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 Background: Since the outbreak of COVID-19 in December 2019, there have been 96 623 laboratory-confirmed cases and 
4784 deaths by December 29 in China. We aimed to analyze the risk factors and the incidence of thrombosis 
from patients with confirmed COVID-19 pneumonia.

 Material/Methods: Eighty-eight inpatients with confirmed COVID-19 pneumonia were reported (31 critical cases, 33 severe cases, 
and 24 common cases). The thrombosis risk factor assessment, laboratory results, ultrasonographic findings, 
and prognoses of these patients were analyzed, and compared among groups with different severity.

 Results: Nineteen of the 88 cases developed DVT (12 critical cases, 7 severe cases, and no common cases). In addition, 
among the 18 patients who died, 5 were diagnosed with DVT. Positive correlations were observed between the 
increase in D-dimer level (³5 µg/mL) and the severity of COVID-19 pneumonia (r=0.679, P<0.01), and between 
the high Padua score (³4) and the severity (r=0.799, P<0.01). In addition, the CRP and LDH levels on admission 
had positive correlations with the severity of illness (CRP: r=0.522, P<0.01; LDH: r=0.600, P<0.01). A negative 
correlation was observed between the lymphocyte count on admission and the severity of illness (r=-0.523, 
P<0.01). There was also a negative correlation between the lymphocyte count on admission and mortality in 
critical patients (r=-0.499, P<0.01). Univariable logistic regression analysis showed that the occurrence of DVT 
was positively correlated with disease severity (crude odds ratio: 3.643, 95% CI: 1.218-10.896, P<0.05).

 Conclusions: Our report illustrates that critically or severely ill patients have an associated high D-dimer value and high Padua 
score, and illustrates that a low threshold to screen for DVT may help improve detection of thromboembolism 
in these groups of patients, especially in asymptomatic patients. Our results suggest that early administration 
of prophylactic anticoagulant would benefit the prognosis of critical patients with COVID-19 pneumonia and 
would likely reduce thromboembolic rates.
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Background

Since the outbreak of COVID-19 in December 2019, there have 
been 96 623 laboratory-confirmed cases and 4784 deaths by 
December 29 in China [1]. Over 70 million people were diag-
nosed with COVID-19 globally. Over 1.6 million people died di-
rectly because of the COVID-19 [2]. It was identified that the 
initial symptoms of COVID-19 pneumonia are usually fever, dry 
cough, and fatigue, dyspnea, and/or hypoxemia and these of-
ten occur in severe patients 1 week after onset. Serious cases 
can rapidly progress to acute respiratory distress syndrome, 
coagulation dysfunction, and disseminated intravascular co-
agulation (DIC). Rapid deterioration and sudden death occur-
ring in critical patients highlight the high risk of thrombosis [3]. 
Clinical observations have observed a hypercoagulable state 
in severely and critically ill patients with COVID-19 pneumo-
nia [4-6], and the diagnostic rate of ultrasound was 22.7% for 
deep vein thrombosis (DVT) [7].

Several hypotheses have been proposed for the incidence of 
thrombosis among patients infected by COVID-19. First, in-
flammatory mediators, respiratory failure, and local hypoxia 
by venous stasis may lead to vascular endothelial activation 
and consequent endothelial injury [8]. Subsequently, a dysfunc-
tional endothelium can initiate thrombosis and promote ath-
erosclerosis [9]. Second, the massive release of inflammatory 
mediators in patients with severe or critical COVID-19 pneu-
monia, and the application of glucocorticoids in patients with 
excessively activated inflammatory responses, can contrib-
ute to hypercoagulability [10]. Water loss caused by sweating 
during fever, body fluid loss caused by vomiting, and/or diar-
rhea can also lead to hemoconcentration and exacerbate the 
hypercoagulable state. The immune mechanism also can con-
tribute to pulmonary intravascular coagulopathy [11]. Third, 
most patients presented with fatigue and dyspnea [12]. Critical 
patients who depend on a ventilator and patients in the in-
tensive care unit are bedridden during hospitalization, which 
may cause venous blood flow stasis. Additionally, metabolic 
abnormalities, obesity, and other underlying diseases are more 
common in older people. Moreover, thrombosis developed not 
only in the lower-extremity deep veins but also in small pul-
monary vessels [13]. In summary, the endothelial injury, hy-
percoagulable state, and venous stasis contribute to throm-
bosis in COVID-19 pneumonia patients. Nevertheless, the risk 
factors for COVID-19 pneumonia-induced DVT remain to be 
further explored.

