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Abstract
Increasing evidence suggests that COVID-19 may be associated with venous thromboembolism, and much data exists regard-
ing high incidence of venous thrombosis in critical COVID-19 patients. However, evidence on this complication in less 
severe patients is not widely available. The aim of this study was to investigate the incidence of deep-vein thrombosis (DVT) 
in patients with moderate-to-severe COVID-19, to assess the prevalence of DVT with duplex ultrasound, and to compare 
patients with DVT and those without it using lung computerized tomography (CT), clinical information and lab data. The 
subjects of this study were 75 consecutive patients (aged 27–92 y, median–63 y; 36 males and 39 females) with moderate-
to-severe COVID-19. DVT was found in 15 patients (20%). The vast majority of those with DVT (13 patients, 86.7%) had 
thrombi in calf veins and 2 (13.3%) had ileofemoral thrombosis. High incidence of DVT (20%) is observed even in patients 
with moderate-to-severe COVID-19. These patients require early anticoagulation therapy as part of their treatment. Such 
therapy may be continued after hospital discharge and these patients may also require follow-up vein ultrasonography after 
recovery to rule out DVT.
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Introduction

Several studies revealed high incidence of venous thromboem-
bolic complications (VTE) in patients with severe and critical 
COVID-19 [1–3]. Wichmann et al. [1] found venous throm-
bosis in seven out of 12 consecutive autopsies of patients with 
COVID-19, while Nahum J et al. found deep-vein thrombosis 
(DVT) in 65% of patients (22 out of 34) admitted to ICU 
(ultrasonography exam was performed at admission) [2].

In contrast, there is not enough data about frequency of 
DVT in patients with less severe form of disease. The aim of 
this study was to evaluate incidence of DVT in patients with 
moderate-to-severe COVID-19 and to assess the possible 
connection of DVT with clinical findings lung CT scores 
and laboratory data.

Methods

Almost all patients admitted to Federal State Clini-
cal Research Hospital FMBA of Russia with confirmed 
COVID-19 in the first half of May 2020 underwent venous 
duplex ultrasonography exam within 7 days following hos-
pital admission. Critical patients who required admission 
to ICU, patients with more than 75% of lungs affected (as 
evidenced by lung CT exam), patients with a known history 
of DVT and patients with recent leg and hip trauma were 
excluded from analysis. A total of 75 consecutive patients 
(pts) (Table 1) with moderate-to-severe COVID-19 were 
included in our study.

Results

Vein ultrasonography revealed spontaneous echo contrast 
in common femoral veins in 53 pts (70.7%) which indi-
cated blood stasis and markedly decreased venous flow 
velocity in majority of patients. DVT was found in 15 pts 
(20%). A majority of patients were found to have thrombi 
in calf veins only (13 pts, 86.7%) and 2 pts (13.3%) have 
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ileofemoral thrombosis. These same 2 pts have floating 
thrombi with a high risk of pulmonary embolism. Most of 
the thrombi (64%) were occlusive thrombi in the peroneal, 
posterior tibial veins and sinuses. 4 pts (26.7%) had bilat-
eral DVT and 11 (73.3%) unilateral. Also, in two patients 
we detected thrombi in upper extremities veins. No signifi-
cant difference was observed between DVT and non-DVT 
patients with respect to age, underlying diseases, lung CT 
scores, SpaO2 at admission and the majority of lab data 
(Table 2).

However, a significant difference was observed in 
d-dimer level and C-reactive protein for patients with DVT 
and patients without DVT respectably. For d-dimer evalu-
ation, we used quantitative, latex enhanced immunoturbi-
dimetric immunoassay. Reference range for normal values 
was < 0.5 µg/mL Receiver operating characteristics (ROC) 
analysis revealed that the level of d-dimer ≥ 0.69 mcg/mL 
is the predictor of DVT (sensitivity = 76.9%, specific-
ity = 77.6%, p < 0.001).

Discussion

In our study, we found relatively high (20%) incidence of 
DVT in patients with moderate-to-severe COVID-19 and 
most of these patients have signs of decreased venous 
velocity and blood stasis. Follow the recommendations of 
the International Society on Thrombosis and Hemostasis 
(ISTH) [5] all patients admitted to our hospital with COVID-
19 (with the exception of those who have clear contrain-
dications like active bleeding and platelet count less than 
25 × 109/L) receive thromboprophylaxis with nadroparin 
calcium (dose 0.4–0.6 ml daily, administration 1–2 times 
a day. Each ml of aqueous solution contains 9500 anti-Xa 
IU of nadroparin calcium). In patients with DVT antico-
agulant therapy was adjusted. However, despite intensive 
anticoagulant treatment the results were limited and all 
thrombi persisted, which is consistent with [2]. Two of 
patients had ileofemoral thromobosis with an accompanied 
high risk of pulmonary embolism, which was averted thanks 

Table 1   Patient characteristics (75 Patients)

**0 denoted no involvement; 1 denoted less than 5% involvement; 2 denoted 5–25% involvement; 3 denoted 26–49% involvement; 4 denoted 
50–75% involvement; and 5 denoted more than 75% involvement

Age 27–92 y
Median 63 y, Mean 63.41 y

Gender 36 males, 39 females
COVID-19 complications Bilateral pneumonia 74 pts (98.7%), Unilateral pneu-

monia 1 pts (1.3%)
Underlying concomitant diseases and conditions

  Diabetes mellitus 12 pts (16%)
  Oncology 8 pts (10.7%)
  Arterial hypertension 36 pts (48%)
  Ischemic heart disease 19 pts (26.4%)
  Atrial fibrillation (paroxysmal) 5 pts (6.7%)
  Chronic lung diseases 9 pts (12%)
  Obesity 4 pts (5.3%)

