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Screening Protocol and Prevalence of
Venous Thromboembolic Disease in
Hospitalized Patients With COVID-19
Jorge �Alvarez-Troncoso, MD , Luis Ramos-Ruperto, MD, Pelayo Fern�andez-Cid�on, MD,
Elena Trigo-Esteban, MD, Yale Tung-Chen, MD, PhD , Carmen Busca-Arenzana, MD,
Manuel Quintana-Díaz, MD, PhD, Antonio Buño-Soto, MD, PhD, Francisco Arnalich-Fern�andez, MD, PhD,
Carmen Fern�andez-Capit�an, MD, PhD

Background—SARS-CoV-2 disease (COVID-19) induces endothelial damage and
sustained hypoxia and facilitates immobilization as factors of hypercoagulability.

Objectives—The objective of our study was to assess the prevalence of venous
thromboembolic disease (VTD) in COVID-19 patients and the usefulness of
VTD screening based on age-adjusted D-dimer and point-of-care ultrasound
(POCUS).

Patients/Methods—We conducted a single cohort, prospective observational
study in 102 consecutive hospitalized patients.

Results—A total of 102 POCUS and 39 pulmonary computed tomography angiog-
raphy (PCTA) were performed diagnosing 27 VTD (26.5%): 17 deep vein throm-
bosis (DVT) (16.6% positive POCUS) and 18 pulmonary embolism (PE) (46.2%
positive PCTA). COVID-19 patients with VTD were older (P < .030), had higher
D-dimer (P < .001), higher International Society on Thrombosis and Hemostasis
score (P < .001), and higher mortality (P = .025). However, there were no differ-
ences in inflammatory laboratory parameters neither in the cytokine storm syn-
drome (CSS) development. The ROC curve for D-dimer showed an AUC of 0.91.
We have evidenced that patients with D-dimer between 2000 and 6000 ng/mL
could benefit from a screening strategy with POCUS given the high sensitivity and
specificity of the test. Furthermore, patients with D-dimer ≥6000 ng/mL should
undergo POCUS and PCTA to rule out DVT and PE, respectively.

Conclusions—In our cohort, 26.5% of the patients presented VTD. Screening
strategy based on age-adjusted D-dimer and POCUS proved high sensitivity and
specificity. Future trials focused on screening strategies are necessary to early
detect the presence of DVT and PE and determine thromboprophylaxis strate-
gies in patients with COVID-19.
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Coronavirus disease 2019 (COVID-19) is a new disease
caused by the SARS-CoV-2 that causes significant lung
damage that can lead to respiratory distress and death.

Since December 2019, when COVID-19 emerged in Wuhan
province and spread rapidly through China and the rest of the
world, biological and clinical-epidemiological characteristics of the
infection have been published.1 Coagulation disorders and
elevations of D-dimer have also been described and have been
associated with worse prognosis.1,2 In a recent study, only 0.6% of
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survivors fulfilled criteria for disseminated intravas-
cular coagulopathy (DIC), compared to 76% of those
who died.2 Venous thromboembolic disease (VTD) is
a frequent complication of hospitalized patients.3–8

Either way, elevated D-dimer is an excellent marker of
thrombosis.9,10 D-dimer measurement is an essential
step in VTE diagnosis, as it allows clinicians to rule
out the disease in patients with suspected deep vein
thrombosis (DVT) or pulmonary embolism (PE).
However, the test is less useful in elderly patients
(as D-dimer tests at a cutoff of 500 ng/mL are rarely
truly negative). Therefore, an “age per 10” cutoff in
patients above 50 years is well-validated.11 Despite
differences in study design, DVT prevalence, and the
D-dimer assay used, all studies favor the age-adjusted
D-dimer limit with negative predictive values (NPV)
ranging from 91.8 to 100% compared to 89.7 to 100%
for standard D-dimer cut-off.11–13 However, there is
an inflammatory phenomenon in COVID-19 known
as cytokine storm syndrome (CSS) in which D-dimer
may be highly elevated.14

