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Summary: Background: Venous thromboembolism appears to be associated with severe COVID-19 infection than in those
without it. However, this varies considerably depending on the cohort studied. The aims of this single-centre, multi-site
retrospective cross-sectional study were to assess the number of all venous scans performed in the first month of pandemic
in a large university teaching hospital, to evaluate the incidence of deep venous thrombosis (DVT), and assess the predictive
ability of the clinical information available on the electronic patient record in planning work-up for DVT and prioritising
ultrasound scans. Patients and methods: All consecutive patients undergoing venous ultrasound for suspected acute DVT
between 1st of March and 30th of April 2020 were considered. Primary outcome was the proportion of scans positive for DVT;
the secondary outcomes included association of a positive SARS-CoV-2 PCR test, demographic, clinical factors, and Wells
scores. Results: 819 ultrasound scans were performed on 762 patients across the Trust in March and April 2020. This number
was comparable to the corresponding pre-pandemic cohort from 2019. The overall prevalence of DVT in the studied cohort
was 16.1% and was higher than before the pandemic (11.5%, p=.047). Clinical symptoms consistent with COVID-19,
irrespective of the SARS-CoV-2 PCR test result (positive_COVID_PCR OR 4.97, 95%Cl 2.31-10.62, p<.001; negative_COVID_PCR
OR 1.97, 95%CI 1.12-3.39, p=.016), a history of AF (OR 0.20, 95%CI 0.03-0.73, p=.037), and personal history of venous
thromboembolism (VTE) (OR 1.95, 95%Cl 1.13-3.31, p=.014), were independently associated with the diagnosis of DVT on
ultrasound scan. Wells score was not associated with the incidence of DVT. Conclusions: Amongst those referred for the DVT
scan, SARS-CoV-2 PCR test was associated with an increased risk of VTE and should be taken into consideration when planning
DVT work-up and prioritising diagnostic imaging. We postulate that the threshold for imaging should possibly be lower.

Keywords: SARS-CoV-2, COVID-19, venous thromboembolism, diagnostic imaging, prophylaxis, antiplatelet agents, Wells
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Introduction

SARS-CoV-2 is a pan-vascular disease causing significant
cardiovascular consequences [1, 2]. These include venous
thromboembolism (VTE) in the deep venous system (deep
vein thrombosis; DVT) or primary thrombosis in the lungs,
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pulmonary embolism (PE) and thrombosis in the venous
microvascular systems [3]. Interestingly, no excess arterial
events have been recorded [4].

The cardiovascular manifestations associated with
SARS-CoV-2 infection are reflected at a biochemical level.
Several studies have reported abnormal coagulation pro-
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files in patients with COVID-19 with elevated D-dimer, fib-
rinogen levels, decreased prothrombin time (PT) and
abnormal activated partial thromboplastin time (aPTT)
[5, 6].

The thrombotic complications appear to be highly preva-
lent amongst patients with severe COVID-19 infection. A
meta-analysis of 42 studies representing 8721 patients doc-
umented prevalence of VTE amongst hospitalised patients
to be 21%, with an overall DVT rate of 20% and the PE rate
of 13% [7]. The high prevalence of DVT was explained by
the higher detection rate associated with the use of com-
pression ultrasound (CUS) as a screening tool in aiding
the diagnosis. However, a 2020 guideline and expert panel
report recommended that screening ultrasound should not
be performed in patients with COVID-19, due to infection
risks for those performing tests [8].

The aims of this study were to assess the number of all
venous scans performed in the first months of pandemic
in a large teaching Hospital Trust, to evaluate the incidence
of DVT, and assess the predictive value of the clinical infor-
mation available on the electronic patient record in priori-
tising the scans.

Patients and methods

The manuscript was prepared according to STROBE guide-
lines for reporting of observational studies [9].

This study was conducted within the clinical audit frame-
work (Birmingham Heartlands Hospital audit number
5190); no intervention was performed, and patients were
not contacted outside their routine clinical care. Therefore,
a specific ethical approval was not required, and patient
consent was not sought in line with guidance from the
UK Health Research Authority and UK Policy Framework
for Health and Social Care Research.

Study design and setting

This was a single centre, multi-site cross-sectional cohort
study. We included all patients who underwent diagnostic
imaging for suspected DVT between 1% of March and
30™ of April 2020 in a large teaching Hospital Trust in
the UK. This included upper and lower limb venous doppler
ultrasound (DUS) and compression ultrasound. An addi-
tional cohort of similar size from 2019 was analysed to
compare overall numbers and incidence of DVT.

Study cohort

All patients who attended the radiology department for
diagnostic imaging of acute DVT were identified in the
departmental database (CRIS/PACS) based on pre-
selected procedural codes.

