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AIM: To compare the incidence of pulmonary embolism (PE) in COVID-19 pneumonia and
non-COVID-19-related community-acquired pneumonia (CAP) in hospitalised patients.
MATERIALS AND METHODS: A retrospective caseecontrol study was conducted. This

included patients hospitalised with pneumonia and investigated for suspected PE with
computed tomography pulmonary angiogram (CTPA). Cases were defined as patients with
COVID-19 pneumonia from 1 March 2020 to 17 May 2020; controls were patients with CAP
from 5 July 2019 to 31 January 2020. The primary outcome was to determine the risk of
developing PE in both groups. Multivariable logistic regression was used to calculate the
adjusted odds ratio for PE.
RESULTS: One hundred and forty-four patients were included; 72 cases (47% male; mean age

59 (�15) years), and 72 controls (56% male; mean age 58 (�20) years). PE was diagnosed in
23.6% of the cases versus 6.9% of the controls. The adjusted odds ratio for PE in hospitalised
patients with COVID-19 pneumonia compared with those with CAP was 3.23 (95% confidence
interval [CI] 1.04e10.04, p¼0.04).
CONCLUSION: The odds of developing PE in hospitalised patients with COVID-19 pneumonia

are three-times higher than in those with CAP. The results provide a quantitative assessment of
the risk of PE in COVID-19 pneumonia, a condition new to healthcare, compared to other forms
of pneumonia with a well-established scientific basis.

Crown Copyright � 2021 Published by Elsevier Ltd on behalf of The Royal College of
Radiologists. All rights reserved.
Introduction

Pulmonary embolism (PE) is a major health problem.1 It
is one of the most commonly missed diagnoses in clinical
practice,2 and is the greatest preventable cause of hospital
mortality.3,4 The annual incidence of PE is estimated at
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39e115 cases per 100,000 population with a mortality rate
of 30e35% if untreated.5,6

There is mounting evidence in the literature of an
increased incidence of PE in hospitalised patients with
SARS-CoV-2 infection.7e18 This novel coronavirus can cause
pneumonia of varying degrees of severity; however, studies
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prior to the COVID-19 pandemic also suggested an
increased incidence of PE in hospitalised patients with
community-acquired pneumonia (CAP).19e21

Since pneumonia itself is a risk factor for PE,22,23 the
present study investigated the risk of PE in COVID-19
pneumonia versus CAP in hospitalised patients to deter-
mine whether the reported increased PE incidence in SARS-
CoV-2 infection is above that seen in other forms of
pneumonia.

Materials and methods

Study design

A retrospective caseecontrol study was undertaken to
compare the incidence of PE in COVID-19 pneumonia and
CAP in the setting of hospitalised patients investigated with
a computed tomography (CT) pulmonary angiogram (CTPA).
The primary outcome was to detect the risk of developing
PE in both groups.

The current literature suggests an incidence of PE in
20.6e40% and 3.5e5% of COVID-19 pneumonia patients and
CAP patients, respectively, when investigated with
CTPA.9,10,16e21 Sample size was powered to detect a 2% effect
size (power¼0.8, alpha¼0.05). This resulted ina total sample
size of at least 96 patients across both groups.

Study sample and data collection

The study was performed at two general hospitals. Ethics
approval was obtained from the UK Health Research Au-
thority (REC reference: 20/HRA/2259) and the institutional
Research and Development department. The need for
written informed consent was waived due to the observa-
tional nature of the study. The authors declare no conflicts
of interest.

Two groups of patients were investigated: patients with
COVID-19 pneumonia (cases), and patients with CAP (con-
trols). The inclusion and exclusion criteria for both groups
are detailed in Fig 1.

Cases were identified by performing a keyword search
on the computerised radiology information system (CRIS;
Healthcare Software Solutions, Mansfield, UK) for CTPA
scans performed between 1 March and 17 May 2020 with
reports containing the keywords “COVID”, “pneumonia”,
“infection”, “ground glass”, “consolidation”, “airspace”,
“opacity”, “opacities”, OR “opacification”. All patients who
met the eligibility criteria for the COVID-19 pneumonia
group were included. This resulted in 72 eligible patients.