Moreover, there is concern about a possible
increment in thrombotic risk.15 Prevalence of 25%
VTD has already been observed in two series of criti-
cally ill patients7,16 and 4% in noncritical hospitalized
patients in a European cohort.17 Recently it has been
demonstrated that treatment with low molecular
weight heparin (LMWH) reduces mortality at 28 days
in those with elevated D-dimer and coagulopathy in
COVID-19 patients.18 However, we still do not know
if these coagulation disorders, especially D-dimer
rising, have any relationship with the thrombotic
phenomena associated with COVID-19, as has been
verified in other scenarios.12

Patients who did not survive hospitalization for
COVID-19 in Wuhan were more likely to be older, have
comorbidities, and have a high D-dimer, according to
the first study to examine risk factors associated with
death among adults hospitalized with COVID-19.19,20

Point-of-care ultrasound (POCUS) of the lower
extremities performed by experts has excellent sensi-
tivity and specificity to diagnose DVT. POCUS is a
simple, nonharmful, and repeatable technique. Given
the characteristics of isolation and the need for the
use of personal protective equipment (PPE) in the
evaluation of patients with COVID-19, POCUS may
be helpful. Being aware of these issues, we studied the
usefulness of VTD screening based on age-adjusted

D-dimer and POCUS and its prevalence in hospital-
ized patients.

Methods

We conducted a single cohort, prospective observa-
tional study to assess the prevalence of VTD in
COVID-19 and the usefulness of VTD screening
based on age-adjusted D-dimer and POCUS. Consec-
utive patients with COVID-19 admitted to the Inter-
nal Medicine Department of La Paz University
Hospital were prospectively enrolled. Informed con-
sent was obtained from all participants before enroll-
ing in the study. The inclusion criteria were adult
patients older than 18 years diagnosed with COVID-19
who presented an elevated age-adjusted D-dimer,
regardless of the presence or absence of symptoms
of DVT or PE. Exclusion criteria were rejection of
POCUS and those who did not meet the inclusion
criteria. The diagnosis of COVID-19 was according
to World Health Organization interim guidance and
confirmed by reverse transcription polymerase chain
reaction (RT-PCR) detection of SARS-CoV-2 in
nasopharyngeal swabs.

Screening protocol based on POCUS of the
lower extremities from the iliac-femoral territory to
the infrapopliteal region was prospectively performed
by four internists with long-standing experience in
vascular ultrasound. A whole-leg ultrasound protocol
was performed, and the following veins were scanned
transversally over their entire length: common femo-
ral vein, femoral vein, popliteal veins, anterior and
posterior tibial veins, peroneal veins, medial and
lateral gastrocnemius veins, soleal veins, the
saphenofemoral/popliteal junctions, the trunk of the
great saphenous vein and small saphenous vein. Ultra-
sound equipment was Esaote MyLab25Gold with 13–
4 MHz Linear Transducer.

The decision to perform pulmonary computed
tomography angiography (PCTA) in order to rule
out PE was left to the discretion of the medical team
in charge of the patient with the same criteria that
would have been performed in patients not included
in this study. Only the pulmonary vascular tree filling
defects have been considered PE and not the periph-
eral microthrombosis visible in the iodine map study.
The global objective was to determine the prevalence
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of VTD (DVT and/or PE) in patients with
COVID-19.

A retrospective review of the characteristics of
these patients was performed through the electronic
medical record system of our hospital, the medica-
tions and outcomes were monitored up to 30 days
after inclusion. The Ethics Committee of Hospital
Universitario La Paz approved this study (PI-4124).

We collected data of blood samples when
D-dimer was at the highest value during the hospitali-
zation: hemoglobin, white blood cell count, platelet
count, thromboplastin time (APTT), antithrombin
activity (AT), fibrinogen, and D-dimer, transaminases,
C-reactive protein (CRP), procalcitonin, troponin I,
interleukin 6, ferritin, lactate dehydrogenase (LDH).
In those patients diagnosed with thromboembolic
disease, D-dimer values were analyzed before the ultra-
sound and after the start of therapeutic anticoagulation.
The coagulation test was performed with Innovance
D-Dimer Quantitative Enzyme-Linked ImmunoSor-
bent Assay.