To ensure that the selection bias did not affect our sam-
ple we compared it with the number of scans performed
between 1 October and 31 December 2019. We also
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compared the prevalence of DVT between 2019 cohort
with a subset of asymptomatic patients (not tested for
COVID disease) from 2020.

Data sources

Demographic data (age, sex, and ethnicity) were extracted
from electronic health record (EHR: PICS and Dendrite).

Clinical data including smoking status, weight, height,
Body Mass Index (BMI), cardiovascular and respiratory dis-
orders, diabetes, presence of malignant disease, pregnancy,
recent surgery within 3 months were extracted from EHR.
Cardiovascular medications including antiplatelet agents,
direct oral anticoagulants, warfarin, lipid-lowering agents
such as statins, beta blockers, angiotensin receptor blocker
agents and ACE-inhibitors were recorded. Hospital EHR,
admission clerking documentation and scanned documen-
tation were the primary source of data. The General Prac-
tice clinical record was cross-checked to ensure data
completeness and accuracy when necessary.

Wells Score was obtained from radiology request forms
and presenting symptoms recorded in the clinical
documentation.

Admission status was defined as outpatient (scans
requested through GP practices, outpatient clinics, and
inpatients where the hospital stay was less than 24 h) and
inpatient (all patients requiring hospitalisation for more
than 24 h).

Identification of SARS-Cov-2 positive patients
Diagnosis of SARS-CoV-2 infection was based on the hospi-
tal electronic records confirming positive SARS-CoV-2 PCR
test. Patients were stratified into three categories: 1) Symp-
tomatic - tested negative, 2) Symptomatic - tested positive,
3) Asymptomatic - not tested.

Primary outcome

The primary outcome was the proportion of new diagnoses
of deep vein thrombosis out of all diagnostic imaging stud-
ies performed during the period of the study.

Secondary outcomes

The secondary outcomes included association of a positive
SARS-CoV-2 PCR test, demographic, clinical factors, and
Wells score with the diagnosis of DVT.

Statistical analysis

Results were analysed in pseudonymous format using R
statistical environment [10] using pre-specified data analy-
sis plan. Data characteristics were assessed using dplyr
package [11].

Continuous variables were presented as median
(interquartile range; IQR) unless indicated otherwise;
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Figure 1. Data missingness. ACE: Angiotensin Converting Enzyme inhibitor; AF: atrial fibrillation; APA: antiplatelet agent; BB: beta-blocker; CCF:
Congestive Cardiac Failure; COVID19: SARS-CoV-2 PCR testing status; CVA: Cerebrovascular Accident; DM: diabetes mellitus; DOAC: Direct Oral
Anticoagulant; DVT: Deep Vein Thrombosis; HTN: hypertension; HxXVTE: personal history of VTE; IHD: ischaemic heart disease; VTE: Venous
Thromboembolism; VTEPFX_GRP: VTE prophylaxis; VTETx: treatment for VTE.
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Table I. Cohort characteristics

Variable Level Median [IQR]/mean+SD/proportion (%)
Age 67 [53, 78]
Sex Female 400 (52.5)
Male 362 (47.5)
Ethnicity White 600 (82.9)
Asian 85 (11.7)
Black 33 (4.6)
Mixed 6 (0.8)
Comorbid status Ischaemic heart disease 95 (12.5)
Atrial fibrillation 51 (6.7)
Congestive cardiac failure 41 (5.4)
Cerebrovascular accident 58 (7.6)
Hypertension 284 (37.5)
Diabetes 160 (21.0)
Personal history of VTE 112 (14.7)
Medications Antiplatelet agent 128 (18.7)
Direct anticoagulant (DOAC) 65 (9.5)
Warfarin 16 (2.3)
Statin 238 (34.6)
ACEi/ARB 178 (26.1)
Beta blocker 102 (15.0)
Wells Score Low 5 (4.3)
Intermediate 211 (31.1)
High 428 (63.1)
D-Dimer* 523 [284, 967]
Deep Vein Thrombosis Upper Limb 15 (12.4%)
Ilio-femoral 45 (37.2%)
Femoro-Popliteal 47 (38.8%)
Infrapopliteal 14 (11.6%)

Notes. ACEi: angiotensin converting enzyme inhibitor; aPTT: activated partial thromboplastin time; ARB: angiotensin receptor blocker; IQR: interquartile
range; PT: prothrombin time; SD: standard deviation; VTE: venous thrombo-embolism.

categorical data were presented as frequencies (propor-
tions; %). Student’s t-test and Wilcoxon rank-sum test were
used to compare continuous data depending on Shapiro-
Wilk normality test. Pearson’s chi-squared test and Fisher’s
exact test with continuity correction were used to analyse
categorical data.

