBC, white blood cell.
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FIGURE 3 Cumulative symptomatic venous thromboembolism (VTE) incidence in COVID-19 patients. VTE incidence was estimated by
the Kaplan-Meier method. Any differences in the incidence were evaluated with a log-rank test; DI: D-dimer increment; DI values were
available for 88 VTE cases and 169 non-VTE ones. A, Grouped by Padua score. B, Grouped by improve score. C, Grouped by Geneva score.
D, Grouped by D-dimer increment

score” (“Wuhan score”) as the model using the three coagulation showed the highest prediction accuracy for symptomatic VTE (AUC
variables significantly associated with symptomatic VTE: fibrinogen 0.905, 95% Cl 0.870-0.940), followed by the simple Wuhan score
and D-dimer on admission, and DI 21.5-fold. The 6-factor model (AUC 0.865, 95% Cl 0.82-0.907), DI 21.5-fold (AUC 0.751, 95%
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ROC Curve for Symptomatic VTE Prediction
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Model Cut-Off | Sensitivity | Specificity | AUC 95%ClI P value
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FIGURE 4 Receiver operating characteristic (ROC) curve of models predicting symptomatic venous thromboembolism (VTE) in COVID-19
patients. Area under the ROC curve (AUC) was estimated in seven models; the Youden index was used to determine sensitivity and
specificity; 255 COVID-19 patients (86 VTE cases and 169 non-VTE cases) with complete data were included in this analysis; DI: D-dimer
increment; 6-factor model: age, cancer, interval from COVID-19 onset to admission, fibrinogen concentration, D-dimer level on admission,
and D-dimer increment 21.5 fold; 3-factor experimental score (Wuhan score): fibrinogen, D-dimer on admission, and DI 21.5; Equation:
Logit(P) = -3.954 + 0.304 x D-dimer + 2.775 x DI (No = 1, Yes = 2) - 0.385 x Fibrinogen

Cl 0.686-0.816), and D-dimer on admission (AUC 0.711, 95% CI
0.644-0.779). The Wuhan score (3-factor model) had a sensitivity
of 0.93 and a specificity of 0.71 for predicting symptomatic VTE in
COVID-19 patients.

4 | DISCUSSION

To our knowledge, this is the largest multicenter study that system-
atically investigated the risk of, and predicting factors for, sympto-
matic VTE in hospitalized COVID-19 patients. Our principal findings
are as follows: (a) there is an excess risk of VTE in severe and non-
severe hospitalized COVID-19 patients compared to non-COVID-19
medical inpatients; (b) new-onset PE increased in-hospital deaths,
and six factors independently predicted symptomatic VTE in hospi-
talized COVID-19 patients; and (c) a simple “3-factor” model (Wuhan
score) consisting of three coagulation variables (fibrinogen and D-
dimer levels on admission, and DI 21.5-fold) showed very good pre-
diction for symptomatic VTE.

Several other studies and case series on incidence of VTE in
COVID-19 patients have been published.“'28 The reported inci-
dence of VTE in these cohorts varied widely (4.1% to 85.4%) due
to the different characteristics of study population, different diag-
nostic methods, and various thromboprophylaxis modalities. Most
of the studies enrolled critically ill patients and employed a screen-
ing strategy with ultrasonography. Asymptomatic VTE events were
also commonly included, which accounted for 65.2% to 87.8% of the
total VTE events. Therefore, strikingly high rates of VTE in hospital-
ized COVID-19 patients were observed.

In contrast, we focused on symptomatic VTE, which was more
clinically relevant and has always been used as the primary outcome
in clinical trials. Indeed, asymptomatic VTE is widely prevalent in
special populations, such as patients suffering from acute infectious
diseases or cancer, and those who are critically ill, even before hos-
pitalization. Some studies suggested that less than 5% of the asymp-
tomatic VTE could progress to a clinically symptomatic event. Thus,
asymptomatic DVT is associated with a low risk of recurrence as well
as a low risk of post-thrombotic syndrome, and long-term mortality
in asymptomatic DVT is broadly comparable to that seen in non-DVT
patients.?’ Moreover, anticoagulant prophylaxis confers an absolute
risk reduction in asymptomatic VTE events of only 2.6%, but results
in significantly increased risk in major bleeding.%® In contrast, there
is also evidence that asymptomatic DVT is associated with increased
short-term mortality in medical patients.31’32 Therefore, the clinical
importance and prognosis of asymptomatic VTE is still uncertain and
there is no consensus on the necessity of detection and treatment.*®