Controls were identified using the exact same
keyword search criteria, except for “COVID”. The first 72
eligible patients in reverse chronological order prior to 1
February 2020 were included. This sufficient sample size
was achieved between 5 July 2019 and 31 January 2020.
It is unlikely that this sample included any patients with
SARS-CoV-2 infection as the UK declared its first COVID-
19 patients on 30 January 2020.24 The selected time
periods for both groups were sufficiently close to
minimise differences in healthcare teams, management
practices, and equipment that they would have been
exposed to. The censoring date was 22 June 2020. This
ensured that all patients had at least 5 weeks of follow-
up to ensure satisfactory data collection.

Variables collected were patient demographics (age, sex,
and ethnicity), co-morbidities (cardiovascular diseases,
respiratory diseases, chronic kidney disease [CKD], diabetes
mellitus [DM], arteriopathy [defined as cerebrovascular
and/or peripheral vascular disease], previous malignancy,
active malignancy, previous venous thromboembolism
[VTE], dementia, mental health issues, and human immu-
nodeficiency virus [HIV]), other PE risk factors (immobility,
obesity [defined as body mass index {BMI} �30 kg/m2],
length of hospitalisation prior to CTPA), VTE prophylaxis, D-
dimer levels, and clinical outcomes (presence or absence of
PE on CTPA, level of PE [if present], critical care admission,
and death versus discharge).
Laboratory analysis

D-dimer levels were analysed in ACL TOP 350 CTS system
(Werfen, Barcelona, Spain) using standard commercial re-
agents. All patients in the COVID-19 pneumonia group
tested positive for SARS-CoV-2 using reverse transcriptase
polymerase chain reaction (RT-PCR) using either Cepheid
GeneXpert Xpress SARS-CoV-2 assay (Cepheid, Sunnyvale,
CA, USA) or Roche Cobas SARS-CoV-2 assay (Roche Molec-
ular Systems, Branchburg, NJ, USA).
Radiological analysis

CTPA was performed using one of the following scan-
ners: 128-section SOMATOM Definition Flash, 128-section
SOMATOM Definition Drive, 64-section SOMATOM Defini-
tion AS, or 16-section SOMATOM Perspective scanner
(Siemens Healthcare, Erlangen, Germany). The majority of
the scans in both groups (97% in the COVID-19 pneumonia
group and 76% in the CAP group) were acquired on the 128-
or the 64-section scanners. Images were reconstructed with
section thicknesses of 1, 2, and 5 mm in the axial plane.
Image analyses were performed using PACS workstations
(MergePACS V.7.0; Merge Healthcare, Hartland, WI, USA).
All the examinations were reviewed by two reporters: a
consultant radiologist with >2 years of experience in gen-
eral radiology and a senior radiology registrar in training.
Each reporter used a dedicated workstation and reviewed
the images independently. The images were reviewed for
quality to confirm that they were diagnostic for PE. The
images were also reviewed for confirmation of pneumonia
findings and presence or absence of PE. In cases with a
positive finding of PE, the location of the clot was recorded
as central, lobar, segmental, or subsegmental, according to
the site of the most proximal filling defect. When there was
a discrepancy, it was resolved in consensus between the
reporters.



Figure 1 Details of the selection criteria in both study groups.
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Statistical analysis

Continuous variables are presented as mean (�standard
deviation [SD]) when data were normally distributed, or as
medians (interquartile range [IQR]) when data were not
normally distributed. Categorical variables are presented as
numbers and percentages. Missing data were not imputed.

For continuous variables, Student’s t-test was used for
normally distributed variables and the ManneWhitney test
for non-normally distributed variables. The chi-square test
was used for categorical variables. Statistical significance
was defined as p<0.05.