Previously, due to a lack of specific antiviral medicines, treat-
ment strategies have focused on anti-inflammation and anti-
respiratory failure treatments. After experience with our pre-
vious DVT case in the clinical work in Wuhan, we began to pay 
attention to the relationship between DVT and prognosis in 
COVID pneumonia patients. In our study, all critical patients 

had a risk of developing thrombosis. Among the critical pa-
tients, the rate of DVT complications was 38.7% (12/31). The 
present retrospective study describes the occurrence of DVT 
in 88 patients with COVID-19 pneumonia and the relationship 
between thrombosis and prognosis. With the number of cases 
increasing globally, it will be important to prevent and diagnose 
DVT in patients with severe and critical COVID-19 pneumonia.

Material	and	Methods

Data Sources

We conducted a retrospective study focusing on the throm-
botic risks of confirmed cases of COVID-19 pneumonia at 
Wuhan Union Hospital (Wuhan, China). This study was ap-
proved by the Institutional Research Ethics Boards of the 
Union Hospital, Tongji Medical College, Huazhong University 
of Science & Technology, Wuhan. Data were collected from 88 
patients with COVID-19 pneumonia (confirmed by positive poly-
merase chain reaction test results on nasopharyngeal swab 
specimens) admitted to the hospital between 29 January 2020 
and 29 February 2020. Information was collected on dates of 
illness onset and hospital admission. Only patients (both sex-
es, and age range 19-79 years) who tested positive in a nu-
cleic acid test for SARS-CoV-2, with typical radiological find-
ings of pneumonia, and negative results for other pathogen 
tests (influenza A and B, parainfluenza, respiratory syncytial 
virus, rhinovirus, adenovirus, and mycoplasma), and onset in 
Wuhan were included in this study. Patients with a history of 
underlying respiratory diseases, heart failure, hepatic insuffi-
ciency, or renal insufficiency before COVID-19 pneumonia on-
set, and patients with active malignancy, were excluded from 
the present study. The objective of the exclusion was to re-
duce the clinical effect of other severe disease on the prog-
nosis of patients with COVID-19 pneumonia.

Clinical Classification

Classification as mild, common, severe, and critical was car-
ried out according to the diagnosis and treatment program 
of novel coronavirus pneumonia (Trial Seventh Edition) is-
sued by the National Health Commission. The diagnosis of 
critical COVID-19 pneumonia was based on the fulfillment of 
1 out of 3 of the following criteria: 1) developed respiratory 
failure requiring mechanical ventilation, 2) developed shock, 
and 3) combined with other organ failure requiring intensive 
care treatment. Severe patients fulfilled 1 out of 3 of the fol-
lowing criteria: 1) respiratory frequency ³30 breaths/min; 2) 
blood oxygen saturation £93% at rest; and 3) blood oxygen 
saturation (PaO2)/inspired oxygen fraction (FiO2) £300 mmHg.
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Laboratory	Results,	Examination	Results,	and	Treatment

The D-dimer value was measured by STAGO-R (Succeeder, 
Beijing, China). The data were reported in FEU. The absolute 
measurement unit was ug/mL and the cut-off value was 0.5 ug/
mL. Lymphocyte count, hemoglobin, C reactive protein (CRP), 
lactate dehydrogenase (LDH), and serum calcium assays were 
performed using conventional methods. The blood samples for 
these laboratory assays were collected on the day of admis-
sion and were reviewed every 3-5 days, as needed. DVT was 
evaluated using Doppler ultrasound. The Doppler ultrasound 
examination was performed both on patients with symptom-
atic DVT and on asymptomatic patients with a D-dimer val-
ue increase. Computed tomographic pulmonary angiography 
was the method of choice for imaging the pulmonary vascula-
ture in patients with suspected pulmonary thromboembolism 
(PTE) [14]. Patients received anticoagulants and prophylaxis 
therapy according to the guidelines of the Padua risk assess-
ment scale (medical patients’ venous thromboembolism risk 
assessment recommended by guidelines from the American 
College of Chest Physicians) [15]. In the Padua scale, the high 
risk of thrombosis was defined by a cumulative score ³4 points. 
Each of the following 6 risk factors: elderly (³70 years), heart 
and/or respiratory failure, acute myocardial infarction or isch-
emic stroke, acute infection and/or rheumatologic disorder, obe-
sity (BMI ³30) and ongoing hormonal treatment, was scored 
with 1 point. The risk factor recent (£1 month) trauma and/or 
surgery increased the score by 2 points. Each of 4 risk factors 
– active cancer, previous venous thromboembolism (VTE), re-
duced mobility (bed rest ³3 days), and already known throm-
bophilia – added 3 points [16].