The primary anticoagulant agent in both groups was
enoxaparin. For patients who weighed less than 120 kg
and had a creatinine clearance greater than 30 mL/min,
enoxaparin, 1 mg/kg daily, was assigned as intermediate-
dose anticoagulation and enoxaparin 1 mg/kg/12 hours,
as therapeutic-dose. Enoxaparin, 40 mg daily, was the
standard-dose prophylactic anticoagulation regimen.

Different scores were used to predict the degree
of comorbidity (Charlson Comorbidity Index),21 the
severity of viral pneumonia (MuLBSTA Score for
Viral Pneumonia Mortality),22 the risk of DIC
according to the International Society on Thrombosis
and Hemostasis (ISTH) Criteria for Disseminated
Intravascular Coagulation23 and the risk of thrombosis
(Padua Prediction Score for Risk of VTE).24 COVID-
19 CSS was defined by the presence of at least two of
the following: D-dimer >3000 ng/dL, ferritin
>1500 ng/dL, IL-6 > 40 μg/dL, or CRP >150 mg/L
in the absence of sepsis. Acute Respiratory Distress
Syndrome (ARDS) was defined according to Berlin
criteria25 and severe pneumonia was established with
CURB-65 Score for Pneumonia Severity ≥2.26

Normally and abnormally distributed quantitative
variables were compared using the Student’s t-test
and the Mann–Whitney U test, respectively. Categori-
cal variables were compared using the chi-squared
test. The results were given as the mean � standard

deviation, median (interquartile range), or number
(percentage), wherever appropriate. Categorical and
consecutive variables were evaluated by logistic
regression analysis for their ability to predict 28-day
mortality. A P-value of <.05 was considered statisti-
cally significant. Receiver-operating characteristic
(ROC) analysis was used to determine the accuracy
of quantitative D-dimer measurements in differentiat-
ing between positive and negative VTD patients as
per POCUS or PCTA. Data were analyzed using
Wizard Pro version 1.9.4.1 for Macintosh and IBM
SPSS Statistics version 20.0.

Results

A total of 102 consecutive hospitalized patients with
RT-PCR confirmed COVID-19 admitted to the Inter-
nal Medicine Department at La Paz University Hospi-
tal between May 1 and May 31, 2020.

Baseline Characteristics
Data regarding baseline characteristics of the population
are shown in Table 1. The mean age at COVID-19
onset was 65.5 � 3.3 years (Q1–Q3 54–79). Sixty-eight
patients were male (66.7%).

The majority of patients (77.5%) were Caucasian,
followed by Latin-American (20.6%) and Asian
(1.9%). However, there was no difference in the pres-
ence of VTD according to ethnic origin.

Seventy-six (74%) patients presented one or
more underlying diseases, mainly, including hyperten-
sion (n = 48, 47.1%), dyslipidemia (n = 38, 37.3%),
obesity (n = 21, 20.6%) diabetes mellitus (n = 19,
18.6%), chronic kidney disease (n = 15, 14.7%),
heart disease (n = 14, 13.7%), chronic obstructive
pulmonary disease (n = 11, 10.8%), connective tissue
diseases (n = 4, 3.9%), cancer (n = 3, 2.9%), and
previous VTD (n = 2, 2%). Sixty-seven (65.7%)
patients had never smoked, 17 (16.7%) were active
smokers, and 18 (17.6%) were former smokers.

Mean Charlson score was 2.66 � 0.47; however,
60 (58.5%) patients had a Charlson ≥ 3 (equivalent
to severe comorbidity). There were no significant dif-
ferences in comorbidities between VTD and no
VTD. Mean MuLBSTA score was 10.71 � 0.76,
which means a 90-day estimated mortality rate of 10%.
Eighty-one (79.4%) patients had an ISTH Criteria
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for DIC >4. That is, 32 (39.5%) patients with
ISTH 4, 45 (55.5%) with ISTH 5, and 4 patients
(4.9%) with ISTH 6. The mean Padua Prediction
Score for Risk of VTE was 5.8 � 0.2. However,
the Padua score was not statistically signifi-
cantly associated with the presence of VTD in
COVID-19 (P = .440).