Odds ratios for PE were computed by logistic regression
and adjusted for confounding variables. Analysis was
initially performed with univariable logistic regression.
Variables with a p-value of <0.2 were then entered into a
multivariable logistic regression model. Goodness-of-fit
using HosmereLemeshow chi-square analysis was
performed to assess calibration of the models. Receiver
operating characteristic (ROC) curve analysis was per-
formed to establish the optimal D-dimer level to exclude PE.
Statistical analysis was performed using IBM SPSS, version
26 (IBM, Armonk, NY, USA).
Results

For the COVID-19 pneumonia group, the CRIS keyword
search identified 382 potential patients during the period
between 1 March 2020 and 17 May 2020. Of these, 310
(81%) were excluded as they did not meet the study’s
eligibility criteria (Fig 2). This resulted in 72 eligible patients
in the COVID-19 pneumonia group. For the control group,
the CRIS keyword search yielded 1,201 potential patients
during the period between 5 July 2019 and 31 January 2020.
Of these, 1,129 patients (94%) were excluded as they did not



Figure 2 Detailed flowchart of included and excluded patients.
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meet the study’s eligibility criteria (Fig 2). Eventually, 72
consecutive eligible patients were identified and included
in the CAP group.

Twelve of the 72 (17%) scans in the COVID-19 pneumonia
group and 10/72 (14%) scans in the CAP group showed ar-
tefacts at the subsegmental level due to suboptimal contrast
opacification and/or respiratory motion artefact. These
were included in the study, as there was either a positive
diagnosis of PE proximal to the subsegmental level or when
the scan was negative for PE, there was no ongoing clinical
concern of or a proven PE on the patients’ follow-up.

The baseline characteristics of both groups are summar-
ised in Table 1. There was no significant difference in the age
and sex between the groups (p¼0.62 and 0.40, respectively).
The COVID-19 pneumonia group showed a more diverse
range of ethnicities with black, Asian, and minority ethnic
(BAME) groups comprising 50%, compared to 28% of the CAP
group (p¼0.02). There was no significant difference in most
of the co-morbidities between the groups, except for car-
diovascular diseases, which were more prevalent with
COVID-19 pneumonia (p¼0.04). Moreover, patients with
COVID-19 pneumonia had more risk factors for PE, specif-
ically a higher prevalence of obesity (p¼0.04), and longer
period of hospitalisation prior to acquiring the CTPA
(p¼0.001). In both groups, VTE prophylaxis was given
appropriately to all the patients whowere later confirmed to
have PE. There were no pregnant patients in the cohort who
would tend to be investigated with ventilationeperfusion



Table 1
Baseline characteristics of COVID-19 pneumonia and community-acquired
pneumonia (CAP) patients.

COVID-19
pneumonia group
(n¼72)

CAP group
(n¼72)

p-Value

Demographics
Age (years) 59 (�15) 58 (�20) 0.62
Sex, male 34 (47%) 40 (56%) 0.40
Ethnicity 0.02
White 36 (50%) 52 (72%) 0.006
Black 9 (12.5%) 5 (7%) 0.26
Asian 17 (23.6%) 13 (18%) 0.41
Other 10 (13.9%) 2 (3%) 0.02
Co-morbidities
DM 21 (29%) 16 (22%) 0.45
Respiratory diseasesa 18 (25%) 29 (40%) 0.07
Cardiovascular diseasesb 33 (46%) 20 (28%) 0.04
Arteriopathy 5 (6.9%) 6 (8.3%) NS
Moderateesevere CKD 10 (14%) 10 (14%) NS
Previous malignancy 4 (5.6%) 6 (8.3%) 0.74
Active malignancy 1 (1.4%) 4 (5.6%) 0.37
Previous VTE 4 (5.6%) 6 (8.3%) 0.74
Dementia 2 (2.8%) 1 (1.4%) NS
Mental health issues 6 (8.3%) 3 (4.2%) 0.49
HIV 0 (0%) 2 (2.8%) 0.50
Other PE risk factors
Immobility 4 (5.6%) 3 (4.2%) NS
Obesity 33 (46%) 20 (28%) 0.04
Length of hospitalisation

prior to CTPA (days)
5.1 (�7) 1.9 (�3.5) 0.001

VTE prophylaxis
administered

Total 67 (93%) 53 (74%) 0.003
PE positive groupc 17/17 (100%) 5/5 (100%) NS
PE negative groupc 50/55 (91%) 48/67 (72%) 0.008

Data are n (%) or mean (�SD).
DM, diabetes mellitus; NS, indicates non-significant, CKD, chronic kidney
disease; VTE, venous thromboembolism; HIV, human immunodeficiency
virus; PE, pulmonary embolism; CTPA, computed tomography pulmonary
angiogram.

