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COVID-19 and Venous Thromboembolism in Intensive
Care or Medical Ward
Giampiero Avruscio1, Giuseppe Camporese1,*, Elena Campello2, Enrico Bernardi3, Paolo Persona4, Christian Passarella5,
Franco Noventa6, Marco Cola7, Paolo Navalesi4, Annamaria Cattelan7, Ivo Tiberio5, Annalisa Boscolo4, Luca Spiezia2,
Paolo Simioni2 and for the COVID-VTE Study Group

Despite thromboprophylaxis, patients with coronavirus disease 2019 (COVID-19) exhibit hypercoagulability and higher venous thromboembolic risk, although its real incidence is still unknown. The aim of this study was to evaluate the incidence
of venous thromboembolism (VTE) in patients with COVID-19 admitted to both intensive care units (ICUs) and medical wards
(MWs). Consecutive patients admitted for COVID-19 to the MW and the ICU at Padua University Hospital, all receiving thromboprophylaxis, underwent systematic ultrasonography of the internal jugular, and the upper and lower limbs veins every
7 days (± 1 day) after the admission; and, if negative, once-weekly until discharge or death. In case of suspected pulmonary
embolism, a multidetector computed tomographic angiography was performed. The primary outcome was the proportion
of any deep-vein thrombosis (DVT) and symptomatic pulmonary embolism in both groups. An extended blood coagulative
test was performed as well. From March 4 to April 30, 2020, a total of 85 patients were investigated, 44 (52%) in MWs and
41 (48%) in the ICU. Despite thromboprophylaxis, VTE occurred in 12 patients in the MWs (27.3%) and 31 patients in the ICU
(75.6%) with an odds ratio of 9.3 (95% confidence interval (CI) 3.5–24.5; P < 0.001). Multiple-site DVT occurred in 55.6% of
patients (95% CI 39.6–70.5). Increased D-dimer levels significantly correlated with VTE (P = 0.001) and death (P = 0.015).
Summarizing, patients with COVID-19 admitted to the MW or ICU showed a high frequency of venous thromboembolism, despite standard-dose or high-dose thromboprophylaxis. Whether thrombosis, particularly asymptomatic events, may play a
role in the morbidity and mortality of patients with COVID-19 remain to be clarified.
Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
✔ Patients with coronavirus disease 2019 (COVID-19) display both hypercoagulability and higher thromboembolic
risk. The actual incidence of the latter is ill-defined.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔ What is the actual incidence of venous thromboembolism (VTE) in these patients? Does the incidence differ in
diverse settings, such as an intensive care unit (ICU) or a
medical ward (MW)?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
✔ Patients with COVID-19 admitted to the ICU or a MW
display a 5-fold higher risk of VTE than would be expected from the literature. Patients in the ICU experience