Association of demographic and clinical factors with the
diagnosis of DVT was examined using logistic regression.
Multi-variate explanatory model was built using purpose-
ful, manual selection of covariates with univariate p<0.1,
taking into consideration the quality of the data and clini-
cal judgement. Effect size was presented when appropriate
as odds ratio (OR) with 95% confidence intervals (CI) and
interpreted as “small” (OR<1.5), “medium” (1.5=<OR<5.0)
and “large” (OR>=5.0).

Conditional inference trees [12] were used to select unbi-
ased set of variables associated with the diagnosis of DVT.

Results

Data characteristics

The final dataset included 762 observations of 26 demo-
graphic and clinical variables with 539 (68.0%) complete
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cases, and 4.0% overall data missingness. Data on primary
outcome was complete in all cases (Figure 1).

Cohort characteristics

We identified 762 patients who had 819 ultrasound scans
for a suspected, acute DVT between 1% of March and
30™ of April 2020. This was comparable to the number
of scans performed between October and December
2019 (n= 530).

The median age was 67 (53, 78), and 362 patients (47.5%)
were male. Data on ethnicity was missing in 38 patients
(5.0%). White Caucasians constituted 82.9% of the cohort
(600/724 patients), Asian patients - 11.7% (85/724), Black
and Afro-Caribbean - 4.6% (33/724) and mixed race -
0.8% (6/724).

Four hundred and twenty patients (55.1%) were scanned
on outpatient basis, whereas 324 patients (42.5%) had
scans performed during inpatient stay. The admission sta-
tus could not be determined in 18 cases (2.4%).

Index of multiple deprivations 2019 [13], based on the
postcode was retrieved for 751 patients (98.6%). Patients
from 20% most deprived households constituted 44.3%
of the cohort, whereas only 9.7% of patients were from
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Notes. *D-Dimer, PT and neutrophil count were omitted from multivariable analysis of all patients due to high data missingness. ACEi: angiotensin
converting enzyme inhibitor; AF: atrial fibrillation; APA: antiplatelet agent; aPTT: activated partial thromboplastin time; ARB: angiotensin receptor blocker;
BB: beta blocking agent; CCF: congestive Cardiac Failure; CVA: cerebrovascular accident (stroke/transient ischaemic attack); DM: diabetes mellitus; DOAC:
direct anticoagulant; HTN: hypertension; IMD: index of multiple deprivations 2019; IQR: interquartile range; PT: prothrombin time; SD: standard deviation;

VTE: venous thromboembolism.

20% least deprived areas [14, 15]. Data characteristics were
summarised in Table 1.

SARS-CoV-2 status

One hundred and sixty-four patients were suspected for
COVID-19 and had SARS-CoV-2 PCR test (164/762;
21.5%). Of these, 42 patients were found positive (25.6%),
while 122 were confirmed to be negative (74.4%).

Prevalence of DVT

During the study period DVT was detected in 121 out of 762
patients (15.9%). The prevalence was 35.7% (15/42; 95%CI
21.6-52.0) in patients who tested positive for SARS-CoV-2,
20.5% (25/122; 95%CI 13.7-28.7) for patients tested nega-
tive, and 13.9% (83/598; 95%CI 11.2-16.9) in patients
who were not tested (no clinical suspicion of COVID-19).
The prevalence of DVT in the studied cohort during the
peak of pandemic was higher than in the audited period of
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2019 (61/530; 11.5%, 95%CI 8.9-14.5; OR 0.68, 95%CI
0.48-0.94, p=.019). However, the prevalence of DVT in
patients with no clinical suspicion of COVID-19 was similar
(OR 0.81, 95%CI 0.56-1.15, p=.234). While 762 patients
were considered for this study, 819 scans were performed.
Occasionally, where clinicians and/or vascular scientists
had reasonable clinical suspicion of DVT one or more
repeat scans were performed. Where one patient had
multiple scans, once a patient was found to be positive, this
was considered as one-only positive: all scans performed on
that patient, were considered as a single positive.
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Table Il. Univariable and multivariable analysis of factors associated with the diagnosis of DVT on ultrasound scan
Multivariable analysis
Variable Level Univariable p OR (95%Cl) p-value
Age 0.195
Sex Female 0.318
Male
Ethnicity White 0.477
Asian
Black
§ Mixed
S IMD Dec1 v Dec2-10 0.67 [0.43;1.05] 0.078
—
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o
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a Medications APA <0.001 0.26 [0.09;0.75] 0.012
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Factors associated with diagnosis
of DVT

