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Abstract
Previous studies have suggested that COVID-19 pneumonia is associated with an increased risk of venous thromboembo-
lism (VTE). This study aimed to investigate the incidence of VTE among mechanically ventilated adults with COVID-19 
pneumonia, compared to patients with respiratory failure related to other causes. Prospective study that enrolled critically 
ill adults with suspected COVID-19 pneumonia between June 2, 2020 and August 11, 2020. Critically ill adults with sus-
pected COVID-19 pneumonia who required mechanical ventilation within 24 h after hospital admission were followed until 
death or hospital discharge. Sequential ultrasonography screening of the lower extremities and catheter insertion sites, as 
well as testing for plasma biochemical markers, were performed at the intensive care unit admission, day 3, day 7, and day 
14. The primary outcome was a composite of deep venous thrombosis, pulmonary embolism, and thrombosis at the central 
catheter insertion sites. We enrolled 70 patients, including 57 patients with COVID-19 and 13 patients without COVID-19, 
and all patients completed follow-up. The incidence of the primary outcome was higher among patients with COVID-19 
than among patients with respiratory failure related to other etiologies (36.8% vs. 0%, p = 0.023). Multivariate regression 
analysis revealed that VTE was independently associated with a COVID-19 diagnosis (odds ratio: 6.28, 95% confidence 
interval: 1.19–68.07) and D-dimer concentration (1-ng/mL increase, odds ratio: 1.15, 95% confidence interval: 1.05–1.30). 
The incidence of VTE was higher among critically ill mechanically ventilated patients, relative to among patients with res-
piratory failure related to other causes.
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Highlights

•	 Incidence of VTE was higher among patients with 
COVID-19 than among patients with respiratory failure 
of other etiologies (36.8% vs 0%, p = 0.023). Most of the 
VTE events occurred after the first week of ICU admis-
sion.

•	 COVID-19 is an independent risk factor for VTE in criti-
cally ill patients with respiratory failure (odds ratio: 6.28, 
95% confidence interval: 1.19–68.07) as well as D-dimer 
concentration (1-ng/mL increase, odds ratio: 1.15, 95% 
confidence interval: 1.05–1.30).

Introduction

Several studies have claimed that severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) causes viral 
pneumonia (COVID-19 pneumonia) that is associated with 
venous thromboembolism (VTE), which may be related to 
the interplay between vascular dysfunction, dysregulated 
inflammation, and immune thrombosis [1]. These phe-
nomena might also be partially responsible for the severe 
hypoxemia seen in COVID-19-associated acute respiratory 
distress syndrome (ARDS) [2]. Unfortunately, VTE is com-
mon among patients with critical illness [3, 4] and ARDS 
[5, 6], with incidences of 4–15% despite the use of routine 
thromboprophylaxis [7]. Necropsy studies have also revealed 
even higher incidences [8].

However, the exact VTE frequency is generally dif-
ficult to ascertain in ICU settings. This is due to various 
reasons including the absence of uniform screening at ICU 
admission to exclude patients with previous VTE, absence 
of systematic assessment with varying screening practices 
guided by clinicians’ suspicion, and varying follow-up 
time [9]. Unfortunately, the available literature concerning 
patients with severe COVID-19 pneumonia does not fulfill 
the requirements to answer the exact incidence of VTE in 
COVID-19 patients. Furthermore, before changing well-
developed, evidence-based approach to thromboprophylaxis 
in hospitalized critical patients, we need to be certain that 
the rate of VTE is indeed higher among similarly ill patients 
who do not have COVID-19 [10].

Therefore, this prospective cohort study aimed to clarify 
whether the incidence of VTE was higher among critically 
ill mechanically ventilated adults with COVID-19 pneumo-
nia, relative to among ventilated patients with respiratory 
failure related to other causes.