VTE nine times more frequently than those in an MW. This
occurs despite pharmacological thromboprophylaxis
with standard or high-dose prophylaxis with enoxaparin
or fondaparinux. Patients with COVID-19 also exhibit an
unexpectedly high incidence of multiple-site deep-vein
thrombosis. Hypercoagulability, as expressed by increased D-dimer levels, significantly correlates with VTE
and death.
HOW MIGHT THIS CHANGE CLINICAL PHARMA
COLOGY OR TRANSLATIONAL SCIENCE?
✔ Our results suggest that thromboprophylaxis does not
adequately prevent VTE in these patients. A randomized
trial comparing anticoagulant treatment with prophylaxis
seems warranted.
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The severe acute respiratory syndrome-coronavirus 2
(SARS-CoV-2) has spread throughout the world starting
from December 2019 and has not stopped yet, causing the
occurrence of a new coronavirus disease 2019 (COVID-19)
and becoming a global health threat. Most patients infected with SARS-CoV-2 are asymptomatic or experience
a mild disease course. Nonetheless, about 14% of the patients with COVID-19 are admitted to medical wards (MWs),
whereas about 5% develop a severe respiratory failure,
thus requiring admission to intensive care units (ICUs).1
Venous thromboembolism (VTE)—including deep-vein
thrombosis (DVT) and pulmonary embolism (PE)—is a common disease affecting 1 to 2 in 1,000 persons per year in the
general population, and most often arises as a complication
of another pathological condition.2 The VTE risk, in patients
hospitalized in MWs for an infectious respiratory disease, is
as high as 5% and 17%, with and without thromboprophylaxis, respectively. The corresponding figures for patients
admitted to the ICU, are 16% and 31%, with and without
thromboprophylaxis, respectively.3–7 A number of specific
factors, let alone respiratory failure per se, account for the
higher VTE-prevalence observed in patients in the ICU, including central venous catheters, mechanical ventilation,
and neuromuscular-blockade.8–11
Patients with COVID-19 may express coagulation activation at presentation, as shown by elevated D-dimer, which is
associated with a worse clinical evolution and higher in-hospital mortality.12–18 Furthermore, patients with COVID-19
who are admitted to an ICU may also experience a severe
hypercoagulable state fostered by high serum levels of prothrombotic cytokines—which might place these patients at
an even higher risk of developing VTE.19,20
In this sense, it is noteworthy that a number of recent
studies, mostly retrospective, reported a similarly high incidence of VTE in patients with COVID-19 to that observed in
patients hospitalized for a non-COVID infectious respiratory
disease, being as high as 20%, and tending to be more frequent in patients admitted to the ICU than in those admitted
to the MWs.21–26
Based on these findings, we designed a prospective
study, using systematic ultrasonographic and laboratory
screening to assess the actual incidence of VTE and hypercoagulable state in patients with COVID-19, admitted to the
ICU or MW (Infectious Diseases Units) of Padua University
Hospital.
METHODS
Study design
This was an observational cohort study. Our Institutional
Review Board approved the study protocol, prior to data
collection. Informed consent for noninvasive diagnostic
procedures was managed according to internal hospital
policy. The study was conducted in compliance with the
principles of the Declaration of Helsinki.
Patients
Consecutive patients aged ≥ 18 years with confirmed COVID19 who were admitted to an MW for a mild (slight clinical
symptoms, no signs of pneumonia on imaging) to moderate
(fever and respiratory symptoms, with pneumonia signs on
Clinical and Translational Science

