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ABSTRACT -Background.The effect of different probes and operators' experience on reliability of lung ultrasound (LU) interpretation has not been investigated.We aim to study the effect of probes and operators' experience on the interpretation reliability of LU in critically ill neonates.Methods.Prospective, blind, cohort study enrolling patients with basic patterns ("B";"severe B";consolidation).Patients were scanned with micro-linear (15 MHz;L15), phased-array sectorial (6-12 MHz;S7) and micro-convex (8 MHz;C8) probes, in random order.Static images were acquired in high resolution, anonymized and included in a pictorial database in random sequences.Seventeen clinicians with different LU experience were asked to blindly assess the pictorial database. Inter-rater agreement and interpretation reliability were analyzed.Sub-analyses according to expertise and probe, and multivariate linear regression (including an "expertise*probe" interaction factor) were also performed.Results. The agreement tends to be lower and more heterogeneous for residents (ICC:0.82 (95%CI:0.74-0.9),p<0.001; I 2 :67%,p=0.04),and for fellows (ICC:0.93 (95%CI:0.9-0.97),p<0.001; I 2 :69%,p=0.04),especially when using non-linear probes,compared to senior physicians (ICC:0.95 (95%CI:0.93-0.96),p<0.001; I 2 :0%,p=0.433).AUC values were high for all probes (L15:0.96 (95%CI:0.93-0.99); C8:0.91 (95%CI:0.85-0.98); S7:0.86 (95%CI:0.82-0.91)) and physicians (senior:0.95 (95%CI:0.83-0.99);fellows:0.95 (95%CI:0.75-0.99);residents:0.86 (95%CI:0.5-0.99)).Worse reliability and a higher heterogeneity were found when the evaluation was performed by residents (AUC:0.9 (95%CI:0.85-0.94),p<0.01; I 2 :93.6%,p<0.001), than by fellows (AUC:0.99 (95%CI:0.9-0.999),p<0.001; I 2 :34.3%,p=0.09) and/or by senior physicians (AUC:0.99 (95%CI:0.9-0.999),p<0.001; I 2 :18%,p=0.236).The "expertise*probe" interaction factor was associated with lower ICC (St.β:-0.69;p<0.0001;adjusted R 2 :0.99) and AUC (St.β:-0.76;p<0.0001;adjusted R 2 :0.98).Conclusions.LU interpretation in neonates shows good inter-rater agreement and reliability,irrespective of the probe and raters' expertise.The use of non-linear probes by novice operators is associated with lowest agreement and reliability. BACKGROUND The use of lung ultrasound (LU) in neonatal critical care is rapidly expanding, both as descriptive and functional technique. In fact, LU contributes to the diagnosis of respiratory disorders [START_REF] Raimondi | Point-of-care lung ultrasound in neonatology: classification into descriptive and functional applications[END_REF] and guides procedures such as surfactant administration and chest tube placement. [START_REF] Raimondi | Point-of-care lung ultrasound in neonatology: classification into descriptive and functional applications[END_REF][START_REF] Raimondi | Lung Ultrasound for Diagnosing Pneumothorax in the Critically Ill Neonate[END_REF][START_REF] Raschetti | Echography-Guided Surfactant Therapy to Improve Timeliness of Surfactant Replacement: A Quality Improvement Project[END_REF][START_REF] Corsini | Lung Ultrasound for the Differential Diagnosis of Respiratory Distress in Neonates[END_REF] LU is based on a simple and clearly defined semiology that varies little with patients' age, making it an interesting tool in critical care medicine. [START_REF] Raimondi | Point-of-care lung ultrasound in neonatology: classification into descriptive and functional applications[END_REF][START_REF] Volpicelli | International evidence-based recommendations for point-of-care lung ultrasound[END_REF] However, neonates and infants, have less muscular, adipose and sub-cutaneous tissue and a smaller and still developing lung compared to adult patients. Thus, high frequency, linear probes are commonly used in these patients, instead of the low frequency, convex ones used for adult patients. [START_REF] Raimondi | Point-of-care lung ultrasound in neonatology: classification into descriptive and functional applications[END_REF][START_REF] Lichtenstein | BLUE-Protocol and FALLS-Protocol[END_REF] In any intensive care unit ultrasound machines are often used to scan multiple organs and, therefore, several probes with different shapes and frequencies may be available. The micro-linear, "hockey stick", high frequency probe, commonly used for vascular access placement, [START_REF] Lamperti | International evidence-based recommendations on ultrasound-guided vascular access[END_REF] provides an ultrasound beam only reaching relatively superficial tissues. Therefore, this probe seems particularly interesting for the neonatal population, since its size and frequency are well adapted to the small lung and thin chest wall of newborn infants.

