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INTRODUCTION

Interest in ultrasonography (US) in emergency medicine has increased in recent years, as reflected by a marked increase in publications on the topic [START_REF] Herbst | Use of point-of-care ultrasound in Connecticut emergency departments[END_REF]. Recent years have seen calls for an increase in emergency ultrasound research and manuscript publication to provide additional evidence of clinical efficacy [START_REF] Rose | Ultrasonography and outcomes research: one small step for mankind or another drop in the bucket?[END_REF][START_REF] Physicians | Emergency ultrasound guidelines[END_REF]. In fact, mounting clinical evidence documents the value of point-of-care US as an important diagnostic, clinical-management, and procedural tool that results in improved patient safety and quality of care [START_REF] Moore | Point-of-care ultrasonography[END_REF][START_REF] Shekelle | The top patient safety strategies that can be encouraged for adoption now[END_REF]. The number of guidelines for using US in emergency departments (EDs) has increased greatly [START_REF] Lichtenstein | BLUE-protocol and FALLS-protocol: two applications of lung ultrasound in the critically ill[END_REF][START_REF] Melniker | Randomized controlled clinical trial of pointof-care, limited ultrasonography for trauma in the emergency department: the first sonography outcomes assessment program trial[END_REF].

With the interest in US in emergency medicine, determining whether trials with published results are well-designed, transparent and fully reported could be useful to clinicians. Poor reporting does not necessarily mean poor methods [START_REF] Soares | Bad reporting does not mean bad methods for randomised trials: observational study of randomised controlled trials performed by the Radiation Therapy Oncology Group[END_REF], but adequate reporting allows readers to assess the strength and weakness of published studies and improve the replication of interventions in daily practice [START_REF] Ioannidis | Why most clinical research is not useful[END_REF][START_REF] Hoffmann | Better reporting of interventions: template for intervention description and replication (TIDieR) checklist and guide[END_REF].

To our knowledge, the methodological characteristics of randomized controlled trials (RCTs) of US in emergency medicine have not been assessed. The aim of this study was to 1) describe and evaluate the methodological characteristics of trials evaluating an ultrasound intervention in an ED and 2) estimate whether the reports adequately described the intervention to allow replication in practice.
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METHODS

Study design

We performed a review of RCTs assessing an ultrasound intervention in emergency medicine that were published over a 1-year period. We used the Cochrane Collaboration Risk of Bias tool [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF] to assess the risk of bias of included RCTs. We report this systematic review in accordance with the Preferred Reporting of Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) statement [START_REF] Moher | Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement[END_REF].

Search strategy and study selection

We searched MEDLINE via PubMed for RCTs in English, first epublished from January 1, 2015 to December 31, 2015 (search date: January 10, 2017) by using a combination of text words and MeSH terms. The search strategy is in Appendix 1. We included all RCTs assessing an ultrasound intervention, regardless of type, in an ED or evaluating an emergency situation. We excluded systematic reviews or meta-analyses, methodological publications, editorials, research letters, secondary analysis, abstracts or posters, correspondence, and protocols. Two reviewers (QD and EH) independently examined all retained citations based on the title and abstracts, then the full text of relevant studies according to inclusion and exclusion criteria. Any discrepancies were resolved by discussion with a third researcher (AC).

Data extraction

Two independent reviewers (QD and AC) extracted data by using a standardized data extraction form. Any discrepancies were discussed to reach consensus. If needed, a third reviewer (YY) was consulted.
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General characteristics of RCTs

For each RCT, we assessed the following: 1) General characteristics: name of journal, year of publication, location of studies, publication delay, single-center study or multi-center study, the reason of the US, number of participants randomized and analyzed, type of participants performing the procedure (e.g., nurses, medical students), study design, ethical committee approval, reporting of registration number or study protocol available.

2) Primary outcomes: we extracted primary outcomes as defined in the report. If the primary outcome was unclear, we used the outcome stated in the sample size calculation.

3) Type of comparator (e.g., usual procedure or not) and the tested intervention.