Methods

Study design and participants

Between June 2, 2020 and August 11, 2020, this prospec-
tive study enrolled consecutive critically ill adult patients 
who were admitted to the intensive care unit (ICU) of the 
Hospital de Clínicas de Porto Alegre, which is a 1000-bed 
tertiary teaching hospital in Brazil. Patients were consid-
ered eligible if they were  > 18 years old, admitted to the 
ICU with suspected or confirmed severe COVID-19 pneu-
monia, defined by the requirement of invasive mechani-
cal ventilation within the first 24 h after ICU admission. 
The exclusion criteria were a diagnosis of thrombosis at 
ICU admission, previous use of anticoagulation therapy, 
pregnancy, anatomical impossibility to scan the lower 
extremities and death or discharge from the ICU within 
48 h after admission. Potentially eligible patients were also 
excluded when the number of ultrasonography examina-
tions exceeded the research team’s capacity to perform 
scans (up to five scans per follow-up day). A daily screen-
ing of patients with either confirmed or suspected severe 
COVID-19 pneumonia admitted to a COVID-19-dedicated 
ICU was performed. If any eligibility criteria were not 
met, the reason was recorded, and the patient was then 
excluded.

All procedures performed were in accordance with the 
ethical standards of the national research committee and 
with the 1964 Helsinki Declaration and its later amend-
ments. This study was approved by the ethics commit-
tee of the Hospital de Clínicas de Porto Alegre approved 
the study protocol (2020–0194). All participants or their 
legal representatives provided informed consent by phone. 
This study is reported according to the STROBE guide-
lines [11].

Procedures

The diagnosis of COVID-19 infection was based on results 
from polymerase chain reaction testing for SARS-CoV-2 
using nasal swabs. Patients were grouped according to 
whether a positive result was obtained (the COVID-19 
group) or whether two negative results were obtained (the 
control group).

Clinical and laboratory data were recorded for all 
enrolled patients via electronic medical records. The vari-
ables included age, sex, comorbidities, time from symp-
toms to the development of respiratory failure, reason 
for ICU admission, mechanical ventilation settings, use 
of sedatives and neuromuscular blocker agents, need for 
prone positioning, extracorporeal membrane oxygenation 
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therapy, and renal replacement therapy. Disease sever-
ity was scored using the Simplified Acute Physiology 
Score 3 (SAPS 3) [12]. The anticoagulation protocol for 
patients with COVID-19 was enoxaparin 1 mg/kg subcu-
taneous once a day, unless there was renal insufficiency. 
Patients without COVID-19 received either enoxaparin 
1 mg/kg subcutaneous once a day or unfractionated hepa-
rin 5000 IU subcutaneous three times a day. For all other 
patients the standard anticoagulation protocol is 15000UI 
of low molecular heparin daily. Patients with chronic anti-
coagulation therapy were excluded and we recorded both 
the higher dose of anticoagulation throughout the hospital 
stay and the reason for therapeutic anticoagulation.

Ultrasonography scans were performed as scheduled on 
days 3, 7, and 14, even after patients were discharged from 
the ICU to the ward, while they were still at the hospital. 
The researchers in charge of the scans (JASP, PS and ACTO) 
were senior physicians who are considered experts in point-
of-care ultrasonography. Researchers performing the scans 
were aware of the COVID-19 status of the patients as soon 
as results from polymerase chain reaction testing for SARS-
CoV-2 using nasal swabs were available and the patients 
without COVID-19 were transferred to non-COVID ICUs. 
The ultrasound images were acquired using the Sonosite 
M-turbo system (Fujifilm Sonosite, Bothell, WA, USA) or 
the Philips Innosight system (Philips, Eindhoven, Nether-
lands) with a linear probe (5–10 MHz). Ultrasonography 
scans were performed as planned even after ICU discharge, 
while patients were still at the hospital. The patient was 
placed in the supine position and the bilateral common 
femoral, femoral, and popliteal veins were examined using 
B-mode. The attending physicians in charge of patient care 
were informed of the scan results, and any subsequent deci-
sions regarding anticoagulation or further investigation were 
at their discretion. All patients were followed until hospital 
discharge or death (last follow-up September 4, 2020).

Blood samples were obtained for testing to determine 
plasma D-dimer, platelet, and fibrinogen concentrations at 
admission, day 3, day 7, and day 14. D-dimer testing was 
performed via latex agglutination and elevated concentra-
tions were defined as  > 0.5 ng/mL. Platelets were quantified 
via automated cell count and the normal range was defined 
as 150–400 × 103/µL. Fibrinogen testing was performed via 
spectrophotometry and elevated concentrations were defined 
as  > 400 mg/dL.

