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Summary

We studied predictors of pulmonary embolism in severe COVID-19 and found that D-dimer level and
lack of any anticoagulant therapy were associated with a 17-fold and 4-fold increase in PE

respectively in COVID-19 patients with clinical signs of severity.



Abstract

Background: COVID-19 may predispose to venous thromboembolism. We determined factors
independently associated with computed tomography pulmonary angiography (CTPA)-confirmed

pulmonary embolism (PE) in hospitalized severe COVID-19 patients.

Methods: Among all (N=349) patients hospitalized for COVID-19 in a university hospital in a French
region with a high rate of COVID-19, we analyzed patients who underwent CTPA for clinical signs of
severe disease (Sp02 < 93% or breathing rate > 30/min); or rapid clinical worsening. Multivariable

analysis was performed using Firth penalized maximum likelihood estimates.

Results: In total, 162 patients (46.4%) underwent CTPA (mean age 65.6+13.0; 67.3% males (95%
confidence interval (Cl) 59.5-75.5%)). PE was diagnosed in 44 patients (27.2%). Most PE were
segmental and the rate of PE-related right ventricular dysfunction was 15.9%. By multivariable
analysis, the only two significant predictors of CTPA-confirmed PE were D-dimer level and the lack of
any anticoagulant therapy (odds ratio (OR) 4.0 (95%Cl 2.4-6.7) per additional quartile, and OR 4.5
(95%Cl 1.1-7.4) respectively). ROC curve analysis identified a D-dimer cut-off value of 2590 ng/mL to
best predict occurrence of PE (AUC: 0.88, p<0.001, sensitivity 83.3%, specificity 83.8%). D-dimer level

> 2590 ng/mL was associated with a 17-fold increase in the adjusted risk of PE.

Conclusion: Elevated D-dimers (>2590 ng/mL) and absence of anticoagulant therapy predict PE in
hospitalized COVID-19 patients with clinical signs of severity. These data strengthen the evidence
base in favour of systematic anticoagulation, and suggest wider use of D-dimer guided CTPA to

screen for PE in acutely ill hospitalized patients with COVID-19.



Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), may predispose patients to venous thromboembolic (VTE) complications [1].
Preliminary reports suggest that the severe inflammatory response and other features of critical
illness contribute to a procoagulant profile that predisposes to thrombotic events [2, 3]. Possible
forms of coagulopathy include hemostatic abnormalities, notably with increased levels of D-dimers

[2-5].

Incident pulmonary embolism (PE) has been reported in 20.6% to 30% of severe COVID-19
patients [6-10]. However, given the clinical presentation of patients with concomitant COVID-19
pneumonia, it is difficult to identify patients in whom PE should be suspected. In this regard, the
indications for computed tomography pulmonary angiography (CTPA) remain to be defined.[11-14]

Furthermore, the efficacy of VTE prophylaxis in patients with COVID-19 is poorly documented.[15]

In this context, this study aimed to: (1) determine the independent predictors of PE; and (2)
evaluate whether anticoagulant therapy is effective for PE prevention in severe COVID-19 patients

undergoing computed-tomography pulmonary angiography (CTPA) imaging.

Methods

Study design and population

Retrospective, single-centre study in a university tertiary care hospital in Besancon,
France, with a high rate of COVID-19 [16]. We included all patients hospitalized from 15
March to 16 April 2020 with biologically proven COVID-19 pneumonia and CTPA
performed due to clinical signs of severity, namely: SpO2 < 93% in room air, breathing rate
of >30/min; or rapid clinical worsening [17]. Patients were followed until death or 5th May

2020, even if discharged before.



Laboratory confirmation of SARS-Cov-2 was defined as a positive result of real-time
reverse transcriptase—polymerase chain reaction (RT-PCR) assay of nasal and pharyngeal
swabs [18].

VTE prevention in COVID-19 patients comprised anticoagulant therapy at different doses,

namely: prophylactic dose (low molecular weight heparin (LMWH): subcutaneous
enoxaparin, 0.4 mg/kg once daily); or therapeutic dose, with either LMWH (subcutaneous
enoxaparin, 1 mg/kg twice daily) or unfractionated heparin (UFH): 80 IU/kg bolus dose
followed by 18 1U/kg per hour by continuous infusion to achieve an activated partial
thromboplastin time ratio between 1.5 to 2.0; or oral anticoagulant. Management of COVID-
19 was at the discretion of the physicians in charge.
In the context of the COVID-19 pandemic, the French national commission for the protection
of personal data (CNIL) considers that, for single-centre observational research, the need for
information of patients and families is waived. Our protocol followed the ethical guidelines
of the declaration of Helsinki and was approved by our institutional review board. Results are
reported in accordance with the STROBE guidelines.[19]

Data collection and variables recorded

Clinical and biological data

Baseline characteristics, in-hospital therapies, CTPA findings, and adverse events were recorded by
research physicians in an anonymous case report form. For each patient, demographic data, medical
history, and home treatments were collected prospectively at admission. Each patient had a blood

sample drawn at admission, and then at least once daily thereafter.



Computed tomography protocol and imaging analysis

Multidetector CTPA was performed on a Revolution CT machine (GE Healthcare, Milwaukee, WI,
USA) after intravenous injection of 60 ml iodinated contrast agent (lomeprol 400 Mg I/mL, Bracco

Imaging, Milan, IT) at a flow rate of 4 mL/s, triggered in the pulmonary trunk.

Imaging results were reviewed by two chest radiologists. Readers were blinded to clinical and
biological features. Readers were asked to assess the COVID-19 pattern by quantitative visual CT
evaluation, which consisted in grading acute COVID-19-related lung inflammatory lesions for each
lobe, scored as 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%), or 4 (76—100%), respectively. The total

severity score was reached by summing the five lobe scores [20].

Readers were also asked to detect presence or absence on CTPA of PE, defined as a filling defect
within pulmonary vessels [21]. When PE present, readers reported extent of PE; topography of PE;
and signs of right ventricular (RV) dysfunction (i.e. enlargement of the pulmonary artery >35mm,
abnormal position of the interventricular septum, right ventricular dilation (defined by a RV/left
ventricular (LV) ratio >1 measured in the transverse or four-chamber view on CTPA [22]), or the
presence of pulmonary infarction). In case of discordance between readers, scans were re-assessed

to reach consensus.

