Camille Marion 
  
Caroline Sophie 
  
Bernadette Benjamin 
  
Brice Lefevre 
  
Pauline Zheng 
  
  
  
  
  
  
  
  
  
  
  
CHEZ LES PATIENTS COVID-19 AUX URGENCES REALISANT UN ANGIOSCANNER PULMONAIRE ASSESSMENT OF D-DIMER THRESHOLD TO RULE-OUT PULMONARY EMBOLISM IN COVID-19 PATIENTS FROM EMERGENCY DEPARTMENT UNDERGOING CTPA

Keywords: COVID-19, D-dimer, Pulmonary embolism, CT Angiography

AVERTISSEMENT

Ce document est le fruit d'un long travail approuvé par le jury de soutenance.

La propriété intellectuelle du document reste entièrement celle du ou des auteurs. Les utilisateurs doivent respecter le droit d'auteur selon la législation en vigueur, et sont soumis aux règles habituelles du bon usage, comme pour les publications sur papier : respect des travaux originaux, citation, interdiction du pillage intellectuel, etc.

Il est mis à disposition de toute personne intéressée par l'intermédiaire de l'archive ouverte DUMAS (Dépôt Universitaire de Mémoires Après Soutenance).

Si vous désirez contacter son ou ses auteurs, nous vous invitons à consulter en ligne les annuaires de l'ordre des médecins, des pharmaciens et des sagesfemmes.

UNIVERSITÉ GRENOBLE ALPES UFR DE MÉDECINE DE GRENOBLE

Conclusion :

Au stade initial de l'infection COVID-19, l'utilisation d'un seuil de D-dimères plus élevé que le seuil conventionnel pourrait avoir une meilleure performance diagnostique afin d'exclure une embolie pulmonaire.

Background :

COVID-19 pulmonary infection is associated with an increased incidence of pulmonary embolism (PE) in both conventional and intensive care unit, which itself is associated with a significant excess of mortality, hence the need for early diagnosis. However, this statement seems to be less certain when considering patients consulting the emergency department at an early stage of the infection. The usual diagnostic strategy is based on clinical scores combined with D-dimer level, which is often high regardless of the presence of PE in COVID-19 infection.

Objective :

The aim of the study was to assess the diagnostic performance of different D-dimer thresholds to exclude pulmonary embolism in COVID-19 patients admitted to the emergency department (ED).

Methods :

This retrospective study included all patients admitted to the ED of Grenoble-Alpes University 

Conclusion :

In early COVID-19 infection, a higher D-dimer threshold compared to the conventional one could have a better diagnostic performance to rule-out PE and therefore the need for CTPA.

However, external validation in large prospective multicentric cohorts is manded before modifying our diagnostic routine. In normal condition, the concentration of D-dimers is low or undetectable. When a clot is formed and then degraded in the blood, the D-dimer concentration increases, which can be measured in a venous sample. [START_REF]D-dimer -Understand the Test[END_REF] However, D-dimers are not specific to embolic venous events, and may be elevated in different situations : increasing age, sepsis, malignancy, surgery, pregnancy, disseminated intravascular coagulation… [START_REF] Kabrhel | Factors associated with positive D-dimer results in patients evaluated for pulmonary embolism[END_REF] Usually, the threshold value for positivity is considered to be 500µg/L, but other cut-off values may be used, as we will discuss later.
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PART II -SCIENTIFIC ARTICLE

CT Pulmonary Angiography

CT Pulmonary Angiography (CTPA) is a chest CT scan, which is performed after injection of an iodinated contrast agent, using bolus-tracking to acquire the picture when the contrast agent is within the pulmonary arteries. It is the gold standard, confirming pulmonary embolism (PE)

when an endoluminal defect is detected. The diagnostic performance of CTPA is high, with a sensitivity of 83% and a specificity of 96%

for the diagnosis of PE. The PIOPED II study also observed that a negative CTPA had a negative predictive value (NPV) of 96-89% for a low or intermediate pre-test probability, whereas the NPV was 60% for a high pre-test probability. [START_REF] Stein | Multidetector Computed Tomography for Acute Pulmonary Embolism[END_REF] It has several advantages: wide availability, strong validation in prospective management outcome studies, low rate of inconclusive results (3-5%), ability to establish an alternative diagnosis (pneumopathy, pleural effusion...), short acquisition time.