Age, sex, and ethnicity were not associated with an
increased risk of DVT. However, patients from the 10%
of most deprived households had higher prevalence of
DVT than patients from all other deciles combined (OR
1.69, 95%CI 1.13-2.52, p=0.010).
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Figure 2. Forest plot visualising results of multivariable logistic regression in all patients (A) and inpatients (B). ACE: Angiotensin Converting
Enzyme inhibitor; AF: atrial fibrillation; APA: antiplatelet agent; BB: beta blocking agent; COVID19: SARS-CoV-2 PCR testing status; DM: diabetes
mellitus; HXVTE: personal history of VTE; HTN: hypertension; IHD: ischaemic heart disease; IMD_1vAllOther: Index of Multiple Deprivations 2019
(1st decile v. 2nd to 10th decile); OR: odds ratio; 95% Cl: confidence interval.
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Clinical presentation consistent with COVID-19 was
associated with higher prevalence of DVT (PCR test posi-
tive OR 3.45, 95%CI 1.72-6.71, p=<.001; PCR test negative
OR 1.60, 95%CI 0.96-2.6.0, p=.062) compared with
patients with no suspicion of SARS-CoV-2 infection.

Interestingly, a history of atrial fibrillation, ischaemic
heart disease, and hypertension were all associated with
lower prevalence of DVT (AF - OR 0.21, 95%CI 0.03-
0.70, p=.009; IHD - OR 0.32, 95%CI 0.10-0.70, p=.004;
HTN - OR 0.58, 95%CI 0.37-0.88, p=.014).

A personal history of VTE was significantly associated
with higher prevalence of DVT (OR 2.19, 95%CI 1.35-
3.49, p=.002).

Regular antiplatelet agents (irrespective of type), statins
and ACEi/ARBs were associated with a lower incidence
of DVT in our sample (APA - OR 0.25, 95%CI 0.10-0.51,
p<.001; statin - OR 0.42, 95%CI 0.25-0.68, p<.001;
ACEi/ARB - OR 0.42, 95%CI 0.23-0.71, p=.001). Direct
oral anticoagulants and warfarin were not associated with
the incidence of DVT.

Multivariable logistic regression, summarised in Table II,
demonstrated that presence of symptoms necessitating
PCR test (positive SARS-CoV-2 PCR OR 4.97, 95%CI
2.31-10.62, p<.001; negative SARS-CoV-2 PCR test OR
1.97, 95%CI 1.12-3.39, p=.016), personal history of VTE
(OR 1.95, 95%CI 1.13-3.31, p=.014), were independently
associated with the diagnosis of DVT on ultrasound scan
(Figure 2). Concurrently, however, a history of AF (OR
0.20, 95%CI 0.03-0.783, p=0.037) and use of antiplatelet
medications (OR 0.26, 95%CI 0.08-0.69, p=0.012) were
associated with a decreased risk of DVT (Figure 2).

VTE prophylaxis

The data on VTE prophylaxis was missing in 27 patients
(8.3%) out of 324 inpatients. VTE prophylaxis (or anticoag-
ulation - if patients were on it prior to admission) was pre-
scribed for 185 out of 312 eligible patients (59.3%). There
were no new diagnoses of DVT amongst patients who were
not on VTE prophylaxis (or anticoagulation).

Well’s score

Data on Wells score was missing in 84 out of 762 patients:
26 inpatients (8.0%), 56 outpatients (13.3%) and 2 with
missing admission status (11.1%).

Amongst patients with DVT who were positive for SARS-
CoV-2 the risk of DVT determined by Wells score was high
in 46% (7/15) and intermediate in 53% (8/15). There were
no patients with low risk in this group.

A majority of patients who tested negative for
SARS-CoV-2 and developed DVT were categorised as high
risk (66.7%; 16/24), with 33.3% in the intermediate risk
group (8/24). No patients in this group had low risk of
DVT. Details of Wells score was missing in one patient
(4.0%).

Similarly, a majority of patients with DVT, who were not
tested for SARS-CoV-2 due to absence of symptoms sugges-
tive of COVID-19 were in the high-risk group (67.9%; 53/
78) with only 25.6% (20/78), and 6.4% in low-risk group
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(5/78). The data on Wells score was missing in 5
patients (6.0%). The differences were not statistically
significant.

In patients who did not develop DVT but were tested pos-
itive for SARS-CoV-2 the vast majority of patients were
deemed high-risk (74.1%; 20,/27) with 25.9% (7/27) in the
intermediate risk group.

D-Dimer levels

Two hundred and fifty-five patients (255/762; 33.5%) had
D-Dimer test as part of their assessment. Sixteen results
were below lower limit of quantification (LLOQ; 6.3%).
Since this proportion was less than 10% in these cases we
imputed the value LLOQ/2 [16].

A similar proportion of patients with (44/121; 36.4%)
and without the diagnosis of DVT (211/641, 32.9%) had
the D-Dimer test performed. The D-Dimer level was signif-
icantly higher in patients with DVT than in those with no
DVT (2,455.5 [736.2, 5,162.0] v. 434 [271.5, 703.0],
p<.001).