The choice of probe is based on a number of factors, such as patients' size and tissue depth, but the operators' expertise may also influence the quality of a LU exam and might be considered in the probes' choice. To the best of our knowledge, the performance of different probes for LU in pediatric and neonatal critical care has not been formally and comprehensively investigated. Our aim is to study the effect of different probes and operators' experience on the interpretation reliability of LU in critically ill neonates with cardio-respiratory compromise. METHODS

Patients

This was a prospective, blind, cohort study enrolling neonates admitted to our neonatal intensive care unit (NICU) for cardio-respiratory compromise, during the first half of 2019.

According to our local protocol, these patients undergo a routine LU scan upon NICU admission, as a first-line imaging technique. [START_REF] Escourrou | Lung ultrasound decreased radiation exposure in preterm infants in a neonatal intensive care unit[END_REF] LU findings are combined with the clinical and biological data [START_REF] Raimondi | Clinical Data Are Essential to Validate Lung Ultrasound[END_REF] to refine the diagnosis of respiratory distress syndrome (RDS), [START_REF] Vergine | Lung Ultrasound Accuracy in Respiratory Distress Syndrome and Transient Tachypnea of the Newborn[END_REF] meconium aspiration syndrome, [START_REF] Piastra | Lung ultrasound findings in meconium aspiration syndrome[END_REF] transient tachypnoea of the neonate (TTN), [START_REF] Raimondi | A Multicenter Lung Ultrasound Study on Transient Tachypnea of the Neonate[END_REF] pneumonia, 1 neonatal acute respiratory distress syndrome, [START_REF] De Luca | The Montreux definition of neonatal ARDS: biological and clinical background behind the description of a new entity[END_REF] or to estimate lung aeration and follow-up patients' evolution 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] Multiple scans are performed according to the clinical context, e.g. in the case of an unfavorable, or unexpected clinical course, or to monitor the progression of chronic pulmonary insufficiency of prematurity (CPIP). [START_REF] Steinhorn | Chronic Pulmonary Insufficiency of Prematurity: Developing Optimal Endpoints for Drug Development[END_REF] Exclusion criteria were: 1) major congenital malformations or major chromosomal abnormalities; 2) need for thoracic surgery; 3) NICU stay less than 12h; 4) cardiac arrest or life-threatening conditions preventing the possibility to perform an ultrasound study with various probes in an unique examination (see below). The study was conducted in agreement with the modified Declaration of Helsinki. The study received approval from the local (SRLF) ethical board (n.16/58) and written informed consent was obtained from parents upon NICU admission.

Ultrasound study

Each enrolled patient underwent a LU scan indicated by the clinical context as per our clinical protocol. LU was performed by clinicians on duty, as all members of our team are trained for LU since 2014. [START_REF] Escourrou | Lung ultrasound decreased radiation exposure in preterm infants in a neonatal intensive care unit[END_REF] LU scans were performed following a standardized practice, [START_REF] Brat | Lung Ultrasonography Score to Evaluate Oxygenation and Surfactant Need in Neonates Treated With Continuous Positive Airway Pressure[END_REF] using a critical care ultrasound device (CX-50 ® , Philips Healthcare, Eindhoven, The Netherlands) and a micro-linear, "hockey stick", high frequency (15 MHz) probe (L15, Philips Healthcare, Eindhoven, The Netherlands). 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. [START_REF] Gargani | How I do it: Lung ultrasound[END_REF] The following LU pathological patterns identified by the physician performing the scan at the bedside and independently confirmed by another senior colleague expert in LU (NY) served as "gold standard" for the study aim:

• B pattern (i.e.: an alveolar-interstitial pattern, defined as the presence of ≥3 wellspaced B lines);

• severe B pattern (i.e.: a severe alveolar-interstitial pattern, defined as the presence of crowded and coalescent B lines with or without subpleural consolidations with a size of ≤1 cm);

• consolidations (i.e.: subpleural echo-poor area or one with tissue-like echotexture with size >1 cm and irregular borders, which may also have mixed hypo-and hyper-echogenic zones representing bronchogram).