It also has disadvantages: cost, increasing length of stay, exposure to X-rays, risk of allergy and even kidney damage for patients at risk.

An alternative is ventilation/perfusion scintigraphy (V/P scan), in case there are contraindications such as allergies to iodinated contrast or renal dysfunction, with a 97,7% specificity. High probability of PE is reported if V/P mismatch (lung segment without perfusion but preserved ventilation) is observed in a corresponding vascular anatomy. [START_REF] Sostman | Acute Pulmonary Embolism: Sensitivity and Specificity of Ventilation-Perfusion Scintigraphy in PIOPED II Study[END_REF], [START_REF] Bajc | EANM guidelines for ventilation/perfusion scintigraphy: Part 1. Pulmonary imaging with ventilation/perfusion single photon emission tomography[END_REF] Lower limb doppler ultrasound can also be an alternative when CTPA cannot be performed in first intention (during pregnancy for example), confirming PE when proximal deep vein thrombosis (DVT) is present associated with respiratory symptoms. A normal exam does not exclude PE, thus a complementary pulmonary imaging is needed. [START_REF] Ramzi | DVT and pulmonary embolism: Part I. Diagnosis[END_REF] Pulmonary embolism

Definition and epidemiology

Pulmonary embolism (PE) is a thromboembolic venous disease defined by an obstruction in the pulmonary arterial vascularization, most often due to a fibrinocruoric thrombus secondary to the detachment and migration of deep venous thrombosis (DVT) located in lower limbs. In some cases, it can be caused by amniotic fluid, fat, cement, or gaz.

The annual incidence of patients hospitalized with a principal diagnosis of venous thromboembolism (VTE), including PE or DVT, in France in 2010 was 85.5 cases per 100,000 inhabitants. VTE is associated with high mortality with more than 14,800 all-cause deaths in France in 2010. [START_REF] Olié | La maladie veineuse thromboembolique : patients hospitalisés et mortalité en France en 2010[END_REF] After a first unprovoked thrombo-embolic event, the risk of recurrence is estimated at 30% within 10 years. [START_REF] Heit | The epidemiology of venous thromboembolism[END_REF] Long-term complications may occur, such as chronic pulmonary hypertension secondary to persistent pulmonary artery obstruction, with an estimated incidence of 0.56%. [START_REF] Ende-Verhaar | Incidence of chronic thromboembolic pulmonary hypertension after acute pulmonary embolism: a contemporary view of the published literature[END_REF] Presentation PE can manifest by various symptoms, all unspecific: shortness of breath (80%), chest pain (12 to 52%), cough (20%), syncope (19%), hemoptysis (11%), tachypnea (70%), tachycardia (52%), symptoms of DVT (20%), cyanosis (11%), fever (7%). [START_REF]Guidelines on the diagnosis and management of acute pulmonary embolism[END_REF] Table 1 Clinical probability can also be estimated by the physician gestalt, influenced by his knowledge of clinical scores and risk factors. [START_REF] Penaloza | Comparison of the Unstructured Clinician Gestalt, the Wells Score, and the Revised Geneva Score to Estimate Pretest Probability for Suspected Pulmonary Embolism[END_REF] In case of low pre-test probability, PE can be excluded without further investigation if all PERC criteria are met : age < 50 years old, pulse < 100/min, SpO2 > 95%, no hemoptysis, no estrogen use, no surgery/trauma requiring hospitalization within 4 weeks, no prior venous thromboembolic event, no unilateral leg swelling. [START_REF] Penaloza | Pulmonary embolism rule-out criteria (PERC) rule in European patients with low implicit clinical probability (PERCEPIC): a multicentre, prospective, observational study[END_REF] Finally, other recent algorithms have been validated, including adjustment of the D-dimer concentration:

