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Keywords: lung ultrasound, inflammation, aeration, lung injury, score, ventilation

We studied the relationship between ultrasound-assessed lung aeration and inflammation in a particular population of ventilated preterm neonates with mild-to-moderate lung inflammation and no congenital heart defect. Lung aeration estimated by a semiquantitative lung ultrasound score significantly correlated with several inflammatory markers both at cellular (neutrophil count in bronchoalveolar lavage: ρ=0.400, p=0.018) and molecular level (total proteins: ρ=0.524, p=0.021; interleukine-8: ρ=0.523, p=0.021; granulocytes-macrophages colony stimulating factor: ρ=0.493, p=0.020; all measured in bronchoalveolar lavage and expressed as epithelial lining fluid concentrations). Lung ultrasound might detect changes in lung aeration due to mild to moderate local inflammation if cardiogenic lung edema is excluded. Thus, it is possible to describe some levels of lung inflammation with semiquantitative lung ultrasound.

INTRODUCTION

Lung ultrasound is a point-of-care technique spreading in critical care and emergency medicine for patients of any age. Semiquantitative lung ultrasound may assess lung aeration and be useful in ventilated patients to guide respiratory care. [START_REF] Bouhemad | Bedside Ultrasound Assessment of Positive End-Expiratory Pressure-induced Lung Recruitment[END_REF][START_REF] Martino | Lung Ultrasound Score Predicts Surfactant Need in Extremely Preterm Neonates[END_REF] Lung aeration is evaluated through the findings obtained when ultrasounds cross tissues with a varying air/fluid ratio. These findings may be summarized in semiquantitative lung ultrasound scores (LUS) and they have been validated against indexes of oxygenation or CT-scan. [START_REF] Brat | Lung Ultrasonography Score to Evaluate Oxygenation and Surfactant Need in Neonates Treated With Continuous Positive Airway Pressure[END_REF][START_REF] Chiumello | Assessment of Lung Aeration and Recruitment by CT Scan and Ultrasound in Acute Respiratory Distress Syndrome Patients[END_REF] The ultrasound-detected changes in the air/fluid ratio are caused by the fluid filling the interlobular septa, and eventually, in the severest cases, the alveoli. This phenomenon can be caused by pulmonary edema, due to hemodynamic reasons (such as cardiogenic edema or fluid overflow) where the fluid is essentially trasudative, but it can also be due to inflammatory processes (such as pneumonia and, in severest cases, acute respiratory distress syndrome (ARDS)). [START_REF] Lichtenstein | BLUE-Protocol and FALLS-Protocol[END_REF] In this latter case, the fluid will likely be exudative and rich of proteins and inflammatory mediators.

To the best of our knowledge, the relationship between semiquantitative ultrasound assessment of lung aeration and inflammation has never been studied so far. While a strong inverse correlation between lung aeration and inflammation is likely to exist in patients with severe and extensive lung inflammation (such as in ARDS), this may not always be the case when inflammation is present at a relatively lower level, depending on the capability of lung ultrasound to detect parenchymal changes due to mild inflammation.

We aimed to study the relationship between ultrasound-assessed lung aeration and inflammation in a particular population with low/moderate inflammatory status and to provide informations ideally useful for critical care patients of any age. MATERIALS AND METHODS This is a subgroup analysis of patients enrolled in a larger pediatric project on surfactant catabolism.(Study group on Secretory Phospholipase in Paediatrics (SSPP) et al. 2011) This was a prospective, translational cohort study and we focused on a particular population consisting of inborn (i.e.: delivered in our hospital) preterm neonates (≤ 32 weeks' gestation) suffering from respiratory distress caused by primary surfactant deficiency (i.e.: hyaline membrane disease as defined by clinical criteria and response to surfactant [START_REF] De Luca | The Montreux definition of neonatal ARDS: biological and clinical background behind the description of a new entity[END_REF])), needing one surfactant treatment and undergoing lung ultrasound before the treatment. A convenience sample size was established and consisted of those babies enrolled in the translational study who also underwent lung ultrasound scan early in life. In the original projects 46 neonates were enrolled but only 22 of them had early lung ultrasound before surfactant replacement, thus 24 were excluded.