Ninety-six (94.1%) patients presented pneumonia
by radiological findings (chest radiography and/or
PCTA), 61 (59.8%) presented severe pneumonia by
CURB-65, 31 (30.4%) were diagnosed of CSS, and
40 (39.2%) presented ARDS according to the Berlin
criteria. Eighteen (17.6%) patients had a bacterial
superinfection during admission. There were no statisti-
cally significant differences in the different modalities of
supplemental oxygen supply between VTD and no
VTD. The laboratory findings are shown in Table 2.

Ninety-five (93.1%) patients received specific
treatment for COVID-19 consisting of hydro-
xychloroquine (n = 92, 90.2%), azithromycin
(n = 46, 45.1%), lopinavir/ritonavir (n = 2, 2%), and
remdesivir (n = 5, 4.9%). The combination of hydro-
xychloroquine and azithromycin was the most fre-
quent (n = 45, 44.1%). Some sequential treatment
was also prescribed. Forty-three (42.6%) patients
required treatment for the inflammatory phase (not
all patients who experienced inflammatory phase ful-
filled criteria for CSS) divided between tocilizumab

(n = 34, 33.3%), corticosteroids (n = 15, 14.7%),
anakinra (n = 2, 2%), colchicine (n = 5, 4.9%), and
immunoglobulins (n = 1, 1%). Tocilizumab and cor-
ticosteroids were the most frequent combination used
in this phase (n = 6, 5.9%). Most patients (n = 97,
95.1%) received anticoagulant treatment with LMWH
from the first day of hospital admission. At the time
of POCUS, 50 (49%) patients were receiving LMWH
at standard prophylactic doses, 31 (30.4%) at inter-
mediate doses, 8 (7.8%) at therapeutic doses,
8 (7.8%) received other anticoagulants other than
LMWH, and only 5 (4.9%) did not receive anticoagu-
lant treatment (Table 3). The absence of any anti-
coagulation was associated with more VTD events
(P = .005). However, the use of intermediate doses
was associated with fewer VTD events (P < .001).
The number needed to treat (NNT) with LMWH
(any dose) to prevent one event of VTD compared
with no anticoagulation was 1.49 patients. Besides,
NNT for intermediate doses (of LMWH) against
prophylactic ones was 10.99. There were no bleeding
events in our cohort.

Globally, 10 (9.8%) patients required admission
to an intensive care unit and 12 (11.8%) died. Pre-
senting VTD was associated with higher mortality
(P = .025) (Table 1).

In our cohort, COVID-19 patients with VTD
were older (P < .030), had a higher D-dimer

Table 1. Baseline Characteristics and Main Outcomes

COVID-19 Patients
No VTD VTD

P Values75 (73.5%) 27 (26.5%)

Age 63.4 � 1.937 71.4 � 2.815 .030
Sex ratio (male/female) 1.68 3.50 .153
Maximum D-dimer 6540 � 1818 34,238 � 6120 <.001
Obesity 18 (24%) 5 (18.5%) .156
Chronic disease 54 (72%) 22 (81.5%) .332
CHARLSON 2.64 � 0.28 2.70 � 0.46 .759
MuLBSTA 10.32 � 0.46 11.78 � 0.68 .440
PADUA 5.77 � 0.22 5.89 � 0.37 .592
ISTH > 4 57 (76%) 24 (88.9%) <.001
Pneumonia 71 (94.7%) 25 (92.6%) .694
Severe pneumonia (by CURB-65) 44 (58.7%) 17 (62.9%) .696
ARDS 28 (37.3%) 12 (44.4%) .516
CSS 21 (28%) 10 (37%) .381
Bacterial superinfection 13 (17.3%) 5 (18.5%) .890
ICU 6 (8%) 4 (14.8%) .307
Death 6 (8%) 6 (22.2%) .025

Note: Significance of bold values explained in the text.
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(P < .001), a higher ISTH score (P < .001), and a
higher mortality (P = .025).