imaging) disease; or to the ICU for a severe (patients with
any of the following conditions: respiratory distress with respiratory rate ≥ 30 breaths/minute; SPO2 ≤ 93% at rest;
PaO2/FiO2 ≤ 300 mm Hg (1 mm Hg = 0.133 kPa)) to critical
(patients with any of the following conditions: respiratory
failure requiring mechanical ventilation; shock; or other
organ failure) disease, were enrolled.27 COVID-19 was confirmed by a reverse transcription polymerase chain reaction
on nasopharyngeal swabs or sputum samples. On admission, all patients were prescribed thromboprophylaxis with
low-molecular-weight heparin (LMWH; enoxaparin 40 mg
once-daily) or fondaparinux (2.5 mg once-daily), according
to current recommendations for medical patients.
Outcomes
The primary outcome of the study was the incidence of
symptomatic PE, as well as symptomatic or asymptomatic
DVT in both groups.
The secondary outcome was the incidence of superficial
vein thrombosis (SVT) and hypercoagulable state in both
groups.
An independent committee, blinded on patients’ allocation group, adjudicated the thromboembolic events based
on all relevant documentation and footage.
Outcomes assessment
All patients underwent systematic bilateral color-coded
Doppler ultrasonography (CCDU) both for superficial-vein
and deep-vein systems of the upper and lower limbs, and
of the internal jugular veins at 7 days (± 1 day) from the hospital admission. Patients with normal baseline ultrasound
results were scheduled for further scans once weekly for
the entire duration of their hospital stay.
CCDU was performed according to standardized protocols.28,29 Diagnostic methodology is described in the
Supplementary Material. Vein incompressibility was the
only diagnostic criterion used to rule-in DVT and SVT.30 All
CCDU examinations were performed by certified and skilled
vascular physicians, with long-standing experience in vascular ultrasonography.
Nonfatal symptomatic PE (e.g., unexplained hypotension
or hypoxia disproportionate to the severity of pneumonia)
was confirmed by multidetector computed tomographic
pulmonary angiography (CTPA). Fatal PE was adjudicated
by autopsy, or on clinical grounds in case of sudden and
otherwise inexplicable death, according to an independent
physician.
Laboratory measurements
Traditional coagulation parameters, such as hemoglobin,
platelet count, prothrombin time/international normalized ratio, activated partial thromboplastin time (aPTT),
fibrinogen, antithrombin, and D-dimer, as well as serum
creatinine, alanine aminotransferase, and aspartate aminotransferase were measured in all enrolled patients. Whole
blood thromboelastometry profiles were obtained using
a ROTEM Sigma apparatus (Instrumentation Laboratory
– Werfen, Barcelona, Spain), as previously described.19
INTEM and EXTEM assays (evaluation of intrinsic and extrinsic coagulation pathways) and FIBTEM test (evaluation
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of fibrinogen contribution to blood clot) were performed in
all patients. The following ROTEM parameters were analyzed: (1) clotting time, corresponding to the initiation phase
of the clotting process; (2) clot formation time, measuring
the propagation phase of whole blood clot formation; (3)
maximum clot firmness (MCF), indicating the maximum
amplitude in millimeters reached in the thromboelastogram.
Samples were routinely obtained as close as possible to
the first CCDU scan.
Statistical analysis
According to the literature, 5% and 15% of patients admitted
to MWs or ICUs will experience VTE despite thromboprophylaxis.3–7 Preliminary studies in patients with COVID-19
report a remarkably high incidence of VTE, up to 3-fold that
expected, despite thromboprophylaxis.20–25 Thus, we hypothesized that the incidence of VTE in our patients with
COVID-19 receiving thromboprophylaxis would be about
15% in patients admitted to MWs, and about 45% in patients admitted to ICUs, respectively.
Based on these assumptions, we estimated that, including
at least 42 subjects per group, the 2-sided 95% confidence
interval (CI) around the point estimate proportion for VTE
would extend from 9.5% to 20.5%, and from 38% to 52%,
in patients admitted to the MW and to the ICU, respectively
(nQuery Advisor version 5; Statistical Solutions, Cork, Ireland).
Variables were first visually inspected, as usual: categorical variables with frequency tables, and continuous
variables with sample statistics (e.g., average, median, SD,
minimum and maximum value, and 25th and 75th quartiles).
The selected baseline covariates were then compared for
“like-to-like” in the two groups, with appropriate statistical
tests for discrete and continuous variables.
Primary and secondary outcomes analyses were performed on an intention-to-treat population, including all
enrolled subjects. Raw cumulative proportions of subjects
with VTE in the two groups were tested by Fisher’s exact test.
Cox’s proportional hazard model was used to estimate
hazard ratios for VTE occurrence, adjusted for various potential confounders, including group membership, age, sex,
thromboprophylaxis dose, and all additional factors significantly associated with VTE at the univariate analysis (i.e.,
obesity, chronic heart failure, hypertension, and several laboratory findings). Proportional hazards assumptions were
first visually checked by log minus log survival plots for selected variables. Covariates significantly associated with the
model were selected in a “forward stepwise” fashion, by the
Wald method.
The cumulative proportion of patients experiencing VTE
was described by the Kaplan–Meier method, and differences were tested by the log-rank test. All statistical tests
were 2-tailed, at a significance level of 0.05, unless otherwise specified. All analyses were performed with IBM-SPSS
Statistics version 26 package (IBM-SPSS, Chicago, IL).
RESULTS
Among 85 patients hospitalized for COVID-19 at Padua
University Hospital between March 4 and April 30, 2020,
44 (52%) were admitted to the MW and 41 (48%) to the ICU.