-To clinical probability, as it is the case for the YEARS study [figure 3] [START_REF] Van Der Hulle | Simplified diagnostic management of suspected pulmonary embolism (the YEARS study): a prospective, multicentre, cohort study[END_REF] and PEG-

eD study [table 3] [21]

-To the clinical situation, using the pregnancy adapted YEARS algorithm [START_REF] Van Der Pol | Pregnancy-Adapted YEARS Algorithm for Diagnosis of Suspected Pulmonary Embolism[END_REF] CTPA = CT Pulmonary Angiography One pathophysiological hypothesis explaining this D-dimer elevation is that a coagulopathy is responsible for in-situ pulmonary immunothrombosis, even in the absence of a fibrino-cruoric embolism.

[26]- [START_REF] Wichmann | Autopsy Findings and Venous Thromboembolism in Patients With COVID-19[END_REF] Another possible hypothesis suggests that intra-alveolar fibrin deposition is secondary to the acute lung injury, and leads to production of D-dimers when it is cleaved.

[29]

A D-dimer threshold adapted to this clinical context could improve the selection of patients who should or should not be investigated by CTPA, in order to avoid in those less likely to have PE the performing of a costly radiological investigation, involving radiation, a risk of allergy due to the injection of iodinated contrast, and lengthening the time of management.

In this specific context, we retrospectively investigated the D-dimer concentrations observed in COVID-19 patients to assess the theoretically optimal threshold to exclude PE. All data were collected from the computerized medical record of our hospital, anonymized and stored on the department's server.

Material and methods

Population

CTPA protocol and imaging analysis

All exams took place in an emergency setting, using a 64-multidetector CT scanner (Optima CT 660, GE Healthcare, Chicago) after intravenous injection of 40-60mL of iodinated contrast media (Hexabrix 320 mg/L, Laboratoire Guerbet, France) at a flow rate of 4mL/sec, triggered on the main pulmonary artery. Images were reconstructed with a slice thickness of 1 mm in mediastinal and parenchymal windows. The presence of PE was assessed by two radiologists, a resident then a senior radiologist, using PACS software. The radiology reports for these examinations were reviewed to determine the presence or absence of PE and the location within the pulmonary artery tree. Severity of COVID-19 lesions was graded as recommended by the European Society of Radiology (ESR) and the European Society of Thoracic Imaging (ESTI) as mild (< 10%), moderate (extent < 25%), extended (25%-50%), severe (50%-75%), and critical (>75%). [START_REF] Revel | COVID-19 patients and the radiology departmentadvice from the European Society of Radiology (ESR) and the European Society of Thoracic Imaging (ESTI)[END_REF] If the CTPA was non-contributive, the patient was not included in the study.

Results

Flowchart

During the study period, 490 CTPAs were requested by the ED. Of these patients, 286 met the inclusion criteria as presented in the flow-chart. [Figure 1]

Among the 15 patients excluded because of unavailable D-dimers, 2 had PE and D-dimer assays but with samples hemolyzed. None of these 15 patients had a high clinical probability (retrospectively calculated) that could exempt them from D-dimer testing.

Among the 286 included patients, 22 patients (7.7%) had a PE. Over half thrombi (63%) were located in peripheral pulmonary arteries (segmental and sub segmental).

Among the patients who underwent CTPA for suspected PE, 18/286 (6.3%) were found to have There was no significant difference between the two groups regarding clinical or biological presentation, extension of infectious lung lesions on CTPA, or hospital referral.

The average time between the onset of the first symptoms and admission to the ED was 7 days, and over half patients (62%) had moderate extension of infectious lesions on CTPA (10 to 25% of the total lung parenchyma), similarly in both groups.

The pre-test probability according to the retrospectively calculated revised Geneva score did not differ between the two groups by strata of risk.