Venous Thromboembolic Disease
In summary, 102 POCUS and 39 PCTA were per-
formed diagnosing 27 VTD events (26.5%)
(Table 4): 17 DVT (16.6% positive POCUS) and
18 PE (46.2% positive PCTA). Of all the detected
DVTs, 9 patients had ≥2 affected venous territories,
being the most frequent territory, the popliteal
vein (31.2%).

Day of Thrombosis and D-Dimer Cut-off
A marked elevation of D-dimer can be observed in the
previous days of VTD and subsequently a decrease

from the start of anticoagulation at therapeutic doses.
VTD was diagnosed at mean of 13.48 � 2.05 days
from symptoms onset (established as days of illness).
However, the mean maximum D-dimer day was
9.42 � 2.17. DVT patients were diagnosed earlier
(10.47 � 2.19) and PE later (14.78 � 2.27), probably

Table 2. Laboratory Findings

No VTD VTD P Value

Hemoglobin (g/dL) 13.284 � 0.290 14.178 � 0.490 .130
Hematocrite (%) 41.210 � 0.836 44.196 � 1.499 .084
Lymphocytes (/mm3) 1.029 � 0.094 1.285 � 0.243 .238
Leukocytes (/mm3) 7.438 � 0.492 9.458 � 0.892 .048
Basophils (/mm3) 0.026 � 0.002 0.037 � 0.004 .024
Platelets (/mm3) 312.575 � 21.833 254.087 � 18.810 .151
Cephalin time (seconds) 28.803 � 0.509 28.588 � 1.031 .839
Prothrombin time (seconds) 11.589 � 0.129 16.829 � 2.946 .003
INR 1.090 � 0.014 1.636 � 0.315 .004
D-Dimer (ng/mL) 6981.203 � 1850.189 35,218.280 � 6413.584 <.001
Fibrinogen (mg/dL) 646.338 � 30.990 512,348 � 58.682 .035
AST (IU/L) 61.578 � 7.693 51.190 � 6.466 .459
ALT (IU/L) 62.786 � 8.027 50,364 � 7.993 .411
GGT (IU/L) 106.057 � 13.751 118.571 � 41.081 .710
Creatinine (mg/dL) 1.097 � 0.107 1.227 � 0.199 .548
Urea (mg/dL) 55.099 � 5.341 73.091 � 14.744 .156
Sodium (mmol/L) 140.164 � 0.715 142.917 � 1.849 .095
Ferritine (ng/mL) 1099.522 � 173.466 934.684 � 164.586 .627
Interleukin-6 (μg/dL) 218.928 � 44.165 122.600 � 61.122 .262
LDH (IU/L) 361.831 � 17.230 461.048 � 34.302 .007
C-reactive protein (mg/L) 103.070 � 12.070 74.417 � 16.485 .218

Note: Significance of bold values explained in the text.

Table 3. Anticoagulation with LWMH in COVID-19 Patients

NO VTD VTD
P Value Correlation75 (73.5%) 27 (26.5%)

None 1 (1.3%) 4 (14.8%) .005 Positive
Prophylactic 39 (52%) 11 (40.7%) .320 NO
Intermediate 27 (36%) 4 (14.8%) .041 Negative
Therapeutic 4 (5.3%) 4 (14.8%) .118 NO
Other anticoagulants 4 (5.3%) 4 (14.8%) .118 NO

Note: Significance of bold values explained in the text.

Table 4. VTD Outcomes

n (%)

NO VTD 75 (73.5%)
VTD Total VTD 27 (26.5%)

Isolated DVT 9 (33.3%)
Isolated PE 10 (37.0%)
DVT + PE 8 (29.7%)
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because PE and COVID-19 pneumonia symptoms
may be indistinguishable. We have analyzed the value of
D-dimer to predict the risk of thrombosis in patients with

COVID-19 and to propose cut-off values. The ROC
curve for D-dimer showed an AUC of 0.91 (Figure 1).
The cut-off point (Table 5) of �2000 ng/mL had a

Figure 1. Receiver operating characteristic (ROC) curve for D-dimer in VTD.

