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WHAT THIS PAPER ADDS

In a large series of hospitalised patients with COVID-19, it is confirmed that they are at a high risk of venous
thrombo-embolism (VTE). Routine screening and early anticoagulation for deep vein thrombosis did not prevent
further symptomatic VTE events. The data suggest a potential benefit from increasing the dose of thrombo-
prophylactic anticoagulation for these patients.
Objective: The coronavirus disease of 2019 (COVID-19) due to SARS-CoV-2 infection has been found to cause an
increased risk of venous thrombo-embolism (VTE). The aims of the study were to determine the frequency of VTE
in critically ill patients with COVID-19 and its correlation with D dimer levels and pharmacological prophylaxis.
Methods: This was a cohort study of critically ill patients due to COVID-19. All patients admitted to the intensive
care unit on the same day of April 2020 were selected, regardless of length of stay, and a single bilateral venous
duplex ultrasound in the lower extremities was performed up to 72 hours later. Pulmonary embolism (PE) was
diagnosed by computed tomography angiography. Asymptomatic and symptomatic VTE were registered,
including pre-screening in hospital VTE. Characteristics of patients, blood test results, doses of
thromboprophylaxis received, VTE events, and mortality after seven day follow up were recorded.
Results: A total of 230 critically ill patients were studied. The median intensive care unit stay of these patients
was 12 days (interquartile range [IQR] 5 e 19 days). After seven days follow up, the frequency of patients with
VTE, both symptomatic and asymptomatic, was 26.5% (95% confidence interval [CI] 21% e 32%) (69 events in 61
patients): 45 with DVT and 16 with PE (eight of them with concomitant DVT). The cumulative frequency of
symptomatic VTE was 8.3% (95% CI 4.7% e 11.8%). D dimer values � 1 500 ng/mL were diagnostic of VTE,
with a sensitivity of 80% and a specificity of 42%. During follow up after screening, six patients developed
new VTE. Three of them developed a recurrence after a DVT diagnosed at screening, despite receiving
therapeutic doses of heparin. Mortality rates at seven day follow up were the same for those with (6.6%) and
without (5.3%) VTE.
Conclusion: Patients with severe COVID-19 infection are at high risk of VTE, and further new symptomatic VTE
events and recurrence can occur despite anticoagulation. The prophylactic anticoagulant dose may need to be
increased in patients with a low risk of bleeding.
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INTRODUCTION

The coronavirus disease of 2019 (COVID-19) is a viral illness
caused by the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV2), now deemed a pandemic by the World
Health Organization.1 Preliminary reports suggest that
haemostatic abnormalities, including disseminated intra-
vascular coagulation, may occur in patients infected by
COVID-19.2e4 Additionally, critical illness and
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immobilisation may predispose hospitalised patients with
COVID-19 to develop venous thrombo-embolism (VTE).5e7

In two recent studies, one in every four patients (25%
and 27%) with proven COVID-19 pneumonia admitted to
intensive care units (ICUs) developed symptomatic,
confirmed VTE.8,9 In another study, 26 consecutive patients
with severe COVID-19 were screened for deep vein
thrombosis (DVT) by duplex ultrasound (DUS), and 69%
were positive.10 The authors suggested considering sys-
tematic screening for VTE and using high dose VTE pro-
phylaxis in severe ICU COVID-19 patients.

It is hypothesised that a single bilateral DUS looking for
DVT signs in hospitalised patients with proven COVID-19
pneumonia might detect DVT before the development of
pulmonary embolism (PE). Thus, in this study all patients
were screened for DVT who had been admitted on a specific
day to the ICU with COVID-19 pneumonia with the aim of
assessing (1) the frequency of DVT and its correlation with
D dimer levels; (2) the influence of pharmacological pro-
phylaxis after ICU admission on the frequency of VTE; and
(3) the impact on outcome of a single ultrasound screening
to detect asymptomatic DVT.
MATERIAL AND METHODS