Baseline characteristics of the study population are summarized in Table 1. The demographics and medical history
details, including comorbidities and concomitant medications, were similar in both groups; except for weight and
body mass index, that were significantly higher in the ICU
population. The mean time period from admission to discharge or death was 16 days (SD ± 6) in MWs and 27 days
(SD ± 12) in the ICU. At the end of the study (April 30, 2020),
64 patients (75.2%) had been discharged, 13 (15.3%) were
still hospitalized, and 8 (9.4%) had died.
All patients received thromboprophylaxis, as prescribed
on admission. Enoxaparin 40 mg once-daily, or fondaparinux
2.5 mg once-daily were administered to 59 patients (69.4%),
whereas 26 patients (30.6%) displaying increased coagulability
as assessed by ROTEM, received enoxaparin 60 mg or 80 mg
once-daily if they weighted less or more than 80 Kg, respectively, or fondaparinux 5.0 mg once-daily, or 60 mg twice-daily,
if they weighted > 100 kg. Three patients needed extra-corporeal-membrane-oxygenation; all of them received intravenous
high-dose heparin, in order to maintain an aPTT of 60 seconds
and an activated clotting time of 180–200 seconds.
High doses were more often used in the ICU (41%), than
in the MW (26%); to the contrary, standard doses were more
frequently given in the MW (74%) than in the ICU (59%).
There were no differences in terms of VTE between patients
administered standard or high-dose prophylaxis (P = 0.48),
as reported in Table 2. Standard or high-dose prophylaxis
did not account for different rates of VTE, when considering
ICU and MW separately (Figures S1a–c). Only one minor
Table 1 Baseline characteristics of the study population, according
to setting
Setting

Patients characteristics

MW
(n = 44)

ICU
(n = 41)

P
value

Male sex, n (%)

28 (64)

33 (80)

0.10

Age, years

67 (±14)

67 (±11)

0.94
0.02

Weight, kg

76 (±15)

86 (±19)

BMI, kg/m2

26 (±4)

28 (±5)

0.04

Length of stay in hospital, days

16 (±6)

27 (±12)

0.001

Hypertension, n (%)

21 (48)

18 (44)

0.18

Diabetes, n (%)

13 (30)

9 (22)

0.20

Concomitant disease

Stroke, n (%)

1 (2)

0

COPD, n (%)

4 (9)

5 (12)

0.73

Previous VTE, n (%)

1 (2)

1 (2)

1.00

Cancer, n (%)
Immobilization >3 days, n (%)
Known thrombophilia, n (%)

5 (11)

5 (12)

1.00

35 (80)

32 (78)

1.00

1 (2)

1 (2)

1.00

Concomitant medications
Antiplatelet therapy, n (%)

5 (11)

6 (15)

1.00

ACE-inhibitors/AT-1, n (%)

13 (30)

14 (34)

0.82

0

7 (17)

0.005

Antiviral drugs, n (%)

Data are expressed as mean (± SD) or number and frequency, as appropriate.
ACE, angiotensin converting enzyme; AT-1, angiotensin receptor type
1 blockers; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; MW, medical ward; VTE, venous
thromboembolism.
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Table 2 Incidence of VTE according to prophylactic dose and setting
MWc

Dose
Standard

a

Highb

ICUc

Overallc

9/35
25.7% (14.2–42.1)

19/24
79.2% (59.5–90.8)

28/59
47.5% (35.3–60.0)

3/9
33.3% (12.1–64.6)

12/17
70.6% (46.9–86.7)

15/26
57.7% (38.9–74.5)

OR
0.6
(0.3–1.7)

P value
0.48

ICU, intensive care unit; MW, medical ward; OR, odds ratio; VTE, venous thromboembolism.
a
Enoxaparin 40 mg once-daily, or fondaparinux 2.5 mg, once-daily. bEnoxaparin 60 mg or 80 mg once-daily, or fondaparinux 5.0 mg once-daily (< 100 kg);
60 mg twice-daily (> 100 kg).
c
Expressed as number with VTE/ number at risk, % (95% confidence interval).

