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Résumé

Contexte. -Les recommandations des sociétés savantes internationales définissent la prise en charge des embolies pulmonaires (EP) aigues selon la stratification du risque de mortalité aigue.

Objectif. -Les objectifs de notre étude étaient d'étudier les conditions de non-compliance aux recommandations pour le traitement des EP aigues, ainsi que le risque associé de survenu d'évènement clinique.

Méthodes. -Nous avons réalisé une étude observationnelle, multicentrique, prospective d'une cohorte d'EP aigue . Les critères d'inclusions étaient toutes les EP admises dans les centres participant entre Janvier 2011 et Avril 2017. L'évaluation de la compliance aux recommandations étaient faîtes sur la base de la loi du tout ou rien. Le critère primaire de jugement était la mortalité toute cause à 6 mois. Les critères secondaires étaient les récidives de maladie thrombo-embolique veineuse (MTEV) et les saignements majeurs.

Résultats. -Au total, 1285 patients ont été inclus. Le traitement de l'EP n'était pas en accord avec les recommandations chez 172 patients (13.4%). Nous avons identifié 4 facteurs associés à la noncompliance aux recommandations : L'existence d'une hypotension artérielle ou d'un état de choc (risque relatif [RR] 5.23, 95% Intervalle de confiance [IC] 2.64-10.30; P < 0.001), une altération de la fonction rénale (RR 1.80, 95% IC 1.41-2.28; P < 0.001), un cancer actif (RR 1.35, 95% IC 1.24-1.48; P < 0.001) et une dysfonction ventriculaire droite à l'admission (RR 1.06, 95% IC 1.01-1.11; P = 0.01). Le critère primaire, décès toute cause à 6 mois est survenu chez 62 patients du groupe noncompliant (36.0%) et chez 131 patients du groupe compliant (11.8%) avec un risque relatif de 2.02 pour le groupe non-compliant (95%IC 1.45-2.81 ; P < 0.001). Au cours du suivi, les taux de survenu des récidives de MTEV (8.7% vs 1.1%; P < 0.001) et de saignement majeur (13.4% vs 4.9%, P = étaient plus élevés dans le groupe non-compliant comparativement au groupe compliant.

Conclusion. -Dans notre, étude, la non-compliance aux recommandations étaient associée à un surrisque de décès, de récidive de MTEV et de saignement. 

KEYWORDS

Background

Evidence-based clinical practice guidelines define the initial management of acute pulmonary embolism (PE) according to risk stratification for early death [START_REF] Jaff | Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart Association[END_REF][START_REF] Kearon | Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report[END_REF][START_REF] Konstantinides | ESC Guidelines on the diagnosis and management of acute pulmonary embolism[END_REF][START_REF] Konstantinides | ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the European Society of Cardiology (ESC)[END_REF]. The mainstay treatment is anticoagulation to prevent early death and recurrent venous thromboembolism (VTE) [START_REF] Kearon | Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report[END_REF]. Reperfusion therapy enables rapid restoration of pulmonary perfusion, and is recommended in massive PE with hypotension or shock [START_REF] Stein | Thrombolytic therapy in unstable patients with acute pulmonary embolism: saves lives but underused[END_REF][START_REF] Takahashi | Aggressive surgical treatment of acute pulmonary embolism with circulatory collapse[END_REF]. The guidelines stipulate special considerations for patients with cancer and during pregnancy, while the implantation of inferior vena cava (IVC) filters should be limited to patients with an absolute contraindication to anticoagulant treatment. The duration of anticoagulation is at least 3 months and should be tailored to the risk of VTE recurrence and bleeding in each individual patient [START_REF] Jaff | Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart Association[END_REF][START_REF] Kearon | Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report[END_REF][START_REF] Konstantinides | ESC Guidelines on the diagnosis and management of acute pulmonary embolism[END_REF].

