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Systematic duplex ultrasound screening in conventional units for

COVID-19 patients with follow-up of 5 days
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ABSTRACT
Objective: COVID-19 patientsmay develop coagulopathy, which is associatedwith poor prognosis andhigh risk of thrombosis.
Themain objective of this work was to evaluate the prevalence of deep venous thrombosis of lower limbs (DVT) through ultra-
sonography in patients infected with COVID-19 admitted to conventional units at our hospital with 5 days of monitoring. The
secondary objective was to determine if D-dimer levels, bodymass index, and C-reactive protein were associatedwith DVT.

Methods: A total of 72 patients, with a mean age of 65 6 12.3 years, infected with COVID-19 were admitted to three
conventional units at our institution; 28 patients were women. A COVID-19 diagnosis was made by a transcriptase po-
lymerase chain reaction by means of nasopharyngeal swab or by chest computer tomography without iodine contrast
media. Demographics, comorbidities, and laboratory parameters were collected. A preventive anticoagulation treatment
was established on admission with low-molecular-weight heparin. A complete venous duplex ultrasound (DU) test of
lower limbs was performed on day (D) 0 and D5. A pulmonary computer tomography angiogram with iodine contrast
media was required when pulmonary embolism was suspected.

Results:On D0, the DU showed acute DVT in seven patients (9.75%). A pulmonary computer tomography angiogramwas
performed in 12 patients (16.65%), 3 (25%) of whom had an acute pulmonary embolism. On D0, acute DVT was not
significantly associated with C-reactive protein (mean 101 6 98.6 in the group without DVT vs 67.6 6 58.4 mg/L, P ¼ .43) or
body mass index (27.7 6 5.04 vs 28.1 6 2.65 kg/m2, P ¼ .54). However, we found a significant association between acute
DVT and D-dimer levels (1536 6 2347 vs 9652 6 10,205 ng/mL, P < .01). Among the patients included on D0, only 32 had a
DU on D5. Forty of them (55.55%) were not examined for the following reasons: 7 (9.7%) were previously diagnosed with
venous thromboembolism on D0 and therefore were excluded on D5, 8 (11%) were transferred to the intensive care unit,
10 (14%) were discharged from the hospital, 5 (7%) died, and 10 (13.9%) were excluded because of technical issues. On D5,
five (15.6%) patients had acute DVT in addition to those found on D0; three were distal and two proximal despite pre-
ventive anticoagulation with low-molecular-weight heparin.

Conclusions: Hospitalized non-intensive care unit patients with COVID-19 pneumonia have a high frequency of venous
thrombotic events justifying screening with DU. (J Vasc Surg Venous Lymphat Disord 2021;9:853-8.)
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From March 2 to April 26, 2020, 1249 COVID-19 patients
were admitted to our institution. Among them, 278 were
hospitalized in intensive care units (ICU).1 COVID-19
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patients may develop venous thromboembolism (VTE)
events as pulmonary embolism (PE) and/or deep venous
thrombosis of lower limbs (DVT) despite antithrombotic
prophylaxis.2 This prothrombotic state prompted us to
perform a duplex ultrasound (DU) test as standard care
for patients admitted to conventional units for COVID-
19 pneumonia. The main objective of this study was to
establish the prevalence of DVT through ultrasonography
in patients infected with COVID-19 admitted to three
conventional units at our hospital with a follow-up of
5 days. The secondary objective was to assess if D-dimer
levels, body mass index (BMI), and C-reactive protein
(CRP) were associated with DVT.

METHODS
Our local ethical committee approved this single-

center retrospective study. An oral consent was obtained
853
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Table I. Lung parenchyma lesions on chest computed
tomography (CT) (Recommendation of the French Society
of Thoracic Imaging)

Chest CT severity
Extent of lesions % of lung

parenchyma

Stage 1: minimal <10

Stage 2: moderate 10-25

Stage 3: extended 25-50

Stage 4: severe 50-75

Stage 5: critical >75

CT without concentration iodine contrast. In patients with COVID-19,
CT showed characteristic lung parenchyma lesions: peripheral, bilat-
eral ground-glass opacities. These lesions were classified into five
stages based on the recommendation of the French Society of
Thoracic Imaging.