When any of these patterns was identified and confirmed, the patient was immediately recruited for the study. The corresponding static image was saved directly during the LU scan, and examination was immediately repeated by scanning the same chest area with two other probes (a phased-array sectorial (6-12 MHz) S7, and micro-convex (8 MHz) C8 probes, Philips Healthcare, Eindhoven, The Netherlands), in a random order by the same physician. All static images taken with the different probes were saved. No videoclip was saved. LU images and clinical data were then immediately stored in a dedicated and secured archive where the images were saved in high resolution (600 dpi).

Images evaluation

After the recruitment phase, LU pictures were anonymized and grouped in a pictorial database by mixing all the images taken from different patients and probes in a random order. Only the principal investigator (CGLG) was aware of the order and able to identify the images and patients. After two weeks, the pictorial database was submitted to the evaluation of physicians with different levels of LU expertise. There was no selection in the choice of physicians, that is, the whole NICU team participated. In detail, images were evaluated by 6 senior physicians (i.e. attending neonatologists with at least 5 years of LU experience), 5 fellows (i.e. junior pediatricians with at least 1 year of LU experience), and 6 residents (i.e. young trainees during their first years of pediatric residency who trained in LU for approximately 6 months under fellows' or senior physicians' supervision [START_REF] Martino | Lung Ultrasound Score Predicts Surfactant Need in Extremely Preterm Neonates[END_REF] ). All assessors received the pictorial database electronically with an individual e-mail where they were asked to classify images as B, severe B or consolidation pattern without access to any other data. The random order of pictures in the database was different for each evaluator and physicians were instructed not to discuss the images with colleagues.

Evaluations were anonymous and only the level of physicians' expertise (as senior, fellow, resident) was recorded.

Data collection and statistics

Clinical data and interpretations of LU images were collected by the principal investigator (CGLG) and descriptive statistics was used. Two types of analyses were performed: the inter-rater agreement and the interpretation reliability. Intraclass correlation coefficient (ICC) and its 95% confidence interval (95%CI) were used to evaluate the interrater absolute agreement (or conformity of interpretations). [START_REF] Mcgraw | Forming inferences about some intraclass correlation coefficients[END_REF] Receiver operator characteristics (ROC) analysis was used to evaluate the reliability of LU images interpretation; ROC analysis results were expressed as areas under the curve (AUC) with 95%CI and AUC were compared using Hanley's method. [START_REF] Hanley | The meaning and use of the area under a receiver operating characteristic (ROC) curve[END_REF] A sub-analysis according to both expertise and type of probe was performed and, for this task, ICC and AUC were reported in Forrest-like plots in order to improve their comparison and visual interpretation. [START_REF] Zhou | Statistical methods in diagnostic medicine[END_REF] We reported results with both the fixed and the DerSimonian-Laird (inverse variance method) random-effects models. Consistency was evaluated using the I 2 -values (that is, the variation in ICC or AUC attributable to heterogeneity), performing a χ 2 test for heterogeneity and considering I 2 >50% as indicative for heterogeneity. [START_REF] Tridente | Porcine vs bovine surfactant therapy for preterm neonates with RDS: systematic review with biological plausibility and pragmatic meta-analysis of respiratory outcomes[END_REF] Finally, a multivariate linear regression with enter technique was performed to study the effect of operators' expertise (coded as residents: 1; fellows: 2; senior: 3), probes (coded as C8: 1; S7: 2; L15: 3) and their "expertise*probe" interaction factor on ICC (considered as the ICC obtained between operators of same degree of experience for each probe) and AUC (considered as the AUC obtained by each physician with each probe), as dependent variables. Adjusted-R 2 values were used to evaluate goodness-of-fit.

A formal sample size calculation was unfeasible since no studies investigated the effect of both operators' expertise and probe on the interpretation of LU semiology in neonates. However, based on the data accumulated in our previous studies where LU was performed by different operators, [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] we hypothesized an ICC of at least 0.7 on 3 different observations (3 probes or degrees of expertise). We used a table specifically designed for sample size calculation of ICC [START_REF] Bonett | Sample size requirements for estimating intraclass correlations with desired precision[END_REF] with α-error=0.05, width of 0.2, a power of 80% and this gave a sample size of 68 observations to be evaluated.