Compliance with guidelines is considered as a key component of the assessment of quality of care [START_REF] Spertus | ACCF/AHA new insights into the methodology of performance measurement: a report of the American College of Cardiology Foundation/American Heart Association Task Force on performance measures[END_REF]. Available data are sparse and inconsistent regarding the non-compliance with guidelines for the treatment of acute PE, and the clinical implications thereof [START_REF] Chaidi | Adherence to guidelines for the treatment of venous thromboembolism in cancer patients: a retrospective analysis of 145 cases[END_REF][START_REF] Mahe | Adherence to treatment guidelines for cancer-associated thrombosis: a French hospital-based cohort study[END_REF][START_REF] Sevestre | Compliance with recommendations of clinical practice in the management of venous thromboembolism in cancer: the CARMEN study[END_REF][START_REF] Spyropoulos | Is Adherence to the American College of Chest Physicians Recommended Anticoagulation Treatment Duration Associated With Different Outcomes Among Patients With Venous Thromboembolism?[END_REF][START_REF] Jimenez | Management appropriateness and outcomes of patients with acute pulmonary embolism[END_REF]. Therefore, the aims of the present study were to investigate patterns of non-compliance with guidelines for the acute PE treatment, and the associated risk of adverse events using data from a prospective, multicentre registry.

Methods

We performed a prospective, observational study, based on a regional multicentre registry including 11 departments in five centres. Inclusion criteria were patients aged 18 years or older with a diagnosis of PE confirmed by computed tomography pulmonary angiography or ventilation-perfusion scan. PE was defined as one of the following findings: an intraluminal filling defect in (sub)segmental or more proximal branches on spiral computed tomography scan, or a perfusion defect of at least 75% of a segment with a local normal ventilation result (high probability) on ventilation-perfusion scan. Informed consent was obtained from each patient. Study methods and results are reported in accordance with the Strengthening the reporting of Observational studies in Epidemiology guidelines [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF]. The management of PE was left at the discretion of the physicians in charge. The study was conducted in accordance with the Declaration of Helsinki. Institutional Review Board approval was obtained.

Baseline characteristics and in-hospital adverse events were recorded prospectively by the research physicians. Six months after the diagnosis of PE, patients returned to the hospital for followup visits. If the patient failed to attend the hospital visit, the following sequential procedure was followed: telephone interview with the patient or the patient's family, consultation of the hospitalization records since discharge, telephone contact with the patient's general practitioner or other treating physician, and finally, consultation of the national death registry. Six-month follow-up was 100% complete.

Using the guidelines for the diagnosis and management of acute PE that were in place during the study period as a benchmark for quality of PE care [START_REF] Jaff | Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart Association[END_REF][START_REF] Kearon | Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report[END_REF][START_REF] Konstantinides | ESC Guidelines on the diagnosis and management of acute pulmonary embolism[END_REF][START_REF] Torbicki | Guidelines on the diagnosis and management of acute pulmonary embolism: the Task Force for the Diagnosis and Management of Acute Pulmonary Embolism of the European Society of Cardiology (ESC)[END_REF], we selected the following nine items to describe and assess compliance:

1. Reperfusion therapy including thrombolysis or surgical embolectomy to treat massive PE (catheter-directed therapy was not available in the participating centres during the study period).

2. Implantation of an IVC filter in patients with acute PE and absolute contraindications to anticoagulation.

3. Appropriate dosing of a direct oral anticoagulant (DOAC) (10 mg twice daily for 7 days, followed by 5 mg twice daily in patients treated with apixaban as an alternative to the combination of parenteral anticoagulation with a vitamin K agonist; or 15 mg twice daily for 3 weeks, followed by 20 mg once daily in patients treated with rivaroxaban as an alternative to the combination of parenteral anticoagulation with a vitamin K antagonist). Edoxaban and dabigatran were not available on the market in France at the time of the study. [START_REF] Konstantinides | ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the European Society of Cardiology (ESC)[END_REF]. Low-molecular-weight heparin (LMWH) monotherapy to treat cancer-associated PE in patients without severe renal insufficiency (defined as creatinine clearance <30 mL/min). 8. For patients with PE and cancer, extended anticoagulation (beyond the first 3-6 months) considered for an indefinite period or until the cancer was cured (if no IVC filter was implanted). 9. Anticoagulation treatment of indefinite duration for patients with a second episode of unprovoked PE (if no IVC filter was implanted).