Patients

This was a cohort study of patients with COVID-19 admitted
to the ICUs of two Spanish university hospitals: Hospital
Universitari Vall d’Hebron (HUVH), in Barcelona, and Hos-
pital Universitari Germans Trias i Pujol (HUGTiP), in
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Figure 1. Outline of study design and explanat
COVID-19 treated in the intensive care unit (IC
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frequency ¼ proportion of patients hospitalised
embolism (VTE) (i.e., DVT or PE) on the day o
example three events/six patients ¼ 50%). ySeve
patients hospitalised in ICU and diagnosed with VT
cut off day.
Badalona. All patients had confirmed severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection
confirmed by a positive result on polymerase chain reaction
testing of a nasopharyngeal sample. The study consisted of
a single ultrasound scan for all hospitalised patients in the
ICU on the same day of April 2020, regardless of the length
of their stay. Due to the complexity of the examinations in
patients admitted to the ICU, ultrasound scans were
distributed between the day of selection and up to 72 hours
later. The screening ultrasound was not repeated in order to
avoid unnecessary exposure to the investigators due to the
unknown risk of infection and, furthermore, personal pro-
tective equipment for research could not be used much at a
time when it was scarce for medical staff. Exclusion criteria
were lack of a confirmed diagnosis of COVID-19, current
therapy with extracorporeal membrane oxygenation, preg-
nancy, or postpartum, and age younger than 18 years old.
The protocol was approved by the Ethics Committee of
Hospital Vall d’Hebron (number PR(AG)213/2020) on 6 April
2020, and due to the design of the study and the emer-
gency created by the disease, informed consent was
considered not necessary. This study was registered in
Clinicaltrials.gov (NCT: 04374617). Fig. 1 represents a dia-
gram of the study design with an explanatory example.
Study design

Four certified vascular surgeons (two in each centre) per-
formed a single bilateral lower limb DUS, including the
femoral, popliteal, and distal veins of all patients. Femoral
veins of patients placed in the prone position could not be
Patient not included

stay – d
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evaluated. A DVT diagnosis was considered when it was not
possible to fully compress a venous segment, in the absence
of flow augmentation with calf squeeze or hyperechoic
intraluminal defect partially or fully occluding the venous
segment. The iliac veins were evaluated in the same way
whenever possible. When patient characteristics did not
allow it (due to obesity or gas), the iliac veins were evalu-
ated indirectly, interpreting venous Doppler flow phasicity
in the common femoral vein bilaterally.

Limb DVT signs (asymmetric swelling between limbs
greater than 10 mm or limb pain in patients awake without
mechanical ventilation), mechanical prophylaxis (compres-
sive stockings and intermittent pneumatic compression
therapy) and presence of femoral catheters were recorded.
Pharmacological prophylaxis was part of the standard of
care, with different protocols in each hospital (Table 1). For
the current study, the doses received during the 72 e 96
hours prior to ultrasound scan or symptomatic VTE event
were considered, to control possible protocol deviations
and to study the relationship between prophylaxis and
events. In patients in whom sudden respiratory or cardio-
vascular deterioration occurred (mainly manifested by
hypoxaemia or hypotension not explained by other causes),
clinical suspicion of PE was established and transthoracic
echocardiography was performed. If there were signs of
pulmonary hypertension, right ventricular dilatation or
dysfunction, a computed tomography pulmonary angiogram
(CTPA) was performed. Patients with symptomatic PE
confirmed on the CTPA and those with a swollen limb and
confirmed DVT on DUS were considered to have “symp-
tomatic VTE”. The remaining patients with positive DUS or
CTPA were considered to have “asymptomatic VTE”. “VTE
frequency” for the proportion of patients with symptomatic
or asymptomatic VTE detected on the day of screening,
including pre-screening in hospital VTE, was considered.
“VTE cumulative frequency” for the proportion of patients
with symptomatic or asymptomatic VTE, including the
events registered the day of the screening, pre-screening in
hospital VTE and post-screening seven day follow up, was
considered.

All patients with symptomatic or asymptomatic VTE were
treated with therapeutic doses of low molecular weight
heparin (LMWH). All patients were followed up during the
Table 1. Pharmacological venous thrombo-embolism (VTE) prophy
[HUGTiP] and Hospital Universitari Vall d’Hebron [HUVH] in pat

Prophylaxis dose HUGTiP HUVH

Standard* BMI <35 and D dimer <2 000 ng/mL Medica
Intermediatey BMI >35 or D dimer >2 000 ng/mL
Therapeuticz Confirmed VTE D dime

(PaO2/

BMI ¼ body mass index; VTE ¼ venous thrombo-embolism.
* Enoxaparin 40 mg once daily or 0.5 mg/kg once daily.
y Enoxaparin 60 mg once daily or 1 mg/kg once daily.
z Enoxaparin 1 mg/kg twice daily (bid).
first seven days after screening. The impact of VTE on
mortality, risk of subsequent VTE events, and length of
hospital and ICU stay was evaluated.
Variables of interest