Mortality rate at 1 month did not differ significantly between the two groups (p=0.63), ranging from 14% in the non-PE group to 18% in the PE group. [Table 1] 

Moderate (10-25%) 112 (

Extended (25-50%) 66 (

Severe (50-75%) The pre-test stratification of PE risk remains a challenge in the initial management of COVID-19 infection, as highlighted by previous study. [START_REF] Whyte | Pulmonary embolism in hospitalised patients with COVID-19[END_REF], [START_REF] Silva | Pulmonary embolism and COVID-19: A comparative analysis of different diagnostic models performance[END_REF] The risk factors associated with PE and the strength of their association may be slightly different from those conventionally considered. [START_REF] Fauvel | Pulmonary embolism in COVID-19 patients: a French multicentre cohort study[END_REF], [START_REF] Luu | Systematic screening for pulmonary embolism using the YEARS algorithm in patients with suspected COVID-19 in the Emergency Department[END_REF] In our study, none of the usual factors were independently associated with the occurrence of PE, possibly related to a lack of power. The pre-test probability according to the revised Geneva score did not differ between the two groups either, but many data were missing for the retrospective calculation of this score. [START_REF] Righini | Age-Adjusted D-Dimer Cutoff Levels to Rule Out Pulmonary Embolism: The ADJUST-PE Study[END_REF], [START_REF] Douma | Potential of an age adjusted D-dimer cut-off value to improve the exclusion of pulmonary embolism in older patients: a retrospective analysis of three large cohorts[END_REF], or pregnancy with the recent validation of the YEARS algorithm adapted to pregnant women. [START_REF] Van Der Pol | Pregnancy-Adapted YEARS Algorithm for Diagnosis of Suspected Pulmonary Embolism[END_REF] Thus, adapting the diagnostic threshold to the clinical context can safely limit the use of CTPA.

D-dimer levels were overall high in our study and significantly higher in patients with PE. The increase of D-dimers in COVID-19 infection correlates with the stage of the disease, being more important in severe forms and increasing over time. It has also been shown that this increase is associated with the presence of PE and a poor prognosis. [START_REF] Zhou | Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study[END_REF]- [START_REF] Trimaille | Venous thromboembolism in non-critically ill patients with COVID-19 infection[END_REF] When D-dimers are quantified, the FDA requirement for establishing the D-dimer threshold to exclude PE in case of a negative test is an NPV ≥ 97% (lower limit CI ≥ 95) and a sensitivity ≥ 95% (lower limit CI ≥ 90). [START_REF] Olson | Clinical and Laboratory Standards Institute, Quantitative D-dimer for the exclusion of venous thromboembolic disease: approved guideline[END_REF] More recently, the ISTH SSC (International Society on Thrombosis and Haemostasis Scientific and Standardization Committee) published a recommendation to lower the proportion of false negatives to 2% in the PE exclusion strategy.

[31] In our study, assuming that our sample was representative in terms of prevalence (7.7%), the threshold for which the NPV was 98% also had a sensitivity of 77.3%, corresponding to 247 real negatives and 5 false negatives, which is unacceptable.

Studies aiming to assess the diagnostic performance of D-dimers based on Receiver Operating Characteristics (ROC) curves suggest an optimal threshold ranging from 1700 to 5000 µg/L, however such studies are almost exclusively conducted on inpatients and therefore at a more advanced stage of the disease. [START_REF] Ventura-Díaz | A higher D-dimer threshold for predicting pulmonary embolism in patients with COVID-19: a retrospective study[END_REF]- [START_REF] Mestre-Gómez | Incidence of pulmonary embolism in non-critically ill COVID-19 patients. Predicting factors for a challenging diagnosis[END_REF] It is not necessary to determine a D-dimer threshold that applies to inpatients, since a worsening of oxygen requirement is generally sufficient to justify a CTPA due to the higher PE prevalence in this population. In addition, the use of the ROC curve has the drawback of giving equal priority to the sensitivity and specificity, which could be a drawback at this stage of diagnosis where false negatives need to be minimized.