Study objectives

The primary objective was to determine independent predictors of PE in COVID-19 patients with
clinical signs of severity who underwent CTPA. The secondary objective was to evaluate whether

anticoagulant therapy is effective for PE prevention in these patients.

Statistical analysis

Continuous variables are expressed as meantstandard deviation or median [Q1-Q3] as appropriate.

Categorical variables are expressed as number (percentage). Unadjusted differences between



patients with and without CTPA-confirmed PE were compared using the chi square or Student t-test,
as appropriate. To identify independent predictors of CTPA-confirmed PE in severe COVID-19
patients, we used Firth penalized maximum likelihood estimates to adjust our cohort study that
includes a small sample size (n=162), to overcome the substantial bias linked to logistic regression

[23].

Multivariable models included site of care (conventional ward vs ICU) as a random effect to account
for patient clustering within departments. In multivariable models, continuous co-variates were
categorized per quartile. All variables with a p-value<0.10 by univariate analysis were included in
multivariable analysis. Linearity of significant co-variates in the multivariable model was verified
before computing the Receiver Operating Characteristic (ROC) curve to determine the optimal cut-
off value. The multivariable model was then repeated, including independent continuous variables
dichotomized based on ROC curve results. The accuracy of the multivariable models was assessed
by: (1) global model fit (Akaike Information Criteria and Bayes Information Criteria); (2)
discrimination, using Harrell’s C-statistic index; and calibration by visually plotting the mean of

model-predicted CTPA-confirmed PE in each decile against observed PE.

All tests were two-sided. A p-value <0.05 was considered significant. Analyses were performed using

SAS 9.4 (SAS institute Inc., Cary, NC).

Results

Study population

From 15 March to 16 April 2020, 349 patients were admitted to our tertiary care facility with a
diagnosis of COVID-19. In total, 162/349 patients (46.4%) presented clinical signs of COVID-19-
related severity, prompting the physician in charge to prescribe CTPA; 94 of these (58.0%) were in
conventional wards and 68 (42.0%) in the intensive care unit (ICU); 48 (29.6%) were performed at

admission, and 114 (70.4%) during the hospital stay. The 162 patients with CTPA imaging composed



the eligible study cohort. Overall, 44 (27.2%) had PE on CTPA, including 15 out of 94 (16.0%) in
conventional wards, and 29 out of 68 patients (42.6%) in the ICU (Figure 1). Nine PEs (20.5%) were
diagnosed at admission and 35 (79.6%) during the hospital stay (Supplementary Figure S1). The

median time from hospital admission to CTPA was 5.0 days [0.0-8.3].

Table 1 summarizes the demographic and clinical characteristics of the population at admission.
Mean age was 65.57+13 vyears, 67.3% (95%Cl, 59.5-75.5) were male. The most common
comorbidities were hypertension, dyslipidemia, obesity, diabetes mellitus, and a history of any heart
disease. There were no significant differences between patients with vs without PE, except more
men had PE. Factors known to be associated with an increased risk of VTE, such as history of VTE,

cancer, and recent surgery did not differ between groups (Table 1).

There was no difference in home treatment between groups. Thirteen patients (8.0% (95%Cl, 4.3-
13.3)) were taking anticoagulant therapy at admission for a history of VTE or atrial fibrillation, (Table

1).

In total, during follow-up, 21 out of 162 patients died (13.0% (95% Cl, 8.2-19.2)), 123 out of 162
were discharged alive (75.9% (95% Cl, 68.6-82.3)), and the remaining 18 patients (11.1% (95% Cl,
6.7-17.0)) were still in hospital and alive on May 5, 2020. The mean duration follow-up of the 162

individuals was 38.0 days [33.8-42.3], corresponding to 6,156 person-days of COVID-19 exposure.

CTPA findings

CTPA findings are presented in Table 2. Twenty five out of 44 patients (56.8% (95%Cl,
41.0-71.6)) had bilateral PE (Figure 2). Twenty-five patients (56.8% (95%CI, 41.0-71.6)) had
segmental PE. The rate of RV dysfunction in the PE patient group was 15.9% (95%ClI, 6.6-
30.1).

Regarding the COVID-19-related CT pattern, half of the patients had more than 50% of

affected lung parenchyma. There was an unadjusted difference in the extent of COVID-19-



related CT abnormality between patients with and without PE (p=0.001), whereby forms with

>50% extension were predominantly found in patients with PE.

Biological parameters

Unadjusted comparisons of biological results from blood samples drawn on the day of CTPA
are summarized in Table 3. The median D-dimer level was 4.1 times higher in the PE group
compared to patients without PE (5364 ng/mL [2928-12275] vs 1310 ng/mL [800-2335],
respectively). The rate of liver dysfunction, as assessed by alanine aminotransferase (ALAT),
gamma glutamyl transferase (GT), and alkaline phosphatase values, was higher in those with
PE versus those without. Cardiac troponin | levels were also higher in the PE group (0.018
pg/L [0.010-0.230] vs 0.010 pg/L [0.005-0.034], p = 0.003), whereas there was no difference
in brain natriuretic peptide levels between groups. Arterial blood gas analysis revealed

hypercapnia associated with elevated HCO3" in the PE group.

VTE prophylaxis during the hospital course

Overall, 141/162 patients (87.0% (95%Cl, 80.8-91.8)) received anticoagulant therapy initiated at
admission including 85.1% (95%Cl, 78.1-90.5) with LMWH, 7.8% (95%Cl, 4.0-13.5) with UFH, and
7.1% (95%Cl, 3.5-12.7) with oral anticoagulant. Overall, 20.5% (95%Cl, 9.8-35.4) of PE patients did
not receive any anticoagulation therapy compared with 10.2% (95%Cl, 5.4-17.1) of those without PE
(unadjusted p = 0.083). The distribution of preventive and curative anticoagulant doses did not differ
between groups: among those without PE, 68.8% (95%Cl, 59.1-77.5) received a preventive dose, and
13.2% (95%Cl, 7.4-21.2) received a curative dose, vs 85.7% (95%Cl, 77.6-91.7) and 14.3% (95%Cl, 8.3-
22.4), respectively, among patients with PE (p = 0.535). The distribution of the different

anticoagulant regimens is displayed in Figure 3.