Outcomes and Statistical analysis

The primary outcome was a composite of VTE, which 
included lower limb deep vein thrombosis (DVT), pul-
monary embolism (PE), and thrombosis at the central 
catheter insertion site(s). The secondary outcomes were 
the cumulative incidences of each individual VTE event, 

as well as plasma concentrations of D-dimers, platelets, 
and fibrinogen. The presence of DVT was defined by 
the absence of complete compression of the investigated 
vessel, regardless of whether hyperechogenic clots were 
visualized. Pulmonary computed tomography angiogra-
phy (CTA) was ordered at the discretion of the attending 
physician, and PE was defined as arterial occlusion with 
failure to enhance the entire lumen due to a large filling 
defect or a partial filling defect surrounded by contrast 
agent. A thoracic radiologist independently reviewed the 
diagnosis of PE, and the cases were classified according to 
the approximate central location as main artery, lobar, seg-
mental, or subsegmental. Scans were considered negative 
if adequate contrast and no filling defects were observed 
within the pulmonary artery.

Arterial thrombotic events (myocardial infarction or 
stroke) were considered exploratory outcomes and were 
adjudicated by two researchers (ACTO and THR). Myo-
cardial infarction was defined by the presence of elevated 
troponin I ultrasensitive and at a least one of the following: 
new ischemic electrocardiogram, imaging evidence of new 
loss of viable myocardium or new wall abnormality in a 
pattern consistent with ischemic etiology, or the identifi-
cation of a coronary thrombus by angiography or autopsy. 
Since all patients were mechanically ventilated at the study 
entry, stroke was defined based on the findings of the head 
CT (new hypoattenuation described by an independent radi-
ologist). We considered only findings of acute or subacute 
stroke as events.

The required sample size was calculated to be 68 patients 
using G*Power software (version 3.1) to detect a difference 
of 27% between the groups, with 90% power and an alpha 
error of 5%. Data were presented as mean ± standard devia-
tion, median (interquartile range [IQR]), or number (percent-
age). Inter-group comparisons were performed using one-
way analysis of variance, the Mann–Whitney test, or the 
Fisher test, as appropriate. Missing data were not imputed. 
To assess the diagnostic accuracy of D-dimer concentra-
tions for predicting the composite outcome, we constructed 
a receiver operating characteristic curve using the nearest 
D-dimer concentration before the event of interest. Plots 
with smoothed lines were created to visually assess the 
changes in the biochemical measurements over time.

Logistic regression was performed with VTE as the 
outcome and covariates were included in the multivari-
ate model based on univariate p-values of  < 0.1. Results 
were presented as odds ratios (ORs) and 95% confidence 
intervals (CIs). A Cox regression analysis with mortality as 
outcome was used to calculate hazard ratios (HR). Firth’s 
penalization method was used to reduce the small-sample 
bias (“nonevents” in the control group) of the maximum 
likelihood coefficient [13]. Statistical analyses were per-
formed using R software (version 3.5.1, The R Foundation) 
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and differences were considered statistically significant at 
p-values of  < 0.05.

Structured review

We searched the PubMed database for English reports 
regarding VTE among patients with COVID-19 using the 
terms “severe acute respiratory coronavirus 2”, “COVID-
19”, “coronavirus”, “venous thrombosis”, “pulmonary 
embolism” and “anticoagulants”. We also manually screened 
the reference lists of the included studies to identify related 
reports. Frequency of VTE was extracted and summarized 
afterwards.

Results

Study population

A total of 374 eligible patients were admitted to the ICU 
with suspected or confirmed COVID-19-related acute 
respiratory failure during the study period, although 304 
patients were excluded for the reasons presented in Fig. 1. 
Thirteen patients were also excluded because of the presence 
of VTE at admission, and 11 of these patients were diag-
nosed as having COVID-19. The study ultimately enrolled 
70 patients, including 57 patients with COVID-19 and 13 
patients without COVID-19.

The main characteristics of the study population are 
summarized in Table 1. The majority of patients were male 
(52.9%), the mean age was 56  ±  15 years, and the mean 
SAPS 3 score was 58.3  ±  11.2. Patients without COVID-
19 had a higher mean SAPS 3 score and a shorter time from 

symptom onset to ICU admission. Most patients (n = 68) 
received a low-dose heparin regimen for DVT prophylaxis 
or full anticoagulation therapy. Two patients (both without 
COVID-19) had contraindications for heparin use.