In our study, a D-dimer threshold of 1850µg/L would have ensured that no PE would have been concentrations to our cohort, also discrediting the idea that the incidence of PE is higher in Geneva scores combined with D-dimers at a cut-off of 500µg/L or age-adjusted, with the YEARS and PEG-eD algorithms, showing no superiority of these approaches for excluding pulmonary embolism due to the increase of missed PE. [START_REF] Silva | Pulmonary embolism and COVID-19: A comparative analysis of different diagnostic models performance[END_REF] Finally, our study is limited by the small number of positive PE cases, due to strict selection criteria requiring positive COVID 19 RT-PCR and CTPA performed specifically for PE, as well as the availability of D-dimers. Also, some sub segmental PEs could have been missed due to the difficulty of their interpretation. However, it is one of the few to our knowledge to focus on the D-dimer threshold in emergency patients, reinforcing its external validity in this population.

Conclusion

In this retrospective cohort of COVID-19 patients at initial presentation, a higher D-dimer threshold could provide better diagnostic performance to rule out PE without performing a CTPA.

Further studies determining the efficiency of the PE diagnostic algorithm in its entirety, conducted on a larger representative population of patients in early COVID 19 infection, are nevertheless necessary before changing our practice.
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 - Figure -Incidence curves of cases and deaths related to COVID-19, since the beginning of the
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  The most common pulmonary lesions found on CT scan in COVID-19 infection are peripheral ground-glass and consolidative pulmonary opacities, vascular enlargement, bilateral and lower lobe involvement, and posterior predilection. [Figure2][START_REF] Kwee | Chest CT in COVID-19: What the Radiologist Needs to Know[END_REF] 

Figure 2 .

 2 Figure 2. Illustration of a proximal PE in a COVID-19 patient. On the left, parenchymal window with condensation and ground-glass (arrowhead). On the right, endoluminal defect within the pulmonary arteries (arrow) on the same patient.

Figure 3 .

 3 Figure 3. Diagnostic algorithm for patients with suspected pulmonary embolism without
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 4 Figure 4. YEARS algorithm. Source: The Lancet 2017; 390: 289-97

  This is a retrospective monocentric observational descriptive study in the university hospital of Grenoble Alpes (France) from October 15 2020 to January 31 2021, covering the second epidemic wave of COVID-19 in terms of new cases and hospitalizations in France. We extracted from the Picture Archiving and Communications System (PACS) (Enterprise Imaging, Agfa HealthCare, Mortsel, Belgium) of the department of radiology all the patients who had undergone CTPA requested by the ED, in order to search for PE in a context of confirmed or suspected COVID-19. The patients included in this study had to 1) be over 18 years old, 2) have a positive reverse transcriptase polymerase chain reaction (RT PCR) test for COVID-19 either in the 30 days preceding the admission to the emergency department or on nasopharyngeal swab while in ED, through one of the four following tests (SARS-COV-2 R-GENE®, Biomérieux; Viasure SARS-CoV-2 CerTest, BD MAX®, BD; Xpress SARS-CoV-2®, Cepheid; ABBOTT ALINITY m SARS-CoV-2 ASSAY®, Abbott), 3) have a D-dimer assay (Liatest DD, Diagnostica Stago, France) prior to the CT scan, and 4) have a CTPA report conclusive for PE (either present or absent) validated by a senior radiologist.

Figure 1 .

 1 Figure 1. Flowchart of the study

  missed, and was the best cut-off. However, D-dimer concentrations we observed in patients with PE (5550µg/L [3643 -15993]) were higher than the baseline concentrations observed in a meta-analysis (3260µg/L [2760-3770]).[START_REF] Nopp | Risk of venous thromboembolism in patients with COVID-19: A systematic review and meta-analysis[END_REF] As minimal D-dimer concentrations are almost never reported in studies conducted in this population, comparison of this outcome is not possible. The fact that D-dimers were not monitored over time may explain the lowest concentration observed in both groups. However, such monitoring would not have been useful to determine the discriminating role of D-dimers in the exclusion of PE at the time of emergency admission. This highlights the importance of differentiating D-dimer levels seen in emergency patients from those seen in hospitalized before considering any new guidelines. Since patients presenting to the ED are seen at an earlier stage of the infection, their management requires the most accurate knowledge of the D-dimer threshold enabling the exclusion of a PE. Nevertheless, even if the test is negative, a CTPA should be considered if a secondary worsening of the condition occurs during hospitalization. Limitations Due to its retrospective design and the absence of COVID-19 negative or D-dimer negative control group, this study could neither determine the prevalence of PE at its initial presentation, nor assess the performance of the age-adjusted D-dimers and pre-clinical scores, and therefore the validity of the diagnostic strategy in its entirety. H. Y. Luu et at performed a systematic screening of PE patients in the emergency department using the YEARS algorithm, comparing COVID-19 and non-COVID-19 patients, which resulted in similar prevalence and D-dimer
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	AUC : Area Under the Curve
	BMI : Body Mass Index
	CRP : C-Reactive Protein
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	PE : Pulmonary Embolism
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	ROC curve : Receiver Operating Characteristic curve
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	VTE : Venous thromboembolism
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 2 . Wells' score Revised Geneva score