Predictors of PE in severe COVID-19 patients.

By univariate analysis using the Firth’s Penalized Likelihood estimator, male sex, D-dimer, PaCO,,
HCO3', blood urea, white blood cell count, extent of COVID 19-related CT scan abnormalities,
alkaline phosphatase, gamma-GT, hospitalization in the ICU (vs conventional COVID ward) and any
anticoagulant therapy were all significantly associated with PE diagnosis on CTPA (Supplementary

Table 1).

By multivariable analysis, D-dimer level and the lack of any anticoagulant therapy were significantly
associated with the occurrence of CTPA-confirmed PE (odds ratio (OR) 4.0 (95%Cl 2.4-6.7) per

additional quartile of D-dimers, and OR 4.5 (95%Cl 1.1-7.4) respectively) (Figure 4).

Linearity was verified for D-dimers in the study population (test of linearity < 0.001). ROC curve
analysis determined the optimal cut-off value of 2590 ng/mL for the D-dimer level to predict CTPA-
confirmed PE in severe COVID-19 patients with high accuracy: AUC: 0.88, (95% Cl, 0.809-0.932), p
<0.001; Youden index 0.6708; sensitivity: 83.3 % (95% Cl, 68.6-93.0), specificity : 83.8% (95% Cl, 73.8-
91.1), positive predictive value 72.9 % (95% Cl, 61.7-81.8), and negative predictive value 90.5 % (95%

Cl, 82.9-95.0) (Figure 5).

Patients with D-dimers above the cut-off of 2590 ng/mL accounted for 36.0% (95% Cl, 27.5-45.2) of
the overall population, 42.6% (95% Cl, 30.7-55.2) of patients in ICU, and 15.9% (95% ClI, 9.2-24.9) of
patients in conventional COVID wards. When analyzed in multivariable analysis as a binary variable,
using the ROC-defined cut-off, a D-dimer level >2590 ng/mL was found to be a significant predictor
of PE (OR 16.9, 95% Cl, 6.3-45.0). The lack of any anticoagulation was also significantly associated
with PE (OR 4.0, 95% Cl 1.1-14.2) (Figure 4). The accuracy of both multivariable models was good, as
assessed by global model fit, discrimination, and visual calibration, with predicted risks and their
confidence intervals distributed around the observed risk of CT-scan confirmed PE (Figure 4)

(Supplementary Figures S2 and S3).



Discussion

To the best of our knowledge, this study is the first to identify independent predictors of the
occurrence of PE, from a cohort of 162 COVID-19 patients with clinical signs of severity. Our data
show that PE was frequent in these patients, while elevated D-dimer levels and the absence of any
anticoagulant therapy were both found to be independent predictors of PE. Specifically, a D-dimer
level >2590 ng/mL was associated with a 17-fold increase, and lack of anticoagulation with a 4-fold
increase in the risk of PE. Furthermore, the prevalence of PE remained high in this patient
population, regardless of the type of anticoagulant strategy used. These data plead in favour of
wider screening for PE by performing D-dimer guided CTPA in COVID-19 patients with signs of clinical

severity.

The rate of PE observed in our study in hospitalized COVID-19 patients with clinical
signs of severity is high (27.2%), and in line with rates reported in other studies. [6, 8-10].
The increased thrombo-embolic risk in COVID-19 patients could be enhanced by a
procoagulant state generated by the severity of the infection,[2] the magnitude of the
inflammatory response[3] and liver dysfunction [24-26]. The most frequently reported
biological anomalies in COVID-19 patients include elevations of inflammatory markers such
as CRP, D-dimers, ferritin and 1L-6.[27, 28] In our population, D-dimer levels were four
times higher in PE patients than in non-PE patients. This elevation of D-dimer levels has been
established as being associated with severity of disease and mortality in COVID-19 patients
and should be considered to reflect activation of the coagulation system in this setting.[3, 9,
28-30] In a Chinese study of 183 patients with COVID-19, D-dimer levels were 3.5 times
higher in patients who died compared to patients who survived.[3] Similarly, COVID-19
patients with increased D-dimer concentration at admission (>1000 ng/mL) were reported to
have an 18-times higher risk of in-hospital mortality than those with normal D-dimer

levels.[28] Our data confirm this finding, and strengthen the evidence underpinning the



relation between elevated D-dimers and the risk of PE in COVID-19 patients.[1] The
threshold for D-dimers that we identified, i.e. 2590 ng/mL, was the stronger independent
predictor of PE in our population. To the best of our knowledge, this study is the first to
identify a threshold for D-dimer levels that is an independent predictor of PE in COVID-19
patients after multivariable adjustment. Therefore, particular attention should be paid to
search for potential PE in patients with clinical criteria of severity and with a D-dimer level
above 2590 ng/mL, since PE is a life-threatening but potentially treatable condition [22].

Our data confirm that anticoagulation for the prevention of VTE is absolutely crucial
in the most severe COVID-19 patients, and administration of anticoagulants reduces the risk
of PE by 4. The relatively high proportion of patients who did not receive preventive
anticoagulation in our study can likely be explained by the fact that 20.5% of patients had a
diagnosis of PE at admission and were thus admitted directly from home with no
anticoagulation in place. A recently published short report including 2773 COVID-19
patients showed that longer duration of anticoagulant treatment was associated with a reduced
risk of in-hospital mortality (adjusted hazard ratio 0.86 per day, 95% CI 0.82-0.89).[31] In
our study, regardless of the regimen used, the prevalence of PE remained high. However, our
data do not enable us to determine the most appropriate prophylactic strategy, or to answer
the question of whether curative doses are more effective than preventive doses in averting
PE. This question was the subject of some debate during the development of a recent
consensus on the prevention, antithrombotic therapy, and follow-up of thrombotic or
thromboembolic disease in COVID-19 patients.[15] Indeed, in this document, the authors
were unable to reach consensus on the optimal dosing of anticoagulant therapy, stipulating
that “the majority of panel members consider prophylactic anticoagulation, although a
minority consider intermediate-dose or therapeutic dose to be reasonable”.[15] There is thus a

compelling need for prospective studies investigating the optimal dosing in patients with



severe COVID-19. In practice, pluridisciplinary discussion is warranted to evaluate the
patient’s hemorrhagic risk, and to weigh it against the risk of VTE. In light of our results, this
point is of paramount importance in COVID-19 patients with severe forms of disease and
evidence of activation of the coagulation system (e.g. elevated D-dimers) in whom
prophylactic anticoagulant treatment appears to be essential for the prevention of PE. This is
in accordance with a study of 449 patients with severe COVID-19 from China, where a
reduction in mortality of around 20% was observed with heparin treatment in patients who
had D-dimers exceeding 3000 ng/mL (6 times the upper limit of normal, ULN).[32]
Furthermore, a recent expert panel document from the Global COVID-19 Thrombosis
Collaborative Group postulates that LMWH and UFH may have anti-inflammatory and
antiviral properties [33], although there is no established link between these properties and
the course of COVID-19 disease.