Risk of bias assessment

The risk of bias in each RCT was evaluated by assessing the following key domains of the Cochrane Collaboration Risk of Bias tool [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF]: selection bias (i.e., methods for random sequence generation and allocation concealment), performance bias (i.e., blinding of participants and personnel), detection bias (i.e., blinding of outcome assessors), attrition bias (i.e., incomplete outcome data), and reporting bias (i.e., selective outcomes reporting). Each domain was rated at low, high, or unclear risk of bias by the Cochrane handbook recommendations [START_REF] Higgins | Cochrane Handbook for Systematic Reviews of Interventions Version 5[END_REF].

Reproducibility

We used the Template for Intervention Description and Replication (TIDieR) to formulate and guide assessments of key methodological components in reports [START_REF] Hoffmann | Better reporting of interventions: template for intervention description and replication (TIDieR) checklist and guide[END_REF]: what materials (i.e., describe physical or informational materials used in the intervention), what procedures (i.e., describe each

A C C E P T E D M

A N U S C R I P T 6 step of the procedures), who provided (i.e., description of intervention provider), where (i.e., describe the type[s] of location[s]), when and how much (i.e., report the number of times the intervention was delivered), how well planned (i.e., if intervention adherence was assessed, how and by whom, and any strategies to maintain or improve adherence) and how well delivered (actual) (i.e., assessment of intervention adherence delivery as planned). Complete descriptions are in Table 1.

Data and statistical analysis

We reported normally distributed continuous variables as means with SD or as medians with the first and third quartiles (Q1-Q3) and discrete variables as counts or proportions. For risk of bias defined by the Cochrane Collaboration, we determined the frequency of the presence of each bias item. SAS 9.3 (SAS Inst. Inc., Cary, NC, USA) was used for all analyses.
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RESULTS

Search results

We identified 1406 reports of RCTs; 799 reports described research of an ultrasound intervention.

Only 11 reports were in the emergency medicine field (Figure 1).

General characteristics

We identified 11 reports of RCTs published in 7 different journals. Most were published in emergency medicine journals (n=7; 63%). North America were the most frequent location of the studies (n=7; 64%). All studies were single-center study (n=11). Almost all had ethical committee approval (n=9; 82%). Only one study was registered.

Half of the studies evaluated an educational intervention (i.e., to identify vascular access) and half a clinical intervention. The median number of ultrasound operators was 36 [IQR [START_REF] Curtis | Ultrasound or near infrared vascular imaging to guide peripheral intravenous catheterization in children: a pragmatic randomized controlled trial[END_REF]-65] (Table 1).

Four studies did not provide the number of operators included in the study. The most frequently studied operators were medical students or resident physicians (n=4 reports), emergency physicians (n=2) or both (n=1).

Reason for the US (Appendix 1)

Vascular access or identification -One third of studies examined vascular access (n=2) [START_REF] Ha | Modified carotid sinus massage using an ultrasonography for maximizing vagal tone: a crossover simulation study[END_REF][START_REF] Ahn | Using Ultrasound to Enhance Medical Students' Femoral Vascular Physical Examination Skills[END_REF] or vascular tracking (n=2) [START_REF] Curtis | Ultrasound or near infrared vascular imaging to guide peripheral intravenous catheterization in children: a pragmatic randomized controlled trial[END_REF][START_REF] Vogel | Is long-axis view superioir to short-axis view in ultrasound-guidedcentral venous catheterization ?[END_REF]. The study population was medical students (n=2), medical residents (n=1) or nurses (n=1). Trials involved patients or volunteers (n=3) or a simulator (n=1).

The most frequent comparator was the usual procedure (n=3). Outcomes were various.

Dyspnea -Three RCTs studied the contribution of US in dyspnea management in emergency situations: two evaluated its contribution to diagnosis [START_REF] Stewart | BRIPPED scan for evaluation of ED patients with shortness of breath[END_REF][START_REF] Özkan | Stethoscope versus point-of-care ultrasound in the differentialdiagnosis of dyspnea: a randomized trial[END_REF] and one monitoring non-invasive ventilation [START_REF] Strnad | Bedside lung ultrasound for monitoring the effectiveness of prehospital treatment with continuous positive airway pressure in acute decompensated heart failure[END_REF]. The study population was medical students (n=1), emergency physicians (n=1) or Others -The remaining RCTs (n=2) focused on ultrasound-guided nerve blocks [START_REF] Sohoni | Forearm ultrasound-guided nerve blocks vs landmarkbased wristblocks for hand anesthesia in healthy volunteers[END_REF] or contrastenhanced US in placing an endovascular balloon in the aorta [START_REF] Chaudery | Can contrast-enhanced ultrasonography improve Zone III REBOA placement for prehospital care?[END_REF].