All nine items were strictly independent of each other and were recommended by both the North American and the European guidelines [START_REF] Jaff | Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart Association[END_REF][START_REF] Kearon | Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report[END_REF][START_REF] Konstantinides | ESC Guidelines on the diagnosis and management of acute pulmonary embolism[END_REF]. These criteria are likewise in accordance with the updated 2019 European Society of Cardiology guidelines for the management of acute PE [START_REF] Konstantinides | ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the European Society of Cardiology (ESC)[END_REF]. The measure of 100% compliance was used to allocate patients to the compliant or non-compliant groups using an all-or-none composite: management was considered compliant when all applicable measures were correctly applied, and non-compliant if any one or more was not applied, as previously described [START_REF] Nolan | All-or-none measurement raises the bar on performance[END_REF].

Outcomes were assessed during the 6 first months after the diagnosis of acute PE. All adverse events were adjudicated by an independent committee. The primary endpoint was all-cause death at 6 months after the diagnosis of PE. Prespecified secondary endpoints included recurrent VTE and bleeding at 6 months, as well as death, recurrent VTE and bleeding during the hospital stay. Clinical outcomes between discharge and follow-up were also analysed. PE was considered the cause of death if there was objective documentation or if death could not be attributed to another documented cause and PE could not be ruled out. Recurrent VTE included PE confirmed by visualization of new filling defects on computed tomography pulmonary angiography scan, or a perfusion defect involving at least 75% of a segment, with corresponding normal ventilation on a ventilation-perfusion scan, or diagnosis of DVT on compression ultrasonography [START_REF] Remy-Jardin | Central pulmonary thromboembolism: diagnosis with spiral volumetric CT with the single-breath-hold technique--comparison with pulmonary angiography[END_REF][START_REF] Prandoni | A simple ultrasound approach for detection of recurrent proximal-vein thrombosis[END_REF]. Bleeding was defined according to the criteria proposed by the International Society on Thrombosis and Haemostasis [START_REF] Schulman | Definition of major bleeding in clinical investigations of antihemostatic medicinal products in non-surgical patients[END_REF].

Statistical analysis

Normally distributed continuous variables are expressed as mean ± standard deviation (SD) and categorical variables as number and percentage. Unadjusted differences were compared using the chi-square test for categorical variables and Student's t-test for continuous variables. Jonckheere-Terpstra tests were performed to compare compliance trends controlling for calendar year. All the multivariable models included site of care as a random effect to account for patient clustering within sites. To investigate the independent associations between baseline characteristics and noncompliance with evidence-based treatment guidelines, we constructed hierarchical modified Poisson regression models with robust error variance, adjusted for patient-and practice-level characteristics [START_REF] Zou | A modified poisson regression approach to prospective studies with binary data[END_REF]. Results are reported as relative risk (RR) and 95% confidence interval (CI). Outcomes between compliant and non-compliant groups were compared by constructing Cox regression or logistic regression models, as appropriate, adjusted for baseline characteristics and therapies that yielded a P < 0.10 on univariate analysis. Results are reported as hazard ratios (HRs) or odds ratios (ORs) with associated 95% CI and P values. We performed sensitivity analyses of the adjusted relationship between each compliance component and the primary endpoint, all-cause death, using a multivariable Cox model. Statistical tests were 2-sided and considered significant if they yielded P < 0.05. Analyses were performed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

In total, 1285 patients presented an acute PE between January 2011 and April 2017 and were included in the analysis. The mean age of the study population was 66.1 ± 17.1 years and 47.5% were male. A total of 71 patients (5.5%) had high-risk PE, 316 (24.6%) had intermediate/high-risk PE, 485 (37.7%) had intermediate/low-risk PE, and 413 (32.1%) had low-risk PE (Table 1). Based on the all-ornone measure, the overall rate of non-compliance with the guidelines for acute PE treatment was 13.4% (non-compliant group: n = 172, compliant group n = 1113). During the study period, there was no significant improvement in performance measures overall, with a lower rate of non-compliance in 2012 (10.2%) and a higher rate in 2014 (16.3%) (P for trend = 0.72).