Although current guidelines from professional societies of radiology recommend performing non-
contrast chest CT to assess the COVID-19 pattern and its extension, [11-13] our data plead in favour
of a wider screening strategy for PE by performing CTPA in COVID-19 patients who have signs of
clinical severity and D-dimer levels > 2590 ng/mL. Indeed, the utility of CTPA over non-contrast CT is
that it covers the whole spectrum of possible COVID-19-related complications, including COVID-19-
related lung injuries, parenchymal bacterial infection, pleural effusion, pneumothorax, as well as
enabling diagnosis of PE thanks to contrast injection. The high prevalence of PE in patients receiving
anticoagulation is an additional argument in favour of this approach. The D-dimer cut-off identified
in this study could be used to guide CTPA use, particularly in patients at risk of contrast-induced
acute kidney injury. Indeed, it has recently been shown that acute kidney injury was associated with
unfavourable outcome in hospitalized COVID-19 patients [34, 35]. Further prospective studies with
larger sample sizes are warranted to externally validate the optimal D-dimer cut-off value related to

PE in acutely ill hospitalized COVID-19 patients.



Our study has some limitations. Firstly, it is a retrospective study from a single-centre, and
we cannot exclude the possible presence of unmeasured confounders. The sample size is relatively
small, although it is nonetheless the largest series of COVID-19 patients undergoing CTPA reported
to date. Only patients undergoing CTPA were included, and it is thus possible that the actual rate of
PE was even higher than reported here. The selection of patients to undergo CTPA was based on
clinical criteria of severity that may be debatable. Furthermore, most patients did not have
compression ultrasonography screening during the study period. Our data do not make it possible to
identify the most appropriate prophylactic anticoagulation strategy, and notably, do not provide
answer the question of whether curative anticoagulation is more effective than preventive
anticoagulation in averting PE. Finally, transthoracic echocardiographic data was not recorded in the
present study to assess RV function in COVID-19-associated PE patients. However, current guidelines

stipulate that CTPA is a validated alternative for the evaluation of RV dysfunction in acute PE [22].

Despite these limitations, this study is the first to identify independent predictors of PE,
using robust statistical methods, and to report exhaustive biological and radiological findings as well

as details of anticoagulant therapy in COVID-19 patients at the peak of the epidemic in France.

Conclusion

Pulmonary embolism is frequent in patients with clinically severe COVID-19 disease. Elevated D-
dimer levels (>2590 ng/mL) and a lack of anticoagulation were found to be independent predictors
of PE in these patients. These data strengthen the evidence base in favour of systematic
anticoagulation, and suggest wider use of D-dimer guided CTPA to screen for PE in acutely ill
hospitalized patients with COVID-19. The optimal dosing of anticoagulants remains unknown and

warrants further prospective investigation.



Conflicts of interest

No author has any conflict of interest to declare.

Funding

This work received no funding.



References

1. Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thromboembolism in
patients with severe novel coronavirus pneumonia. J Thromb Haemost 2020.

2. Fan BE, Chong VCL, Chan SSW, Lim GH, Lim KGE, Tan GB, Mucheli SS, Kuperan
P, Ong KH. Hematologic parameters in patients with COVID-19 infection. Am J Hematol
2020.

3. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated with
poor prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost 2020: 18:
844-847.

4. Lew TW, Kwek TK, Tai D, Earnest A, Loo S, Singh K, Kwan KM, Chan Y, Yim CF,
Bek SL, Kor AC, Yap WS, Chelliah YR, Lai YC, Goh SK. Acute respiratory distress
syndrome in critically ill patients with severe acute respiratory syndrome. JAMA 2003: 290:
374-380.

5. Zhang Y, Xiao M, Zhang S, Xia P, Cao W, Jiang W, Chen H, Ding X, Zhao H, Zhang
H, Wang C, Zhao J, Sun X, Tian R, Wu W, Wu D, Ma J, Chen Y, Zhang D, Xie J, Yan X,
Zhou X, Liu Z, Wang J, Du B, Qin Y, Gao P, Qin X, Xu Y, Zhang W, Li T, Zhang F, Zhao
Y, LiY, Zhang S. Coagulopathy and Antiphospholipid Antibodies in Patients with Covid-19.
N Engl J Med 2020: 382: e38.

6. Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gommers D, Kant KM, Kaptein
FHJ, van Paassen J, Stals MAM, Huisman MV, Endeman H. Incidence of thrombotic
complications in critically ill ICU patients with COVID-19. Thromb Res 2020.

7. Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gommers D, Kant KM, Kaptein
FHJ, van Paassen J, Stals MAM, Huisman MV, Endeman H. Confirmation of the high
cumulative incidence of thrombotic complications in critically ill ICU patients with COVID-

19: An updated analysis. Thromb Res 2020.



8. Poissy J, Goutay J, Caplan M, Parmentier E, Duburcq T, Lassalle F, Jeanpierre E,
Rauch A, Labreuche J, Susen S, Lille ICUHC-g. Pulmonary Embolism in COVID-19
Patients: Awareness of an Increased Prevalence. Circulation 2020.

9. Leonard-Lorant I, Delabranche X, Severac F, Helms J, Pauzet C, Collange O,
Schneider F, Labani A, Bilbault P, Moliere S, Leyendecker P, Roy C, Ohana M. Acute
Pulmonary Embolism in COVID-19 Patients on CT Angiography and Relationship to D-
Dimer Levels. Radiology 2020: 201561.

