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Experience of ultrasound performed by infectiologists, an innovating approach for the management of patients

de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Methods: Retrospective study between 1 st June 2019 and 1 st June 2020 in an infectious and tropical diseases unit in a tertiary University Hospital.

Results: One hundred and thirty-one ultrasounds were performed on 127 patients by the infectious diseases team. These included 64 musculoskeletal ultrasounds (31 in native joints and 33 in prosthetic joints including 15 knees, 13 hips and 5 spacers) and 33 led to a fluid aspirat. Fourteen lung ultrasounds were done, 11 confirmed pneumopathy and 7 resulted in pleural puncture. Twenty-three vascular ultrasounds were done, 17 to insert a catheter, and four to perform a blood test. Five ultrasounds explored adenopathy, of which one node tuberculosis and one Bartonella infection were diagnosed. In prosthetic joint infections, sensitivity and specificity of ultrasound with fluid aspirate and analysis were respectively 100% and 100% for the knee and 40% and 100% for the hip.

Conclusion:

Ultrasound performed by infectiologists is useful and contributes to a faster diagnosis. Furthermore, the specificity of ultrasound with aspirat and fluid analysis is very high in prosthetic joint infection. Ultrasound training courses should be considered for infectiologists including resideKeywords: Infectious disease physician. Prosthetic joint infection. Fluid aspirate. Ultrasound.INTRODUCTION Used in medicine since the 1970s, the development of ultrasound inclinical practice is still ongoing. It is a non-invasive, non-irradiant, uncostly examination which can be performed at the bedside (Point-of-care ultrasound [POCUS]). Its safety makes it a first choice examination in numerous situations [START_REF]Société française de radiologie. Guide du Bon Usage des examens d'imagerie médicale[END_REF]. Initially restricted to radiologists, use of ultrasound has been in practise among medical and surgical specialists for many years [START_REF] Gradinaru | Etude rétrospective transversaleconcernant la pratique échographique des médecins inscritsau DIU d'Imagerie et Techniques Ultrasonores ces 10 dernières années[END_REF].In rheumatology, ultrasound is used for diagnosis purposes in chronic inflammatory rheumatism like rheumatoid arthritis and in an interventional context to guide puncture or corticosteroids injections [START_REF] Lecoq | Échographie en rhumatologie[END_REF][START_REF] Albert | Intérêt de l'échographie en rhumatologie interventionnelle[END_REF]. In emergency units, it contributes to quick diagnoses in detecting pulmonary edema or assessing patient's blood volume. Focused assessment with sonography for trauma (FASTécho) has become an essential tool for finding peritoneal effusion in polytrauma patients [START_REF] Körner | Current Role of Emergency US in Patients with Major Trauma[END_REF]. It's now included in emergency physicians' training [START_REF] Duchenne | Premier niveau de compétence pour l'échographie clinique en médecine d'urgence. Recommandations de la Société française de médecine d'urgence par consensus formalisé[END_REF][START_REF] Martinez | Deuxième niveau de compétence pour l'échographie clinique en médecine d'urgence. Recommandations de la Société française de médecine d'urgence par consensus formalisé[END_REF]. In pneumology, it is used to detect and drain pleural effusion, and to distinguish between pneumopathy and atelectasis [START_REF] Volpicelli | International evidence-based recommendations for point-of-care lung ultrasound[END_REF]. The use of ultrasound in general medicine is also growing [START_REF]Utilisation de l'échographie par les médecins généralistes en France : enquête descriptive[END_REF]. It helps the diagnosis of cholecystitis or venous thrombosis [START_REF] Salles | Intérêt de la pratique de l'échographie en soins primaires par le médecin généraliste en France[END_REF]. Ultrasounds performed by infectious disease physicians could therefore be of interest but there is a lack of specific data.

The primary aim of this study was to describe ultrasound performed routinely by infectious disease physicians. The secondary aim was to assess the diagnostic performance of ultrasound with aspirat and fluid analysis in prosthetic joint infections

METHODS

This paper reports on a retrospective study between 1 st June 2019 and 1 st June 2020 in an infectious and tropical diseases unit in a tertiary University Hospital. This unit has a capacity of 58 beds and an ambulatory unit of six beds. Four infectious disease physicians performed ultrasounds at the bedside after informed consent in a clinical setting in the infectious and tropical diseases unit. These physicians were two women and two men, with a mean age of 35 and a mean of six years of infectious medicine practice.