Days from symptoms onset to admission 1–43 days, Median—8 days, Mean—8.95 days
SpaO2 at admission 80–99%, Median—95%, Mean—93.7%
Lung CT scores at admission (according to G. Huang et al. [4]*)
 1 2 (2.7%)
 2 6 (8%)
 3 39 (52%)
 4 28 (37.3%)

Oxygen therapy at some point (low-flow oxygen 2–12 L/min) 59 pts (79%)
Lab data
 APPT sec** 22–101, Mean—37.55 (reference values (RV)—25–35)
 d-dimer, mcg/mL 0.09–5.0, Mean—0.75 (RV—0.02–0.5)
 Creatinine, mcmol/L 42.7–311, Mean—89.69 (RV—53–97)
 C-reactive protein, mg/L 1.4–385, Mean—75.33 (RV— > 10)
 Platelet count, 10^9/L 111–519 Mean—246.8 (RV—120–380)
 Blood glucose, mmol/L 2.1–15.27 Mean—6.7 (RV—3.9–6.4)
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to early detection. Also, in two of patients with DVT, we 
detected thrombi in upper extremities veins which high-
lights the possibility of widespread thrombi formations 
in patients even with only moderate COVID-19. Clinical 
data have demonstrated that COVID-19 is associated with 
a significant risk of thrombotic complications ranging from 
microvascular thrombosis, venous thromboembolic disease, 
and stroke [6]. A number of reports described the issue of 
pulmonary thrombosis in COVID-19 patients [7, 8] and 
histologic analysis of pulmonary vessels in patients with 
COVID-19 showed widespread thrombosis with microan-
giopathy. Several pathological pathways are thought to be 
involved in microthrombi formation including endothelial 
damage, thrombin activation, platelet activation, neutrophil 
extracellular traps (NETs) formation, and contact pathway 
activation [9]. It is important to note the autopsy series of 
the some COVID-19 patients revealed diffusely edema-
tous lung parenchyma and the presence of small and firm 
thrombi in sections of the peripheral lung, while pulmo-
nary arteries at the hilum were free of thromboembolism 
and there were no signs of gross inflammation [10]. These 
findings demonstrate that while some of mechanisms can 
lead to both micro- and macrothrombotic complications 
(notably endothelium damage) pulmonary thrombosis is 
not accompanied by DVT and in many cases resulted from 
microthrombi formation in lung capillaries and small vessels 

with the absence of pulmonary thromboembolism. Some 
authors suggest that profound decline and alteration of peri-
cytes (spatially isolated contractile cells present at intervals 
along the walls of capillaries and post-capillary venules) 
caused by a direct effect of SARS-CoV-2 could be the initial 
trigger of the micro-vasculopathy [11].

In our series all COVID-19 patients with DVT had vari-
ous degree of lung involvement detected by CT ranged from 
ground-glass opacities to consolidation patterns and CT did 
not detect any signs of pulmonary embolism (we did not per-
form lung biopsy). This indicated that DVT often do not led 
to thromboembolism, and remain “sleeping thrombi” with-
out clinical manifestations. However, taking into account the 
resistance of COVID-19 induced thrombi to anticoagulant 
therapy they may led to complications in the future.

The d-dimer and C-reactive protein levels were increased 
in the majority of COVID-19 patients which is consistent 
with published data [12]. However, this increase was more 
pronounced in patients with DVT and, based on our observa-
tions; we proposed a d-dimer level threshold of 0.69 mcg/
mL as a level representing significantly increased risk of 
DVT. Based on study results, it is advisable to start antico-
agulation therapy as early as possible in patients with moder-
ate COVID-19 and continue it after discharge from hospital. 
Also, it perhaps makes sense to follow these patients and, at 

Table 2   Comparison between patients with DVT (Group 1) and those without thrombi in the deep veins of the lower extremities (Group 2)

Bold value represents the significant difference between Group 1 and Group 2, p < 0.05
*Std. Dev. standard deviation (where applicable)
**Calculated using Chi-square test

Patients with DVT 
(Group 1)
15 pts

Patients without 
DVT (Group 2)
60 pts

p Std. Dev.*
(Group 1)

Std. Dev
(Group 2)

Age (years) 62 69.1 0.087 15.21 14.03
Underlying concomitant diseases and conditions

  Diabetes mellitus (pts) 2 (13.3%) 10 (16.7%) 0.753**
  Oncology (pts) 1 (6.7%) 7 (11.7%) 0.575**
  Arterial hypertension (pts) 10 (66.7%) 26 (43.3%) 0.106**
  Ischemic heart disease (pts) 6 (40%) 13 (21.7%) 0.144**
  Atrial fibrillation (paroxysmal) (pts) 2 (13.3%) 3 (5%) 0.259**
  Chronic lung diseases (pts) 1 (6.7%) 8 (13.3%) 0.477**

Time from symptoms onset to admission (days) 11.2 8.4 0.153 9.71 5.59
SpaO2 at admission (%) 94 92.6 0.192 3.9 3.5
Lung CT scores at admission 3.4 3.2 0.335 0,63 0.73
APPT sec 40.5 36.9 0.34 11.46 12.6
d-dimer, mcg/mL 1.87 0.51  < 0.0001 1.62 0.4
Creatinine, mcmol/L 83.96 90.9 0.643 60.36 43.8
C-reactive protein, mg/L 116.9 65,1 0.014 83.6 64.98
Platelet count, 10^9/L 272.7 239.7 0.203 85.0 85.3
Blood glucose, mmol/L 6.0 6.9 0.185 1.3 2.3
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some point in the future, to perform venous ultrasonography 
to rule out DVT.
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