10.  Llitjos JF, Leclerc M, Chochois C, Monsallier JM, Ramakers M, Auvray M,
Merouani K. High incidence of venous thromboembolic events in anticoagulated severe
COVID-19 patients. J Thromb Haemost 2020.

11. Revel MP, Parkar AP, Prosch H, Silva M, Sverzellati N, Gleeson F, Brady A.
COVID-19 patients and the radiology department - advice from the European Society of
Radiology (ESR) and the European Society of Thoracic Imaging (ESTI). Eur Radiol 2020: 1-
7.

12.  Simpson S, Kay FU, Abbara S, Bhalla S, Chung JH, Chung M, Henry TS, Kanne JP,
Kligerman S, Ko JP, Litt H. Radiological Society of North America Expert Consensus
Statement on Reporting Chest CT Findings Related to COVID-19. Endorsed by the Society
of Thoracic Radiology, the American College of Radiology, and RSNA. Journal of thoracic
imaging 2020.

13. Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, Kanne JP, Raoof S, Schluger
NW, Volpi A, Yim JJ, Martin IBK, Anderson DJ, Kong C, Altes T, Bush A, Desai SR,
Goldin J, Goo JM, Humbert M, Inoue Y, Kauczor HU, Luo F, Mazzone PJ, Prokop M,
Remy-Jardin M, Richeldi L, Schaefer-Prokop CM, Tomiyama N, Wells AU, Leung AN. The
Role of Chest Imaging in Patient Management during the COVID-19 Pandemic: A

Multinational Consensus Statement from the Fleischner Society. Chest 2020.



14, Grillet F, Behr J, Calame P, Aubry S, Delabrousse E. Acute Pulmonary Embolism
Associated with COVID-19 Pneumonia Detected by Pulmonary CT Angiography. Radiology
2020: 201544.

15. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin E, Nigoghossian
C, Ageno W, Madjid M, Guo Y, Tang LV, Hu Y, Giri J, Cushman M, Quere I, Dimakakos
EP, Gibson CM, Lippi G, Favaloro EJ, Fareed J, Caprini JA, Tafur AJ, Burton JR, Francese
DP, Wang EY, Falanga A, McLintock C, Hunt BJ, Spyropoulos AC, Barnes GD, Eikelboom
JW, Weinberg I, Schulman S, Carrier M, Piazza G, Beckman JA, Steg PG, Stone GW,
Rosenkranz S, Goldhaber Sz, Parikh SA, Monreal M, Krumholz HM, Konstantinides SV,
Weitz JI, Lip GYH. COVID-19 and Thrombotic or Thromboembolic Disease: Implications
for Prevention, Antithrombotic Therapy, and Follow-up. J Am Coll Cardiol 2020.

16.  Santé Publique France. Standardized level of excess mortality, all ages, 2020 week
14. Geodes - Geo data in public health database. Available at:

https://geodes.santepubliquefrance.fr/#c=indicator&f=0&i=covid xcdc public.cat zscore&s

=2020-S14&t=a01&view=map?2 [Access date: 26 April 2020]. 2020 [cited; Available from:

17. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K, Cooley LA,
Dean NC, Fine MJ, Flanders SA, Griffin MR, Metersky ML, Musher DM, Restrepo Ml,
Whitney CG. Diagnosis and Treatment of Adults with Community-acquired Pneumonia. An
Official Clinical Practice Guideline of the American Thoracic Society and Infectious
Diseases Society of America. Am J Respir Crit Care Med 2019: 200: e45-e67.

18.  World Health Organization. Clinical management of severe acute respiratory infection
(SARI) when COVID-19 disease is suspected. Interim guidance. 13 March 2020. Available

at: https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-

infection-when-novel-coronavirus-(ncov)-infection-is-suspected [Access date: 23 April

2020]. Geneva; 2020.


https://geodes.santepubliquefrance.fr/#c=indicator&f=0&i=covid_xcdc_public.cat_zscore&s=2020-S14&t=a01&view=map2
https://geodes.santepubliquefrance.fr/#c=indicator&f=0&i=covid_xcdc_public.cat_zscore&s=2020-S14&t=a01&view=map2
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected

19.  von EImE, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP,
Initiative S. The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. Epidemiology 2007: 18:
800-804.

20. Li K, Fang Y, Li W, Pan C, Qin P, Zhong Y, Liu X, Huang M, Liao Y, Li S. CT
image visual quantitative evaluation and clinical classification of coronavirus disease
(COVID-19). Eur Radiol 2020.

21.  Remy-Jardin M, Remy J, Wattinne L, Giraud F. Central pulmonary
thromboembolism: diagnosis with spiral volumetric CT with the single-breath-hold
technique--comparison with pulmonary angiography. Radiology 1992: 185: 381-387.

22. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP,
Huisman MV, Humbert M, Jennings CS, Jimenez D, Kucher N, Lang IM, Lankeit M,
Lorusso R, Mazzolai L, Meneveau N, Ni Ainle F, Prandoni P, Pruszczyk P, Righini M,
Torbicki A, Van Belle E, Zamorano JL, Group ESCSD. 2019 ESC Guidelines for the
diagnosis and management of acute pulmonary embolism developed in collaboration with the
European Respiratory Society (ERS). Eur Heart J 2020: 41: 543-603.

23.  SunJX, Sinha S, Wang S, Maiti T. Bias reduction in conditional logistic regression.
Stat Med 2011: 30: 348-355.

24.  Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and challenges.
Lancet Gastroenterol Hepatol 2020: 5: 428-430.

25.  Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui
DSC, Du B, Li LJ, Zeng G, Yuen KY, Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li
SY, Wang JL, Liang ZJ, Peng YX, Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen

Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS, China Medical Treatment



Expert Group for C. Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl J
Med 2020.

26. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng
Z,YuT, XiaJ, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J,
Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020: 395: 497-506.

27. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong Y,
Zhao Y, LiY, Wang X, Peng Z. Clinical Characteristics of 138 Hospitalized Patients With
2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020.

28. ZhouF, YuT,DuR, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, Guan L,
Wei Y, LiH, Wu X, Xu J, Tu S, Zhang Y, Chen H, Cao B. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet 2020: 395: 1054-1062.

