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1. Introduction 

The outbreak of the coronavirus disease 2019 (COVID-19) spread 
rapidly throughout the world during the first months of 2020 reaching 
the pandemic status as a major global health issue. The main clinical 
and therapeutic concerns due to COVID-19 relate to the respiratory 
distress and failure caused by pneumonia due to the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. COVID-19, how-
ever, is not just a pulmonary disease. While respiratory complications 
and systemic inflammation unquestionably result in significantly higher 
morbidity and mortality rates, cardiovascular complications are also 
common [2]. 

A number of cohort studies described an association with coagulo-
pathy and venous thromboembolism (VTE) among SARS-CoV-2 in-
fected patients [3]. SARS-CoV-2 predisposes to thrombotic events by 
means of different mechanisms such as hypoxia, inflammation, pro-
longed immobilization occurring in the context of different and various 
alterations of hemostatic pathways (e.g. from endothelial dysfunction 
to platelet activation, from inflammation-related and consumptive 
coagulopathy to thrombotic microangiopathy) [4]. Alterations of pro-
thrombin time, fibrinogen, and D-dimer are often observed in COVID- 
19 patients and are associated with a detrimental outcome [5]. D-dimer 
has been specifically proposed as a potential prognostic marker, where 
high D-dimer levels predict higher in-hospital mortality in COVID-19 
patients [6]. Consistently, anticoagulant and fibrinolytic drugs have 
been proposed as possible therapeutic tools [5]. Two studies in Chinese 
and Dutch populations showed a remarkably high cumulative incidence 
of symptomatic VTE in patients admitted to the Intensive Care Units 
(ICU) [7,8]. The prevalence of deep vein thrombosis (DVT) in patients 
hospitalized for SARS-CoV-2 infection remains, however, not well de-
fined, especially for those admitted to COVID-19 Standard Care Units 
(SCU). Therefore, we designed a study with the aims of assessing the 
prevalence of DVT among subjects with SARS-CoV-2 pneumonia in the 
setting of SCU and investigating the clinical and laboratory character-
istics associated with DVT in COVID-19 patients. 

2. Subjects and methods 

In April 2020, we performed a one-week prevalence survey among 
in-patients within COVID-19 SCU at the Verona University Hospital, 
Italy. Forty-three subjects (median age 66 years with interquartile range 
of 18 years and minimum-maximum range 28–96 years, females 32.6%, 
main duration of hospitalization 8 days with interquartile range of 
17 days and minimum-maximum range of 1–43 days, 10 (23.3%) ad-
mitted from ICU, no previous DVT history) were screened once by a 
whole leg venous ultrasound (examining both femoral veins, popliteal 
veins and calf veins). All of them, with proven SARS-CoV-2 pneumonia, 
had no overt signs and/or symptoms of VTE at physical examination 
and were on thromboprophylaxis at standard dose with low-molecular- 
weight heparin (enoxaparin, 4000–6000 U/die) or heparin‑calcium 
(5000 U × 2–3/die). Four subjects taking full-dose anticoagulant 
therapy because of atrial fibrillation were excluded from the study. 
Clinical information, laboratory data and Padua Prediction Score cal-
culation were collected consensually to the ultrasonography examina-
tion. The study was approved by the Ethics Committee of our Institution 
(Azienda Ospedaliera Universitaria Integrata, Verona, Italy) and wit-
nessed oral consent was obtained. 

All calculations were performed using the IBM SPSS 23.0 (IBM Inc., 
Armonk, NY, USA) statistical package. Distributions of continuous 
variables in groups were expressed as median value with minimum- 
maximum range and analyzed by Mann-Whitney test. Qualitative data 
were expressed as number and percentage with estimated 95% con-
fidence interval (CI) and analyzed with use of the χ2 test or Fisher-exact 
test, when appropriate. All the variables showing an association with 
DVT at univariate analysis (P  <  0.05) were included in a logistic re-
gression model with backward stepwise selection of variables and the 
strength of association was estimated by calculating odds ratios (OR) 
with 95%CI. A P value < 0.05 was considered significant. 