The LOGIQ P9 (General Electric -GE Healthcare) ultrasound scanner was used with two types of probes. One linear probe with a frequency ranging from 3 to 8 MHz (9L) for surface exploration with an optimal resolution such as in joints, muscles and tendons. One convex probe with a frequency ranging from 2 to 5 MHz (C1-5) was used to explore deep organs such as the gall bladder or for pleural ultrasound. In the latter the visual field is wider but with less resolution.

For every ultrasound, we noted patient identity, date of birth, region explored and the clinical hypothesis leading to the use of ultrasound, ,the result of exam and if a puncture was performed. For knee ultrasounds, patients were placed in the supine position with a slight flexion of the joint. For hip ultrasounds, the patients were placed in the supine position with the lower limbs positioned symmetrically, then in the opposite decubitus [START_REF] Sans | Échographie musculosquelettique[END_REF]. The ultrasound was considered to be positive in the presence of an effusion (joint, pleural), or a collection (soft tissue) that was significant according to the clinician if it led to a fluid aspirat. The fluid aspirat could then be performed by direct puncture after ultrasound identification or by ultrasound-guided puncture (Figure 1) [START_REF] Cyteval | Les prothèses du genou et leurs complications[END_REF]. The fluid aspirat was always performed maintaining aseptic conditions. The sample was sent to the laboratory for a synovial white blood cell count and for culture. It was considered positive if the white blood cell count was higher than 2000/mm3 and/or the culture was positive. The final diagnosis of prosthesis infection was made according to the Musculo-Skeletal Infection Society (MSIS) reference criteria, which allow the diagnosis to be confirmed or excluded [START_REF] Parvizi | The 2018 Definition of Periprosthetic Hip and Knee Infection: An Evidence-Based and Validated Criteria[END_REF]. Infectious disease physicians and orthopedic surgeons jointly evaluated all patients per-operatively. Every patient has a blood test with CRP dosage. Depending on the the infectiologist's decision, bone and leukocyte scintigraphy could also be done. A per-operative alpha-defensin test could also be done according to clinician decision. All patients had multiple samples taken during the surgery for bacteriological and mycological cultures and histological analysis.

Patients were regularly followed as outpatients for at least one year.

We present here the indications and results of the various ultrasounds performed in the unit.

RESULTS

One hundred and thirty-one ultrasounds were performed on 127 patients. Fifty-seven (45%) of the patients were female. The median age was 63.5 years (Interquartile range 25-75: 51-76). Eighty-three ultrasounds showed effusion and / or collection and 52 (63%) resulted in puncture.

Sixty-four musculoskeletal ultrasounds (49% of the total ultrasounds) were performed. The characteristics are reported in Table 1. Thirty-three ultrasounds were performed for a suspected prosthetic joint infection, 29 of which showed intra-articular effusion and 22 (66%) led to puncture. The median time since the last surgery was two years. Among the 15 prosthetic knees, five had infection. Of these, all had a positive ultrasound with collection visualization and an elevated synovial white blood cell count including two with positive cultures. Among the ten patients without infection, five didn't have sufficient effusion to allow fluid aspirate and five had negative culture of the articular fluid. The sensitivity of ultrasound alone for total knee replacement infections was 100% and the specificity was 50%.The sensitivity of the ultrasound combined with analysis of articular fluid for total knee replacement infections was 100% and the specificity was 100%. Among the 13 prosthetic hips, ten had an infection. Of these, four had positive ultrasounds with positive cultures of articular fluid, six didn't have sufficient effusion to allow fluid aspiration and three had negative cultures of articular fluid. Among the three patients without infection, one didn't have fluid aspirate and the two others had a negative culture of articular fluid. The sensitivity of ultrasound alone for total hip replacement infections was 70% and the specificity 33%. The sensitivity of the ultrasound combined with analysis of articular fluid for total hip replacement infections was 40% and the specificity 100%. Among the five spacers, two had an infection. Among the two patients with infection, one had an elevated synovial white blood cell count and a positive culture. Of the three patients without infection, only one didn't have a sufficient effusion to allow fluid aspirate and two had a negative culture of articular fluid. The sensitivity of ultrasound alone for spacer infections was 100% and the specificity 33%. The sensitivity of the ultrasound combined with analysis of articular fluid for spacer infections was 50% and the specificity 100%.

Fourteen lung ultrasounds (11%) were performed. Thirteen demonstrated pleural effusion, seven were drained, and six were minimal or encysted and did not allow puncture. Eleven ultrasounds confirmed the presence of pneumonia. Pathological analysis of the pleural fluid confirmed one bronchial adenocarcinoma. The culture of the liquid from the six other punctures was negative.