A similar proportion of D-Dimer tests were performed for
patients with no COVID symptoms (206/598; 34.4%), as
for patients with negative (39/122; 32.0% OR 1.11, 95%CI
0.74-1.71, p=0.675) and positive SARS-CoV-2 PCR test results
(10/42; 23.8%; OR 1.66, 95%CI 0.83-3.65, p=0.179).

The D-Dimer levels were highest in patients with a neg-
ative PCR test, followed by those with the positive PCR test
and the patients with no suspicion of COVID-19 (866
[445.0, 2,780.5] v. 688.5 [391, 1,585] v. 456.5 [276.5,
802.0], p<.001).

During our study period it was already understood that
SARS-CoV-2 infection was associated with increased risk
of VTE. As such, systematic, indiscriminate, D-Dimer test-
ing outside of clinical trials was not carried out.

Discussion

During first two months of the pandemic there were 819
compression ultrasound scans performed on 762 patients
across the Trust. The overall prevalence of DVT in this
cohort was 16% and was higher than before the pandemic
(11.5%). We demonstrated that the referral pattern was
similar to the one before the pandemic (both number of
scans and DVT detection rate). Clinical symptoms consis-
tent with COVID-19, irrespective of the SARS-CoV-2 PCR
test result, were associated with a significantly higher
prevalence of DVT. Regular antiplatelet agent prior to onset
of symptoms prompting the scan was associated with lower
prevalence of DVT. Wells score was not helpful in prioritis-
ing the scans, as it was not associated with the incidence of
DVT. Very few calf DVTs were reported as calf veins were
not routinely included in the compression scans as recom-
mended by the National Institute of Clinical Excellence
(NICE). However, if the scan was performed by specialised
vascular scientists, in the vascular laboratory, deep calf
veins might be scanned to provide comprehensive diagnos-
tic information.
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The increased incidence of VTE in patients with SARS-
CoV-2 infection has been demonstrated in many reports
[7,17,18]. The incidence was higher in critically ill patients
than in patients not requiring higher level of care, or
patients not requiring hospitalisation. The post-discharge
incidence of VTE was also low, but the baseline incidence
of VTE in the studied ethnic group is generally low [19].
With this in mind, there is a need to better understand
the viral coagulopathy, with a focus on increased image
directed detection of asymptomatic cases, adequate pre-
vention, and treatment.

Our study was intentionally limited only to patients who
underwent diagnostic imaging for acute DVT. We assumed
that the clinical judgement of clinicians referring patients
for diagnostic imaging has not changed much despite the
pandemic. The only patients that clinicians would find it
difficult to obtain scans for DVT are the critically ill patients
on ITU and these were studied separately. We demon-
strated a significant association of VTE with COVID-19
(clinical presentation rather than PCR test). This implies
that a combination of any suspicion of DVT, with clinical
picture suggesting COVID-19 should prompt clinicians to
prioritise diagnostic imaging and instigate treatment.

A recent guideline and expert panel report recom-
mended that screening ultrasound should not be per-
formed in patients with COVID-19, especially those
critically ill, due to the infection risk for those performing
the tests [8]. We support this; however, as demonstrated
in this study, the classical risk factors do not help prioritis-
ing scans. Thromboembolism seems to be an integral part
of the COVID-19 clinical picture and indeed paucisymp-
tomatic events can already be detected on presentation
[20]. We believe that appropriate training should be offered
to non-radiology trained clinicians to gain competencies in
bedside compression ultrasound. This could reduce the
burden of scans for diagnostic departments and facilitate
early diagnosis and treatment of DVT without increasing
the risk of disease transmission.

Various mechanisms of thrombo-embolism in patients
with SARS-CoV-2 infection have been suggested [2]. Some
proposed alterations in coagulation profiles and underlying
genetic problems. The latter would be consistent with our
findings showing a significant association of the diagnosis
of DVT with the personal history of VTE. However, sys-
temic hypercoagulation is not novel, and not exclusive to
the SARS-CoV-2. Viral coagulopathy has been noted in
other systemic viral infections such as the classical SARS-
CoV-1 and 2009 HINI, both specifically causing intrapul-
monary thrombi [21, 22]. Hypercoagulability typically
occurs as the result of increased coagulation or imbalance
between coagulation and fibrinolysis. However, on its
own, it may not result in thrombosis. Other elements of Vir-
chow’s triad, including vessel wall damage and circulatory
stasis play their part too.