3. Results 

DVT was detected in 12 out of 43 (27.9% with 95%CI 14.5–41.3%) 
subjects. Table 1 summarizes the clinical and laboratory characteristics 
of the patients affected by DTV as compared to those without DVT. As 
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expected, the 95%CI for the prevalence estimates were wide due the 
small sample size of this study cohort. Patients with DVT were older 
than those without DVT. In the subgroup of subjects below 60 years of 
age only 1 out of 12 subjects (8.3% with 95%CI 0–24.0%) had DVT, 
while in the subgroup of those above 75 years of age, the prevalence of 
DVT was 41.7% with 95%CI 13.8–69.6%. Patients with DVT had a 
higher prevalence of diabetes, higher total white blood cell and neu-
trophil counts, while platelet count showed a trend toward the highest 
range but not statistically significant. The Padua Prediction Score also 
tended to be higher in DVT group but a substantial number of patients 
with DVT (n = 7) were considered at low risk on the basis of this risk 
assessment model. Subjects in the study cohort were stratified ac-
cording to D-dimer plasma concentration in 3 subgroups, i.e. < 500, 

500–1499, and ≥ 1500 μg/L. These threshold levels were predefined 
on the basis of prior scientific literature. While D-dimer < 500 μg/L is 
the usually accepted threshold value to exclude VTE in low-risk pa-
tients, D-dimer ≥1500 μg/L has been proposed as the cut-off value to 
predicting VTE in COVID-19 patients [7]. Very high plasma con-
centrations of D-dimer (≥1500 μg/L) was associated with DVT (75% 
with 95%CI 50.5–99.5% versus 25.8% with 95%CI 10.4–41.2%, com-
paring patients with or without DVT respectively). However, DVT was 
observed also in 2 subjects with D-dimer concentrations within the 
normal range value (< 500 μg/L). By including all the variables 
showing an association with DVT at univariate analysis (P  <  0.05) in a 
logistic regression model with backward stepwise selection of variables, 
only high D-dimer levels (≥1500 μg/L) maintained an association with 

Table 1 
Clinical and laboratory characteristics of the study population admitted to COVID-19 Standard Care Units, as a whole and subdivided in subjects with or without deep 
vein thrombosis (DVT), symptomatic or asymptomatic (P  <  0.10 have been specified). Continuous variables are expressed as median value with minimum- 
maximum range. Qualitative data are expressed as number and percentage with estimated 95% confidence interval.        

Whole study sample 
(n = 43) 

DVT-free 
(n = 31) 

DVT 
(n = 12) 

P ⁎  

Age (years) 66 (28–96) 63 (28–91) 71 (59–96) 0.046 
Age category (n /%)   

< 60 years 12/27.9 (14.5–41.3) 11/35.5 (18.6–52.3) 1/8.3 (0–24.0) 0.072 
60–74 19/44.2 (29.3–59.0) 13/41.9 (24.6–59.3) 6/50.0 (21.7–78.3) 
≥75 years 12/27.9 (14.5–41.3) 7/22.6 (7.9–37.3) 5/41.7 (13.8–69.6) 

Female sex (n /%) 14/32.6 (18.6–46.6) 10/32.3 (15.8–48.7) 4/33.3 (6.7–60.0) NS 
BMI (kg/m2) 25.6 (18.9–37.9) 25.7 (19.6–37.9) 25.1 (18.9–32.4) NS 
Time interval since hospitalization (days) 8 (1–43) 8 (1–43) 9 (1–26) NS 
Admitted from ICU (n/%) 10/23.3 (10.6–35.9) 6/19.4 (5.4–33.3) 4/33.3 (6.7–60.0) NS 
Previous VTE (n/%) 0/0 0/0 0/0 NS 
Previous CVD (n/%) 8/18.6 (7.0–30.2) 6/19.4 (5.4–33.3) 2/16.7 (0–37.8) NS 
Active cancer (n/%) 4/9.3 (0.6–18.0) 2/6.5 (0–15.1) 2/16.7 (0–37.8) NS 
Hypertension (n/%) 23/53.5 (38.6–68.4) 16/51.6 (34.0–69.2) 7/58.3 (30.4–86.2) NS 
Diabetes (n/%) 6/14.0 (3.6–24.3) 2/6.5 (0–15.1) 4/33.3 (6.7–60.0) 0.042 
Dyslipidemia (n/%) 8/18.6 (7.0–30.2) 6/19.4 (5.4–33.3) 2/16.7 (0–37.8) NS 
Characteristics of DVT(n/%)  
Bilateral  – 7/58.3 (30.4–86.2) – 
Proximal  – 2/16.7 (0–37.8)  