Risk of bias assessment

We rated 6 (55%) and 3 (27%) RCTs at low risk of bias for random sequence generation and allocation concealment (Table 2); 8 (73%) at unclear or high risk of bias for improper reporting or absence of participant blinding; and 2 (27%) at low risk of bias for assessor blinding. We rated all RCTs at low risk of bias for attrition bias. Because trials were mostly unregistered, the risk of selective outcome reporting was unclear in most reports (n=10, 91%).

Reproducibility

Only 3 articles (27%) correctly reported all the items of the modified TIDieR checklist for intervention descriptions (Appendix 2). The items "where" and "what procedure" were provided in all studies (n=11). Only one study did not report any materials used. Three-quarters of reports (n=8; 73%) reported "who" provided the intervention; however, authors failed to report the background of participants and/or the number of participants providing the intervention. The
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A N U S C R I P T 9 "when" and "how much" items were completely reported for 4 studies (36%). Authors failed to report the number of times the intervention was delivered and their duration. Adherence (planned and actual) to the intervention was correctly reported in only 3 (27%) and 1 (9%) articles. Although many emergency physicians are convinced of the use of US in patient care, few studies with a high methodological quality have been performed [START_REF] Geria | Point-of-care ultrasound: not a stethoscope-a separate clinical entity[END_REF]. In 2016, Bayram et al., published a bibliometric analysis of the top 100 most-cited clinical studies of US in EDs [START_REF] Bayram | Bibliometric analysis of top 100 most-cited clinical studies on ultrasound in the Emergency Department[END_REF]: between 1988 and 2010, 85 had a prospective cohort design, 6 were retrospective studies and only 9 were RCTs.

A C C E P T E

The weight of RCTs in the emergency US literature remains low.

Several analyses evaluated the methodology in studies of specific ultrasound topics [START_REF] Schandelmaier | Low intensity pulsed ultrasound for bone healing: systematic review of randomized controlled trials[END_REF][START_REF] Aouad-Maroun | Ultrasound-guided arterial cannulation for paediatrics[END_REF][START_REF] Parker | Effectiveness of interventions for adult peripheral intravenous catheterization: A systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Stengel | Emergency ultrasound-based algorithms for diagnosing blunt abdominal trauma[END_REF]. Many highlighted limits of internal validity linked to the lack of blinding. In fact, blinding patients or participants to the intervention seems impossible and studies are at increased risk of performance bias. However, some strategies exist for limiting this risk of bias. For example, Ueda et al. [START_REF] Ueda | Ultrasound visual image-guided vs Doppler auditory-assisted radial artery cannulation in infants and small children by non-expert anaesthesiologists: a randomized prospective study[END_REF] compared the utility of two different radial arterial cannulation techniques in pediatric patients: US-guided versus Doppler-assisted technique. To ensure the blinding assessment, "Data were recorded by one of the research team members who [was] not involved in anaesthetic management of the case." Of course, the strategy depends on the study outcome. So, when blinding assessors is not possible, participants could be blinded to the study objectives [START_REF] Philippon | Effect of simulated patient death on emergency worker's anxiety: a cluster randomized trial[END_REF].