a Respiratory diseases included: chronic obstructive pulmonary disease
(COPD), asthma, and interstitial lung disease.
b Cardiovascular diseases included: ischaemic heart disease, congestive

heart failure, atrial fibrillation, and hypertension.
c Sample number is different to the total; detailed in each cell.
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single-photo-emission computed tomography (VQ SPECT)
using krypton-81m as the ventilation agent.
Risk of PE

PE was confirmed in 17/72 (23.6%) of the cases and in 5/
72 (6.9%) of the controls (p¼0.005). The crude odds ratio for
PE in the hospitalised patients with COVID-19 pneumonia
compared with those with CAP was 4.14 (95% CI 1.44e11.94,
p¼0.009). After adjustment for potential confounding fac-
tors, the odds ratio among hospitalised patients with
COVID-19 pneumoniawas 3.23 (95% CI 1.04e10.04, p¼0.04).
The goodness-of-fit test HosmereLemeshow of the multi-
variable logistic regression model was 0.97. The other con-
founding variables did not contribute significantly to the
logistic regression model, which showed that COVID-19
pneumonia was an independent risk factor for PE (Table 2).
Clinical outcomes

Regarding patients who required higher levels of care,
there was no significant difference in the proportion of
patients who required critical care management in both
groups (p¼0.16), even amongst those diagnosed with PE
(p¼0.61); however, within the COVID-19 pneumonia group,
critical care management was required for a significantly
greater proportion of the patients with PE than those
without PE (p¼0.004; Table 3).

By the end of the data collection period on 22 June 2020,
all the patients in the study had either been discharged
from hospital alive or died. The mortality rate was higher in
the COVID-19 pneumonia group (19%) compared to the CAP
group (11%); however, this did not reach statistical signifi-
cance (p¼0.17). There was no significant difference at all in
the mortality rate between those with confirmed PE be-
tween the groups (p¼0.87). Furthermore, there was no
significant difference in the mortality rates amongst pa-
tients with COVID-19 pneumonia whether they had PE or
not (p¼0.63; Table 3).

When there was a confirmed diagnosis of PE, the com-
monest locations of the most proximal filling defect in both
groups were in the lobar vessels, followed by the segmental
vessels. Only 17.7% of the positive scans in patients with
COVID-19 pneumonia showed PE in the central vessels,
whilst none of the patients with CAP developd central PE;
this difference was not statistically significant (p¼0.31;
Table 3).

D-dimer cut-off level

The median D-dimer level was approximately 500 mg/l
higher in the COVID-19 pneumonia group (p¼0.02; Table 4).
ROC curve was derived for the entire study sample. A D-
dimer level above 1,640 mg/l correctly predicted all patients
who later had confirmed PE on CTPA (area under the curve
[AUC] of 0.88; p<0.001, 95% CI 0.80, 0.96). This level had
100% sensitivity, 62% specificity, 18% positive predictive
value (PPV), and 100% negative predictive value (NPV).

Sandwell and West Birmingham Hospitals currently
employs a standard D-dimer cut-off level of 500 mg/l for all
age groups rather than an age-adjusted cut-off in patients
>50 years of age. The sensitivity, specificity, PPV, and NPV
for both the standard and age-adjusted D-dimer cut-offs
were calculated (Table 4). The analysis showed that adopt-
ing an age-adjusted D-dimer cut-off improved the speci-
ficity and PPV in both groups without compromising the
sensitivity or the NPV. Implementing this approach would
have avoided unnecessary CTPA in 1/72 patients with
COVID-19 pneumonia (1.4%) and in 3/72 patients with CAP
(4.2%).

Discussion

Pneumonia is a known risk factor for PE, even before the
COVID-19 pandemic.22,23 A high incidence of PE in patients
with SARS-CoV-2 infection has been recently reported in
the literature7e18; however, given the excessive number of



Table 2
Crude and adjusted odds ratio (OR) and 95% confidence interval (CI) of pulmonary embolism (PE) associated with pneumonia type and other confounding
variables in logistic regression model.