The in-hospital mortality rates were 43.9% for patients 
with COVID-19 and 23.1% for patients without COVID-
19 (p = 0.257). Patients with COVID-19 had longer 
median lengths for ICU stay (21 days [IQR: 14–29 days 
vs. 8 days [IQR: 7–16.5 days]], p = 0.004) and hospital stay 
(26 days [IQR: 17–37 days] vs. 21 days [IQR: 12–28 days], 
p = 0.004). At the time of this report, 6 patients (8.6%) were 
still in the ICU.

Incidence of thrombotic events

The cumulative frequencies of the primary composite out-
come were 36.8% among patients with COVID-19 and 0% 
among patients without COVID-19 (p = 0.023) (Table 2). 
Twenty-seven VTE events occurred in 21 individuals and 
involved lower limb DVT (11 events) or thrombosis at cath-
eter insertion sites (10 events). Twenty-two patients (31.4%) 
underwent CTA (31.6% of patients with COVID-19 vs. 
30.8% of patients without COVID-19, p = 1.0). Six patients 
with COVID-19 (10.5%) had PE, including 4 cases that 
involved lobar or segmental PE and two cases that involved 
subsegmental PE. The distribution of VTE events during 
follow-up is shown in Fig. 2. A Cox regression with Firth’s 
penalization showed no difference between groups (HR: 
5.61, 95% CI: 0.299–105.1).

We identified a total of 8 (10%) arterial thrombotic events 
during the study period, 7 myocardial infarctions and one 
stroke. From them, 6 (10.5%) arterial thrombotic events were 

Fig. 1   Patient eligibility and 
enrollment
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Table 1   The patients’ baseline characteristics

Data are presented as n (%), mean ± standard deviation, or median [interquartile range]. Comparisons between the groups were performed using 
one-way analysis of variance, the Mann–Whitney test, or the Fisher test, as appropriate. P < 0.05 was considered significant
BMI body mass index, SAPS Simplified Acute Physiology Score, COPD chronic obstructive pulmonary disease, ICU intensive care unit, RRT​ 
renal replacement therapy, UFH unfractionated heparin, LMWH low molecular weight heparin, ECMO extracorporeal membrane oxygenation

Characteristics All patients
(N = 70)

Without COVID-19
(N = 13)

With COVID-19
(N = 57)

P

Age (years) 56  ±  15 57  ±  20 56  ±  13 0.754
Men, n (%) 37 (52.9) 7 (53.8) 30 (52.6) 1.000
BMI (kg/m2) 30.5  ±  6.1 29.2  ±  7.1 30.8  ±  5.9 0.427
SAPS 3 58.3  ±  11.2 65.6  ±  12.3 56.6  ±  10.4 0.009
Coexisting conditions
 Hypertension, n (%) 36 (51.4) 7 (53.8) 29 (50.9) 1.000
 Diabetes, n (%) 23 (32.9) 4 (30.8) 19 (33.3) 1.000
 Heart failure, n (%) 23 (32.9) 2 (15.4) 1 (1.8) 0.152
 Chronic kidney disease, n (%) 5 (7.1) 3 (23.1) 2 (3.5) 0.061
 COPD, n (%) 3 (4.3) 0 (0.0) 3 (5.3) 0.931
 Asthma, n (%) 9 (12.9) 2 (15.4) 7 (12.3) 1.000
 AIDS, n (%) 2 (2.9) 1 (7.7) 1 (1.8) 0.813
 Cancer, n (%) 4 (5.7) 2 (15.4) 2 (3.5) 0.316
 Transplantation, n (%) 1 (1.4) 0 (0.0) 1 (1.8) 1.000

Reason for ICU admission
 Acute respiratory failure, n (%) 68 (97.1) 11 (84.6) 57 (100) 0.037