The baseline characteristics of the study population are summarized in Table 1. Patients with and those without guideline-compliant management differed significantly in terms of their pre-existing medical conditions and clinical, echographic and laboratory variables. Patients in the non-compliant group were older, presented higher rates of renal insufficiency and active cancer, and had a greater degree of haemodynamic compromise, with lower systolic blood pressure, higher heart rate, and higher prevalence of shock at admission. They also had a higher prevalence of right ventricular dysfunction on echocardiography. All of these findings resulted in a worse PE severity in the noncompliant group. During the acute phase, patients in the non-compliant group were less frequently treated with thrombolytic medication (Table 1).

After multivariable adjustment, shock or hypotension, impaired renal function (per quartile), active cancer, and right ventricular dysfunction at admission were associated with non-compliance with guideline recommendations (Figure 1).

The rates of non-compliance for each individual recommendation are outlined in Table 2. The clinical situations with the highest proportion of non-compliance were use of reperfusion therapy in massive PE (71.8%), followed by IVC filter implantation in the case of a contraindication to anticoagulant (71.4%). LMWHs were prescribed in all pregnancy-related PEs. Time from PE diagnosis to follow-up was 171 ± 11 days in the compliant group and 162 ± 12 days in the non-compliant group (P = 0.34). The primary endpoint of all-cause death between admission and 6-month follow-up occurred in 36.1% of patients in the non-compliant group and in 11.8% of patients in the compliant group (HR 2.02, 95% CI 1.45-2.81; P < 0.001) (Table 3). In multivariable analysis, heart rate at admission (per quartile) (HR 1.3, 95% CI 1.1-1.4), in-hospital bleeding (HR 1.9, 95% CI 1.2-3.0), active malignancy (HR 5.3, 95% CI 3.9-7.2), diabetes mellitus (HR 1.6, 95% CI, 3.1-2.4) and heart failure (HR 1.5, 95% CI 1.1-2.2) were confounding variables for the association between non-compliant management and all-cause death at 6 months. The higher mortality rate observed in the non-compliant group was driven by a higher rate of cancer-related death and cardiovascular death (P < 0.001 and P < 0.004, respectively) (Table 3). The rates of recurrent VTE (8.7% vs 1.1%; P < 0.001) and major bleeding (13.4% vs 4.9%, P = 0.04) between admission and 6month follow-up were higher in the non-compliant group (Table 3).

Analysis of in-hospital outcomes showed a higher rate of all-cause death (23.8% vs 3.5%; P < 0.001), PE-related cardiovascular death (8.7% vs 1.7%; P = 0.001), any bleeding (13.4% vs 3.9%; P = 0.002) and major bleeding (9.9% vs 2.8%; P = 0.01) in the non-compliant group (Table 3). The rates of outcomes between discharge and 6-month follow-up were not significantly different between groups (Table 3).

Figure 2 illustrates the occurrence of the primary endpoint of all-cause death according to compliance status for each item. The death rates were 100% in the 7 patients not treated with extended anticoagulation for cancer-related VTE (P = NS) and in the 3 patients not treated with extended anticoagulation for recurrent VTE (P = NS). The mortality rate was higher for cancer patients in whom LMWH was not prescribed (59.5% vs 35.3% in cancer patients treated with LMWH, P = 0.02), followed by no reperfusion therapy in massive PE (37.2% vs 20.0%, P = NS).

Discussion

The present data from a prospective, multicentre French registry indicate that 13.4% of patients with acute PE are not treated according to the guideline recommendations. Physicians most commonly failed to comply with evidence-based therapies when the patient's haemodynamic status was compromised (i.e. shock, hypotension, right ventricular dysfunction), in patients with cancer, and in patients with impaired renal function. We observed an independent increased risk of death in the noncompliant group, driven mainly by in-hospital PE-related cardiovascular death in high-risk PE, and by cancer-related death at follow-up. Non-compliance with the guidelines was also associated with an increased rate of recurrent VTE at follow-up, and an increased rate of bleeding during the acute phase and at follow-up. Jimenez et al. showed a similar higher rate of short-term adverse events in patients with acute PE not receiving an appropriate anticoagulation regimen, thrombolytic therapy or IVC filter implantation [START_REF] Jimenez | Management appropriateness and outcomes of patients with acute pulmonary embolism[END_REF].