Another bias could be introduced by the lack of standardization of the primary outcome. For example, Curtis et al. [START_REF] Curtis | Ultrasound or near infrared vascular imaging to guide peripheral intravenous catheterization in children: a pragmatic randomized controlled trial[END_REF] defined peripheral intravenous catheterization as a clear flush through
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With only 25% of the interventions being fully reported, dissemination of study findings is at risk. Items most limiting reproducibility were "who" performed the intervention and "when and how much" was performed. By reading the methods section of articles, we could not determine the background of participants. In fact, knowing the educational level of the operators is essential to interpreting the results. In some specialties, the certifying college imposes a minimum and standardized level for performing US [START_REF] Frankel | Guidelines for the Appropriate Use of Bedside General and Cardiac Ultrasonography in the Evaluation of Critically Ill Patients-Part I: General Ultrasonography[END_REF]. For example, in cardiology, all physicians independently interpreting echocardiograms must have a minimum of level II training in transthoracic echography imaging as defined by the American College of Cardiology/American Heart Association/American College of Physicians-American Society of Internal Medicine Task Force on Clinical Competence in Echocardiography, or its equivalent, and must meet annual criteria to maintain that competence [START_REF] Quinones | American College of Cardiology/American Heart Association Clinical Competence Statement on Echocardiography[END_REF]. As for other areas in emergency medicine, differing levels of expertise exist in the real world of health care and affect the success of any intervention integrated into bedside care [START_REF] Frey | Success rates for peripheral i.v. insertion in a children's hospital. Financial implications[END_REF][START_REF] Parker | A systematic review: effectiveness of pediatric peripheral intravenous catheterization strategies[END_REF]. The background of each specialty training must be accessible and published. In France, we are currently working on standardizing training and skills in US [START_REF][END_REF].

Finally, the intensity of the intervention was poorly reported by authors. In fact, in an emergency situation, the duration and number of interventions performed and the learning curve are of undeniable importance. The aim of US is to save time in the care of patients. All these limits illustrate that ultrasound technology in emergency medicine features a paradox known as "Buxton's Law" [START_REF] Buxton | Problems in the economic appraisal of new health technology: the evaluation of heart transplants in the UK. Economic appraisal of health technology in the European Community[END_REF]: it is always too early to rigorously evaluate a new technology until it is suddenly too late because almost all practitioners have adopted the method because of convenience, preference, or other reasons.
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Our study has several limitations. First, we could have omitted some studies because we performed our research in only one database (i.e., MEDLINE via PubMed). However, we performed an exhaustive research and MEDLINE gives an overview of research. Second, for the assessment of the methodological quality, authors might have omitted key information from reports that was deleted during the publication process, and we were able to assess published reports only.
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CONCLUSION

Despite high clinical interest in US, few RCTs have evaluated an ultrasound intervention in emergency medicine. Moreover, the quality of these trials raises questions. In our sample, authors did not correctly report blinding of participants and outcome assessors or allocation concealment.

Authors must ensure that they report all key items of RCTs to allow reproducibility of the intervention and generalizability of results. 
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  A C C E P T E D M A N U S C R I P T 8 both (n=1). All interventions involved patients in EDs. The usual process was the comparator in all studies. Diagnosis was the most frequent outcome (n=2). Focused Assessment with Sonography for Trauma (FAST) -Two studies evaluated the FAST procedure [21-22]. The study population was emergency students or a pre-hospital team. The usual process was the comparator in both studies. Outcomes were FAST image acquisition and interpretation skills assessment scores or a composite (comparison of ultrasound knowledge, comfort with use of US and results of an objective structured clinical examination).

  We performed a review of methodology for published RCTs assessing an ultrasound intervention in emergency medicine. Results of only 11 RCTs were published during 2015; RCTs represented a small part of the research in ultrasound intervention. The most frequent topics were vascular access and dyspnea. Only 3 RCTs had low risk of bias for performance and detection bias (blinding of outcome assessors). One quarter correctly reported all the items of the modified TIDieR checklist for intervention descriptions.

  Figure 1
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Where: describe the type(s) of location(s) where the intervention occurred, including any necessary infrastructure or relevant features.

(100%)

When and how much: describe the number of times the intervention was delivered and over what period of time including the number of sessions, their schedule, and their duration, intensity or dose.

(36.3%)

How well (planned): intervention adherence or fidelity was assessed, describe how and by whom, and if any strategies were used to maintain or improve fidelity, describe them.

(27.3%)

How well (actual): intervention adherence or fidelity was assessed, describe the extent to which the intervention was delivered as planned.