Twenty-three vascular ultrasounds (17%) were performed. Seventeen to insert catheters, including five peripheral intravenous catheters and 12 peripherally inserted midline catheters.

Four of them allowed a blood test; one allowed the assessment of vena cava compliance and one revealed deep venous thrombosis.

Twenty-one soft-tissue ultrasounds (16%) were performed: 10 looking for a collection in a lower limb, including two on an amputated limb and one revealed a hematoma. An ultrasound allowed the diagnosis of popliteal cyst. Another diagnosed a psoas abscess. Three ultrasounds were performed to look for abscesses in the pelvis, including one on a sacral bedsore. Four ultrasounds were performed on the upper limb to explore swelling, three of which were on arms and one on a hand. Finally, two ultrasounds made it possible to puncture ascites. Of these 21 ultrasounds, nine resulted in punctures. Five other ultrasounds (4%) made it possible to explore adenopathy: two for cervical nodes, guiding a puncture to diagnose lymph node tuberculosis (Figure 1) and one bacterial adenitis. The puncture of an axillary adenopathy confirmed Bartonella infection and two other ultrasounds were performed in the inguinal area. Parotitis was confirmed by ultrasound, in two cholecystitis was excluded and an active intrauterine pregnancy was confirmed.

DISCUSSION

Ultrasounds performed by infectious disease physicians are useful and can be used in various clinical situations in infectious and tropical disease units.

In this study, the existence of a complex bone and joint infections referral center in the unit (Centre de référence infections ostéo-articulaires complexes, Crioac) explained the high number of musculoskeletal ultrasounds. For these infections, ultrasound allows morphological and diagnostic evaluation before surgery. It makes it possible to search for a collection, an intra-articular effusion, including small ones, or an extravasation of a serous bursa, a thickening of the soft tissues and a doppler hyperemia. It also allows the visualization of fistulas. It allows for a practical evaluation of the painful site, a dynamic evaluation and a comparison with the contralateral side. Unlike computed tomography and magnetic resonance imaging (MRI), its interpretation is not limited by the presence of artifacts related to the prosthesis. There is no contraindication to its realization. A 2015 study comparing MRI and ultrasound shows that ultrasound is comparable to MRI for the detection and characterization of complications on prosthetic joint [START_REF] Sdao | The role of ultrasonography in the assessment of peri-prosthetic hip complications[END_REF]. In our study, ultrasound alone for the diagnosis of prosthetic joint infections had high sensitivity, but low specificity. A recent meta-analysis of 31 studies failed to assess the sensitivity and specificity of ultrasound in hip replacement infections due to lack of data. [START_REF] Verberne | The Accuracy of Imaging Techniques in the Assessment of Periprosthetic Hip Infection: A Systematic Review and Meta-Analysis[END_REF]. In our study, lower sensitivity on the hip is explained by the presence of intramuscular collection (psoas), confirming the diagnosis of infection, but not accessible by ultrasound. Ultrasound alone has low specificity, but ultrasound with fluid aspiration and analysis has high sensitivity and better specificity.

Other imaging can be helpful for prosthetic joint infectious diagnosis. PET-scans have been investigated extensively. They have high sensitivity, but the specificity is different according to the studies [START_REF] Palestro | FDG-PET in Musculoskeletal Infections[END_REF]. A subgroup comparison between PET-scan and leukocyte scintigraphy considered PET-scan to be an appropriate alternative [START_REF] Basu | FDG PET for diagnosing infection in hip and knee prostheses: prospective study in 221 prostheses and subgroup comparison with combined (111)In-labeled leukocyte/(99m)Tc-sulfur colloid bone marrow imaging in 88 prostheses[END_REF]. More specific studies are necessary.

A major application of ultrasonography is guidance of thoracentesis both for diagnostic and therapeutic purposes. The operator can estimate the size of the effusion, as well as its characteristics (hypoechoic, hyperechoic). It is crucial to know the distance from the skin to parietal pleura, the distance from the parietal to the visceral pleural and trajectory of needle insertion, as well as the location of the liver, spleen, heart, lung and diaphragm.

Ultrasonography can also be used to identify intercostal vessels that would contraindicate needle insertion [START_REF] Mayo | Thoracic ultrasonography: a narrative review[END_REF]. Real-time ultrasonography use is a modifiable factor that reduces the pneumothorax rate [START_REF] Gordon | Pneumothorax following thoracentesis: a systematic review and meta-analysis[END_REF].