We observed a similar low rate of reperfusion therapy in massive PE as that reported by Stein et al. [START_REF] Stein | Thrombolytic therapy in unstable patients with acute pulmonary embolism: saves lives but underused[END_REF]. Conversely, the compliance rate with LMWH prescription in the context of cancer and VTE (81.8%) and the compliance with the recommendation for >3 months of anticoagulation (99%) were higher in our study than previously reported [START_REF] Chaidi | Adherence to guidelines for the treatment of venous thromboembolism in cancer patients: a retrospective analysis of 145 cases[END_REF][START_REF] Mahe | Adherence to treatment guidelines for cancer-associated thrombosis: a French hospital-based cohort study[END_REF][START_REF] Sevestre | Compliance with recommendations of clinical practice in the management of venous thromboembolism in cancer: the CARMEN study[END_REF][START_REF] Kahn | Management and adherence to VTE treatment guidelines in a national prospective cohort study in the Canadian outpatient setting. The Recovery Study[END_REF]. In our study, 71% of patients who had a contraindication to anticoagulants did not receive an IVC filter. While some studies have found overuse of IVC filters [START_REF] Bikdeli | Vena Caval Filter Utilization and Outcomes in Pulmonary Embolism: Medicare Hospitalizations From 1999 to 2010[END_REF], others have suggested underutilization in patients with acute PE [START_REF] Baadh | Indications for inferior vena cava filter placement: do physicians comply with guidelines?[END_REF].

The international guidelines [START_REF] Jaff | Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart Association[END_REF][START_REF] Kearon | Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report[END_REF][START_REF] Konstantinides | ESC Guidelines on the diagnosis and management of acute pulmonary embolism[END_REF] recommend the use of reperfusion therapy in massive PE, with the highest class level based on robust data. In-hospital death attributable to PE was lower in patients with massive PE who received thrombolytic therapy, compared with those who did not in a cohort study of 72,000 patients [START_REF] Stein | Thrombolytic therapy in unstable patients with acute pulmonary embolism: saves lives but underused[END_REF]. Lower in-hospital death has been reported after surgical embolectomy in haemodynamically unstable patients [START_REF] Takahashi | Aggressive surgical treatment of acute pulmonary embolism with circulatory collapse[END_REF]. We observed an 86% increase in the death rate between patients who received reperfusion therapy during the acute phase (20%) and those who did not (37.2%). Furthermore, non-compliance with management recommendations for massive PE may largely explain the 6.4-fold increase in in-hospital mortality observed in the non-compliant group.

Cancer is a well-established and powerful risk factor for VTE, and the development of PE in this context is a predictor of 1-year death [START_REF] Heit | The epidemiology of venous thromboembolism in the community[END_REF][START_REF] Chew | Incidence of venous thromboembolism and its effect on survival among patients with common cancers[END_REF]. The randomized, multicentre CLOT trial, which included patients with a first episode of cancer-related VTE, demonstrated a 50% reduction in recurrent VTE under LMWH, without any increase in the risk of bleeding, compared with vitamin K antagonist treatment [START_REF] Lee | Low-molecular-weight heparin versus a coumarin for the prevention of recurrent venous thromboembolism in patients with cancer[END_REF]. The guideline-recommended extended duration of anticoagulant therapy in cancerrelated VTE is based on the 20% rate of recurrent VTE in the first year after the index event [START_REF] Joung | Venous thromboembolism in cancer patients in Christchurch[END_REF]. We showed a significant excess of deaths related to cancer at follow-up in the non-compliant group. We observed a 100% death rate in the 7 patients who were not treated with prolonged anticoagulant therapy. The death rate rose significantly from 35.3% in patients who were treated, to 59.5% in those who were not treated by LMWH for cancer-related PE. No such relationship was observed in a previous study including 240 patients with cancer-associated venous thrombosis [START_REF] Mahe | Adherence to treatment guidelines for cancer-associated thrombosis: a French hospital-based cohort study[END_REF].