Statistical Analysis

All analyses were performed using SPSS software (version 19.0; 
IBM Corp.). Continuous and categorical variables are present-
ed as median (interquartile range) and n (%), respectively. We 
used the Mann-Whitney U test, c2 test, or Fisher’s exact test 
to compare differences between critical and severe groups, 
as appropriate. Spearman’s correlation analysis was conduct-
ed to evaluate the correlation between variables. The multi-
variable adjustment was performed using linear regression for 
continuous data and logistic regression for dichotomous data.

Results

Clinical Characteristics of Patients with COVID-19 
Pneumonia

A total of 88 patients with confirmed COVID-19 pneumonia 
treated between 29 January 2020 and 17 March 2020 (Table 1) 
were reviewed in this report. Up to the time of submission of 

this article for publication, 19 patients (12 critical cases and 
7 severe cases) developed DVT during hospitalization. Among 
the 18 patients who died, 5 were diagnosed with DVT. All 31 
patients with critical COVID-19 pneumonia exhibited a Padua 
score increase (³4), and 27 of them also exhibited a D-dimer 
value increase (³5 µg/mL). Because the common group gener-
ally had a low score of Padua without any thrombotic events, 
they were not included in the comparison. The results indi-
cated a positive correlation between the increase in D-dimer 
value (³5 µg/mL) and the severity of COVID-19 pneumonia 
(r=0.679, P<0.01) and between the high Padua score (³4) and 
the severity (r=0.799, P<0.01). In addition, the CRP and LDH 
levels on admission had positive correlations with the severity 
of illness (CRP: r=0.522, P<0.01; LDH: r=0.600, P<0.01). A neg-
ative correlation was observed between the lymphocyte count 
on admission and the severity of illness (r=-0.523, P<0.01). 
There was also a negative correlation between the lympho-
cyte count on admission and mortality in critical patients (r=-
0.499, P<0.01). A weak correlation was also noticed between 
sex and illness severity (r=0.254, P<0.05). Moreover, univari-
able logistic regression analysis showed that the occurrence 
of DVT was positively correlated with disease severity (crude 
odds ratio: 3.643, 95% CI: 1.218-10.896, P<0.05). Based on the 
Padua score (³4), a total of 38 patients received anticoagulants 
or prophylaxis therapy; 17 of these patients had a diagnosis 
of DVT during hospital, but there were also 2 other patients 
with confirmed DVT who had not received prophylaxis therapy.

Clinical Characteristics of Thrombotic Complications in 19 
Patients	with	COVID-19	Pneumonia	and	DVT

The clinical characteristics of the 19 patients exhibiting com-
plications in the form of DVT are shown in Table 2. Except for 
one 38-year-old female patient who reported pain and swell-
ing in her right lower limb, DVT was identified in all cases by 
ultrasound screening following an increase in the D-dimer val-
ue. All these patients had no previous history of DVT. Most 
of these patients had no complaint of lower limb discomfort. 
One patient was finally diagnosed with PTE (case 5). The most 
common risk factors observed in the present study were bed 
rest and infection. The average hospitalization period was 6.7 
days prior to the discovery of a marked D-dimer value increase 
(³5 µg/mL) in the patients who were eventually diagnosed 
with DVT. Univariable logistic regression analysis showed an 
increased odd of DVT with D-dimer levels greater than or equal 
to 5 µg/mL (crude odds ratio: 4.539, 95% CI: 1.289-15.991, 
P<0.05). Twelve of the 19 patients with DVT received prophy-
laxis after the discovery of D-dimer value increasing to above 
the normal range; 6 of them received antithrombotic thera-
py after the diagnosis of DVT, and 1 79-year-old patient re-
ceived antithrombotic therapy after the diagnosis of DVT. For 
patients with confirmed DVT, anticoagulant therapy was pro-
vided according to antithrombotic therapy for VTE disease 
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All patients
(n=88)

Disease severity

Critical patients
(n=31)

Severe patients
(n=33)

P 
value*

Common patients
(n=24)

Age -median (IQR)
61.5 

(55.0-68.8)
66.5 

(61.0-71.0)
61.0 

(53.0-66.0)
0.11

56.0 
(42.5-66.5)

Sex -n (%) <0.05

 Female  39 (44.3)  10 (32.3)  19 (57.6) **  10 (41.7)