The use of vascular ultrasound is interesting for patients with poor venous capital due to the presence of comorbidities such as obesity (the number of which has increased in recent years [START_REF] Matta | Épidémiologie de l'obésité en France et dans le monde[END_REF]), or the use of intravenous drugs. Usually used for central venous catheters, ultrasound is a versatile tool and can therefore guide peripheral catheters whether venous or arterial [START_REF] Oliver | Ultrasound for peripheral and arterial access[END_REF]. Ultrasound is used to identify the location and patency of suitable veins for peripherally inserted central venous catheters. Ultrasound also facilitates access to anatomically deeper veins which may not be directly or easily visible within the dermis [START_REF] Troianos | Guidelines for Performing Ultrasound Guided Vascular Cannulation[END_REF].

Taking a blood sample or inserting a venous catheter with the help of the ultrasound machine not only preserves the patient's venous capital by limiting iterative punctures but also reduces the intervention time and therefore improves the medical care of the patient.

In these different clinical situations, ultrasound performed by infectious disease physicians seems to shorten the duration of treatment by optimizing the management of emergencies, but, to date, there is a lack of data in the literature [START_REF] Cardinal | Role of Ultrasound in Musculoskeletal Infections[END_REF]. Access to ultrasound machines in the infectious diseases unit is continuous, including when on duty. Moreover, the ultrasoundguided puncture makes it possible to obtain a microbiological diagnosis and to begin targeted therapies more quickly. In our study, in 63% of the 83 ultrasounds that showed an effusion, the infectious disease physician performed a puncture. Urgent care can be realized thanks to ultrasound's easy access, in a compatible manner with the patient's state of health and the conditions of isolation. It can be performed at the bedside, without having to move patient in the hospital. For example, patients with SARS-COV-2 had a peripherally inserted midline catheters without displacement by the radiology unit, which would have required a dedicated complex circuit. This practice could be extended to the various contagious situations that are frequently encountered in infectious disease units: seasonal epidemics such as influenza, or patients with pulmonary tuberculosis whose sputum is smear-positive. This work has some limitations. Infectious disease physicians can use ultrasound for diagnostic guidance. However, it is still the radiologist specialist who assesses the detailed lesion. Therefore, it is important to specify clearly, what the infectious diseases indications are. Moreover, the diagnosis value of the ultrasound results by the infectious disease physician in prosthetic infections are preliminary and detailed works are necessary. A dedicated prospective study with a higher number of patients should be conducted. In our study, the recommended patient setup for acquisition of reference images could not always be observed [START_REF] Sans | Échographie musculosquelettique[END_REF]. Indeed, patients in infectious disease unit, especially those hospitalized for prosthetic joint infection is an elderly population or have a serious medical history.

Adaptations are thus necessary for examinations and patient care. It is an advantage to be able to perform these ultrasounds at the bedside. Other indications are possible in infectious diseases. Thus, in our study, cardiac ultrasound was not performed for endocarditis or examinations (sensitivity: 92%, specificity: 98%) [START_REF] Adnet | Echographie en traumatologie pour l'urgentiste : de l'enseignement à la pratique[END_REF]. There is currently no ultrasound training for infectious disease residents, but it may be relevant that it be integrated into their curriculum.

CONCLUSION

Ultrasound in infectious disease units optimizes patient care. Its easy access allows rapid diagnostic guidance. Made at bedside, it limits the transfer of potentially contagious patients who cannot be mobilized. It is a major advantage for vascular access in patients with low venous capital. In addition, combined with analysis of articular fluid, it has a very good specificity in prosthetic joint infections. Infectious disease specialists, including residents should have ultrasound training.

  vascular graft infections. Ultrasound is a very recent development in management of infectious diseases and is an operator-dependent examination. Therefore, training is necessary to optimize examinations performance. Many training courses exist. In France, they are either complementary university training, such as the Inter-University Diploma in Ultrasound and Ultrasound Techniques (DIU-ETUS), or training provided by associations such as the French-speaking Center for Ultrasound Training (CFFE), or training by private organizations. Ultrasound training is now, integrated into the resident curriculum, such as in rheumatology or in emergency medicine [6]. One issue is the minimum time required for training. In France, a study evaluated training in ultrasound performed in pre-hospital emergency. Performance was satisfactory after two and a halfdays of training and 20
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