Damaged vascular endothelium is a known activator of
the coagulation cascade. SARS-CoV-2 is able to bind to
the angiotensin-converting enzyme-2 (ACE-2) receptor
expressed on a variety of cell types including alveolar
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epithelial cells, cardiomyocytes, and vascular endothelial
cells, causing their activation. Viral replication causes
inflammatory activation of the endothelial cell. Interest-
ingly, the SARS-CoV-2 replication increases expression of
heparanase and cleavage of heparan sulphate from the cell
surface [23]. It is likely that like other viruses, SARS-CoV-2
gets trapped by heparan sulphate and requires heparanase
for cleavage and a full release. Heparan sulphate is a bio-
logically diverse glycosaminoglycan abundantly present
on the surface of mammalian cells and takes part in multi-
ple cellular processes. It is not heparin but heparan sulphate
that modulates anticoagulation in the intravascular com-
partment. Heparin is present mainly in the secretory gran-
ules of basophils and mast cells and is secreted following
injury. Cleavage of heparan sulphate from endothelial cell
surface disrupts multiple pathways including cell sig-
nalling, adhesion and modulation of thrombosis/coagula-
tion. This reduces anticoagulant, anti-thrombotic and
anti-adhesive properties of the endothelium allowing
leukocytes and platelets to aggregate on its surface initiat-
ing thrombus formation [24]. This could lead to adhesion of
leukocytes to endothelium and aggregation of platelets in
low-flow areas, such as small venules resulting in pau-
cisymptomatic events. Increased viral replication occurring
with progression of the disease, can increase the area of
damaged endothelium and allow thrombosis to propagate.
This in turn, can result in symptomatic events. It is plausi-
ble that the association of antiplatelet agents with lower
prevalence of thrombosis seen in our study relates to pre-
vention of the platelet aggregation in the asymptomatic
and paucisymptomatic phase of the disease and prevents
propagation of thrombosis to large VTE.

Interestingly, our results contradict those published by
Sahai et al. who demonstrated a prothrombotic effect of
aspirin [25]. In their analysis they combined those who
were on aspirin prior to contact, with those who were
recently started on it, without considering indications.
The direction of the association could significantly confuse
interpretation of the results. For instance, they made the
observation that antiplatelet therapy was associated with
a higher incidence of stroke. This is certainly true; however,
the timing plays a very important role in this relationship.
All patients who develop stroke and who have no specific
contraindications are started on high-dose antiplatelet reg-
imen. If the timing of these two events is not known, it is
easy to conclude that aspirin caused the stroke. We believe
this is not the case. In our study, we only recorded use of
aspirin prior to contact to avoid such problems. Utilisation
of large, highly granular chronological datasets based on
routinely collected data (DECOVID/PIONEER) may help
to explain the observed phenomena and assess anticoagu-
lant and antithrombotic strategies.

The more recent RECOVERY trial [26] needs to also be
considered. The first of its kind (randomised, controlled
and open-label), the RECOVERY trial set to investigate
treatments for COVID. In the aspirin arm of the trial,
patients were randomised to wither standard treatment or
standard treatment plus 150 mg aspirin, orally or rectally,
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once a day. The trial was analysed as intention to treat. 7351
patients received aspirin (vs 7541 who received standard
care). Aspirin treatment did not affect overall mortality
rates or mortality, however the authors did record an abso-
lute reduction in thrombotic events of 0.6%. Our results
are difficult to compare to this major trial as primary end-
points did not include venous thromboembolism.

We believe that as we phase out of the global pandemic,
the testing for SARS-CoV-2 is also going to phase out. This
data provides an important insight into the management of
patients who are symptomatic, but do not have the
immunological/molecular evidence of infection.

Limitations

We recognise that our study has significant limitations.
This was a retrospective audit, and all data relied on accu-
rate recording of clinical details. We validated the cases
where there was a suspicion of inaccuracy and cross-
checked the information with community databases when-
ever possible.

Secondly, the dataset is small, limited by the observation
period and the selection of cohort of interest. This study
does not account for the severity of SARS-CoV-2 infection,
duration of thromboprophylaxis or therapeutic anticoagu-
lation which could potentially reduce the thromboembolic
events. The dataset does not have necessary granularity
to make such observations.

Moreover, we were unable to retrieve the data for the
pre-pandemic cohort with regards to numbers of inpatient
and outpatient scans. We are therefore unable to state con-
fidently that this ratio of inpatient and outpatient scans is
comparable between the two cohorts.

Furthermore, during the time of study, diagnostic criteria
for COVID were still being developed. Therefore, we can-
not comment on the proportion of both false negatives
and false positives.

Finally, we also recognise that the Well’s score has lim-
ited use in the inpatient setting as it was not found to be
as strongly predictive as in the outpatient setting [27].

Conclusions

Symptoms consistent with COVID-19 irrespective of SARS-
CoV-2 PCR result, but not the clinical risk assessment
(Wells score) are associated with an increased risk of
VTE and should be taken into consideration when planning
DVT work-up and prioritising diagnostic imaging.