 Male  49 (55.7)  21 (67.7)  14 (42.4) **  14 (58.3)

Padua score -n (%) <0.001

 <4  50 (56.8)  0 (0.0)  26 (78.8) **  24 (100.0)

 ³4  38 (43.2)  31 (100.0)  7 (21.2) **  0 (0.0)

D-dimer top-value – n (%) 
(normal range 0-0.5)

<0.001

 <5 ug/mL  54 (61.4)  4 (12.9)  26 (78.8) **  24 (100.0)

 ³5 ug/mL  34 (38.6)  27 (87.1)  7 (21.2) **  0 (0.0)

DVT -n(%)  19 (21.6)  12 (38.7)  7 (21.2) 0.169  0

 Female  10 (52.6)  4 (33.3)  6 (85.7) **  0

 Male  9 (47.4)  8 (66.7)  1 (14.3) **  0

Death – n (%)  18 (20.5)  18 (58.1)  0 <0.001  0

 DVT  5 (27.8)  5 (27.8)  0 **  0

 Padua score ³4  18 (100.0)  18 (100.0)  0 **  0

 D-dimer value ³ 5ug/mL  17 (94.4)  17 (94.4)  0 **  0

Lymphocyte count -median (IQR) 
(normal range 1.1-3.2×109/L)

1.01 
(0.60-1.35)

0.55 
(0.41-0.83)

1.08 
(0.74-1.46)

<0.001
1.29 

(1.05-1.76)

LDH – median (IQR) 
(normal range 109-245 U/L)

250.0 
(178.5-485.8)

543.0 
(392.5-608.0)

236.0 
(179.0-324.5)

<0.001
174.0 

(139.5-229.5)

CRP – median (IQR) 
(normal range 0-8 mg/L)

32.33 
(3.61-77.64)

85.48 
(53.14-114.31)

19.62 
(4.34-63.06)

<0.001
3.09 

(0.10-18.00)

Table 1. Demographics and clinical characteristics of patients with COVID-19.

Critical patients (n=31) Critical	and	severe	patients	(n=64)

Non-survivor
(n=18)

Survivor
(n=13)

P 
value

Non-DVT
(n=45)

DVT
(n=19)

P 
value

Age – median (IQR)
67 

(60-70)
66 

(61-74)
0.553

62 
(55.3-67.8)

64 
(56-71)

0.36

Sex – n (%) 0.704 0.421

 Female  6 (33.3)  4 (30.8) **  19 (42.2)  10 (52.6) **

 Male  12 (66.7)  9 (69.2) **  26 (57.8)  9 (47.4) **

Padua score – n (%) ** <0.05

 <4  0 (0.0)  0 (0.0) **  24 (53.3)  2 (10.5) **

 ³4  18 (100.0)  13 (100.0) **  21 (46.7)  17 (89.5) **
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IQR – interquartile range; CRP – C-reactive protein; LDH – lactate dehydrogenase. * P values were calculated between critical and 
severe groups by Mann-Whitney U test, c2 test, or Fisher’s exact test, as appropriate.

Table 1 continued. Demographics and clinical characteristics of patients with COVID-19.

Critical patients (n=31) Critical	and	severe	patients	(n=64)

Non-survivor
(n=18)

Survivor
(n=13)

P 
value

Non-DVT
(n=45)

DVT
(n=19)

P 
value

D-dimer top-value – n (%) 
(normal range 0-0.5)

0.548 <0.05

 <5 ug/mL  1 (5.6)  3 (23.1) **  26 (57.8)  4 (21.1) **

 ³5 ug/mL  17 (94.4)  10 (76.9) **  19 (42.2)  15 (78.9) **

DVT -n(%)  5 (27.8)  7 (53.8)  0 (0.0)  19 (100.0) **

 Female ** ** ** ** ** **

 Male ** ** ** ** ** **

Death – n (%)  18 (100.0)  0 (0.0) ** **

 DVT ** ** ** ** ** **

 Padua score ³4 ** ** ** ** ** **

 D-dimer value ³5 ug/mL ** ** ** ** ** **

Lymphocyte count – median (IQR) 
(normal range 1.1-3.2×109/L)

0.47 
(0.27-0.62)

0.76 
(0.57-0.89)

<0.05
0.89 

(0.49-1.30)
0.75 

(0.52-0.98)
0.142

LDH – median (IQR) 
(normal range 109-245 U/L)

564.5 
(465.3-677.5)

451.5 
(289.5-550.5)

0.078
294.0 

(184.3-556.8)
461.0 

(348.0-564.0)
0.123

CRP – median (IQR) 
(normal range 0-8 mg/L)

89.4 
(56.7-120.3)

65.2 
(35.7-108.8)

0.203
47.6 

(7.4-84.5)
72.4 

(52.3-120.8)
0.29

guidelines (Tenth Edition) issued by the American College of 
Chest Physicians [12]. The adjuvant treatment included physi-
cal therapy and reduced activity. Six patients were discharged 
successfully with further oral rivaroxaban medication (cases 
1, 2, 5, 6, 7, and 17).