bleeding event was observed in an ICU patient on high-dose
(60 mg once-daily) enoxaparin.
Outcomes
Overall, 43 patients (50.6%; 95% CI 40.2–61.0) experienced VTE; 12 (27.3%; 95% CI 16.3–41.8) in the MW, and 31
(75.6%; 95% CI 60.7–86.2) in the ICU (P < 0.001; odds ratio
9.3; 95% CI 3.5–24.5). A detailed description of VTE events
is reported in Table 3.
Time-to-event analysis of VTE is shown in Figure 1. Namely,
the cumulative proportion of VTE-free patients in the MW at
7, 14, 21, and >21 days was 91% (95% CI 86.7–95.3), 80.2%
(95% CI 73.9–86.5), 62.4% (95% CI 53.1–71.7), and 62.4%
(95% CI 53.1–71.7), respectively. The corresponding figures
in the ICU were 70.7% (95% CI 63.6–77.8), 63.2% (95% CI
55.6–70.8), 31.6% (95% CI 24.1–39.1), and 10.5% (95% CI
3.9–17.1), at 7, 14, 21, and >21 days, respectively (P = 0.034).
Overall, four patients (4.7%; 95% CI 1.8–11.5) had PEs.
All PE events occurred in the ICU patients (9.8%; 95% CI
3.9–22.5), and they were all fatal. PE was objectively confirmed by CTPA in two patients, whereas it was diagnosed
on clinical grounds in the other two. Other 10 patients (8 in
the MW, and 2 in the ICU) underwent CTPA that ruled-out PE.

DVT occurred in 36 patients (42.4%; 95% CI 32.4–53.0),
distributed as follows: internal jugular veins in 7 patients
(19.4%), proximal deep-veins of the upper limbs in 9 patients
(25%), and deep-veins of the lower limbs in 20 subjects
(55.6%; 27.8% proximal, and 27.8% distal; respectively).
The incidence of DVT was significantly higher in the ICU
than in the MW (63.4%; 95% CI 48.1–76.4 vs. 22.7%; 95%
CI 12.8–37.0, respectively; P < 0.001), with an odds ratio of
5.8 (95% CI 2.2–15.2).
SVT occurred in three patients (3.5%; 95% CI 1.2–9.9) and
all of them occurred in the upper limbs. The incidence of SVT
did not differ between patients in the MW and the ICU (P = 1).
Notably, 55.6% of the patients (95% CI 39.6–70.5) had
multiple-site venous thrombosis (upper and lower limbs; internal jugular and lower or upper limbs, or both; unilateral or
bilateral proximal and/or distal lower limbs; both superficial
and deep), with a slightly higher prevalence in the patients
in the ICU than in the MW (57.7%; 95% CI 38.9–74.5 vs.
50.0%; 95% CI 23.7–76.3, respectively; P = 0.72). A detailed distribution of all aforementioned events is reported in
Supplementary Material Table S1.
DVT and SVT were symptomatic in 66% of the patients,
without significant difference between the two groups.

Table 3 Type and distribution of VTE events by setting
VTE events
% (95% CI)
Overall VTE

MW
(n = 44)
12
27.3% (16.3–41.8)

PE

0

Overall DVT

10
22.7% (12.8–37.0)

ICU (n = 41)

Total (n = 85)

31
75.6% (60.7–86.2)

43
50.6% (40.2–61.0)

4
9.8% (3.9–22.5

4
9.8% (3.9–22.5

26
63.4% (48.1–76.4)

36
42.4% (32.4–53.0)

IJV

4

3

7

Upper limbs

0

9

9

Lower limbs

20

6

14

Proximal

2

8

10

Distal

4

6

10

SVT

2
4.5% (1.3–15.1)

1
2.4% (0.4–12.6)

3
3.5% (1.2–9.9)

Upper limbs

2

1

3

Lower limbs

0

0

0

Overall death

2
4.5% (1.3–15.1)

Death with VTE

2/2

6
14.6% (6.9–28.4)
6/6

8
9.4% (4.8–17.5)

OR

P value

9.3
(3.5–24.5)

< 0.001

5.8
(2.2–15.2)

< 0.001

0.5 (0.05–6.0)

0.99

3.6 (07–19.0)

0.15

8/8

CI, confidence interval; DVT, deep-vein thrombosis; ICU, intensive care unit; IJV, internal jugular vein; MW, medical ward; OR, odds ratio; PE, pulmonary
embolism; SVT, superficial vein thrombosis; VTE, venous thromboembolism.
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Figure 1 Cumulative proportion of venous thromboembolism (VTE)-free patients by setting. ICU, intensive care unit.