Perinatal inflammation was evaluated using a validated clinical score: a score ≥4 indicates a high likelihood of fetal inflammation. [START_REF] Been | A Clinical Prediction Rule for Histological Chorioamnionitis in Preterm Newborns[END_REF] Patients did not have neonatal ARDS, nor any other lung disease, according to criteria published earlier. [START_REF] De Luca | The Montreux definition of neonatal ARDS: biological and clinical background behind the description of a new entity[END_REF][START_REF] Dell'orto | Cell Count Analysis from Nonbronchoscopic Bronchoalveolar Lavage in Preterm Infants[END_REF]) Other exclusion criteria were: 1) lung or airway malformations; 2) any need for surgery; 3) chromosomal or genetic syndromes and congenital malformations; 4) septic shock, as defined earlier. [START_REF] Goldstein | International pediatric sepsis consensus conference: Definitions for sepsis and organ dysfunction in pediatrics[END_REF] Finally, babies enrolled but having bloody bronchoalveolar lavage (BAL) samples were excluded from the study.

Lung ultrasound was performed in the first 3h of life and LUS was calculated as previously described. [START_REF] Brat | Lung Ultrasonography Score to Evaluate Oxygenation and Surfactant Need in Neonates Treated With Continuous Positive Airway Pressure[END_REF][START_REF] Martino | Lung Ultrasound Score Predicts Surfactant Need in Extremely Preterm Neonates[END_REF] In detail, LUS was calculated by scanning 6 lung areas (3 areas per each side) using a micro-linear, "hockey stick", high resolution, 15 MHz probe (Philips CX-50 (Philips Healthcare, Eindhoven, The Netherland))

and giving a 0 to 3 score inversely correlated to lung aeration. [START_REF] Brat | Lung Ultrasonography Score to Evaluate Oxygenation and Surfactant Need in Neonates Treated With Continuous Positive Airway Pressure[END_REF][START_REF] Martino | Lung Ultrasound Score Predicts Surfactant Need in Extremely Preterm Neonates[END_REF] This score has been adapted from similar scores validated in adult populations with various techniques (De Luca 2019; Via et al. 2012) and it represents the only validated score for newborn infants so far. It is based on the same classical lung ultrasound semiology, but it has been simplified reducing the number of scanned lung areas due to the smaller chest size. An illustrative example of the scoring system is presented in Fig. 1.

Scans were performed by automatically adjusting the gain using the dedicated software feature of our ultrasound machine; depth and focus were adjusted according to patients' size and the sign of interest; no harmonic ultrasound were used. Transversal and longitudinal scans of the anterior and lateral chest walls were performed by trained physicians on supine babies receiving nasal mask-delivered, variable flow, continuous positive airway pressure (6 cmH2O), provided that this latter was well transmitted and infants were in a quiet state. Particular care (pacifiers, nursing) was provided to reduce pressure leaks. According to our protocol, lung ultrasound was performed upon NICU admission, right after urgent NICU care (monitoring and umbilical venous line placement, start of parenteral nutrition and caffeine administration) which is supposed to take one hour on average. Thus, ultrasound scan has been performed when the patients were treated with CPAP for at least 1h, but anyway within the first 3h of life. (Raschetti et The study protocol was approved by the local institutional review board (13/046) and informed consent was obtained from parents upon admission to the neonatal intensive care unit. Data were expressed as number (%), mean (standard deviation) or median [interquartile range], as appropriate for their distribution. Relationships between LUS and inflammatory markers were studied with Spearman correlation coefficient. Analyses were performed with SPSS 15.0 (SPSS inc, Chicago, IL, USA). RESULTS Basic population details are described in Tab.1. Significant correlations exist between LUS and several inflammatory markers (Fig. 2). Additionally, LUS significantly correlated with BAL neutrophil count (ρ=0.400; p=0.018).

Tab.2 shows mean or median values of all inflammatory markers in our population.

No significant correlations were found with TNF-α (ρ=0.101; p=0.689), total secretory phospholipase A2 activity (ρ=0.362; p=0.098), p=0.168) and IL-1β (ρ=-0.149; p=0.509).