ARTICLE HIGHLIGHTS
d Type of Research: Single-center, retrospective cohort
study

d Key Findings: Of 72 patients admitted to standard
hospital wards with COVID-19 and examined with
duplex ultrasound, 9.7% had acute deep venous
thrombosis of lower limbs (DVT) on day 0, and 5
(15.6%) of 32 initially without DVT with follow-up
duplex at hospital day 5 developed DVT despite pre-
ventive anticoagulation.

d Take Home Message: Hospitalized non-intensive
care unit patients with COVID-19 pneumonia have a
high frequency of venous thrombotic events justi-
fying screening with duplex ultrasound of non-
intensive care unit patients admitted with COVID-19
pneumonia.
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from the patients for this study based on the principles
outlined in the Declaration of Helsinki.
From March 25 to April 8, 72 patients, with a mean age

65 6 12.3 years (range, 38-89 years), infected with COVID-
19 were admitted to three conventional units of our insti-
tution: Internal Medicine, Cardiology, and Vascular Medi-
cine. Twenty-eight patients were women (39%). A
transcriptase polymerase chain reaction (RT-PCR) by
means of nasopharyngeal swab was performed for the
diagnosis of SARS CoV-2. The chest computed tomogra-
phy (CT) images without iodine contrast media reviewed
by a senior chest radiologist associated with the clinical
signs of the infection were the criterion of the diagnosis
of SARS CoV-2 for the patients who had a negative RT-
PCR result. The diagnosis the lung lesions on CT was
based on the recommendation of the French Society of
Thoracic Imaging3 (Table I). A pulmonary CT angiogram
with iodine contrast media was required when PE was
suspected. RT-PCR COVID-19 false-negative test results
can be seen in patients infected.4 Demographics, comor-
bidities, and laboratory parameters were collected. No
standard protocol was fixed for the D-dimer test; it was
obtained based on individual physicians’ choice. The
HemosiL D-Dimer HS 500 reagent was used. We estab-
lished on admission a common anticoagulation stan-
dard protocol for the three units. We used low-
molecular-weight heparin (LMWH) with subcutaneous
enoxaparin: preventive dose of 4000 IU/24 hours for pa-
tients weighing less than 100 kg or 6000 IU for those
weighing over100 kg. A therapeutic dose of 100 IU/kg/
12 hours was administered to patients who had a history
of VTE events or atrial fibrillation.
The Vascular Medicine team performed venous DU on

day (D) 0 and D5 for examination of deep and superficial
veins of lower limbs using a Samsung HS50 ultrasound
machine. The criteria for a positive diagnosis of venous
thrombosis were venous incompressibility and the direct
visualization of the thrombus for the proximal DVT
(popliteal, femoral, and iliac veins). For the distal DVT
(below the popliteal vein), the criterion was the absence
of the Doppler flow and venous incompressibility. We fol-
lowed a strict protocol to protect the examiner: com-
plete infection-control training and wearing FFP3
(filtering facepiece) were mandatory for all sonographers.
This work is an observational study; therefore, no power
calculations were used. Qualitative and quantitative vari-
ables were analyzed using means or medians, percent-
ages, and standard deviations. Quantitative variables
were analyzed by the Mann-Whitney-Wilcoxon test and
qualitative variables by the Fisher test. Only univariate
analysis was performed because of the small sample
size of the study. P values less than .05 were considered
to indicate statistical significance. Statistical analysis
was carried out using R Statistical Software and pack-
ages “shiny and simplestats”: Medistica, pvalue.io, a
graphic user interface to the R statistical analysis
software for scientific medical publications, 2019. Avail-
able at: https://www.pvalue.io, Paris, France.