Padua prediction score  
Score 2 (1–8) 2 (1–6) 3 (1–8) 0.052 
Low risk – score  <  4 (n/%) 33/76.7 (64.1–89.4) 26/83.9 (70.9–96.8) 7/58.3 (30.4–86.2) 0.087 
High risk – score ≥ 4 (n/%) 10/23.3 (10.6–35.9) 5/16.1 (3.2–29.1) 5/41.7 (13.8–69.6) 

Laboratory examinations  
White blood cell count (per mm3) 7500 

(1370-28,970) 
7080 
(1370-24,190) 

9370 
(3940-28,970) 

0.035 

Neutrophils (per mm3) 5490 
(1030-22,270) 

5180 
(1030-22,270) 

8140 
(2130-20,800) 

0.021 

Lymphocytes (per mm3) 910 
(230−2130) 

860 
(230–2130) 

1020 
(250–1590) 

NS 

Platelets (per mm3) 200,000 
(42,000-515,000) 

182,000 
(42,000-515,000) 

243,000 
(118,000-461,000) 

0.071 

Hemoglobin (g/dL) 13.1 (8.7–17.4) 13.1 (8.7–16.7) 13.8 (9.5–17.4) NS 
C-reactive protein (mg/L) 80 (3–298) 83 (3–298) 59 (6–280) NS 
Creatinine (μmol/L) 0.98 (0.45–3.17) 0.96 (0.52–3.17) 1.00 (0.45–1.81) NS 
eGFR (mL/min) 79 (19–117) 83 (19–117) 68 (24–96) NS 
Alanine amino-transferase (U/L) 36 (12–117) 36 (15–117) 35 (12–81) NS 
Aspartate amino-transferase (U/L) 38 (17–177) 40 (17–177) 34 (22–92) NS 
Albumin (g/L) 35 (21–45) 35 (22–45) 32 (21–45) NS 
Fibrinogen (g/L) 627 (192–1014) 636 (192–1014) 601 (341–891) NS 
Activated partial thromboplastin time (ratio) 0.98 (0.71–1.50) 1.00 (0.78–1.30) 0.94 (0.71–1.50) NS 
Prothrombin time (ratio) 1.10 (0.86–2.15) 1.12 (0.86–2.15) 1.05 (0.98–1.28) NS 
D-dimer (mcg/L) 1279 (248–6753) 935 (248–6520) 1878 (418–6753) 0.081 
D-dimer category (n /%)   

< 500 μg/L 4/9.3 (0.6–18.0) 2/6.5 (0–15.1) 2/16.7 (0–37.8) 0.002 
500–1499 μg/L 22/51.2 (36.2–66.1) 21/67.7 (51.3–84.2) 1/8.3 (0–24.0) 
≥1500 μg/L 17/39.5 (24.9–54.1) 8/25.8 (10.4–41.2) 9/75.0 (50.5–99.5) 

BMI: body mass index; CVD: cardiovascular disease; DVT: deep vein thrombosis. 
⁎ By Mann-Whitney test or chi-square test or Fisher-exact test, when appropriate.  
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DVT (OR 8.63 with 95%CI 1.86–40.01, P = 0.006). In this regard, our 
results are consistent with those from previous studies proposing high 
D-dimer levels as a potential useful tool for identifying COVID-19 pa-
tients with poor prognosis [3,6] and/or with VTE complications [7]. On 
the other hand, no differences between DVT and non-DVT subjects were 
found for fibrinogen, PT and aPTT, the inflammatory marker C-reactive 
protein, markers of renal and liver function, as well as the other clinical 
characteristics. 