Analyses were performed with SPSS 15.0 (SPSS Inc, Chicago, IL) and MedCalc 13.3 (MedCalc bvba, Ostend, Belgium) and p-values <0.05 were considered statistically significant.

RESULTS

Tab.1 shows basic population details. Thirty-seven patients were enrolled. The pictorial database consisted of 27, 19 and 28 B, severe B and consolidation patterns (i.e.: a total of 74 ultrasound observations), respectively. Thus, a total of 222 (i.e.: 74*3) pictures of these patterns were acquired using the three probes. Fig. 1 illustrates the study flow chart and image acquisition. All assessors evaluated the database in less than 10 minutes. LU findings were used to finally give an integrated diagnosis of RDS (n=8), TTN (n=11), CPIP (n=10), while eight patients were diagnosed with extrapulmonary disorders. All patients received either invasive or noninvasive ventilation and the type of respiratory support did not change during LU. The conformity of interpretations was very high in the whole dataset (ICC=0.96; 95%CI: 0.94-0.97; p<0.001), but it was also high regardless of the expertise or the type of probe, as shown in Tab.2.

Further sub-analysis according to both expertise and probes is shown in Fig. 2. The agreement tends to be lower and more heterogeneous for residents (ICC: 0.82 (95%CI: 0.74-0.9), p<0.001; I 2 : 67%, p=0.04), and, to a lesser extent, for fellows (ICC: 0.93 (95%CI: 0.9-0.97), p<0.001; I 2 : 69%, p=0.04), especially when using non-linear probes, compared to senior physicians (ICC: 0.95 (95%CI: 0.93-0.96), p<0.001; I 2 : 0%, p=0.433).

ROC analysis for the different probes showed high AUC values (L15: 0.96 (95%CI: 0.93-0.99); C8: 0.91 (95%CI: 0.85-0.98); S7: 0.86 (95%CI: 0.82-0.91)) and the AUC comparisons did not reveal any significant difference between the probes (L15 vs C8: p= 0.378; L15 vs S7: p=0.099; S7 vs C8: p=0.483).

ROC analysis for the different levels of expertise showed high AUC values (senior physicians: 0.95 (95%CI: 0.83-0.99); fellows: 0.95 (95%CI: 0.75-0.99); residents: 0.86 (95%CI: 0.5-0.99)). However, the AUC differed between residents and senior physicians (p<0.0001), between residents and fellows (p<0.0001) and between senior physicians and fellows (p=0.02).

A further sub-analysis according to both expertise and probes (Fig. 3) confirmed a slight worse reliability and a higher heterogeneity for the evaluation performed by residents (AUC: 0.9 (95%CI: 0.85-0.94), p<0.01; I 2 : 93.6%, p<0.001), than by fellows (AUC: 0.99 (95%CI: 0.9-0.999), p<0.001; I 2 : 34.3%, p=0.09) and/or by senior physicians (AUC: 0.99 (95%CI: 0.9-0.999), p<0.001; I 2 : 18%, p=0.236). This seems notably different when using non-linear probes (green and red diamonds).

These results are confirmed by multivariate analysis showing that the "expertise*probe" interaction factor is significantly associated with lower ICC (standardized β: -0.69; p<0.0001; adjusted R 2 : 0.99) and AUC (standardized β: -0.76; p<0.0001; adjusted R 2 : 0.98). DISCUSSION Our findings show that the evaluation of basic LU parenchymal signs has good inter-rater agreement and interpretation reliability, irrespective of raters' expertise and the type of probe in critically ill neonates. However, there is a tendency to lower agreement and reliability with decreasing clinicians' experience. Moreover, when non-linear probes are used by less experienced operators, the agreement and reliability are lowest, and the heterogeneity of interpretations increases.

These findings are novel and useful, since they suggest that any probe can be used for the basic evaluation of LU semiology in critically ill infants. This may be especially valuable when LU is used in the emergency setting, such as during management of lifethreatening events. A dedicated ultrasound protocol (the so-called Sonographic Assessment of liFe-threatening Events (SAFE) protocol 1 ) has been recently proposed for this purpose and this algorithm suggests a one-probe approach for rapidity and simplicity, leaving the choice of the probe to the operator. [START_REF] Raimondi | Point-of-care lung ultrasound in neonatology: classification into descriptive and functional applications[END_REF] The results of our study reinforce this suggestion.