RESULTS
In our cohort, 50 patients (69.50%) had positive RT-PCR

results. In 30.50%, the diagnosis of COVID-19 infection
was confirmed by the clinical signs of the infection and
by the chest CT images without iodine contrast media,
which showed characteristic lung parenchyma lesions:
bilateral, peripheral ground-glass opacities (Fig). Four pa-
tients (5.5%) received therapeutic anticoagulation treat-
ment on admission with a direct oral anticoagulant
(DOAC), two of whom for atrial fibrillation and two due
to history of VTE. In three patients, the DOAC (rivaroxa-
ban) was stopped because of elevated transaminases; a
therapeutic anticoagulant with subcutaneous enoxa-
parin was initiated. Acute moderate renal failure was
observed in seven patients (9.70%). Fifty-five patients
(76.5%) had lymphopenia and 44 (61%) elevated amino-
transferasis (EA). Four patients (5.6%) with chronic renal
failure (glomerular filtration rate [GFR] <20 mL/min)

https://www.pvalue.io


Fig. Lung parenchyma lesions in COVID-19 infection.
Chest computed tomography (CT) without iodine contrast
shows bilateral, peripheral ground-glass opacity stage 4
(extended lesions 50%-75% of lung parenchyma): Classi-
fication of the French Society of Thoracic Imaging.
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were treated with antithrombotic prophylaxis using sub-
cutaneous unfractionated heparin with Calciparin. A DU
test showed acute DVT in seven patients (9.75%) on D0;
four were proximal and three distal. None of them had
anticoagulant treatment before hospital admission; five
(71%) did not show any signs or symptoms. Two had
pain and edema leg. No acute arterial thrombosis and
no superficial venous thrombosis were detected.
A pulmonary CT angiogram was performed in 12 pa-

tients (16.6%), 3 (25%) of whom had an acute PE. In two
patients, the PE was associated with proximal DVT; the
third patient had a primary PE.
On D0, acute DVT was not significantly associated with

CRP (mean 101 6 98.6 in the group without DVT vs 67.6 6

58.4 mg/L, P ¼ .43) or BMI (mean 27.7 6 5.04 vs 28.1 6

2.65 kg/m2, P ¼ .54). However, we found a significant as-
sociation between acute DVT and D-dimer levels (mean
1536 6 2347 vs 9652 6 10,205 ng/mL, P < .01) among 64
patients who had D-dimer sampling on D0. Patient char-
acteristics on D0 are summarized in Table II.
Among the patients included on D0, only 32 had a DU

on D5. Forty (55.55%) were not examined for the
following reasons: 7 (9.7%), who were previously diag-
nosed with VTE on D0, were excluded on D5; 8 (11%)
were transferred to the ICU; 10 (14%) were discharged
from the hospital; 5 (7%) died; and 10 (13.9%) were
excluded because of technical issues. CRP, BMI, D-dimer
levels, GFR, and VTE were not associated with transfer to
the ICU; however, D-dimer levels (P # .01) and GFR (P ¼
.046) were significantly associated with death.
On D5, five (15.6%) patients had acute DVT in addition to

those found on D0; three were distal and two proximal
despite anticoagulation treatment with LMWH (four
with a prophylactic dose and the fifth one with a thera-
peutic dose). Only two patients (40%) were symptomatic
with leg pain and edema. Of the 32 patients, only 23 had
a D-dimer sampling on D5. D-dimer levels were not
significantly associated with DVT, P ¼ .62 (Table III).
With a follow-up of 5 days, 13 of 72 (18%) patients who
had DU developed VTE (on D0: 7 DVT and 1 primary PE
and 5 DVT on D5). All were treated with a therapeutic
dose of enoxaparin (100 IU/kg/12 hours); however, no
bleeding complications were noted (no bruises, hema-
tomas, digestive bleeding, or epistaxis was detected).
Two of the 13 died because of acute respiratory failure.
Of the 11 survivors, 5 were checked 30 days after the first
episode. In three patients, DU did not show vein reflux or
persistent thrombus. All the five patients had normal
GFR and aminotransferases; enoxaparin was stopped,
and a therapeutic dose of DOCAs (apixaban) was
prescribed.
DISCUSSION
Viral infections are associated with coagulation disor-