Key data elements included demographics, VTE risk factors,
comorbidities, concomitant medications, and use of VTE
prophylaxis. Risk factors and co-morbidities were registered
according to previous medical records, from primary care
and records of drug use, clinical interview in the emergency
room, and interview with close family members in some
patients. The following blood tests were also included on
hospital admission and at the time of DUS: leucocyte count,
lymphocyte count, platelet count, prothrombin time, D
dimer, fibrinogen, interleukin-6, creatinine, and ferritin
levels. D dimer concentration in citrated plasma was
measured using a reagent based on latex particles coated by
Fab monoclonal fragments with specificity towards D dimer
(HemosIL D dimer HS, Instrumentation Laboratory, Lex-
ington, MA, USA). Assays were performed on ACLTOP LAS
750 coagulometers (Instrumentation Laboratory, Bedford,
MA, USA). Finally, peripheral arterial thrombo-embolic
events and bleeding complications associated with anti-
coagulation were recorded. Major bleeding and non-major
but clinically relevant bleeding were defined according to
the International Society on Thrombosis and Haemostasis
classification.11
Statistical methods and sample size

Categorical variables were compared using the chi squared
test (two sided) and Fisher’s exact test (two sided).
Continuous variables were compared using Student’s t test
or ManneWhitney U test when the variables were not
normally distributed. In order to assess the relationship
between D dimer levels on the day of DUS and VTE during
the seven day follow up, the receiver operating character-
istic area under the curve (ROC-AUC) was calculated. In
addition, a D dimer level of 1 500 ng/mL was selected,8 its
sensitivity, specificity, predictive values and odds ratios (OR)
and corresponding 95% confidence intervals (CIs) were
calculated. Statistical analyses were conducted with SPSS
for Windows (version 20; SPSS Inc. Chicago, IL, USA).
laxis protocols at Hospital Universitari Germans Trias I Pujol
ients with severe COVID-19 admitted to the intensive care unit

l criteria

r >1 500 ng/mL and severe acute respiratory failure
FiO2 <150) and raised inflammatory markers or confirmed VTE



Table 2. Clinical characteristics and blood test results on
admission to the intensive care unit of included patients
with severe COVID-19

Clinical characteristics Patients (n [ 230)

Male sex 177 (77.0)
Age e y 61.8 (55e67)
Body mass index e kg/m2 30.3 (27.5e33.2)
Arterial hypertension 110 (47.8)
Non-insulin dependent diabetes mellitus 51 (22.2)
Dyslipidaemia 77 (33.5)
Chronic kidney disease 21 (9.1)
Atrial fibrillation 4 (1.7)
Prior coronary disease 9 (3.9)
Prior stroke 8 (3.5)
Peripheral artery disease 5 (2.2)
VTE prior to COVID-19 infection 3 (1.3)
Prior treatment with antiplatelets 24 (10.4)
Prior treatment with anticoagulants 6 (2.6)
Intubated 183 (79.6)
Acute peripheral arterial thrombo-

embolism
4 (1.7)

Hospital and ICU length of stay
Hospital stay e d 15 (9e21)
ICU stay e d 12 (5e19)

Blood tests
D dimer e ng/mL 2 135 (1 051e4 610)
D dimer >500 ng/mL 210 (91)
D dimer >1 000 ng/mL 174 (76)
D dimer >1 500 ng/mL 147 (64)

Platelet count e �109/L 272.5 (205.5e374.0)
Prothrombin time e s 13.1 (12.2e13.8)
Fibrinogen e g/L 5.1 (4.0e6.6)
Lymphocyte count e �109/L 1.1 (0.7e1.5)
Glomerular filtration e mL/min/1.73 m2 90.0 (79.3e90.0)
Lactate dehydrogenase e IU/L 363.5 (294.3e445.8)
C reactive protein e mg/dL 4.3 (0.9e10.9)
Ferritin e ng/mL 817 (510e1 347)
Interleukin 6 e pg/mL 163 (38.3e674.2)

Data are presented as n (%) or median (interquartile range). ICU ¼
intensive care unit; VTE ¼ venous thrombo-embolism.