Our findings are consistent with those of the few other neonatal LU studies published on this matter. In the study by Vergine et al, evaluation of LU images by an external reader blinded to any other data was accurate for the diagnosis of RDS and TTN. [START_REF] Vergine | Lung Ultrasound Accuracy in Respiratory Distress Syndrome and Transient Tachypnea of the Newborn[END_REF] More interestingly, Brusa et al, reported good inter-rater agreement for the diagnoses of RDS and TTN given by physicians of different levels of experience based on basic LU findings. [START_REF] Brusa | Neonatal Lung Sonography: Interobserver Agreement Between Physician Interpreters With Varying Levels of Experience[END_REF] Our findings are also consistent with those of Corsini et l who evaluated the time needed to give an ultrasound diagnosis by operators of different experience. [START_REF] Corsini | Lung Ultrasound for the Differential Diagnosis of Respiratory Distress in Neonates[END_REF] However, to the best of our knowledge, there are no studies comparing the use of different ultrasound probes for LU exams in pediatric populations. Our study adds new information which may have practical implications. For novices, a non-linear probe gives the lowest level of agreement and reliability, and should be avoided, life-threatening situations excepted, until operators achieve a sufficient experience. However, the nonlinear probes do not change ICC or AUC when they are used by more experienced physicians, such as fellows or senior physicians. Moreover, although a possible "combination effect" of lack of experience with the use of a non-linear probe is logically plausible and methodologically significant, the reduction in ICC and AUC is small. Therefore, this could not have clinical significance for the majority of patients in the daily practice.

There are few studies investigating the effect of the different probes and ultrasonographers' experience in adult critical care and emergency medicine. Interestingly, these papers show specular and consistent results, as convex probes resulted more accurate in adult patients [START_REF] Sperandeo | Assessment of ultrasound acoustic artifacts in patients with acute dyspnea: a multicenter study[END_REF][START_REF] Pivetta | Sources of Variability in the Detection of B-Lines, Using Lung Ultrasound[END_REF] and the operators' expertise also influenced LU accuracy. [START_REF] Sperandeo | Assessment of ultrasound acoustic artifacts in patients with acute dyspnea: a multicenter study[END_REF][START_REF] Pivetta | Sources of Variability in the Detection of B-Lines, Using Lung Ultrasound[END_REF] Thus, combining our results and those from these studies may suggest that linear probes should not be used by novices on adult patients, as this would represent the same combination (less suitable probe and lower expertise) that we found in our setting.