ders.5 Justo et al6 showed that the incidence of throm-
bosis among acute cytomegalovirus infections in
hospitalized patients was 1.9%-9.1%. Paran et al7 reported
increased risk for VTE in patients who had been tested
positive for cytomegalovirus during the follow-up of
6 months. In our cohort, the prevalence of DVT on D0
was 9.7%.
Middeldorp et al8 reported 20% of VTE events in 198 pa-

tients with COVID-19 pneumonia (38% in ICU) during the
follow-up of 7 days. Marone and Rinaldi9 observed DVT in
16 of 30 non-ICU-hospitalized patients using ultrasound
scans. With 5 days’ follow-up, we observed 13 patients
(18%) with VTE events and 12 (16.7%) with acute DVT.
The prevalence (15.6%) was significant mainly on D5
despite antithrombotic prophylaxis.
Obesity appears to be associated with an increased risk

of VTE in general population.10 For this reason, we treated
our patients weighing over than 100 kg with the preven-
tive dose of enoxaparin of 6000 IU/24 hours. Grimnes
et al11 found that acute inflammation, assessed by CRP,
was a marker for VTE. However, elevated CRP levels12

and obesity13 can be a marker for severity of COVID-19
infection. In our study, BMI and CRP were not signifi-
cantly associated with DVT on D0 and D5 or with the
transfer to ICU and death. Elevated CRP in our study
could be related to the inflammatory response; the pa-
tients infected with COVID-19 had excessive cytokine
storm.14



Table II. Patient characteristics on day 0 (D0): demographics, comorbidities, laboratory parameters, and history

Total (N ¼ 72) DVT-free (n ¼ 65) DVT (n ¼ 7) P value

Age 66.3 (611.9) 65.9 (612.4) 69.3 (66.80) .55

Sex

Female 28 (39) 27 (41.5) 1 (14.3) .091

Male 44 (61) 38 (58.5) 6 (85.7)

D-dimer <500 ng/mL 2289 (64312) N ¼ 64 1622 (62408) N ¼ 58 9652 (610,205) N ¼ 6 <.01