Table 5. Different D-Dimer Cut-off Points in VTD

D-dimer Value Sensitivity Specificity PPV NPV LR+ LR-

VTD 2036 100% 49.5% 39% 100% 1.92 0
4060 96% 68.9% 50% 98% 3 0.06
6080 96% 79.7% 62% 98% 4.8 0.05

Isolated DVT 2036 100% 33.0% 12% 100% 1.47 0
6080 88% 71% 23% 98% 3.03 0.17
7506 87.5% 67.0% 19% 98% 2.67 0.18

Isolated PE 6080 100% 67.7% 23% 100% 3.03 0
DVT and PE 12,850 100% 83.5% 35% 100% 6.25 0

Note: Significance of bold values explained in the text.
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sensitivity of 100% and a specificity of 49.5% (positive
predictive value (PPV) of 39% and negative predictive
value (NPV) of 100%) for any VTD. The cut-off point
of �6000 μg/L had a sensitivity of 100% and a specific-
ity of 67.7% (PPV of 23% and NPV of 100%) for PE.

Discussion

The Virchow Triad, including endothelial damage,
prolonged immobilization, and sustained hypoxia are
factors of hypercoagulability induced by COVID-19.
There is increasing evidence that patients with
COVID-19 have arterial and venous thrombotic
events as well as microthrombosis, mainly pulmonary.
However, the majority of reported cases come from
patients admitted to intensive care units7,16 or from
pathological findings.27 Hence, early application of
anticoagulant therapy in critically ill patients improves
outcomes.16,17,28 Nevertheless, there is not enough
evidence on the prevalence of VTD, its characteris-
tics, and treatment of hospitalized patients with
COVID-19 and we are missing high-quality data
about clotting and bleeding. Furthermore, the classic
prognostic scores for thromboembolic disease seem
unreliable. Likewise, the cut-off points for D-dimer in
COVID-19 have not been defined either.

As has been reported in other studies,2,7,16 the
actual prevalence of VTD (DVT and PE) in patients
with COVID-19 is very high, especially in severe and
critical patients. However, at the time we started our
study, there were insufficient data on the prevalence
of VTD in noncritical hospitalized patients. In some
series of critically ill patients with COVID-19, the
prevalence of thrombosis is approximately 25%.7,16

However, other series have showed that noncritical
hospitalized patients had a prevalence of approxi-
mately 4 to 6%.17,28 Our 26.5% prevalence of VTD in
patients hospitalized for COVID-19 with high age-
adjusted D-dimer reflects that the prevalence may be
underestimated, and therefore, also its treatment.28,29

If we compare these results with those of the general
hospitalized population (Medenox, Prevent and Arte-
mis trials), it seems that the prevalence in COVID-19
was higher than usual.30–32

In our cohort, COVID-19 patients with VTD
were older, had a higher D-dimer, a higher ISTH
score, and a higher mortality. However, they did not

show statistically significant differences in risk scales
(Charlson, MulBSTA, and Padua), and in respiratory
complications such as development of severe pneu-
monia, bacterial superinfection, or ARDS. Besides,
there were no differences in inflammatory laboratory
parameters, such as IL-6 and ferritin or CSS develop-
ment. Surprisingly, we found that VTD occurred even
in patients treated with therapeutic anticoagulation
from admission, highlighting the thrombogenicity of
COVID-19. Antiviral and immunomodulatory treat-
ment used in COVID-19 did not influence the risk of
thrombosis or its prognosis.

Padua Prediction Score for Risk of VTE may
have been nondiscriminatory in our cohort. In other
studies, high percentages of Padua ≥4 have also been
reported, indicating that prophylactic anticoagulation
should be applied in the vast majority of patients
admitted with COVID-19.28,29 However, it is ineffec-
tive at discriminating between patients who may
eventually need higher doses.