Conversely, we did not evaluate the inter-rater agreement and reliability sub-divided for different LU signs: this deserves a specific study as it seems that interpretation reliability for some LU findings is lower. [START_REF] Gravel | Interrater reliability of pediatric point-of-care lung ultrasound findings[END_REF] We acknowledge some study limitations. The evaluation of the LU was done with static LU images and we did not take any videoclip, albeit LU is dynamic exam. Although, in theory, this may have influenced our results, it made the study easier to conduct, as we could not electronically store videoclips for technical reasons. We focused on basic LU patterns, which are easy to identify on static images. Therefore, the assessment of more complex or refined ultrasound signs, such as those of pneumothorax, was not realized, as this is only possible with a dynamic study. Also, the study focused on pathological parenchymal patterns and did not evaluate the normal A-pattern, since this would have implied the distinction from pneumothorax. Moreover, we were more interested to verify the effect of varying probe/operators' expertise in a critical population of neonates with cardio-respiratory compromise, since in these patients an incorrect evaluation may theoretically lead to more severe consequences. The study was conducted in a setting with high ultrasound expertise, given our routine use of LU as the first-line chest imaging technique. Therefore, the levels of expertise represented in this study may be different from units where LU is less frequently used. Moreover, we cannot add any information on the amount of training needed for an operator to use a non-linear probe without reducing reliability: this would require a specific study on the training curve. LU scans were not compared to other imaging techniques such as computerized tomography or chest X-rays since they are rarely performed in NICU care or are less accurate than LU, 1 respectively. Systematic differences among observers are also likely to exist: in this context, ICC is a composite measure of intra-rater and inter-rater variability. [START_REF] Shrout | Intraclass correlations: uses in assessing rater reliability[END_REF] Other statistical tools could have been used but, in light of the current statistical literature, ICC seems the best analysis to be performed. [START_REF] Maclure | Misinterpretation and misuse of the kappa statistic A[END_REF] Moreover, our results are consistent with studies using other statistical tools to evaluate agreement. [START_REF] Brusa | Neonatal Lung Sonography: Interobserver Agreement Between Physician Interpreters With Varying Levels of Experience[END_REF][START_REF] Sperandeo | Assessment of ultrasound acoustic artifacts in patients with acute dyspnea: a multicenter study[END_REF][START_REF] Pivetta | Sources of Variability in the Detection of B-Lines, Using Lung Ultrasound[END_REF] A complete blinding to the assessors was unfeasible since LU images have different (squared or triangular) footprints, due to the use of different probes. As micro-linear probes are routinely used in our NICU, the expertise with this probe might have allowed a better image interpretation. It might also be possible that providers have subconsciously acquired higher quality images with this probe. Finally, to better assess diagnostic accuracy, each patient would need to be scanned not only with different probes, but also by clinicians with different expertise. This would have allowed to evaluate image acquisition, but would have represented a more onerous study design, thus we decided to mainly focus on reliability of image interpretation. These biases are unavoidable, but also fairly minor and should not dramatically undercut the validity of our findings. CONCLUSIONS The evaluation of basic LU semiology in critically ill neonates shows good inter-rater agreement and interpretation reliability, irrespective of the probe used and the level of raters' expertise. However, the use of non-linear probes by novice operators should be discouraged, as it is associated with the lowest agreement and reliability. 

Figure 1 .

 1 Abbreviations: L15: micro-linear, "hockey stick", high frequency (15 MHz) probe; S7:

  

Table 1 . Basic characteristics of the studied population.

 1 Data are expressed as mean (standard deviation) or median [25 th -75 th percentile] or number (%), as appropriate. Apgar, SNAPPE-II and CRIB-II scores are dimensionless numbers. Abbreviations: SNAPPE-II: Score for Neonatal Acute Physiology Perinatal Extension-II; CRIB: Critical Risk Index for Babies-II; LU: Lung Ultrasound.

	Patients	37
	Gestational age (weeks) 32.6 (5.2)
	Birth weight (grams)	2081 (1183)
	Male sex	23 (62.2%)
	Caesarean section	14 (37.8%)
	5' Apgar score	9 [8-10]
	SNAPPE-II score	5 [5-13]
	CRIB-II score	8.5 [5.8-14.7]
	Postnatal age at LU (h)	1 [0-13.2]

2. Inter-rater agreement sub-analysis per different levels of expertise and probes.

  Upper, middle and lower panels depict results for residents, fellows and senior physicians, respectively. Squares are sized proportionally to the weight of that particular operator-probe pair; squares and horizontal lines represent the intra-class correlation coefficient and its 95% confidence interval, respectively. The location of the diamond and its width represent the pooled estimated effect size and its 95% confidence interval, respectively. Effect size is illustrated both under the fixed and random effect models; as heterogeneity is statistically significant for residents and fellows, only random effect model results should be considered. Abbreviations: ICC: intra-class correlation coefficient; L15: micro-linear, "hockey stick", high frequency (15 MHz) probe; S7: phased-array sectorial (12 MHz) probe; C8: micro-convex (8 MHz) probe. Figure 3.

Receiver Operator Characteristics sub-analysis per different levels of expertise and probes

  . Upper, middle and lower panels depict results for residents, fellows and senior physicians, respectively. Red, blue and green indicate results for C8, L15 and S7 probes, respectively. Colored diamonds are sized proportionally to the weight of that particular operator-probe pair. The location of the white diamond represents the pooled estimated effect size. Horizontal lines represent 95% confidence intervals. Pooled results are illustrated both under the fixed and random effect models; as heterogeneity is statistically significant for residents, only random effect model results should be considered. Abbreviations: ROC: Receiver Operator Characteristics; L15: micro-linear, "hockey stick", high frequency (15 MHz) probe; S7: phased-array sectorial(12 MHz) probe; C8: micro-convex (8 MHz) probe.
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