CRP 0-3 mg/L 181 (676.3) 96.1 (675.0) 67.6 (658.4) .37

BMI (kg/m2) 28.9 (611.2) n ¼ 63 27.7 (65.04) n ¼ 56 28.1 (62.65) n ¼ 7 .94

GFR >90 mL/min 80.5 (628.5) 78.6 (628.2) 95.7 (630.2) .26

Symptoms onset to D0 10.6 (65.49) 10.2 (65.49) 13.1 (65.52) .095

Hypertension 35 (53.8) 31 (47.7) 4 (57) .71

Diabetes 13 (20) 11 (17) 2 (28.6) 1

Smoking 8 (11) 7 (10.8) 1 (14.3) .18

Hypercholesterolemia 24 (33.3) 23 (35.4) 1 (14.3) .42

Lymphopenia (<1.2 � 10.9/L) 55 (76.4) 51 (78.5) 4 (57) 1

Sleep apnea syndrome 5 (7) 2 (3) 3 (42.8) .01

Pulmonary embolism 3 (4.16) 1 (1.53) 2 (28.6) <.01

Proximal DVT 3 (4.2) 0 (0) 3 (43) e

Distal DVT 4 (5.5) 0 (0) 4 (57) e

Signs and symptoms of DVT e e 2 (28.6) e

No signs and symptoms of DVT e e 5 (71.5) e

Medical history of VTE 2 (2.8) 1 (1.5) 1 (14.3 e

Atrial fibrillation 2 (2.8) 1 (1.5) 1 (14.3) e

Medical history of PAD 5 (7) 4 (6) 1 (14.3) e

Medical history of coronary diseases 11 (15.3) 10 (15.4) 1 (14.3) e

Antiplatelets 12 (16.7) 10 (15.4) 2 (28.6) e

DOACs 4 (5.6) 3 (5.6) 1 (14.3) e

Vit K antagonist 1 (1.4) 1 (1.5) 0 (0) e

Active cancer 0 (0) 0 (0) 0 (0) e

History of cancer 3 (4.2) 3 (4.6) 0 (0) e

COPD 2 (2.8) 1 (1.5) 1 (14.3) e

Leg ulcer 1 (1.4) 1 (1.5) 0 (0) e

Medical history of thrombophilia 2 (2.8) 1 (1.5) 1 (14.3) e

Medical history of immunologic diseases 1 (1.4) 0 (0) 0 (0) e

Venous insufficiency 5 (7) 4 (6.15) 1 (14.3) e

MARF 7 (9.7) 7 (10.8) 0 (0) e

Treatment (Sartans) 5 (7) 4 (6) 1 (14.3) e

Chronic renal failure 4 (5.6) 4 (6) 0 (0) e

BMI, Body mass index; COPD, chronic obstructive pulmonary diseases; CRP, C-reactive protein; D0, day 0; DOAC, direct oral anticoagulant; DVT, deep
venous thrombosis; GFR, glomerular filtration rate; IQR, interquartile range; M, median; MARF, moderate acute renal failure; PAD, peripheral arterial
disease; Vit, vitamin; VTE, venous thromboembolism.
Continuous data are expressed as the mean 6 standard deviation, and categorical data are expressed as number (%).
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Elevated D-dimer levels may be amarker of asymptom-
atic DVT15 and for disease severity and mortality in
COVID-19 patients.16 In our series, 8 of the 12 patients
(66.7%) with DVT on D0 and D5 were asymptomatic
and D-dimer levels were elevated and significantly
associated in patients developing DVT on D0 and the
same goes for the 5 patients who passed away (P < .01).

On D5, only 23 had a D-dimer sampling, so probably for
this reason D-dimer levels were not significantly associ-
ated with DVT, P ¼ .62.



Table III. Patients characteristics on day 5: demographics and laboratory parameters

Total (N ¼ 32), M (IQR) DVT-free (n ¼ 27), M (IQR) DVT (n ¼ 5), M (IQR) P value

Age 65.6 (610.7) 64.6 (610.5) 71.4 (610.9) .25

Sex

Female 15 13 2 e

Male 17 14 3 e

BMI (kg/m2) 27.6 (64.91) 27.5 (63.52) 27.0 (65.00) 1

CRP 0-3 mg/L 112 (671.2) 105 (672.7) 150 (653.9) .15

GFR >90 mL/min 80.5 (628.5) 81.4 (626.1) 68.8 (623.3) .23

D-dimer <500 ng/mL 1398 (61370) N ¼ 23 1200 (6821) N ¼ 18 2162 (62364) N ¼ 5 .62

DVT proximal e e 2 (40) e

DVT distal e e 3 (60) e

Preventive anticoagulation e e 4 (80) e

Therapeutic anticoagulation e e 1 (20) e

With signs and symptoms e e 2 (40) e

No signs and symptoms e e 3 (60) e

BMI, Body mass index; CRP, C-reactive protein; DVT, deep venous thrombosis; GFR, glomerular filtration rate; IQR, interquartile range; M, median.
Data are presented as n (%) unless otherwise specified.
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COVID-19 pneumonia can provoke aminotransferase
disorders with EA.17 Forty-four patients (61%) of our
cohort had EA; for this reason, DOAC was not prescribed.
Our patients were treated with preventive and therapeu-
tic LMWH.

CONCLUSIONS
Hospitalized non-ICU patients with COVID-19 pneu-

monia have a high frequency of VTE. These patients
require an early administration of preventive anticoagu-
lation with LMWH. They also require a follow-up with DU.
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