Despite a low PE test threshold with respiratory
and/or hemodynamic decline, marker-guided strate-
gies are necessary to enable COVID-19 patients at
risk for thrombosis to be selected quickly and effi-
ciently. D-dimer plays a fundamental role, but it is
usually elevated in patients with COVID-19 in the
inflammatory phase. Prior to this study, it was not
defined, which D-dimer values allowed predicting
VTD in COVID-19. The increase in VTD seems to
take place mainly around DOI 13 from the onset of
COVID-19 symptoms, indicating that these events
occur around the inflammatory phase of the disease,
but the maximum elevation of D-dimer happened
2 to 3 days earlier, which could mean a diagnostic
delay. Therefore, screening strategies were necessary
to early detect the presence of DVT and PE in
patients with COVID-19 with high age-adjusted
D-dimer values (adjustment by the formula originally
suggested by Douma et al.33). In our cohort, we have
evidenced that those patients with D-dimer over
2000 ng/mL (NPV of 100% in those with <2000 ng/
mL) would benefit to carry out screening strategies
with POCUS and PCTA to rule out the presence of
DVT and PE, respectively. Specifically, patients with
COVID-19 with D-dimer between 2000 and
6000 ng/mL could benefit from a screening strategy
with POCUS given the high sensitivity and specificity
of the test. Besides, patients with D-dimer ≥6000 ng/
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mL should undergo POCUS and PCTA to rule out
DVT and PE, respectively. This strategy will allow an
earlier diagnosis and targeted treatment.

Moreover, in our cohort of COVID-19 patients,
there were differences in the LMWH regimens
(Table 3) before VTD event diagnosis. However,
anticoagulant therapy with LMWH was associated
with reduced mortality, consistent with other studies.18

Regarding the LMWH, most of the patients were on
prophylactic LMWH and some patients received inter-
mediate doses. The use of LMWH at intermediate
doses was based on the hospital thromboprophylaxis
local protocol. Patients with COVID-19 from our
cohort who were not under thromboprophylaxis pres-
ented more thrombotic events than the rest. Strikingly,
the anticoagulated patients at intermediate doses had
fewer events than the rest without increased bleeding.
According to this results, patients with COVID-19,
older age and coagulopathy by ISTH may benefit from
higher thromboprophylaxis doses (intermediate) than
those used routinely.

POCUS screening allowed earlier diagnosis and
treatment, even in asymptomatic patients in the
COVID-19 context. POCUS performed by trained
physicians is an accessible, fast, and reliable tool for
diagnosing DVT, especially in a pandemic setting.29,34

A screening strategy with POCUS and PCTA based
on D-dimer value could help reduce the time to diag-
nosis of VTD and improve its outcomes. However,
future interventional and management trials should
be conducted to improve VTD prevention, diagnosis,
and COVID-19.

There were several limitations in our report.
First, this is a single-center, small sample study, and
therefore, the results need to be confirmed by a
larger sample study. Second, despite that all of the
patients underwent POCUS, far less than half of
the patients underwent a PCTA, which may involve
a PE underdiagnosis. Third, the availability of
POCUS is not universal, nor is the training of all
clinicians in other centers. Finally, an external vali-
dation cohort is necessary to corroborate the cut-
off values obtained in this study. To sum up, our
study characterized the prevalence of VTD in
patients with COVID-19, demonstrated the appli-
cation of D-dimer in VTD screening and the higher
incidence of VTD, as well as the potential applica-
tion of intermediate doses of LMWH.

Conclusion

The prevalence of VTD in patients with COVID-19
is high and may be underdiagnosed, especially in
those severe patients with elevated D-dimer. Since
VTD was associated with an increased risk of mortal-
ity in COVID-19, POCUS could be a useful tool to
improve the diagnosis of VTD, to decrease diagnosis
delay and potentially decrease morbidity and mortal-
ity. The need for isolation and PPE may position the
use of POCUS as an effective, quick, and safe screen-
ing tool even more in a pandemic context. Screening
strategies are necessary to early detect the presence of
DVT and PE in patients with COVID-19 and high D-
dimer values.
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