Thrombosis Risk in 18 Patients with COVID-19 Pneumonia 
Who	Died

Among the 31 patients with confirmed critical COVID-19 pneu-
monia, 18 eventually died (Table 3). We observed that they may 
all have suffered from coagulation dysfunction with a marked 
increase in D-dimer levels before death. We also identified 6 
deaths suspected to be associated with thrombosis (cases 4, 5, 
6, 10, 13, and 14). One patient suspected of having PTE devel-
oped acute respiratory failure before death and exhibited con-
tinuously rising D-dimer and troponin levels without any myo-
cardial infarction change (case 6). The other 13 critical patients’ 
Padua scores were generally high, and 7 were diagnosed with 
DVT. The decrease in the D-dimer level and no signs of thrombo-
sis indicated that they might benefit from anticoagulation thera-
py. Non-critical patients without DVT were also scored to assess 
whether anticoagulation should be administered for prevention.

Discussion

Since the outbreak of COVID-19 in December 2019, this pan-
demic continues to evolve worldwide. To date, there are still 
no sufficient and totally effective vaccines or effective antivi-
ral agents available anywhere in the world. Moreover, consid-
ering the potential virus variation and the vaccine acceptance 
rates in normal healthy people, the effects of current vaccines 
still need to be observed. The virus continues to cause a large 
number of deaths. We performed a single-center study of pa-
tients with COVID-19 pneumonia. This study found high mor-
tality in critical COVID-19 pneumonia patients. We also report-
ed the factors that affect disease severity and the association 
between the possible methods (like early ultrasound screen-
ing and/or prophylactic anticoagulant) and the improvement 
of the prognosis.

In the present study, we observed that the mortality rate of 
critically ill patients was 58.1%. According to previous reports, 
the mortality rate of hospitalized COVID-19 patients ranged 
from 1.4 to 25.7% [17-19], and the rate was significantly high-
er (39.3-61.5%) in patients with severe hypoxemia and who 
required mechanical ventilation [20-22].
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Case
Age 

(years)
Sex 

(M/F)
Diagnosis of 

COVID-19
Risk 

factors
Symptoms 

of DVT
Days 
A*

D-dimer 
top-value 
(ug/mL)

Days 
B**

Deep vein 
ultrasound	found	DVT

1 38 F Severe Bed rest infection 
obesity

Pain swelling 5 7.04 5 Right fibular vein 
right gastrocnemius 
intermuscular vein

2 68 F Severe Bed rest infection – 15 >8 16 Right popliteal vein 
both fibular vein both 
posterior tibial vein 
both gastrocnemius 
intermuscular vein

3 64 F Severe Bed rest infection 
hypertension DM 
history of PCI

– 6 >8 12 Both gastrocnemius 
intermuscular vein

4 56 F Severe Bed rest infection – 1 >8 16 Both gastrocnemius 
intermuscular vein

5 64 F Severe Bed rest infection – 12 4.08 19 Both gastrocnemius 
intermuscular vein

6 66 F Severe Bed rest infection – 2 3.95 9 Left gastrocnemius 
intermuscular vein

7 62 M Severe Infection – 1 1.38 8 Left gastrocnemius 
intermuscular vein

8 70 F Critical Bed rest infection 
advanced 
age history 
of pulmonary 
malignant

– 1 >8 (found on 
day 16)

16 Both gastrocnemius 
intermuscular vein

9 61 M Critical Bed Rest 
Infection Obesity 
Hypertension

– 7 >8 7 Right fibular vein

10 77 M Critical Bed Rest Infection 
Advanced Age

– 9 5.42 20 Both fibular vein both 
posterior tibial vein 
both gastrocnemius 
intermuscular vein

11 71 F Critical Bed rest infection 
obesity DM

– 5 >8 8 Not performed***

12 55 M Critical Bed rest infection – 5 >8 (found on 
day 14)