	Criteria	Points	Criteria	Points
	Clinical signs and	+3	Age > 65 years old	+1
	symptoms of DVT (leg			
	swelling, painful		Previous DVT or PE	+3
	palpation)		Surgery (under GA) or	+2
	Alternative diagnosis less	+3	fracture of the lower limbs	
	likely than PE		within 1 month	
	Heart rate >100bpm	+1.5	Active malignant condition	+2
	Immobilization (bedrest	+1.5	(solid or hematologic	
	for ≥3 consecutive days)		malignant condition, currently	
	or surgery under general		active or considered cured <1	
	anesthesia in the previous		year)	
	4 weeks		Unilateral lower-limb pain	+3
	History of PE or DVT	+1.5		
	objectively diagnosed		Hemoptysis	+2
	Hemoptysis	+1	Heart rate 75-94 beats/min	+3
	Active malignancy (with	+1		
	current treatment ;		Heart rate ≥ 95 beats/min	+5
	treatment stopped within		Pain on lower-limb deep	+4
	the past 6 months or		venous palpation and	
	palliative care)		unilateral edema	
	DVT : Deep Vein Thrombosis		DVT : Deep Vein Thrombosis ; PE : Pulmonary
	PE : Pulmonary Embolism		Embolism ; GA : General Anesthesia	
	Score < 2 : low probability		0-3 points : low probability	
	Score 2-6 : moderate probability		4-10 points : intermediate probability
	Score > 6 : high probability		≥ 11 points : high probability	

Table 1 .

 1 Baseline characteristics and univariate comparison

		Characteristics	Total (%)	PE-	PE+	p-value
			N= 286	N = 264	N = 22	
	Demography	Gender (male)	175 (61.2)	161 (61.0)	14 (63.6)	0.81
		Age (years)	69.5 [56.0 -82.0] 68.0 [55.8 -81.0] 81.5 [68.8 -87.0]	0.02
		Age > 65 years	174 (60.8)	156 (59.1)	18 (81.8)	0.05
	CTPA results	Extent of COVID-				0.25
		19 lesions				
		None	25 (8.7)	22 (8.3)	3 (13.6)	
		Mild (<10%)				

Table 2 .

 2 Odds-ratio for pulmonary embolism in univariate and multivariate analysisThe probability for a patient to have PE is not equivalent to the prevalence in the general population, and is related to the patient's history and clinical presentation. For this reason, pretest probability scores (Wells, Geneva) are commonly used to estimate this risk as a first step in Bayesian reasoning. Once the items included in these scores have been summed, a distinction is made between patients with a low to intermediate probability and patients with a high probability. Although a high probability is enough to justify performing a CTPA to confirm PE, a low to intermediate probability requires in most cases the quantification of D-dimer concentration in order to refine the probability of PE.[START_REF] Kline | Diagnosis and Exclusion of Pulmonary Embolism[END_REF] Another validated approach in

			40 (14.0)	38 (14.4)	2 (9.1)	
		Critical (> 75%)	2 (0.7)	2 (0.8)	0 (0)	
		Distribution of PE				
		Central			2/22 (9.1)	
		Lobar			6/22 (27.2)	
		Segmental			8/22 (36.5)	
		Subsegmental*			6/22 (27.2)	
	Revised Geneva probability	Low	69 (24.1)	67 (25.4)	2 (9.1)	0.11
		Intermediate	215 (75.2)	196 (74.2)	19 (86.4)	0.22
		High	2 (0.7)	1 (0.4)	1 (4.5)	0.08