PaO2/FiO2 ratio 163 [110–220] 163 [118–220] 163 [109.5–224.2] 0.879
Days from symptoms to ICU admission 7.00 [4.00–8.75] 3.00 [2.00–4.50] 7.00 [4.75–9.00] 0.001
Need for RRT, n (%) 16 (28.6) 2 (20.0) 14 (30.4) 0.783
Need for vasopressors, n (%) 48 (70.6) 9 (69.2) 39 (70.9) 1.000
Use of dexamethasone, n (%) 35 (50.0) 2 (15.4) 33 (57.9) 0.014
Use of neuromuscular blockers (n, %) 51 (73.9) 5 (38.5) 46 (82.1) 0.04
Platelets (103/µL) 224  ±  95 190  ±  87 232  ±  95 0.148
D-dimer (ng/mL) 1.50 [0.94–4.07] 2.68 [1.61–6.94] 1.38 [0.86–3.95] 0.091
Fibrinogen (mg/dL) 654.0  ±  186.9 523.8  ±  170.8 674.2  ±  182.8 0.047
Use of heparin during hospitalization  < 0.001
 Prophylactic UFH (n, %) 18 (25.7) 7 (53.8) 11 (19.3)
 Prophylactic LMWH (n, %) 47 (67.1) 3 (23.1) 44 (77.2)
 Therapeutic (n, %) 3 (4.3) 1 (7.7) 2 (3.5)

Prone positioning (n, %) 28 (41.2) 2 (15.4) 26 (47.3) 0.074
ECMO (n, %) 4 (6.1) 1 (7.7) 3 (5.7) 1.000

Table 2   Incidences of 
thromboembolic events in 
critically ill patients with and 
without COVID-19

Data are presented as n (%). Sequential ultrasonography screening was performed at the intensive care unit 
admission, day 3, day 7, and day 14. The bilateral femoral and popliteal veins were scanned, as well as 
all sites of catheter insertion. Pulmonary embolism was detected using computed pulmonary angiography, 
which was performed at the discretion of the attending physician. Comparisons between the groups were 
performed using the Fisher test and P < 0.05 was considered significant

Outcomes All patients (N = 70) Without 
COVID-19 
(N = 13)

With 
COVID-19 
(N = 57)

P

All thromboembolic events 21 (30.0) 0 (0.0) 21 (36.8) 0.023
Deep venous thrombosis 11 (15.7) 0 (0.0) 11 (19.3) 0.193
Thrombosis at catheter insertion site 10 (14.3) 0 (0.0) 10 (17.5) 0.233
Pulmonary embolism 6 (8.6) 0 (0.0) 6 (10.5) 0.500
Anticoagulation therapy during hospital stay 20 (28.6) 3 (23.1) 17 (29.8) 0.884
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in patients with COVID-19 and 2 (15.4%) were in patients 
without COVID-19 (p = 0.635).

Seven patients received anticoagulation therapy during 
the ICU stay for reasons other than confirmed VTE: extra-
corporeal membrane oxygenation installation (2 cases), 
acute coronary syndrome (2 cases), and preemptive full-dose 
heparin therapy based on a non-confirmed suspicion of VTE 
(3 cases, including 2 patients with COVID-19).

Biochemical findings

The median D-dimer concentrations at baseline were 
1.38 ng/mL (IQR: 0.86–3.95 ng/mL) for patients with 
COVID-19 and 2.68 ng/mL (IQR: 1.61–6.94 ng/mL) for 
patients without COVID-19 (p = 0.09). Among patients 
with COVID-19, the D-dimer concentrations peaked on 
day seven and returned to near baseline on day 14. Using 
D-dimer concentrations during follow-up to predict the 
composite primary outcome provided an area under the 

receiver operating characteristic curve of 0.76 (95% CI: 
0.64–0.88). A cut-off value of 1.94 ng/mL provided 94% 
sensitivity, 57% specificity, a positive predictive value of 
23.6%, and a negative predictive value of 98.6% (Fig. 3a).

A logistic regression model fit using Firth’s bias reduc-
tion method revealed that the primary composite outcome 
was independently associated with a COVID-19 diagnosis 
(OR: 6.28, 95% CI: 1.19–68.07) and D-dimer concentra-
tions (1-ng/mL increments, OR: 1.15, 95% CI: 1.05–1.30). 
The SAPS 3 score was removed from the model because it 
was not a significant risk factor (p = 0.86).

The mean fibrinogen concentrations among patients 
with COVID-19 were significantly higher at baseline, rela-
tive to the group without COVID-19 (674  ±  182 mg/dL 
vs. 523  ±  170 mg/dL, p = 0.047). After an initial decrease, 
the mean fibrinogen concentrations remained at  > 700 mg/
dL until day 14. The platelet concentrations remained sta-
ble during follow-up and were similar between the study 
groups. Figure 3b shows the changes in the biochemical 
parameters over time according to COVID-19 status.