Crude ORa

(95% CI)
p-Value Adjusted ORa

(95% CI)
p-Value

Pneumonia (COVID-19 pneumonia) 4.14 (1.44, 11.94) 0.009 3.23 (1.04, 10.04) 0.04
Demographics
Age 0.99 (0.96,1.02) 0.42
Sex (male) 0.48 (0.19, 1.24) 0.13 0.37 (0.13, 1.07) 0.07
Ethnicity (constant is white) 0.72
Asian 0.97 (0.32, 2.95)
Black 0.37 (0.05, 3.08)
Other 0.44 (0.05, 3.69)
Co-morbidities
DM 0.83 (0.28, 2.43) 0.73
Respiratory diseases 0.74 (0.27, 2.04) 0.56
Cardiovascular diseases 1.90 (0.76, 4.76) 0.17 1.32 (0.47, 3.75) 0.60
Arteriopathy 0.53 (0.06, 4.39) 0.56
Moderateesevere CKD 0.98 (0.26, 3.65) 0.97
Previous malignancy 2.59 (0.62, 10.92) 0.19 3.50 (0.62, 19.89) 0.16
Active malignancy 0.00 (0.00, 4.45Eþ198) 0.96
Previous VTE 1.43 (0.28, 7.21) 0.67
Dementia 0.00 (0.00, 9.22Eþ257) 0.97
Mental health issues 0.00 (0.00, 7.06Eþ244) 0.97
HIV 0.00 (0.00, 5.49Eþ190) 0.96
Other PE risk factors
Obesity 1.53 (0.61, 3.83) 0.36
Immobility 0.00 (0.00, 2.47Eþ278) 0.97
Length of hospitalisation prior to CTPA 1.07 (1.01, 1.15) 0.03 1.06 (0.99e1.41) 0.11
Not on VTE prophylaxis 0.00 (0.00, 5.82Eþ246) 0.96

DM, diabetes mellitus; CKD, chronic kidney disease; VTE, venous thromboembolism; HIV, human immunodeficiency virus; CTPA, computed tomography
pulmonary angiogram.

a OR indicates odds ratio.
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infected cases during the pandemic, comparison with a
control group of patients with classical pneumonia would
provide more confirmation as to whether the perceived
high incidence is true. This study shows that the odds of
developing PE in hospitalised patients with COVID-19
pneumonia are three-times higher than in those hospital-
ised with CAP. The study results may guide the clinical
teams to gauge the risk of PE in COVID-19 pneumonia in
comparison with the risk of PE in the classical CAP.

Male sex, BAME backgrounds, and multiple co-
morbidities are recognised risk factors for developing
Table 3
Clinical outcomes in COVID-19 pneumonia and community-acquired pneu-
monia (CAP) patients.

COVID-19 pneumonia group CAP group p-Value

Critical care management
Total 19/72 (26%) 12/72 (17%) 0.16
PE positive group 9/17 (53%) 2/5 (40%) 0.61
PE negative group 10/55 (18%) 10/67 (15%) 0.63
Death
Total 14/72 (19%) 8/72 (11%) 0.17
PE positive group 4/17 (24%) 1/5 (20%) 0.87
PE negative group 10/55 (18%) 7/67 (10%) 0.22
Level of PE in confirmed cases
Central 3/17 (17.7%) 0/5 (0%) 0.31
Lobar 9/17 (52.9%) 3/5 (60%) 0.78
Segmental 5/17 (29.4%) 2/5 (40%) 0.66
Subsegmental 0/17 (0%) 0/17 (0%) NS

Data are n (%).
PE, pulmonary embolism; NS indicates non-significant.
severe COVID-19 pneumonia.25e28 This was demonstrated in
the present study, which identified that a higher proportion
of these patients that required hospitalisation were from
BAME communities than in the CAP group. The present data
also showed that cardiovascular diseases, obesity, and longer
hospitalisation prior to CTPA were more prevalent in the
COVID-19 pneumonia group. Despite that, COVID-19 pneu-
monia remained an independent risk factor for PE in those
hospitalised patients.