In our study, patients with impaired renal function were less likely to receive guidelinerecommended therapy for PE, with an increasing likelihood of inadequate care with worsening renal function. This finding is in accordance with studies in patients hospitalized with acute cardiovascular conditions [START_REF] Patel | Quality of care and outcomes among patients with heart failure and chronic kidney disease: A Get With the Guidelines --Heart Failure Program study[END_REF][START_REF] Ovbiagele | Patterns of care quality and prognosis among hospitalized ischemic stroke patients with chronic kidney disease[END_REF]. Renal failure is a well-known risk factor for bleeding [START_REF] Olesen | Stroke and bleeding in atrial fibrillation with chronic kidney disease[END_REF]. Physicians' concerns about bleeding risk could have played a role but we cannot provide any firm conclusions. We observed a similar rate of previous bleeding in both groups. The high rate of anticoagulant misuse in patients with severe renal insufficiency (53.8%), which could lead to overdosing and potential bleeding, do not suggest that physicians are concerned about bleeding, at least in these patients. Finally, we observed numerically higher rates of death among patients with non-compliant management for several other individual compliance items, namely IVC filter implantation in patients with contraindications to anticoagulation, recommended dosing of DOACs, anticoagulant duration for at least 3 months, and extended anticoagulation duration after recurrent VTE. All of these items have demonstrated their effectiveness for treating PE. In patients presenting with VTE who have a significant bleeding risk, IVC filter insertion compared with anticoagulant therapy was associated with a lower risk of PE-related death [START_REF] Muriel | Survival effects of inferior vena cava filter in patients with acute symptomatic venous thromboembolism and a significant bleeding risk[END_REF]. Recent reports showed an increased rate of adverse events in patients with PE treated with non-recommended DOAC dosing [START_REF] Trujillo-Santos | Low-molecularweight or unfractionated heparin in venous thromboembolism: the influence of renal function[END_REF][START_REF] Chopard | Non-recommended dosing of direct oral anticoagulants in the treatment of acute pulmonary embolism is related to an increased rate of adverse events[END_REF]. Spyropoulos et al. showed an increased rate of death, recurrent VTE and bleeding in patients treated less than 3 months after a first VTE [START_REF] Spyropoulos | Is Adherence to the American College of Chest Physicians Recommended Anticoagulation Treatment Duration Associated With Different Outcomes Among Patients With Venous Thromboembolism?[END_REF]. The high rate of recurrent VTE after a second episode of VTE (20.7% at 4 years) justifies the extended duration of anticoagulation in these situations [START_REF] Schulman | The duration of oral anticoagulant therapy after a second episode of venous thromboembolism. The Duration of Anticoagulation Trial Study Group[END_REF].

Strengths and limitations

The strengths of this study include the prospective nature, adjudication of outcomes, and 100% complete follow-up. Our analysis also has limitations. We did not record individual data regarding the reasons motivating physicians' decisions to prescribe a treatment in compliance, or not, with the guidelines. Our results may not be extrapolated to overall clinical practice even though the study was multicentre and involved different medical specialties.

Conclusions

Our results underscore the difficulty of providing treatment in compliance with guidelines in all patients and present an important opportunity for multidisciplinary quality improvement. The implementation of an on-site multidisciplinary PE response team [START_REF] Dudzinski | Multidisciplinary Pulmonary Embolism Response Teams[END_REF], which engages multiple specialists to deliver evidence-based, organized, and efficient care to PE patients, might improve compliance with PE guidelines and patient prognosis, especially in high-risk PE and in cancer-related PE.
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 56 LMWH monotherapy to treat pregnancy-related PE in patients without severe renal insufficiency. No use of LMWH, fondaparinux or DOACs in patients with severe renal insufficiency (contraindicated).7. Oral anticoagulation for at least 3 months after the first episode of PE (if no IVC filter was implanted).

Figure 1 .

 1 Figure 1. Clinical factors independently associated with non-compliance with guidelines for the management and treatment of acute pulmonary embolism. RR: relative risk; CI: confidence interval; RV: right ventricle.

Figure 2 .