Fig. 2   Distribution of events 
during follow-up. Empty 
squares indicate deep venous 
thrombosis (lower limb or cen-
tral catheter insertion site) and 
black circles indicate pulmonary 
embolism
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Structured review findings

We identified 528 studies (Supplemental Digital Content.1), 
and we ultimately included 34 studies (Supplemental Digital 
Content.2) [14–47]. Five studies described necropsy results. 
Twenty-seven studies involved a retrospective design, and 29 
studies were case series without a comparison group (non-
COVID patients). Among the five studies that included a 
control group, four studies used historical control groups. 
The aggregated frequency of VTE among COVID-19 cases 
was 35% (95% confidence interval [CI]: 24–48%). However, 
the evidence from prospective studies precluded definitive 
conclusions regarding the relative incidence of VTE com-
pared to critically ill individuals without COVID-19. A 
meta-analysis combining our results with those from five 

controlled studies (four retrospective studies and one pro-
spective study) revealed that patients with COVID-19 had 
an increased risk of VTE (OR: 2.91, 95% CI 1.69–5.02; 
I2 = 44%).

Discussion

The main finding of this study is the higher cumulative inci-
dence of VTE among mechanically ventilated patients with 
COVID-19 pneumonia, relative to among patients with acute 
respiratory failure related to other etiologies. The literature 
around COVID-19 is rapidly growing and to better assess 
the current knowledge of VTE frequency in COVID-19 
patients, we performed a brief structured literature review. 

Fig. 3   Biochemical test results. a Receiver-operating characteristic 
(ROC) curve analysis of using D-dimer values to predict the inci-
dence of the primary composite outcome. AUC, area under the ROC 

curve. b Changes in biochemical measurements over time shown 
using smoothed lines (top: platelets, 109/L; middle: fibrinogen, mg/
dL; bottom: D-dimers ng/mL)
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Our study compared with previous ones has clear methodo-
logical improvements: prospective design, similar compari-
son group, and a systematic approach to diagnose VTE. The 
cumulative frequency of VTE from our study (36.8%) agrees 
with the aggregated frequency (35%) from previous stud-
ies that were included in our systematic review. Hence, our 
results reinforce the previous findings with less bias than the 
available literature.

Bilaloglu et  al. [18] performed a large retrospective 
study of VTE among patients with COVID-19 in New York 
City, and reported frequencies of 6.2% among hospitalized 
patients and 13.6% among critically ill patients. Helms et al. 
[27] performed a prospective study with historical controls 
and reported a VTE frequency of 18% among critically ill 
patients. Despite excluding patients with VTE diagnosed at 
the ICU admission, we observed a higher VTE incidence, 
which might be explained by the greater diagnostic sensi-
tivity of systematic ultrasonography assessments, and this 
incidence was independent of a clinical suspicion of throm-
bosis or D-dimer concentrations. Our results also agree with 
those from necropsy studies, which revealed even higher 
incidences of VTE. For example, Fox et al. [25] identified 
small thrombi in peripheral lung parenchyma sections from 
all individuals that they studied. When considered together, 
these results suggest that the calculated incidence of VTE 
among critically ill patients with COVID-19 might be 
dependent on the sensitivity or intensity of the diagnostic 
assessment.

Further discussion is warranted regarding the relative 
incidences of VTE among patients with COVID-19 pneumo-
nia and patients with acute respiratory failure related to other 
etiologies. The high incidence of VTE in severe COVID-
19 might be attributable to the severity of critical illness 
with multiple organ dysfunctions. However, our patients 
without COVID-19 had higher SAPS 3 scores and similar 
PaO2/FiO2 ratios, relative to the patients with COVID-19. 
Different anticoagulation practices might partially explain 
different incidences of VTE; nevertheless, all of our patients 
with COVID-19 received either prophylactic or therapeutic 
heparin treatment.

Another possible explanation for the higher incidence 
of VTE among COVID-19 is the longer time from disease 
onset to ICU admission as well as the longer ICU and hos-
pital stay of patients when compared with the non-COVID 
patients. The fact that most events occurred after the first 
week from ICU admission reinforces this hypothesis. It is 
important that physicians be aware this is a late complication 
of COVID-19. A Cox regression could not show a difference 
in risk when duration of exposure was taken into account, 
however this might be due to lack of power.