APA may play a role in the prevention of COVID-19-
associated venous thromboembolic events.

We postulate that appropriate training of medical staff in
performing bedside compression ultrasound scans (CUS)
may help increase DVT detection rates. This in turn should
help instigating early treatment of VTE without increasing
the risk of SARS-CoV-2 transmission and help managing
the workload within diagnostic radiology.

© 2023 The Author(s) Distributed as a Hogrefe OpenMind article

References

1. Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC. COVID-19 and
cardiovascular disease: from basic mechanisms to clinical
perspectives. Nat Rev Cardiol. 2020;17(9):543-58.

2. Loo J, Spittle DA, Newnham M. COVID-19, immunothrombosis
and venous thromboembolism: biological mechanisms. Tho-
rax. 2021;76(4):412-20.

3. Kipshidze N, Dangas G, White CJ, Kipshidze N, Siddiqui F,
Lattimer CR, et al. Viral coagulopathy in patients with COVID-
19: Treatment and care. Clin Appl Thromb Hemost.
2020;26:1076029620936776.

4. Elboushi A, Syed A, Pasenidou K, Elmi L, Keen |, Heining C,
et al. Arterial and venous thromboembolism in critically ill,
COVID 19 positive patients admitted to Intensive Care Unit.
Ann Vasc Surg. 2022;50890-5096(22)00065-6. Online ahead
of print.

5. Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M,
Delabranche X, et al. High risk of thrombosis in patients with
severe SARS-CoV-2 infection: a multicenter prospective
cohort study. Intensive Care Medicine. 2020;46(6):1089-98.

6. Motaganahalli RL, Kapoor R, Timsina LR, Gutwein AR, Ingram
MD, Raman S, et al. Clinical and laboratory characteristics of
patients with novel coronavirus disease-2019 infection and
deep venous thrombosis. J Vasc Surg Venous Lymphat Disord.
2021;9(3):605-14.

7. Malas MB, Naazie IN, Elsayed N, Mathlouthi A, Marmor R,
Clary B. Thromboembolism risk of COVID-19 is high and
associated with a higher risk of mortality: A systematic review
and meta-analysis. EClinicalMedicine. 2020;29:100639.

8. Moores LK, Tritschler T, Brosnahan S, Carrier M, Collen JF,
Doerschug K, et al. Prevention, diagnosis, and treatment of VTE
in patients with coronavirus disease 2019: CHEST guideline
and expert panel report. CHEST. 2020;158(3):1143-63.

9. Field N, Cohen T, Struelens MJ, Palm D, Cookson B, Glynn JR,
et al. Strengthening the reporting of molecular epidemiology
for infectious diseases (STROME-ID): An extension of the
STROBE statement. Lancet Infect Dis. 2014;14(4):341-52.

10. R Core Team. R: A language and environment for statistical
computing [Internet]. Vienna, Austria: The R Foundation.
Available from: https://www.r-project.org/

11. Wickham H, Francois R, Henry L, Muller K. dplyr: A Grammar
of Data Manipulation [R package version 1.0.10]. 2022.

12. Hothorn T, Hornik K, Zeileis A. Unbiased recursive partition-
ing: A conditional inference framework. J Comput Graph Stat.
2006;15(3):651-74.

13. Noble S, McLennan D, Noble M, Plunkett E, Gutacker N, Silk
M, et al. The English Indices of Deprivation 2019 Research
Report [Internet]. 2019. Available from: https://assets.pub-
lishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/833947/10D2019_Research_Report.pdf

14. Solihull Metropolitan Borough Council. Deprivation in Solihull
the Index of Multiple Deprivation [Internet]. 2019. Available
from: https://www.solihull.gov.uk/

15. Birmingham City Council. Economic policy inclusive growth
directorate deprivation in Birmingham [Internet]. 2019. Avail-
able from: https://www.birmingham.gov.uk/downloads/file/
2533/index_of_deprivation_2019

16. Keizer RJ, Jansen RS, Rosing H, Thijssen B, Beijnen JH,
Schellens JHM, et al. Incorporation of concentration data
below the limit of quantification in population pharmacoki-
netic analyses. Pharmacol Res Perspect. 2015;3(2):1-15.

17. Boonyawat K, Chantrathammachart P, Numthavej P,
Nanthatanti N, Phusanti S, Phuphuakrat A, et al. Incidence
of thromboembolism in patients with COVID-19: a systematic
review and meta-analysis. Thromb J. 2020;18(1):34.

18. Wu T, Zuo Z, Yang D, Luo X, Jiang L, Xia Z, et al. Venous
thromboembolic events in patients with COVID-19: A system-
atic review and meta-analysis. Age Ageing. 2020;50(2): 284-93.