 2 Figure 2. Occurrence of the primary endpoint (all-cause death) according to the number of eligible patients and compliance status for each item of the guidelines for the treatment of acute PE. DOAC: direct oral anticoagulant; IVC: inferior vena cava; LMWH: low-molecular-weight heparin; OAC: oral anticoagulation; PE: pulmonary embolism; VTE: venous thromboembolism. *P < 0.05 by multivariable sensitivity analysis.

Table 1

 1 Baseline characteristics of the study population according to compliance or non-compliance with the treatment of acute pulmonary embolism. Echocardiographic criteria of right ventricular dysfunction include right ventricle/left ventricle diameter ratio >1, hypokinesia of the free RV wall; increased velocity of the tricuspid regurgitation jet >; or combinations of the above.

	Variable		Total	Compliance with	P
			(n=1285)	guidelines		
				Yes (n=1113) No (n=172)	
	Age (years)		66.1 ± 17.1 66.1 ± 17.2	70.3 ± 16.4 0.001
	Male sex		611 (47.5)	585 (52.6)	89 (51.7)	0.86
	Body mass index (kg/m	2 )	27.5 ± 6.3	27.6 ± 6.2	26.3 ± 6.7	0.01
	Comorbidities					
	Coronary disease		186 (14.5)	156 (14.0	36 (20.9)	0.01
	Chronic pulmonary disease	127 (9.9)	107 (9.6)	20 (11.6)	0.41
	History of stroke		83 (6.5)	69 (6.2)	14 (8.1)	0.31
	Renal insufficiency		70 (5.4)	37 (3.3)	33 (19.2)	<0.001
	Active cancer		269 (20.9)	201 (18.1)	68 (39.5)	<0.001
	History of VTE		317 (24.7)	272 (24.4)	45 (26.2)	0.63
	History of bleeding		43 (3.3)	34 (3.1)	10 (5.8)	0.23
	Provoked pulmonary embolism	326 (25.4)	283 (25.4)	43 (25.0)	0.99
	Associated deep vein thrombosis	523 (40.7)	459 (41.2)	64 (37.2)	0.35
	Clinical characteristics					
	Heart rate at admission (bpm)	90.5 ± 19.5 90.1 ± 19.5	93.4 ± 19.4 0.04
	SBP at admission (mmHg)	135.8 ± 24.2 137.6 ± 22.6 123.9 ± 30.9 <0.001
	Arterial oxyhaemoglobin saturation (%)	93.9 ± 4.1	94.0 ± 4.0	93.1 ± 4.7	0.01
	NYHA functional status					<0.001
	I		663 (51.6)	585 (52.6)	78 (45.3)	
	II or III		448 (34.9)	397 (35.7)	51 (30.0)	
	IV		174 (13.5)	131 (11.8)	47 (27.3)	
	Initial shock		45 (3.5)	7 (0.6)	38 (22.1)	<0.001
	Biological data					
	Creatinine clearance (mL/min)	82.6 ± 42.8 84.6 ± 42.1	68.8 ± 47.8 <0.001
	Positive marker of myocardial injury	414 (32.2)	345 (31.0)	69 (40.1)	0.98
	Echo data					
	Right ventricular dysfunction*	552 (42.9)	442 (39.7)	110 (50.9)	0.01
	sPAP (mmHg)		42.8 ± 16.1 42.1 ± 16.4	47.2 ± 13.5 0.001
	sPESI (points)		1 (0, 2)	1 (0, 2)	2 (1, 2)	<0.001
	Early mortality risk					
	High		71 (5.5)	16 (1.4)	55 (32.0)	<0.001
	Intermediate/high		316 (24.6)	274 (24.6)	42 (24.2)	1.0
	Intermediate/low		485 (37.7)	430 (38.6)	55 (32.0)	0.10
	Low		413 (32.1)	393 (35.3)	20 (11.6)	<0.001
	In-hospital treatment					
	Reperfusion therapy				
	Thrombolysis		76 (5.9)	59 (5.3)	17 (10.0)	0.02
	Surgical embolectomy	12 (0.9)	9 (0.8)	3 (1.7)	0.20
	Inferior vena cava filter	4 (0.3)	3 (0.3)	1 (0.6)	0.43