19 Both gastrocnemius 
intermuscular vein

13 61 F Critical Bed rest infection – 2 >8 12 Both gastrocnemius 
intermuscular vein

14 61 M Critical Bed rest infection 
hypertension

– 2 >8 6 Left popliteal vein 
left fibular vein left 
posterior tibial vein 
both gastrocnemius 
intermuscular vein

15 79 M Critical Bed rest infection 
advanced age 
hypertension 
history of DVT 
history of PCI 
history of cerebral 
infarctioon

– 1 >8 1 Left popliteal vein 
left fibular vein 
left gastrocnemius 
intermuscular vein

Table 2. Thrombotic complications in 19 patients with COVID-19.
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Table 2 continued. Thrombotic complications in 19 patients with COVID-19.

Case Therapeutic LMWH
Echocardiographic	

evaluation
CTPA (Y/N) Outcomes

1 q12h No pulmonary 
hypertension

Not performed Discharged home after 21-day 
hospitalization

2 q12h No pulmonary 
hypertension

Not performed Discharged home after 26-day 
hospitalization

3 qd (from dayA to dayB) q12h (after 
dayB)

No pulmonary 
hypertension

Not performed Discharged home after 50-day 
hospitalization

4 q12h (after dayA) Not performed N Discharged home after 51-day 
hospitalization

5 q12h (after dayB) Not performed Y Discharged home after 35-day 
hospitalization

6 qd (from dayA to dayB) q12h (after 
dayB)

Not performed Not performed Discharged home after 35-day 
hospitalization

7 qd (from dayA to dayB) q12h (after 
dayB)

Not performed Not performed Discharged home after 17-day 
hospitalization

8 qd (from dayA to dayB) (discontinued 
for bleeding and decrease of D-Dimer 
value from 1.28 to 0.67) (after dayB)

Mild pulmonary 
hypertension (found 
on day 21)

Not performed Disease progress after 16-day 
hospitalization died after 15-day 
in ICU

9 q12h (discontinue after 9 days for 
gastrointestinal bleeding)

No pulmonary 
hypertension

Not performed Died after 24-day hospitalization

10 qd (increase the dose after DVT were 
found)

No pulmonary 
hypertension

Not performed Discharged home after65-day 
hospitalization

11 q12h (after dayB) Not performed Not performed Died after 9-day hospitalization

12 qd (after day14) Not performed Not performed Died after 19-day hospitalization

13 qd (after dayA) Not performed Not performed Died after 16-day hospitalization

14 qd (from dayA to dayB) q12h (after 
dayB)

not performed not performed Discharged home after 48-day 
hospitalization

Case
Age 

(years)
Sex 

(M/F)
Diagnosis of 

COVID-19
Risk 

factors
Symptoms 

of DVT
Days 
A*

D-dimer 
top-value 
(ug/mL)

Days 
B**

Deep vein 
ultrasound	found	DVT

16 75 M Critical Bed rest infection 
advanced age 
hypertension 
history of cerebral 
hemorrhage

– 2 4.16 4 Right posterior 
tibial vein right 
gastrocnemius 
intermuscular vein

17 70 M Critical Bed rest infection 
advanced age 
hypertension

– 1 >8 (found on 
day 12)

8 Both gastrocnemius 
intermuscular vein

18 72 F Critical Bed rest infection 
advanced age 
DM hypertension 
cerebral 
infarctioon (acute 
phase)

– 2 >8 7 Right gastrocnemius 
intermuscular vein

19 55 M Critical Bed rest infection 
hypertension

– 9 >8 10 Left posterior 
tibial vein both 
gastrocnemius 
intermuscular vein
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Several reasons probably explain the high mortality rate. 
First, older people with complications are more susceptible 
to COVID-19 infection [23]. The average age of the critically 
ill and common groups was 65.9 and 48.5 years, respectively. 
Second, an objective reason was that the medical institutions 
lacked sufficient medical resources at that time. The critical 
group had an average of 11.7 days of symptoms at home be-
fore admission, which caused the continuous progression of 
the disease without systematic intervention. Furthermore, not 
every inpatient could receive invasive mechanical ventilation 
therapy at the early stage of the COVID-19 pandemic. Third, 
one main reason was that the critical patients were commonly 
had multiple complications and organ failure, which predicts 
a higher risk of poor outcomes. Recent evidence [24,25] in-
dicates that coagulation dysfunction and thrombosis-related 
diseases, including DVT, PTE, and DIC, were present in the ma-
jority of deceased patients. The clinically determined causes 
of death seemed to correspond to the autopsy results. An au-
topsy study [26] of 12 deceased patients reported that 33.3% 
were diagnosed with pulmonary embolism as a direct cause 
of death, and 58.3% of the patients were confirmed to have 
DVT. In another autopsy study [27], involving 80 deceased pa-
tients, the incidence rates of PTE and DVT complications were 
10% and 40%, respectively.