29.  Spyropoulos AC, Ageno W, Barnathan ES. Hospital-based use of thromboprophylaxis
in patients with COVID-19. Lancet 2020.

30. Lippi G, Favaloro EJ. D-dimer is Associated with Severity of Coronavirus Disease
2019: A Pooled Analysis. Thromb Haemost 2020.

31. Paranjpe I, Fuster V, Lala A, Russak A, Glicksberg BS, Levin MA, Charney AW,
Narula J, Fayad ZA, Bagiella E, Zhao S, Nadkarni GN. Association of Treatment Dose
Anticoagulation with In-Hospital Survival Among Hospitalized Patients with COVID-19.
Journal of the American College of Cardiology 2020.

32.  Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is associated
with decreased mortality in severe coronavirus disease 2019 patients with coagulopathy. J

Thromb Haemost 2020.



33. Bikdeli B, Madhavan MV, Gupta A, Jimenez D, Burton JR, Der Nigoghossian C,
Chuich T, Nouri SN, Dreyfus I, Driggin E, Sethi S, Sehgal K, Chatterjee S, Ageno W, Madjid
M, Guo Y, Tang LV, Hu Y, Bertoletti L, Giri J, Cushman M, Quere |, Dimakakos EP, Gibson
CM, Lippi G, Favaloro EJ, Fareed J, Tafur AJ, Francese DP, Batra J, Falanga A, Clerkin KJ,
Uriel N, Kirtane A, McLintock C, Hunt BJ, Spyropoulos AC, Barnes GD, Eikelboom JW,
Weinberg I, Schulman S, Carrier M, Piazza G, Beckman JA, Leon MB, Stone GW,
Rosenkranz S, Goldhaber SZ, Parikh SA, Monreal M, Krumholz HM, Konstantinides SV,
Weitz JI, Lip GYH, Global C-TCG. Pharmacological Agents Targeting
Thromboinflammation in COVID-19: Review and Implications for Future Research. Thromb
Haemost 2020.

34. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, LiJ, Yao Y, Ge S, Xu G.
Kidney disease is associated with in-hospital death of patients with COVID-19. Kidney Int
2020: 97: 829-838.

35.  Ozkok S, Ozkok A. Contrast-induced acute kidney injury: A review of practical

points. World J Nephrol 2017: 6: 86-99.



Figure Legends

Figure 1: Flowchart of the study population.

CTPA, computed tomography pulmonary angiography; ICU, intensive care unit; PE, pulmonary

embolism

Figure 2: Computed tomography pulmonary angiography showing severe COVID-19 patter and

bilateral pulmonary embolism.

Computed tomography pulmonary angiography of a 54 year old male with SARS-CoV-2 infection, 23
days after symptom onset and 17 days after admission to the Intensive Care Unit. Pulmonary CT
angiography was performed because of severe hypoxemia despite invasive mechanical ventilation
and showed, in addition to a severe COVID-19 CT pattern, bilateral acute pulmonary embolism of

segmental location.

A. Pulmonary CT angiography, mediastinum window: Presence of acute PE as a filling defect inside
the left superior lobe pulmonary artery, segmental - sub-segmental division of the lingula (red

arrows)

B. Pulmonary CT angiography, parenchymal window: COVID-19 CT pattern with peripheral ground-

glass opacities associated with areas of consolidation,

SARS-CoV-2: Severe Acute Respiratory Syndrome - CoronaVirus 2, COVID-19: Coronavirus 19, PE:

Pulmonary Embolism.

Figure 3: Distribution of the different anticoagulant regimens in the whole study population and

by group of patients with and without CTPA-confirmed pulmonary embolism.

Figure 4: Independent predictors of in-hospital CTPA-confirmed pulmonary embolism in severe

COVID 19 patients, using the Firth’s Penalized Likelihood estimator.



(A) Multivariable model including D-dimer analysed by quartile, D-dimer level (model fit: Akaike
Information Criteria = 99.1 and Bayes Information Criteria = 133.1 for global model fit, and Harrell’s

C-statistic index = 0.91 for discrimination.

(B) Multivariable model including D-dimer as a binary variable defined by ROC curve analysis (model
fit: Akaike Information Criteria = 104.6 and Bayes Information Criteria = 138.4 for global model fit,

and Harrell’s C-statistic index = 0.90 for discrimination).

Figure 5: Receiving Operating Characteristic curve identifying the cut-off value of D-dimer

predictive of occurrence of pulmonary embolism.

AUC, area under the curve.



Table 1 : Baseline characteristics of the study population of COVID-19 patients who underwent computed tomography pulmonary angiography (N=162)

Variable Whole population (N=162) Patients without PE (N=118) Patients with PE (N=44) p-value
Age 65.57 (£13.00) 65.22 (£13.58) 66.52 (£11.41) 0.572
Males 109 (67.3% (95%Cl, 59.5-75.5) 73 (61.9% (95%Cl, 52.5-70.7) 36 (81.6% (95%Cl, 67.0-91.7) 0.016
Obesity* 42 (25.9% (95%Cl, 19.3-33.4) 28 (23.7% (95%Cl, 16.4-32.4) 14 (31.8% (95%Cl, 18.6-47.6) 0.296
Hypertension 80 (49.4% (95%Cl, 41.5-57.4) 59 (50.0% (95%Cl, 40.7-59.3) 21 (47.7% (95%Cl, 32.4-63.3) 0.797
Diabetes mellitus 33 (20.4% (95%Cl, 14.5-27.4) 25 (21.2% (95%Cl, 14.2-29.7) 8 (18.2% (95%Cl, 8.2-32.7) 0.427
Smokers 12 (7.4% (95%Cl, 3.9-12.6) 9 (7.6% (95%Cl, 3.5-14.0) 3(6.8% (95%Cl, 1.4-18.6) 0.581
Heart diseaset 34 (21.0% (95%Cl, 15.0-28.1) 26 (22.0% (95%Cl, 14.9-30.6) 8 (18.2% (95%Cl, 8.2-32.7) 0.382
History of heart failure 10 (6.2% (95%Cl, 3.0-11.1) 8 (6.8% (95%Cl, 3.0-13.0) 2 (4.5% (95%Cl, 0.5-15.4) 0.458
History of VTE 13 (8.0% (95%Cl, 4.3-13.3) 9 (7.6% (95%Cl, 3.5-14.0) 4(9.1% (95%Cl, 2.5-21.7) 0.491
History of stroke 7 (4.3% (95%Cl, 1.7-8.7) 7 (5.9% (95%Cl, 2.4-11.8) 0 (0% (95%Cl, 0.0-8.0) 0.103
COPD 11 (6.8% (95%Cl, 3.5-11.8) 7 (5.9% (95%Cl, 2.4-11.8) 4(9.1% (95%Cl, 2.5-21.7) 0.345
Respiratory 7 (4.3% (95%Cl, 1.7-8.7) 5 (4.2% (95%Cl, 1.4-9.6) 2 (4.5% (95%Cl, 0.5-15.4) 0.612