Table 3. Venous thrombo-embolism (VTE) outcomes:
screening based frequency and after seven day follow up of
patients admitted to the intensive care unit with COVID-19

Patients included (n [ 230)

Screening 7 day follow up

Patients with VTE 58 (25.2) 61 (26.5)
Asymptomatic DVT 39 (67.2) 38 (62.3)x

Symptomatic DVT 8 (13.8) 7 (11.5)k

PE* 6 (11.3) 8 (13.1)
PE with DVT* 5 (8.6) 8 (13.1)
VTE frequencyy 25.2 (20e31) 26.5 (21e32)
Symptomatic VTE frequencyz 7.0 (3.7e10.2) 8.3 (4.7e11.8)

Data are presented as n (%) or frequency (95% confidence interval).
DVT ¼ deep venous thrombosis; PE ¼ pulmonary embolism.
* All PEs were symptomatic.
y Patients with symptomatic and asymptomatic VTE.
z Patients with symptomatic VTE.
x Two patients with DVT developed and additional PE (they were
classified as “PE with DVT”) and one patient developed a new
asymptomatic DVT detected while inserting a femoral catheter.
k One patient with DVT developed an additional PE and was classified
as “PE with DVT”.
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Recent studies reported a 25% rate of VTE in these pa-
tients.8,9 Based on this information, a sample size of 201
subjects would be sufficient to estimate this percentage of
events with 95% confidence and an accuracy of � 6% of the
proportion estimate.12
RESULTS

Two hundred and thirty COVID-19 positive patients under-
went bilateral DUS screening (118 in Vall d’Hebron hospital,
112 in Germans Trias i Pujol hospital). One of the hospitals
selected all patients admitted to the ICU on April 7th and
performed all ultrasounds on those patients between 7 and
9 April. The other hospital selected all patients admitted to
the ICU on 15 April and scanned those patients between 15
and 16 April. The clinical characteristics and co-morbidities
were similar in both hospitals, the only difference being
the proportion of patients with hypertension (58% vs. 38%;
p < .001). The clinical characteristics and blood tests are
shown in Table 2. Most patients (80%) were mechanically
ventilated, 13% were in prone position, and 3.0% had a
swollen limb. Four of the 230 patients (1.7%) had suffered a
peripheral arterial thrombo-embolic event before being
included in the study, three with acute leg ischaemia and
one with acute arm ischaemia. All underwent surgery
attempting to restore circulation, but one patient needed
lower limb amputation.
Venous thrombo-embolism frequency

On screening ultrasound, there were 63 VTEs in 58 patients
(frequency 25.2%; 95% CI 20% e 31%), with no differences
between hospitals: 47 patients had DVT (symptomatic in
five patients), six had symptomatic PE, and five had PE with
DVT (Table 3). DVT affected the iliofemoral veins in 22 pa-
tients (two bilateral), femoropopliteal in 16 (four bilateral)
and distal veins in 20 (three bilateral). The frequency of
symptomatic VTE events was 7.0% (95% CI 3.7% e 10.2%).
Symptomatic PE was suspected in 38 patients (16.5%), but
only 16 such patients (42%) had confirmed PE on CTPA.
Nine of the 16 patients (56%) with confirmed PE had lower
limb DVT. As for the location of the DVTs on the screening
programme, 36 were proximal (including 4 distal) and 16
distal only. They were bilateral in six patients (proximal
three patients and distal three patients).
Follow up at seven days

During the seven day follow up, six patients developed new
VTE: new asymptomatic DVT one patient (incidentally
diagnosed by ultrasound trying to insert a femoral cath-
eter); symptomatic PE in patients with prior negative DUS
two patients; and symptomatic PE despite receiving thera-
peutic doses of LMWH because of a confirmed DVT at
baseline three patients. Thus, there were 69 VTEs in 61



0
0

.2

.4

.6

.8

1.0

.2 .4

1 – Specificity 

S
e
n

si
ti

v
it

y

.6 .8 1.0

632 Sergi Bellmunt-Montoya et al.
patients, for a VTE cumulative frequency of 26.5% (95% CI
21% e 32%). When only symptomatic events were
considered (n ¼ 20), the frequency was 8.3% (95% CI 4.7%
e 11.8%) (Table 3).

In the seven days of follow up, there were 11 patients
(4.7%) who had bleeding while being anticoagulated, five
considered to be major and six non-major but clinically
relevant.11 Eight of these were receiving anticoagulation for
recently diagnosed VTE (1 PE and 7 DVT) while the other
three were receiving therapeutic dose prophylactic anti-
coagulation due to high D dimer values.