19. Miri M, Goharani R, Sistanizad M. Deep vein thrombosis
among intensive care unit patients; an epidemiologic study.
Emerg. 2017;5(1):e13.

Vasa (2023), 1-10

under the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)


http://dx.doi.org/
http://dx.doi.org/
https://www.r-project.org/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/833947/IoD2019_Research_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/833947/IoD2019_Research_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/833947/IoD2019_Research_Report.pdf
http://dx.doi.org/
https://www.solihull.gov.uk/
http://dx.doi.org/
https://www.birmingham.gov.uk/downloads/file/2533/index_of_deprivation_2019
https://www.birmingham.gov.uk/downloads/file/2533/index_of_deprivation_2019

G. La Torre et al., A cross-sectional study

https://econtent.hogrefe.com/doi/pdf/10.1024/0301-1526/a001052 - Friday, February 03, 2023 8:20:50 AM - IP Address:131.111.184.102

20.

21.

22.

23.

24.

25.

26.

27.

Vlachodimitropoulou Koumoutsea E, Vivanti AJ, Shehata N,
Benachi A, Le Gouez A, Desconclois C, et al. COVID-19 and
acute coagulopathy in pregnancy. J Thromb Haemost.
2020;18(7):1648-52.

Harms PW, Schmidt LA, Smith LB, Newton DW, Pletneva MA,
Walters LL, et al. Autopsy findings in eight patients with fatal
H1N1 influenza. Am J Clin Pathol. 2010;134(1):27-35.
Hwang DM, Chamberlain DW, Poutanen SM, Low DE, Asa SL,
Butany J. Pulmonary pathology of severe acute respiratory
syndrome in Toronto. Mod Pathol. 2005;18(1):1-10.

Buijsers B, Yanginlar C, de Nooijer A, Grondman |, Maciej-
Hulme ML, Jonkman I, et al. Increased plasma heparanase
activity in COVID-19 patients. Front Immunol. 2020;11:575047.
Zhang Q, Chen CZ, Swaroop M, Xu M, Wang L, Lee J, et al.
Heparan sulfate assists SARS-CoV-2 in cell entry and can be
targeted by approved drugs in vitro. Cell Discov. 2020;6(1):80.
Sahai A, Bhandari R, Koupenova M, Freedman J, Godwin M,
Mclintyre T, et al. SARS-CoV-2 receptors are expressed on
human platelets and the effect of aspirin on clinical outcomes
in COVID-19 patients. Res Sqg. 2020. Preprint.

RECOVERY Collaborative Group. Aspirin in patients admitted
to hospital with COVID-19 (RECOVERY): a randomised, con-
trolled, open-label, platform trial. Lancet. 2022;399(10320):
143-51.

Silveira PC, Ip IK, Goldhaber SZ, Piazza G, Benson CB,
Khorasani R. Performance of Wells score for deep vein
thrombosis in the inpatient setting. JAMA Intern Med. 2015;
175(7):1112-7.

History

Submitted: 07.05.2022

Accepted after revision: 19.12.2022
Published online: 20.01.2023

Aknowledgement
The data that support the findings of this study are available from
the corresponding author, but restrictions apply to the availability

Vasa (2023), 1-10

of these data, which were used under license for the current study

and so are not publicly available. Data are, however, available

from the authors upon reasonable request, subject to permission

being obtained from University Hospital Birmingham NHS Foun-
dation Trust".

Conflict of Interest
The authors declare that there are no conflicts of interest existing.

Funding
Robert J. B. Goudie was funded by the UKRI Medical Research
Council (MRC) (programme code MC_UU_00002/2).

ORCID

Guglielmo La Torre
https://orcid.org/0000-0001-9108-418X

Gowshan Rajeswaran
https://orcid.org/0000-0002-0187-4338

Robert Goudie
https://orcid.org/0000-0001-9554-1499

Alok Tiwari
https://orcid.org/0000-0003-4465-0251

Maciej Tadeusz Juszczak
https://orcid.org/0000-0003-2836-4976

Correspondence address

Maciej Tadeusz Juszczak

Department of Vascular Surgery

University Hospitals Birmingham NHS Foundation Trust
Birmingham Heartlands Hospital

Bordesley Green East

Birmingham, B9 5SS

United Kingdom

maciej.juszczak@nhs.net

© 2023 The Author(s) Distributed as a Hogrefe OpenMind article
under the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)


http://dx.doi.org/
https://orcid.org/0000-0001-9108-418X
https://orcid.org/0000-0002-0187-4338
https://orcid.org/0000-0001-9554-1499
https://orcid.org/0000-0003-4465-0251
https://orcid.org/0000-0003-2836-4976


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