insufficiency

Chronic kidney disease 4 (2.5% (95%Cl, 0.7-6.2) 2 (1.7% (95%Cl, 0.2-6.0) 2 (4.5% (95%Cl, 0.5-15.4) 0.298
Cancer# 32 (19.8% (95%Cl, 14.0-26.8) 25 (21.2% (95%Cl, 14.2-29.7) 7 (15.9% (95%Cl, 6.6-30.1) 0.304
Recent surgery§ 3(1.9% (95%Cl, 0.4-5.4) 3(2.5% (95%Cl, 0.5-7.2) 0 (0% (95%Cl, 0.0-8.0) 0.384
Usual Treatment

Antiplatelet agents 38 (23.5% (95%Cl, 17.2-30.8) 29 (24.6% (95%Cl, 17.1-33.4) 9 (20.5% (95%Cl, 9.8-35.4) 0.372
ACEI/ARB 62 (38.3% (95%Cl, 30.8-46.3) 45 (38.1% (95%Cl, 29.3-47.5) 17 (38.6% (95%Cl, 24.3-54.5) 0.953
Betablockers 36 (22.2% (95%Cl, 16.1-29.4) 26 (22.0% (95%Cl, 14.9-30.6) 10 (22.7% (95%Cl, 11.5-37.8) 0.925
Diuretics 22 (13.6% (95%Cl, 8.7-19.9) 18 (15.3% (95%Cl, 9.3-23.1) 4 (9.1% (95%Cl, 2.5-21.7) 0.228
Anticoagulant 13 (8.0% (95%Cl, 4.3-13.3) 10 (8.5% (95%Cl, 4.2-15.1) 3(6.8% (95%Cl, 1.4-18.6) 0.509
Immunosupressants 9 (5.6% (95%Cl, 2.6-10.3) 8 (6.8% (95%Cl, 3.0-13.0) 1(2.3% (95%Cl, 0.1-12.1) 0.244

PE, pulmonary embolism; VTE, venous thrombo-embolism; COPD, chronic obstructive pulmonary disease; ACEIl, angiotensin-converting enzyme inhibitors;

ARB, angiotensin-receptor blocker.

*QObesity defined as body mass index >30kg/m?

tHeart disease defined as any history of coronary artery disease, valvular heart disease, arrhythmia, dilated or hypertrophic cardiomyopathy




¥Cancer: active or prior

§Recent surgery defined as surgery within the previous 30 days.



Table 2: Findings on computed tomography pulmonary angiography in the study population (N=162)

Variable Whole population (N=162) Patients without PE (N=118) Patients with PE (N=44) p-value
Extent of COVID-19

0 (0%) 13 (8.0% (95%Cl, 4.3-13.3)) 8 (6.8% (95%Cl, 3.0-13.0)) 5(11.4% (95%Cl, 3.8-24.6))

1(1-25%) 53 (32.7% (95%Cl, 19.3-48.5)) 43 (36.4% (95%Cl, 27.7-45.8)) 10 (22.7% (95%Cl, 11.5-37.8))

2 (25-50%) 48 (29.6% (95%Cl, 22.7-37.3)) 41 (34.7% (95%Cl, 26.2-44.0)) 7 (15.9% (95%Cl, 6.6-30.1)) 0.001

3 (50-75%)

33 (20.4% (95%Cl, 14.5-27.4))

21 (17.8% (95%Cl, 11.4-25.9))

12 (27.3% (95%Cl, 15.0-42.8))

4 (>75%)

15 (9.3% (95%Cl, 2.6-21.9))

5 (4.2% (95%Cl, 1.4-9.6))

10 (22.7% (95%Cl, 11.5-37.8))

Extent of emboli

Bilateral 25 (56.8% (95%Cl, 41.0-71.6))
Topography of emboli

Proximal 1(2.3% (95%Cl, 0.1-12.1))

Lobar 16 (36.4% (95%Cl, 22.4-52.3))

Segmental 25 (56.8% (95%Cl, 41.0-71.6))




RV function

RV/LV ratio >1

7 (15.9% (95%Cl, 6.6-30.1)

PE, pulmonary embolism; RV, right ventricle; LV, left ventricle; IV, interventricular.




Table 3: Biological results from blood samples drawn at the time of computed tomography pulmonary angiography

Variable N (n1/n2) All Patients without PE Patients with PE p-value
(n1) (n2)

Hemostasis

D-dimers, ng/mL 122 (80/42) 1920 (1068-4020) 1310 (800-2335) 5364 (2928-12275) <0.001

Complete blood count

Leucocytes, G/L 152 (112/40) 7.45 (5.80-10.20) 6.70 (5.53-9.48) 8.92 (6.55-13.85) 0.002

Lymphocytes, G/L 59 (49/10) 1.00 (+0.43) 0.94 (+0.42) 1.28 (+0.38) 0.023

Hemoglobin, g/dL 153 (113/40) 12.45 (£2.17) 12.65 (£2.11) 11.89 (£2.24) 0.056

Platelet count, G/L 153 (113/40) 266 (201.5-391) 246 (188-387) 343 (247-397) 0.006

Biochemistry

Procalcitonin, ng/mL 102 (76/26) 0.23 (0.13-0.42) 0.26 (0.13-0.43) 0.17 (0.13-0.27) 0.130

Bicarbonates, mmol/L 159 (116/43) | 24.00(21.70-27.40) | 23.55(21.20-25.90) | 26.60 (23.60-32.00) <0.001