Data are expressed as mean ± standard deviation, number (%) or median (quartile 1, quartile 3). VTE: venous thromboembolic; SBP: systolic blood pressure; sPAP: systolic pulmonary arterial pressure. *

Table 2

 2 Rates of non-compliance with each item of recommended treatment.

	Compliance criterion	Number eligible	Non-compliance rate
		(% of overall	n/N (%)
		population)	
	Reperfusion therapy in PE with shock or hypotension	71 (5.5)	51/71 (71.8)
	Appropriate dosing of DOAC	658 (51.2)	28/658 (4.3
	LMWH in cancer-related PE	232 (1.8)	42/232 (18.1)
	LMWH in pregnancy-related PE	15 (1.2	0 (0)
	DOAC/LMWH/fondaparinux and renal insufficiency	56 (4.4	30/56 (53.6)
	Indication of IVC filter implantation	14 (1.1)	10/14 (71.4)
	Duration of OAC >3 months	1281 (99.7)	10/1281 (0.8)
	Extended OAC duration in cancer-related VTE	226 (17.6)	7/226 (3.1)
	Extended OAC duration in recurrent VTE	317 (24.7	3/317 (0.9)

DOAC: direct oral anticoagulant; IVC: inferior vena cava; LMWH: low molecular weight heparin; OAC: oral anticoagulation; PE: pulmonary embolism; VTE: venous thromboembolism.

Table 3

 3 Adjusted outcomes according to compliance or non-compliance with the guidelines for the management of acute pulmonary embolism.Data are expressed as number (%). CI: confidence interval; HR: hazard ratio; OR: odds ratio; PE: pulmonary embolism; VTE: venous thromboembolism.

	Outcomes	Compliance with guidelines HR/OR (95% CI)	P
		Yes (n=1113) No (n=172)		
	Between admission and 6-month follow-up			
	Primary endpoint:	131 (11.8)	62 (36.0)	2.02 (1.45-2.81)	<0.001
	Death from any cause				
	Cause of death				
	Cancer	61 (5.5)	33 (19.2)	2.18 (1.59-2.99)	<0.001
	Cardiovascular	19 (1.7)	15 (8.7)	2.82 (1.37-5.81)	0.004
	Haemorrhage	6 (0.5)	2 (1.2)	2.38 (0.48-11.8)	0.28
	Recurrent VTE	2 (0.2)	2 (1.2)	5.41 (0.69-42.2)	0.10
	Other	32 (2.9)	7 (4.1)	1.73 (0.76-3.92)	0.18
	Recurrent VTE	12 (1.1)	15 (8.7)	5.41 (2.11-13.8)	<0.001
	Any bleeding	96 (8.6)	34 (19.8)	1.46 (0.95-2.22)	0.07
	Major bleeding	54 (4.9)	23 (13.4)	1.70 (1.01-2.89)	0.04
	In-hospital				
	Death from any cause	39 (3.5)	41 (23.8)	6.38 (3.53-11.5)	<0.001
	Cause of death				
	PE-related cardiovascular	19 (1.7)	15 (8.7)	3.47 (1.65-7.29)	0.001
	Recurrent PE	0 (0)	2 (1.2)	0.99 (0.12-7.3)	0.99
	Bleeding	5 (0.4)	1 (0.6)	2.4 (0.4-13.6)	0.81
	Other	15 (1.3)	2 (1.2)	2.24 (0.32-4.4)	0.12
	Recurrent VTE (%)	0 (0)	10 (5.8)	1.48 (0.88-2.48)	0.13
	Any bleeding	43 (3.9)	23 (13.4)	2.40 (1.34-4.28)	0.002
	Major bleeding	31 (2.8)	17 (9.9)	2.34 (1.20-4.58)	0.01
	Between discharge and follow-up				
	Death from any cause	92 (8.3)	21 (12.2)	1.23 (0.77-1.98)	0.37
	Recurrent VTE	12 (1.1)	5 (3.8)	1.95 (0.59-6.42)	0.26
	Any bleeding	59 (5.3	12 (9.2)	1.42 (0.82-2.44)	0.53
	Major bleeding	24 (2.2)	6 (4.6)	1.31 (0.52-3.32)	0.55