At Sandwell and West Birmingham Hospitals, all in-
patients undergo a risk assessment for VTE on admission
and again 24 h later. The agent of choice for VTE prophylaxis
is enoxaparin sodium, which is dose-adjusted based on the
patient’s weight and creatinine clearance. The normal dose
is 40 mg once a day (OD). Patients <50 kg or with creatine
clearance of 15e30 ml/min receive 20 mg OD. Patients with
BMI >35 kg/m2 receive 0.5 mg/kg of body weight (with a
maximum dose of 100 mg) OD. In the present study, all the
PE events occurred despite the appropriate standard of care
VTE prophylaxis. This is in line with the other published
data,8,11,12,15,17 and supports that COVID-19 pneumonia may
be an independent risk factor for PE. It is possible that the
standard doses of VTE prophylaxis are insufficient, and that
higher dose regimens may be more efficacious.

The present study supports other published data that
patients with COVID-19 pneumonia who develop PE are
more likely to require critical care management.17,18

Therefore, these patients may require close monitoring.
An interesting finding in the present data is that in patients



Table 4
Analysis of D-dimer levels in COVID-19 pneumonia and community-acquired pneumonia (CAP) patients.

COVID-19 pneumonia group (n¼42)a CAP group (n¼38)b p-Value

D-dimer, mg/l (median, IQR) 1,835 (993e4,323) 1,330 (703e2,358) 0.02
Performance (sensitivity, specificity, PPV, and NPV) of D-dimer cut-offs
Standard D-dimer cut-off 100%, 3%, 29%, 100% 100%, 11%, 6%, 100% 0.29
Age-adjusted D-dimer cut-off 100%, 7%, 30%, 100% 100%, 19%, 7%, 100% 0.14

a Forty-two of the 72 cases had D-dimer levels available.
b Thirty-eight of the 72 controls had D-dimer levels available.
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with confirmed PE, there was no difference in the mortality
rates between the COVID-19 pneumonia and CAP groups.
More importantly, there was no difference in the mortality
rates amongst patients with COVID-19 pneumonia, whether
they had PE or not. As this study only assessed patients in
whom a CTPA was performed, it suggests that PE in COVID-
19 pneumonia may not adversely impact upon mortality
rate, as long as it is promptly recognised and treated. Even
though the number of patients in the present study is too
small to confirm this finding, it is particularly noteworthy
as, unlike in CAP, there is no effective treatment for COVID-
19 pneumonia to date. The treatment for PE, however, is
effective and so the diagnosis should not be missed.

A D-dimer level of 1,640 mg/l was the optimal cut-off
value according to the present data; however, this level is
only related to the study sample and is different to the levels
suggested elsewhere.16 After assessing the utility of an age-
adjusted D-dimer cut-off for suspected PE in patients with
COVID-19 pneumonia, the specificity and PPV for PE
increased, without compromising the sensitivity or NPV;
however the yield was lower in COVID-19 pneumonia
compared to CAP, due to the generally higher D-dimer
levels in the former. Implementing an age-adjusted D-
dimer cut-off could have avoided unnecessary CTPA in 1.4%
of the patients with COVID-19 pneumonia in the present
sample. Prior to the COVID-19 pandemic, the use of an age-
adjusted D-dimer cut-off in suspected PE was established
by meta-analysis and recommended by the major guide-
lines.29e32 Its usage is recommended for suspected PE in
COVID-19 pneumonia patients when appropriate.

The present study had limitations and strengths.
Regarding limitations, the study was retrospective. Imaging
was only performed in patients with clinical signs and
symptoms suggestive of PE; therefore, it is conceivable that
patients with subclinical features of PE may not have un-
dergone further imaging. The results of this study may not
be generalisable to the community setting as the incidence
of PE in non-hospitalised individuals with COVID-19
pneumonia was not investigated; however, the study has
many strengths as the diagnoses of COVID-19 pneumonia,
CAP, and PEwere confirmed objectively. Datawere collected
from two general hospitals in a major city, which draws
from a wide, ethnically diverse population. The results of
this study may therefore be transferable to various general
population groups within a hospital setting.

In conclusion, the risk of PE in hospitalised patients with
COVID-19 pneumonia is higher than in those with CAP
(adjusted odds ratio 3.23). This demonstrates the impact of
this widespread illness on the healthcare resources.
Furthermore, the results provide a quantitative assessment
of the risk of PE in COVID-19 pneumonia, a condition new to
healthcare, compared to other forms of pneumonia with a
well-established scientific basis.
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