Patients with VTE had a longer stay in the ICU (median,
22 days [IQR 15 e 28]), than those without VTE (median, 17
days [IQR 12 e 26]). There were no differences in mortality
between subgroups: four patients (6.6%) with VTE died,
compared with nine patients (5.3%) without VTE (p ¼ .70).
However, there were more discharges from the ICU in non-
VTE patients in seven days (58, 34.3%) than in patients with
VTE (12, 19.6%) (p ¼ .034).
Figure 2. Receiver operating characteristic (ROC) curve relating D
dimer levels at the seven day follow up and venous thrombo-
embolism in 230 critically ill patients with COVID-19.
Prophylaxis and VTE

Overall, 127 patients (56%) were prescribed standard pro-
phylactic doses of LMWH, 33 (14.5%) intermediate doses
and 67 patients (29.5%) received therapeutic doses. The
proportion of patients who developed a first VTE (symp-
tomatic or asymptomatic) was similar in each subgroup:
27%, 21%, and 30%, respectively (Table 4). When D dimer
levels were <1 500 ng/dL, the rate of VTE was 15% (12 of
80 patients), irrespective of the LMWH doses received (p ¼
.68). When D dimer levels were >1 500 ng/mL, the rate was
33% (28 of 84) in patients with standard prophylactic doses
and 32% (20 of 63) in those with intermediate or thera-
peutic doses (p ¼ 1.0). In patients with D dimer levels >1
500 ng/mL receiving therapeutic doses of LMWH the VTE
rate was 37% (17 of 46 patients), the highest rate in all of
the subgroups.
Table 4. Venous thrombo-embolism (VTE) frequency related to an
care unit due to COVID-19

Symptomatic
VTE (n [ 23;
10.1%)

Asymptomatic
VTE (n [ 38;
16.7%)

Total VT
(n [ 61
(26.9%)

VTE prophylaxis
Standard doses 12 (52.2) 22 (57.9) 34 (55.7)
Intermediate doses 1 (4.3) 6 (15.8) 7 (11.5)
Therapeutic doses 10 (43.5) 10 (26.3) 20 (32.8)

* Three patients without prophylaxis.
y Three patients only with mechanical prophylaxis.
z Comparing patients with and without VTE between all prophylaxis subg
x Patients with and without VTE in the standard dose subgroup compared
k Patients with and without VTE in the standard dose subgroup compared
{ Patients with and without VTE in the intermediate dose subgroup comp
D dimer levels and detection of DVT

At the seven day follow up, D dimer levels were significantly
higher in patients with VTE than in those without VTE. Using
a cut off value of 1 500 ng/mL,8 the OR was 2.18 (95% CI 1.1
e 4.3). This D dimer cut off value was more closely related
to VTE after one week than to VTE on the day of ultrasound.
This is due to the fact that three patients without VTE and
elevated D dimer values on the day of the ultrasound
developed VTE throughout the following week. The sensi-
tivity was 80% (95% CI 70 e 90), specificity 42% (95% CI 34
e 50), positive predictive value 33% (95% CI 25 e 40),
negative predictive value 86% (95% CI 78 e 93). The AUC
value was 0.71 (95% CI 0.63 e 0.78; p < .001) (Fig. 2).
ticoagulation dose given to patients admitted to the intensive

E No VTE
(n[ 166;
73.1%)

All patients
(n [ 227;
98.7%)*,y

p p value (vs.
intermediate
dose)

p value (vs.
therapeutic
doses)

.58z

93 (56.0) 127 (55.9) .51x .65k

26 (15.7) 33 (14.5) .36{

47 (28.3) 67 (29.5) .36{

roups.
with the intermediate dose subgroup.
with the therapeutic dose subgroup.
ared with the therapeutic dose subgroup.
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DISCUSSION

This is the largest reported series screening for VTE in ICU
patients with proven COVID-19 pneumonia and reveals a
number of findings potentially useful for clinicians. First,
one in four screened patients had VTE: 23 patients had
symptomatic and 38 asymptomatic VTE. Second, correlation
was found between D dimer levels at baseline and the risk
of VTE. Unfortunately, a multivariable analysis could not be
performed given the small simple size. Third, the LMWH
dosage used for VTE prophylaxis was found to have no in-
fluence on the VTE frequency. Finally, the usefulness of a
screening programme for DVT could not be confirmed in
these patients since it did not prevent the development of
subsequent symptomatic events.