Catheter-related thrombosis occurred in 11 patients
(13%): 2 patients in the MW with peripherally inserted central venous-catheters (cephalic vein), and 9 patients in the
ICU with central venous catheters (common femoral or internal jugular veins).
We recorded eight fatalities (2 in the MW and 6 in the ICU).
Death was PE-related in four ICU patients; whereas of the
other four, all with confirmed DVT, only one had PE excluded
by autopsy. The cause of death could not be clearly established in the other three patients (1 in the MW and 2 in the ICU).
Of the many covariates evaluated with the Cox’s proportional hazard model, only D-dimer plasma levels equal to or
higher than 1,000 ng/dL were significantly associated with VTE
(hazard ratio, 2.2; 95% CI 1.1–4.4; P = 0.034; Table S2). The
cumulative proportion of VTE-free patients by basal D-dimer
levels, overall and by setting, are reported in Figure S2a–c.
Laboratory findings
Patients in the ICU developed more severe anemia
(P = 0.003) and significantly increased alanine aminotransferase (P = 0.011; Table S3). No difference in creatinine
levels was observed. All enrolled patients showed platelet count and coagulation times (prothrombin time/aPTT)
within normal range, and elevated D-dimer levels—significantly higher in the ICU than in the MW (P = 0.002). Patients
in the ICU also showed significantly increased fibrinogen
levels (P = 0.001), whereas antithrombin levels were similar and within normal range in both groups. As regard to
the ROTEM parameters, the entire cohort showed higher
MCF in FIBTEM (normal values 6–21 mm), indicating increased clot strength. Patients in the ICU showed higher
MCF in FIBTEM compared with MW (30.2 ± 7.6 mm vs.
35.6 ± 9.3 mm, P = 0.066; Table S3). All patients who developed VTE showed significantly elevated D-dimer levels
(P = 0.001) and a trend toward MCF in FIBTEM increase

(31.1 ± 9.9 mm vs. 35 ± 7.9 mm, P = 0.19; Table 4). Notably,
patients who died had significantly higher D-dimer levels
(median 2,196 ng/mL, 25/75 quartile, 1,268–3,233) than
survivors (547 ng/mL, 25/75 quartile, 196–1,624; P = 0.015).
DISCUSSION
The aim of this study was to prospectively investigate the incidence of VTE in consecutive patients with
Table 4 Laboratory and coagulative parameters in patients with and
without VTE
Parameters

No VTE

VTE

P value

Hemoglobin, g/L

117.8 ± 15.8

112.6 ± 16.5

0.16

Platelets, ×109/L

250.9 ± 83.2

262.1 ± 129.2

0.66
0.53

Hematocrit, %

35.6 ± 4.6

34.9 ± 4.7

AST, U/L

39.0 [18–58]

41.0 [25–59.5]

0.73

ALT, U/L

31.0 [25–51]

38.0 [28–67.5]

0.27

Creatinine, µmol/L

67.4 ± 43.6

86.8 ± 94.7

0.27

PT, %

92.7 ± 18.3

87.1 ± 15.7

0.19

1.2 ± 0.3

1.1 ± 0.1

0.49

INR
aPTT, seconds

23.7 ± 7.4

23.0 ± 7.5

0.69

D-dimer, μg/L

259 [150–934]

1310 [577–2485]

0.001

Fibrinogen, g/L

5.0 [3.5–5.6]

4.9 [3.9–5.7]