DISCUSSION

Prematurity is often associated with maternal and feto-neonatal inflammation, since this latter triggers the labor, even in absence of infection. This perinatal inflammation may injure lung tissue early in life and impair response to surfactant replacement. (De Luca et al. 2017) However, the inflammatory injury may not be enough severe to qualify as neonatal ARDS: in fact, our patients had a positive score of perinatal inflammation, but they did not present neither ARDS, nor any infectious lung disorders. In this situation of mild-to-moderate lung inflammation, LUS also seems moderately high (median LUS=10.5), and beyond the threshold indicating need for surfactant replacement (LUS=8). [START_REF] Brat | Lung Ultrasonography Score to Evaluate Oxygenation and Surfactant Need in Neonates Treated With Continuous Positive Airway Pressure[END_REF][START_REF] Martino | Lung Ultrasound Score Predicts Surfactant Need in Extremely Preterm Neonates[END_REF] Thus, lung ultrasound seems able to detect parenchymal sign and changes in lung aeration due to mild-to-moderate local inflammation. In fact, there are significant correlations between LUS and various inflammatory markers both at cellular and molecular level. Nonetheless, our data only describe the relationship between semiquantitative ultrasound assessment of lung aeration and inflammation, but cannot provide data on the reliability (i.e.: sensitivity, specificity) of lung ultrasound to predict lung inflammation. This would require specific studies, with clear outcome thresholds for inflammatory markers and patients with lung edema of different origin (inflammatory and non-inflammatory). Moreover, and interestingly, not all inflammatory mediators correlated with the lung aeration score.

Lung ultrasound is suitable for describing lung aeration in subjects with high levels of lung inflammation, that is in patients affected by ARDS, [START_REF] Pesenti | Imaging in acute respiratory distress syndrome[END_REF] but it has never been applied to study lung inflammation. As lung ultrasound is a suitable, quick and radiation-free technique, it could be theoretically interesting to estimate lung tissue inflammation using LUS, when the non-inflammatory origin of fluid filling the alveoli has been ruled out. This is the case of our population, since cardiac origin of the edema is excluded by the absence of congenital heart defects and the presence of hyaline membrane disease. In other patients edema may also be due to hemodynamic causes, thus our results highlight the importance to integrate ultrasound findings with clinical data to correctly understand the actual physiopathology. [START_REF] Raimondi | Clinical Data Are Essential to Validate Lung Ultrasound[END_REF]Raimondi et al.) We performed this preliminary analysis in a well-selected, particular population of preterm neonates intubated only to receive surfactant followed by a brief ventilation, for the treatment of hyaline membrane disease. These seemed the ideal patients to obtain samples with mild-to-moderate level of inflammation. Therefore, we thought that our population might have been useful to increase knowledge about physiopathology and ultrasound in critical care, irrespective of patients' age. There is no clear consistency in the literature about which is the best lung inflammatory marker to study and there are widely variable concentrations of these mediators in BAL specimens. The lack of correlation for some of them may also be due to our relatively small sample size. It would have been interesting to study the correlation between ultrasound score and inflammatory markers in patients with more severe inflammation, but this was impossible, as this study is a part of a larger project mainly focused on hyaline membrane disease.(Study group on Secretory Phospholipase in Paediatrics (SSPP) et al. 2011) A future specific study will investigate this relationship on patients with neonatal ARDS. In conclusion, the correlation between ultrasound assessed lung aeration and inflammation is novel and interesting. Lung ultrasound might detect changes in lung aeration due to mild-to-moderate local inflammation and it is possible to describe some levels of lung inflammation with semiquantitative lung ultrasound. There is a cogent need to verify possible applications of these findings in larger studies. 