Of the 12 DVT diagnosed, 8 were limited and distal, while four 
patients had a significant thrombotic burden (all bilateral with 2 
proximal DVT). Three of them underwent CT-pulmonary angiography 
which revealed pulmonary embolism, while one patient died due to 
severe acute respiratory distress syndrome (ARDS) before performing 
the angio-CT. These findings thereby support the usefulness of ultra-
sound examination for a prompt shift to full anticoagulant therapy to 
prevent further VTE complications. 

4. Discussion 

Our data suggest that patients hospitalized for COVID-19 have 
substantially high prevalence of venous thrombotic events regardless of 
a thromboprophylaxis regimen at standard dosage. This prevalence is 
impressively higher than that observed in acute medical ill patients [9], 
i.e. lower than 1%, and appears even comparable with that reported in 
previous studies of patients with severe SARS-CoV-2 pneumonia in ICU 
[7,8]. In the study on Chinese patients, for whom no thromboprophy-
lactic therapy was reported, Cui and colleagues described a VTE pre-
valence of 25% [7]. In the Dutch study on patients undergoing an 
adequate thromboprophylaxis with standard doses of nadroparin, Klok 
and colleagues observed a VTE cumulative incidence of 27% [8]. It 
should be noted, however, that both those studies identified sympto-
matic thrombotic complications without intent of a systematic 
screening by way of performing a lower limb venous ultrasonography. 
Therefore, we speculated that the real prevalence of total, symptomatic 
and asymptomatic, venous thrombotic complications in COVID-19 pa-
tients in ICU could be even higher than what was described, so far. In 
line with our hypothesis, a very recent study showed an extremely high 
prevalence of asymptomatic DVT by screening with compression ul-
trasonography of the lower extremities COVID-19 patients in ICU (41/ 
48–85.4%) [10]. In our study sample, although 10 out of 43 subjects 
were admitted from ICU, the prevalence of prior VTE was low. How-
ever, it should be taken into account that all the screened subjects were 
asymptomatic for DVT and no systematic screening with leg venous 
ultrasound was performed in ICU. 

Those results and ours are consistent with recent evidences sup-
porting the concept of a strong prothrombotic diathesis in COVID-19, 
which is characterized by severe hypercoagulability rather than con-
sumptive coagulopathy [4,11]. SARS-CoV-2 infection may influence 
hemostatic pathways by different biological mechanisms at several le-
vels. Recent observations by autopsies in COVID-19 patients docu-
mented pulmonary vascular endothelialitis and a high prevalence of in 
situ microthrombi in alveolar capillary vessels, consistent with throm-
botic microangiopathy [12]. The coagulopathy of COVID-19 has been 
suggestively described as a perfect storm of immune-, cytokine-, and 
coagulation-driven processes that conspire to create a prothrombotic 
diathesis [4]. However, the crucial drivers of all these alterations in the 
hemostatic balance, remain still uncertain as it does so the optimal 
management of COVID-19-associated VTE risk. Further studies are, 
therefore, needed to clarify such issues. The findings of a high pre-
valence of DVT in patients taking the usual thromboprophylaxis and 

estimated at low risk of thrombotic complications according to the 
traditional risk assessment model (such as the Padua Prediction Score), 
emphasize some unsolved issues: i) potential SARS-CoV-2-related hy-
percoagulable state, ii) appropriate VTE risk stratification for hospita-
lized COVID-19 patients, and iii) the choice of anticoagulant agents and 
relative doses, which require further investigations [2]. It should be 
noted that there is a great debate on such issues with some controversial 
results [7,8,13]. These crucial questions will be solved only by the 
ongoing randomized clinical trials. Meanwhile, we can argue that early 
detection of DVT in COVID-19 patients may allow a more appropriate 
management, for example by shifting rapidly from standard thrombo-
prophylaxis to full anticoagulant therapy in patients with high throm-
botic burden, like the reported 3 subjects in whom CT-pulmonary an-
giography revealed pulmonary embolism. 

This study has some limitations owing to the small sample size, and 
its results should be then considered as hypothesis-generating. 
Nonetheless, our results support the concept that a high index of sus-
picion for VTE is crucial in patients with SARS-CoV-2 infection. Further 
investigations with prospective clinical trials are urgently needed to 
define both clinical and laboratory predictors of VTE and the possible 
role of anticoagulant therapy for the outcome of patients with COVID- 
19. 
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