We found that 12 of the 31 (38.7%) critical patients and 7 of the 
33 (21.2%) severe patients developed isolated distal deep vein 
thrombosis (IDDVT). The univariate analysis showed an asso-
ciation between IDDVT and disease severity (odds ratio=3.643 
P<0.05). IDDVT is a common type that tends to spread out to-
ward the proximal vein and tends to develop into PTE [15]. PTE 
is a common cause of respiratory failure or sudden death [14]. 
Unfortunately, IDDVT is easily missed by physicians because of 

the lack of clinical symptoms. Only 5.3% (1/19) of patients com-
plained of pain or swelling of the lower extremities. Moreover, 
the COVID-19 pneumonia patients undoubtedly suffered more 
from dyspnea and fever than from lower limb symptoms. 
Considering the high rate of thrombosis in hospitalized covid-19 
patients [28,29], it is necessary to pay attention to thrombosis 
during clinical treatment. A timely DVT ultrasound screening in 
COVID inpatients could be helpful for early diagnosis.

Therefore, it is crucial to use appropriate methods for ear-
ly judgment of DVT occurrence. The Padua prediction score 
contains 11 common VTE risk factors, including age over 70 
years, overweight, bed rest over 3 days, acute infection and/
or rheumatic diseases, respiratory and/or heart failure, acute 
myocardial infarction and/or ischemic stroke, receiving hor-
mone therapy, history of venous thromboembolism, history 
of operation or trauma within the past month, active tumors, 
and has disease with thrombotic tendency. This score can be 
easily evaluated and applied by clinicians. In addition, the in-
crease in D-dimer level generally reminds us of thrombotic 
events. Our results showed that 78.9% (15/19) of the patients 
with DVT had a high Padua score (>4) and a high D-dimer lev-
el (³5 µg/mL). Meanwhile, the 18 dead critical cases exhibited 
a Padua score increase (>4), and 94.4% (17/18) of them also 
showed a D-dimer value increase (³5 µg/mL) before death. 
Eventually, the univariate analysis confirmed that the 2 factors 
were positively associated with disease severity. This result in-
directly confirms the viewpoint of McFadyen et al. [30], who 
wrote that the increase in plasma D-dimer levels has emerged 
as a prognostic marker in COVID-19 pneumonia. D-dimer val-
ue is easy to access, and it can be helpful to perform a lower 
limb venous ultrasound screening subsequently both on as-
ymptomatic and symptomatic patients.

Case Therapeutic LMWH
Echocardiographic	

evaluation
CTPA (Y/N) Outcomes

15 qd (after day 8) No pulmonary 
hypertension

Not performed Discharged home after55-day 
hospitalization

16 qd (from dayA to dayB) q12h (after 
dayB)

Not performed Not performed Discharged home after 40-day 
hospitalization

17 qd (from dayB to day12) q12h (after 
day12)

Not performed Not performed Discharged home after 23-day 
hospitalization

18 qd (after dayA) Not performed Not performed Discharged home after 44-day 
hospitalization

19 q12h (after dayB) No pulmonary 
hypertension

Not performed Discharged home after 54-day 
hospitalization

Table 2 continued. Thrombotic complications in 19 patients with COVID-19.

* Days of hospitalization before the discovery of D-dimer value increase than normal range; ** Days of hospitalization before 
thrombosis were found; *** Thrombosis were found in femoral vein during femoral vein catheterization. DM – diabetes mellitus; 
PCI – percutaneous coronary intervention; DVT – deep vein thrombosis; ICU – Intensive Care Unit; CTPA – computed tomographic 
pulmonary.

e929708-8
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang W. et al: 
Thromboembolic events in COVID-19
© Med Sci Monit, 2021; 27: e929708

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Case Sex 
(M/F)

Age 
(years)

D-dimer	
top-value 
(ug/mL)

Obesity 
BMI 
³30 

kg/m2 
(Y/N)

Underlying	
disease

Bed	
rest 

(more 
than 3 
days) 
(Y/N)

Acute 
infection  
and	(or) 

rheumatic 
disease 
(Y/N)