Urea, mmol/L 158 (115/43) 5.90 (4.48-9.43) 5.70 (4.20-7.90) 8.90 (5.10-13.50) 0.001




Creatininemia, pmol/L 157 (115/42) 71 (57-90) 72 (58-90) 70 (52-87) 0.754
ASAT, IU/L 135 (98/37) 46 (34-69) 44 (34-67) 53 (39-72) 0.194
ALAT, IU/L 147 (110/37) 37 (24-58) 36 (23-53) 54 (30-76) 0.010
Gamma Glutamyl Transferase, IU/L 130 (92/38) 91 (45-192) 79 (40-146) 160 (78-273) 0.002
Alkaline Phosphatase, IU/L 130 (92/38) 100 (68-160) 84 (66-135) 131 (82-248) 0.005
C-Reactive Protein, mg/L 158 (114/44) 115 (69-196) 114 (66-193) 121 (72-198) 0.861
Troponin Ic, pg/L 154 (111/43) 0.010 (0.010-0.040) | 0.010(0.005-0.034) | 0.018(0.010-0.230) 0.003
BNP, ng/mL 150 (112/38) 36 (12-104) 35 (12-91) 43 (13-189) 0.410
Blood gas

pH 115 (76/39) 7.45 (7.40-7.49) 7.45 (7.40-7.49) 7.44 (7.40-7.49) 0.859
PaCO2, kPa 115 (76/39) 4.71 (4.24-6.81) 4.67 (4.18-5.62) 5.96 (4.45-7.44) 0.021
Pa02, kPa 115 (76/39) 10.20 (8.80-12.35) 9.95 (8.70-11.70) 10.60 (8.80-13.10) 0.268
Lactates, mmol/L 115 (76/39) 1.40 (1.20-1.70) 1.40 (1.20-1.70) 1.30 (1.10-1.60) 0.198




COVID-19 patients admitted to hospital
From 15 March to 16 April 2020

No PE

N=349
COVID-19 pneumonia with 2 1 of the following criteria:
Sp02<93%in room air No CTPA
Shortness of breath (breathing rate) > 30/min N=187
Rapid clinical worsering
CTPA N=48 at admission
N=162 N=114 during hospital stay
[
' !
ICU Conventional COVID ward
N=68 N=94
PE No PE PE
N=29 N=79 N=15

N=39







Percent

90 -

80

70 4

60

50 4

40 4

30 A

20

All (n=162) Patients without PE (n=118)

O No anticoagulation

m Preventive

Patients With PE (n=44)

| Therapeutic



A Characteristics Relative rate of pulmonary embolism in severe COVID-19 patients OR (95%Cl) X2 P-value
D-dimer (per quartile) —_—l— 4.0 (2.4-6.7) 29.4 <0.001
No anticoagulant therapy - 4.5 (1.1-17.4) 4.7 0.03
1 . M | L N |
1 10 100
Pulmonary embolism more likely >>>
B  Characteristics Relative rate of pulmonary embolism in severe COVID-19 patients OR (95%Cl) ¥ P-value
D-dimer > 2590 ng/mL —_— 16.9 (6.3-45.0) 32.1 <0.001
No anticoagulant therapy = 4.0 (1.1-14.2) 4.7 0.03
1 R 1 P |
1 10 100

Pulmonary embolism more likely >>>



Sensitivity

20

AUC: 0.88 (95% Cl, 0.809-0.932)
P < 0.001

Cut-off value > 2590 ng/mL
Youden index: 0.6708
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Supplementary material

Elevated D-dimers and lack of anticoagulation predict PE in

severe COVID-19 patients



Supplementary Table 1: Univariable predictors of in-hospital CTPA-confirmed pulmonary embolism

in severe COVID 19 patients, using the Firth’s Penalized Likelihood estimator

Variable Univariate analysis
OR (95% Cl) p-value
Male sex 2.7 (1.1-6.1) 0.02
Extension CTPA findings 1.51(1.1-2.1) 0.03
White blood cell count (per quartile) 1.6 (1.1-2.1) 0.005
Blood urea (per quartile) 1.7 (1.2-2.4) 0.001
Gamma-GT (per quartile) 1.7 (1.2-2.3) <0.001
Alkaline phosphatase (per quartile) 1.5(1.1-2.1) 0.005
PaCO; (per quartile) 1.8 (1.3-2.5) <0.001
HCO3 (per quartile) 1.7 (1.2-2.4) 0.001
No anticoagulant therapy 2.3(0.9-5.9) 0.08
Conventional wards vs ICU 3.8(1.8-7.9) <0.001
D-dimer (per quartile) 4.7 (2.9-7.5) <0.001
Model with D-dimer cut-off derived from ROC curve
D-dimer > 2590 ng/mL 29.2 (11.6-73.2) <0.001

CTPA: computed tomography pulmonary angiogram; Gamma-GT: Gamma-glutamyltranspeptidase;

HCO3": bicarbonates; LMWH: low molecular weight heparin; ICU: intensive care unit.
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Figure S1: Cumulative occurrence of CTAP-confirmed pulmonary embolism between admission and

CTPA in acutely ill hospitalized COVID-19 patients

COVID-19: coronavirus disease 2019; CTPA: computed tomography pulmonary angiography; PE:

pulmonary embolism



Calibration Plot for Misspecified Model
True Model Is Quadratic; Fit Is Linear

1.00 -
D |

. .
5
o 075
5
o -
‘S d
-oa‘ 1 /
S 050
P
e
o
B _
S
¢ 025 | 1
a
(@)

0.00 C!Z

00 02 04 06 08
Predicted Probability of Outcome

Figure S2: Decile calibration plots of the model predicting CTPA confirmed pulmonary embolism in
severe Covid-19 patients. Model including D-dimer per quartile was well calibrated with the predicted
risks and their confidence intervals distributed around the observed risk of pulmonary embolism. CTPA:

computed tomography pulmonary angiography.
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Figure S3: Decile calibration plots of the model predicting CTPA confirmed pulmonary embolism in
severe Covid-19 patients. Model including the optimal ROC curve-derived cut-off value of D-dimer level
(i.e. 2590 ng/mL) was well calibrated with the predicted risks and their confidence intervals distributed

around the observed risk of pulmonary embolism. CTPA: computed tomography pulmonary angiography