  The prevalence of PE associated with COVID-19 at the time of initial presentation to the ED remains uncertain, as the studies specifically conducted in this population are subject to the selection bias of retrospective studies and present discordant results: some report a prevalence of PE identical to the non-COVID-19 population[START_REF] Freund | Association between Pulmonary Embolism and COVID-19 in ED patients Undergoing CTPA: the PEPCOV international retrospective study[END_REF],[START_REF] Luu | Systematic screening for pulmonary embolism using the YEARS algorithm in patients with suspected COVID-19 in the Emergency Department[END_REF],[START_REF] Jalaber | Role of upfront CT pulmonary angiography at admission in COVID-19 patients[END_REF], while others indicate an excess risk.[START_REF] Gervaise | Acute pulmonary embolism in non-hospitalized COVID-19 patients referred to CTPA by emergency department[END_REF]-[START_REF] Jevnikar | Prevalence of pulmonary embolism in patients with COVID 19 at the time of hospital admission[END_REF] Regarding Wells score, the appreciation of an alternative diagnosis less likely than PE is subjective in the context of infectious lung disease, so the reproducibility of this criterion is

	questionable.
	Interpretation of D-dimers is also subject to different biases in COVID-19 infection. Several
	physiological or pathological situations may cause fibrin formation and thus an increase of D-
	dimers, such as age, pregnancy, acute infection (COVID-19 being one), surgery, cancer, recent
	trauma. Because of the low specificity of this biomarker, some circumstances require
	adjustment of the diagnostic threshold used, for instance the now usual use of an age-adjusted
	threshold (500µg/L for patients under 50 years old of age and (age x 10) µg/L for patients over
	50 years old of age)

Physiopathology, risk factors

Virchow's triad (endothelial injury, venous stasis and hyper coagulability) contributes to thrombi formation, hence explains the risks factors of PE and DVT which are : [START_REF] Crous-Bou | Environmental and Genetic Risk Factors Associated with Venous Thromboembolism[END_REF] • Provoking risk factors: immobilization, fracture, surgery, cancer, active infection, pregnancy, post-partum, smoking, long distance travel… [START_REF] Gal | Prediction of Pulmonary Embolism in the Emergency Department: The Revised Geneva Score[END_REF] If a patient has a high pre-test probability of having PE, he directly undergoes CTPA without D-dimer measurement needed. On the contrary, when the probability is low or moderate, D-dimers are performed applying a 500µg/L cut-off when the patient is under 50 years old, or the age adjusted D-dimer cut off which consists in multiplying age by 10 when the patient is over 50 years old. If the concentration is above the threshold, a pulmonary imaging is recommended, CTPA being the gold standard. [Figure 2

] [17]

Statistical analysis

Categorical variables were described as numbers and percentages. Continuous variables were presented as median with interquartile ranges (Q1-Q3). Statistical tests were performed at the first-species risk of error alpha=5%. Risk factors associated with PE were explored using univariate and multivariate logistic regression methods.

The ROC curve was used to determine the cut-off point for the best diagnostic performance in our sample. The threshold providing a 98% NPV was determined, in accordance with the recommendations for the assessment of D-dimer threshold. [START_REF] Dronkers | Towards a tailored diagnostic standard for future diagnostic studies in pulmonary embolism: communication from the SSC of the ISTH[END_REF] We also assessed the threshold of 1000µg/L, used in the YEARS and PEG-eD diagnostic strategies. The diagnostic performance of these three D-dimer thresholds was evaluated using sensitivity, specificity, positive and negative predictive value, positive and negative likelihood ratios.

Statistical analyses were performed using JAMOVI software, version 1.6.23.
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Correlation between D-dimer concentration and pulmonary embolism

The minimal D-dimer value for a patient with PE was 1850µg/L, while the maximal value for a patient without PE was 9900µg/L [Figure 2].