Glucocorticoid	
treatment  

(Y/N)

Respiratory 
failure 
(Y/N)

Others* 
(Y/N)

The 
Padua	
score

Deep vein 
thrombosis 

(DVT)  
(Y/N)

1 M 57 >8 Y – Y Y Y Y N 7
Not 
performed

2 M 71 >8 N – Y Y Y Y N 7
Not 
performed

3 M 67 >8 Y
Hypertension; 
DM

Y Y Y Y N 7
Not 
performed

4 F 71 >8 Y DM Y Y Y Y N 8 Y

5 F 70 >8 N
History of 
pulmonary 
malignant

Y Y Y Y N 7 Y

6 M 70 6.2 N

Hypertension; 
history of PCI; 
DM; coronary 
heartdisease

Y Y Y Y N 7
Not 
performed

7 M 56 3.97 Y Hypertension Y Y Y Y N 7
Not 
performed

8 M 61 7.56 N – Y Y Y Y N 6
Not 
performed

9 M 74 6.79 N
History of 
prostate cancer

Y Y Y Y N 7
Not 
performed

10 M 61 >8 Y Hypertension Y Y Y Y N 7 Y

11 M 69 >8 N Hypertension Y Y N Y N 5
Not 
performed

12 F 65 5.12 Y DM Y Y Y Y N 7
Not 
performed

13 M 67 >8 N Hypertension Y Y Y N N 5
Not 
performed

14 M 55 >8 N – Y Y Y Y N 6 Y

15 F 61 >8 N – Y Y Y Y N 6 Y

16 M 74 >8 N Hypertension Y Y N Y N 6
Not 
performed

17 F 54 >8 N DM Y Y N Y N 6
Not 
performed

18 F 68 >8 N
Hypertension; 
DM 

Y Y Y Y N 6
Not 
performed

Table 3. Padua score of 18 deceased cases.

* Including acute infarction,history of venous thromboembolism, thrombophilia and history of operation or trauma within the past 
month. BMI – body mass index; DM – diabetes mellitus; PCI – percutaneous coronary intervention.

Low-molecular-weight heparin (LMWH) was administered to 
the patients according to their risk of thrombosis, as evalu-
ated by the Padua score and D-dimer level. We noticed that 
no further deterioration had occurred and no DVT had devel-
oped in patients who had a moderate increase in D-dimer level 

(1-5 μg/mL) and a high Padua score (>4), receiving prophylac-
tic anticoagulant. Additionally, the disease state was stable in 
the severe patients treated for DVT with LMWH (Table 2, cas-
es 1-7). However, anticoagulation did not result in disease re-
versal in patients who subsequently died. We think that the 
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disease progression was not only promoted by the coagula-
tion disorder, but also by the inflammatory storm, acute organ 
failure, and so on. An early appropriate anticoagulation treat-
ment probably assists in improving the outcome of COVID-19 
pneumonia patients with a high Padua score and an elevat-
ed D-dimer value. Considering the limited sample size of the 
present study, the effect of the prophylactic anticoagulant in 
the critical patients warrants further investigation.

In summary, to improve the outcome of the critical patients 
with COVID-19 pneumonia, it is helpful to evaluate risk factors 
for DVT as early as possible. This report highlights the advan-
tage of performing D-dimer and lower-extremity vascular ul-
trasound screening. It is possible that a D-dimer level-guided 
positive thrombosis prophylaxis in COVID-19 pneumonia pa-
tients, especially in asymptomatic patients, will help decrease 
the potential for VTE and mortality. Moreover, rehabilitation 
treatment, graded compression stockings, and intermittent 
pneumatic compression should be used as soon as possible, 
especially for the critical and bedridden patients whose Padua 
scores are high [31]. The present research was a retrospective 
descriptive study in a single center, and the small sample size 
might have affected the accuracy of risk factors assessment 
and the prognosis analysis. A multi-center, prospective study 
is needed to further clarify the value of early diagnosis and 
treatment of DVT in critically ill COVID-19 pneumonia patients.

Conclusions

Our report illustrates that critically or severely ill patients have 
an associated high D-dimer value and high Padua scores, and 
suggests that a low threshold to screen for DVT may help im-
prove detection of thromboembolism in these groups of pa-
tients, especially in asymptomatic patients. Our results sug-
gest that early administration of prophylactic anticoagulant 
would benefit the prognosis of critical patients with COVID-19 
pneumonia and would likely reduce thromboembolic rates.
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