0.73

Antithrombin, %

95.7 ± 21.3

92.6 ± 21.0

0.58

MCF INTEM, mm

68.9 ± 5.8

71.9 ± 5.8

0.13

MCF EXTEM, mm

72.3 ± 6.3

72.1 ± 11.1

0.97

MCF FIBTEM, mm

31.1 ± 9.9

35.0 ± 7.9

0.19

Data are expressed as mean ± SD or median and [range interquartile] as
appropriate.
ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; INR, international normalized
ratio; MCF, maximum clot firmness; PT, prothrombin time; VTE, venous
thromboembolism.
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COVID-19-related pneumonia, admitted to the ICU or MW.
Of note, all patients received either prophylactic-dose or
high-dose LMWH or fondaparinux.
We found an astounding 5-fold higher VTE incidence than
that expected in similar patients without COVID-19 (Table 3).
According to the literature, the prevalence of VTE in patients
with COVID-19 is increased up to 30%.22–27 Indeed, previous studies22–27 presented some diagnostic limitations,
implying that the reported VTE incidence might have been
underestimated. Noteworthy, we performed serial, onceweekly, CCDU throughout the whole hospitalization period
in all patients, and this could explain the higher incidence of
VTE recorded in our cohort.
We also observed a significant ninefold higher cumulative
VTE risk in the ICU than in the MW (P = 0.034; Figure 1), that
is again in agreement with published data, although on a
different scale of magnitude.
PE was confirmed by CTPA or on clinical grounds in four of
eight patients who died. This is in line with a recent autopsy
study on patients with COVID-19, in which the prevalence of
fatal PE was 33%; notably 58% also had asymptomatic DVT
of the lower limbs or of the pelvic veins.31
Interestingly, 56% of our patients had multiple-site DVT,
an infrequent circumstance in similar COVID-19-free patients
admitted to the ICU or the MW, that is a unique feature of our
study. Such a frequent occurrence of multiple-site DVT fairly
correlates with the hypercoagulable state observed in our
patients, as inferred from the remarkably high D-Dimer and
fibrinogen levels. Indeed, hypercoagulability appears to be a
typical feature of patients with COVID-19.12–20
Furthermore, we observed a significant direct correlation
between high D-dimer levels and both VTE (P = 0.002) and
mortality (P = 0.015).
Similarly, several recent retrospective studies reported a
strong direct correlation among D-dimer levels, VTE, and
mortality, in patients with COVID-19.15,16,20,32
Overall, 49% of the study patients, irrespective of both
LMWH or fondaparinux doses (prophylactic vs. high) and of
setting (ICU vs. MW), developed VTE. Recently published
expert opinions suggested therapeutic doses of LMWH or
fondaparinux should reasonably be used in patients with
COVID-19, mainly those admitted to the ICU.25,33 In this
respect, a properly conducted trial comparing therapeutic
with standard or high prophylactic doses would be desirable, especially in order to also ascertain the risk of bleeding
complications, particularly in patients in the ICU. Of note,
we registered only one minor bleeding episode in a patient
in the ICU given high-dose LMWH.
Our study presented some limitations. First, we included a small sample of patients, consequently the 95%
CI around the point estimate of thromboembolic events
is not acceptably narrow; however, even in the worst hypothesis, the estimated prevalence of VTE would be 16.3%
and 60.7%, in the MW and in the ICU, respectively; that
is 3-fold to 4-fold the expected figure, in non-COVID-19
patients.
Second, we do not have follow-up data on DVT-free
patients who were discharged from the MW without
thromboprophylaxis. However, according to the emergency department and the anagraphic databases of our
Clinical and Translational Science

institution, there were no hospital re-admissions or deaths
of these patients, in the period from discharge up to May
15, 2020.
Third, of the eight patients who died, only one underwent
autopsy, and we can hypothesize that PE incidence could
be underestimated. This is because autopsy was strongly
discouraged by the Italian Ministry of Health, due to the risk
of COVID-19 transmission.
Fourth, one may argue about the clinical relevance of distal DVT and about the sensitivity and specificity of CCDU
for the diagnosis; however, whole-leg CCDU is currently
the reference test worldwide for diagnosing distal DVT.34,35
Furthermore, no patients in our study had distal DVT involving a single venous segment; instead, we only recorded
multiple-site distal DVTs.
CONCLUSION
Patients with COVID-19 admitted to the MW or the ICU
showed an unexpectedly high incidence of objectively
documented VTE, despite thromboprophylaxis with anticoagulants given at standard or intermediate doses. In
these patients, high D-dimer levels strictly correlate with
VTE occurrence and death. Whether thrombosis, particularly asymptomatic events, may play a role in the mortality
of patients with COVID-19 still remains to be demonstrated.
Supporting Information. Supplementary information accompanies this paper on the Clinical and Translational Science website (www.
cts-journal.com).
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