  al.2019)Patients were intubated within 6h from lung ultrasound (because of respiratory failure or hemodynamic derangement) and subjected to non-bronchoscopic bronchoalveolar lavage (BAL) immediately after the intubation and before surfactant administration, as per our internal clinical policy of microbiological surveillance. BAL was performed using a standardized technique described earlier[START_REF] Dell'orto | Cell Count Analysis from Nonbronchoscopic Bronchoalveolar Lavage in Preterm Infants[END_REF]) and following advices of the European Respiratory Society guidelines.[START_REF] De Luca | Role of distinct phospholipases A2 and their modulators in meconium aspiration syndrome in human neonates[END_REF] In detail, 1 mL/kg 0.9%NaCl (37°C) was injected through a Y-piece connected to the endotracheal tube to keep the patients ventilated during the lavage. After 3 ventilator cycles, a soft, end-hole suction catheter was gently inserted through the Y-connector until resistance was met and the fluid was quickly aspirated with 50 mmHg of negative pressure. This procedure was repeated with the head turned to the left and to the right to sample both lungs. Surfactant has been administered right after BAL, with the intubationsurfactant-extubation technique. During the procedure, patients were sedated as described earlier.[START_REF] Dell'orto | Cell Count Analysis from Nonbronchoscopic Bronchoalveolar Lavage in Preterm Infants[END_REF] BAL samples were immediately divided and 0.3 mL-aliquot was used to perform standard microbiological cultures and differential cell count, as previously detailed.[START_REF] Dell'orto | Cell Count Analysis from Nonbronchoscopic Bronchoalveolar Lavage in Preterm Infants[END_REF][START_REF] Rouard | Evaluation of an 'all-in-one' seven-day whole-genome sequencing solution in the investigation of a Staphylococcus aureus outbreak in a neonatal intensive care unit[END_REF] The remaining volume was centrifuged (800g;10') and supernatant was immediately frozen (-80°C). Inflammatory mediators (GM-CSF, IL1-β, IL-6, IL-8, TNFα) have been measured using customized Luminex assay (Thermofisher scientific, Waltham, MA, USA)[START_REF] Moncunill | Performance of Multiplex Commercial Kits to Quantify Cytokine and Chemokine Responses in Culture Supernatants from Plasmodium falciparum Stimulations[END_REF]) and total proteins by Lowry's method.[START_REF] Lowry | Protein measurement with the Folin phenol reagent[END_REF]) Total secretory phospholipase A2 activity was measured and corrected as previously described.[START_REF] Autilio | Effect of cooling on lung secretory phospholipase A2 activity in vitro, ex vivo, and in vivo[END_REF][START_REF] De Luca | Role of distinct phospholipases A2 and their modulators in meconium aspiration syndrome in human neonates[END_REF] Epithelial lining fluid concentrations were obtained, correcting for serum-to-BAL urea ratio,[START_REF] De Luca | Role of distinct phospholipases A2 and their modulators in meconium aspiration syndrome in human neonates[END_REF]) using urea measured on the first day of life with routine blood tests and BAL urea assayed with colorimetric method.[START_REF] D'aronco | Surfactant protein B and A concentrations are increased in neonatal pneumonia[END_REF] All these assays had a coefficient of variation ≤10% and all measurements were performed in duplicate by investigators blinded for lung ultrasound and clinical data.
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Table 1 .

 1 Basic population details. Data are expressed as number (%), mean (standard deviation) or median [interquartile range], as appropriate for their distribution. Perinatal inflammation and lung ultrasound scores are expressed as dimensionless numbers.

	Patients	22
	Gestational age (weeks)	28.8 (1.7)
	Birth weight (g)	1249 (317)
	Male sex	14 (63.6%)
	5' Apgar score	8 [7-9]
	Antenatal steroids	17 (77.3%)
	Cesarean section	11 (50%)
	Perinatal inflammation score	7 (2.9)
	Lung ultrasound score	10.5 [6-12]

Table 2 . Mean or median values of inflammatory markers in epithelial lining fluid.
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	Data are described as mean (standard deviation or median [interquartile range] according
	to their data distribution. Epithelial lining fluid concentrations have been obtained
	correcting for serum-to-BAL urea ratio; sPLA2 total activity is also normalized for
	surfactant protein-A content. Abbreviations: GM-CSF: granulocytes-macrophages colony
	stimulating factor; IL-1β: interleukine-1β; IL-6: interleukine-6; IL-8: interleukine-8; LUS: lung
	ultrasound score; sPLA2: secretory phospholipase A2 activity; TNF-α: tumor necrosis
	factor-α.	
	Inflammatory marker	
	Neutrophil count (cell/field)	9 (1)
	Total proteins (mg/mL)	6.8 [5.1-26.4]
	GM-CSF (pg/mL)	409 [107-771]
	IL-8 (pg/mL)	8411 [3101-26511]
	IL-1β (ng/mL)	0.7 [0.1-3.7]
	IL-6 (ng/mL)	2.8 [1-16]
	sPLA2 activity (nmol x min x mL/ng)	2.5 [0.8-9.2]
	TNF-α (pg/mL)	124 [42-401]
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