The frequency of VTE with or without symptoms in the
series was 25%, and the frequency of symptomatic VTE was
7%. In similar studies with different designs, prophylaxis,
and measured outcomes, the frequency prevalence ranged
between 25% and 69%. In a retrospective study on patients
not receiving prophylaxis,8 the reported incidence was 25%.
In another study,9 there was a 27% rate of symptomatic
events per person time of the at risk population. They did
not perform routine screening, and most of the events were
PEs in patients receiving standard doses of prophylaxis most
of the time. The only two studies10,13 including systematic
screening for DVT had 47% and 69% rates of VTE, but only
included 26 and 75 patients, respectively.

This frequency of VTE should be compared with the
proportion of events in critically ill non-COVID patients to
know the true impact of the virus on the risk of VTE. In a
meta-analysis14 of seven studies including 1 783 patients,
undergoing DVT screening PE was investigated only when
there was a clinical suspicion and patients received phar-
macological thromboprophylaxis. The rate of VTE was 12.7%
(95% CI 8.7% e 17.5%), half the proportion observed in the
study.

Other studies have found an association between raised
D dimer levels and worse prognosis.3,4 In one study, pa-
tients with D dimer levels over six times the upper limit of
normal had a higher mortality rate one month later among
heparin users than non-users.4 Therefore, the authors sug-
gested using anticoagulation in patients with markedly
raised D dimer levels. Moreover, patients with PE presented
higher D dimer levels than those with suspected but not
confirmed PE.15 Finally, D dimer levels were found to pre-
dict VTE in a small study (81 patients),8 with very good
sensitivity and specificity. However, using the same cut off
value for D dimer, similar sensitivity and lower specificity
were obtained.

One in two patients in the cohort (44%) was prescribed
higher than standard prophylactic doses of LMWH, and this
practice was not associated with a lower frequency of VTE.
In the study by Llitjos et al.,10 there was a higher frequency
of VTE in patients receiving standard prophylactic doses of
LMWH than in those on higher doses. These differences
may be explained because the protocol planned to use
higher than standard prophylactic doses of LMWH only in
patients with raised D dimer levels, and it cannot be ruled
out that these patients might already have developed VTE.
Even though other authors suggested that standard pro-
phylactic doses may be too low,9,10 the ideal LMWH dose to
prevent VTE in patients with severe COVID-19 is still un-
known and requires randomised trials to confirm whether
or not higher than standard prophylactic doses of LMWH
might be recommended. It seems reasonable to increase
the anticoagulation prophylaxis dose due to the high fre-
quency of VTE and the low proportion of bleeding compli-
cations in the study.

Finally, six patients in the series developed symptomatic
VTE during the seven day follow up (one DVT and five PE):
four patients with negative DUS at baseline and two pa-
tients that were receiving therapeutic dose anticoagulation
because of asymptomatic DVT during the screening pro-
gramme. These findings agree with the results reported in
one of the studies11 where there were 35 events, 21 of
them symptomatic. Seven days later, the incidence of VTE
was 26%, as in the series.

The study has a number of potential limitations. First, the
circumstances of the pandemic made it impossible to
perform a systematic screening programme throughout the
whole hospital stay. As a result, only symptomatic VTE
events are presented on the seventh day as it was consid-
ered inappropriate to perform repeat ultrasound screening
to detect asymptomatic DVTs. Although this might affect
the validity of the study for isolated patients, the study is
considered valid for this group of patients. Second,
although this is the largest cohort published to date on this
topic, follow up and sample size were small, so more pa-
tients are needed to develop a prognostic model and there
is a need to extend the surveillance to detect further events
as death, new VTE and bleeding.

In conclusion, hospitalised patients with severe COVID-19
are at high risk of VTE, despite the use of high doses of
pharmacological prophylaxis in some of them. The data
suggest that prophylaxis should be tailored to the patient’s
characteristics trying to balance the bleeding risk and clin-
ical severity and to prescribe higher than recommended
doses only in patients that would benefit most. Finally,
routine ultrasound screening in a pandemic outbreak sce-
nario did not prevent symptomatic VTE. Therefore, strict
clinical surveillance is needed to detect new events that can
occur despite anticoagulation.
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