Despite the apparently poorer status of patients without 
COVID-19, the composite outcome only occurred among the 
patients with COVID-19. This might be related to changes in 

the interaction between the immune response and coagula-
tion process, which could be mediated by molecular mecha-
nisms that are specific to SARS-CoV-2 infection. Inflam-
mation due to cytokine activation might lead to endothelial 
injury and activation of prothrombotic mechanisms in these 
patients [48]. The extensive damage caused by SARS-CoV-2 
infection on surface ACE2 protein presenting cells leads to 
widespread release of a number of different cytokines (IL-
2, IL6, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1A and 
TNF-α) leading to systemic inflammatory response syn-
drome. This phenomenon accelerates cell death in multiple 
tissues, and this cascade of inflammatory signalling eventu-
ally affects the microvascular system (which also expresses 
ACE2 protein), inducing the release of von Willebrand Fac-
tor and Factor VIII from Weibel-Palade bodies (a hallmark 
of endothelial injury), and resulting in generalised small 
vessel vasculitis and extensive microthrombosis, ultimately 
known as disseminated intravascular coagulation [49–51].

Elevated fibrinogen concentrations have been reported in 
patients with COVID-19 [27, 52]. This marker is involved 
in the pathophysiology of “immune thrombosis” [53] and a 
recent study revealed an association between IL-6 concentra-
tions and clot firmness using viscoelastic coagulation tests 
[52]. In contrast, patients with COVID-19 had a lower base-
line D-dimer concentration, which has also been previously 
reported [27]. Nevertheless, this marker was fairly accurate 
for predicting VTE occurrence throughout the follow-up and 
was independently associated with the primary composite 
outcome.

The main strength of this study is the prospective cohort 
design with sequential ultrasonography assessments, which 
allowed us to evaluate the cumulative incidences of VTE 
among critically ill patients requiring mechanical ventila-
tion according to their COVID-19 status. A comparison 
of contemporary cases with historical controls in previous 
studies is prone to bias, as the VTE diagnosis depends on a 
clinical suspicion, and a prospective systematic simultane-
ous comparison to a control group of patients is relevant. We 
included a well-defined population of critically ill individu-
als. The homogeneity of the studied patients increases the 
strength of the results, but also reduces the generalizability. 
Furthermore, our results reinforce the emerging knowledge 
that there is an increased risk of VTE in critically ill patients 
with COVID-19 and also that d-dimers have a high negative 
predictive value throughout the hospitalization.

Our study has several limitations. First, we were unable 
to scan all eligible patients because the case load during 
the outbreak exceeded the research team’s scan capacity. 
However, we do not believe that eligible but excluded 
patients would be substantially different from the eligible 
and included patients, as an eligible patient’s inclusion or 
exclusion was only based on the number of ultrasonogra-
phy examinations that could be performed during a given 
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day. Second, the small size of the control group limited 
the robustness of our comparisons, although the propor-
tion of COVID-19 cases is likely related to the referral of 
patients with COVID-19 to our tertiary center in a regional 
health system network. Also, as the need of ICU beds 
grew, patients with negative test for COVID-19 were trans-
ferred to another hospital. Even though, there was only 13 
patients and zero events in the group without COVID-19, 
using Firth’s penalization method with VTE as outcome, 
it was possible to perform a multivariate logistic regres-
sion to reduce confounding bias. Third, although we did 
not identify VTE events in patients without COVID-19, 
one of these patients had computed tomography findings 
that suggested lung infarction, although CTA was not per-
formed to confirm this possibility. Fourth, the CTA was 
performed at the discretion of the attending critical care 
team, and we did not perform systematic assessments to 
identify PE. Nevertheless, CTA indications followed inter-
national guidelines [54–56]. Fifth, patients received dif-
ferent heparin prophylactic regimens. However, patients 
with COVID-19 received LMWH more frequently than the 
control group, which could have introduced a conservative 
bias, as LMWH is the standard prophylactic heparin regi-
men in critically ill patients.

Conclusion

Patients with COVID-19 submitted to invasive mechani-
cal ventilation had an increased risk of VTE, relative to 
patients with acute respiratory failure related to other eti-
ologies. Further studies are warranted to clarify the patho-
physiology underlying these thromboembolic events, the 
patients’ prognoses, and the potential role of anticoagula-
tion treatment in this setting.
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