In this study, 12.5% of VTE cases and 16.8% of non-VTE cases
with COVID-19 received pharmacological thromboprophylaxis
(Table S1). Rate of thromboprophylaxis in VTE group did not sig-
nificantly differ from that in the non-VTE cases and a considerable
number of COVID-19 patients developed symptomatic VTE de-
spite anticoagulation. COVID-19 patients who are at high risk for
VTE may also be at high risk for bleeding.®* As shown in the current
study, 3 out of the 48 COVID-19 patients (6.25%) receiving throm-
boprophylaxis developed major bleeding. A more precise method
should be developed to recognize patents who are at high risk for
thrombosis and those who are at greater risk for major bleeding

where caution is needed with full-dose anticoagulation.®>-?
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In early studies on COVID-19, the most typical finding was a
higher D-dimer concentration on admission in patients with VTE
than that in those without VTE.1821.26 Therefore, D-dimer on ad-
mission was considered a diagnostic marker for VTE in COVID-19.4°
Nevertheless, D-dimer has a low specificity, and we have observed
that many patients with a high D-dimer level would not necessar-
ily develop a symptomatic VTE if the level kept stable or increased
slowly. In contrast, in COVID-19 patients who are likely to develop a
symptomatic VTE, the D-dimer will rise sharply within the first week
during hospitalization.

Because the duration from admission to symptomatic VTE
ranged from 8 to 20.75 days (Figure 2), we proposed using a D-dimer
increment of 21.5-fold increase, from day 1-3 to day 4-6 follow-
ing hospitalization. Indeed, such a D-dimer increment was the most
significant risk factor for developing symptomatic VTE using mul-
tivariable analysis. Additionally, D-dimer increment improved the
specificity significantly, and predictive accuracy for VTE prediction
comparing single clinical or laboratory variables (Figure 4).

The Padua score, the IMPROVE model, and the Geneva risk score
are robust risk assessment models evaluating VTE risk in hospitalized
medical patients (Table S5 in supporting information).!? Consistent
with previous findings, the above three models were also associ-
ated with developing symptomatic VTE in hospitalized COVID-19
patients. They are clinical assessment models that included various
demographic and clinical characteristics. All these clinical variables
will ultimately contribute to a hypercoagulable state, which will be
reflected by coagulation variables. Therefore, we proposed a simple
“3-factor score” (Wuhan score) consisting of three independent co-
agulation predictors for VTE identified using multivariable analysis:
lower fibrinogen on admission (coagulation consumption), higher D-
dimer on admission (secondary hyperfibrinolysis), and D-dimer in-
crement >1.5-fold (persistent hyperfibrinolysis). The Wuhan model
showed very good predictive accuracy for symptomatic VTE, which
was broadly comparable to the more complex 6-factor model (sensi-
tivity 0.930 vs. 0.907, specificity 0.710 vs. 0.751).

4.1 | Strengths and limitations

This research has some strengths. This was a multicenter study cov-
ering all hospitalized COVID-19 patients with VTE, with complete
follow-up. Therefore, the study population would be representative
of the whole hospitalized COVID-19 population with VTE in China.
In addition, we focused on symptomatic VTE, which has more clini-
cal relevance, and investigated the associated factors comprehen-
sively. Moreover, we proposed a simple experimental model for
symptomatic VTE prediction, which could more directly reflect the
underlying hypercoagulable state.

This study also has several limitations. First, it was a retrospec-
tive study, with lack of regular dynamic clinical and laboratory data.
Second, the sample size was not large enough to adjust for possi-
ble differences in patients’ characteristics across centers, and in-
terpretation of our findings might be limited by the sample size. By

including all patients with symptomatic VTE in the 16 major des-
ignated COVID-19 hospitals, we believe our study population is
representative of cases managed in the epicenter of China. Third,
genetic factors may play an important role in VTE, but these data
were not available in this study. Fourth, there is no internal or ex-
ternal validation, because the COVID-19 outbreak was controlled
rapidly in China. Fifth, other major VTE risk factors of the historic
cohort were not taken into account when predicting the OR for VTE.
Fifth, in Western populations the majority of patients admitted with
COVID-19 receive thromboprophylaxis. There is ethnic variation in
risk of VTE and therefore the estimates of absolute and relative risk
may not apply to other populations. There is also ethnic variation
in D-dimer and fibrinogen, so the proposed model may not apply
elsewhere. Sixth, in the Kaplan-Meier analyses, the cumulative VTE
incidences have not been adjusted for deaths. Therefore, the VTE
incidence may have been overestimated. Last, follow-up after dis-
charge was not conducted, and post-discharge VTE events were not
analyzed.

5 | CONCLUSIONS

There is an excess risk of symptomatic VTE in severe and non-
severe hospitalized COVID-19 patients. New-onset PE increased
in-hospital deaths, and three coagulation variables (fibrinogen and
D-dimer on admission, and DI >1.5-fold) predicted symptomatic VTE
in hospitalized COVID-19 patients. This “3-factor” model can aid in
early identification of COVID-19 patients who are at high risk for
symptomatic VTE.
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