Nicolas Mottet 
email: ncmottet@gmail.com
  
Claire Cochet 
  
Chrystelle Vidal 
  
Jean Patrick Metz 
  
Sébastien Aubry 
  
Aude Bourtembourg 
  
Astrid Eckman-Lacroix 
  
Didier Riethmuller 
  
Lionel Pazart 
  
Rajeev Ramanah 
  
  
Feasibility of two-dimensional ultrasound shear wave elastography of human fetal lungs and liver: A pilot study

Keywords: Elasticity imaging techniques, Sonoelastography, Shear wave, Observer variation, Fetal lung, Fetal liver

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.

Introduction

Prenatal evaluation of fetal lung maturity (FLM) is still controversial and different approaches have been described with invasive biological tools and fetal imaging [START_REF] Besnard | Lecithin/sphingomyelin ratio and lamellar body count for fetal lung maturity: a meta-analysis[END_REF][START_REF] Palacio | Prediction of neonatal respiratory morbidity by quantitative ultrasound lung texture analysis: a multicenter study[END_REF][START_REF] Bhagwanani | Prediction of neonatal respiratory distress by estimation of amniotic-fluid lecithin[END_REF][START_REF] Field | Current status of amniotic fluid tests of fetal maturity[END_REF][START_REF] Varner | Amniocentesis for fetal lung maturity: will it become obsolete?[END_REF][START_REF] Sohn | Diagnosis of fetal lung maturity by ultrasound: a new method and first results[END_REF][START_REF] Cobo | Feasibility and reproducibility of fetal lung texture analysis by Automatic Quantitative Ultrasound Analysis and correlation with gestational age[END_REF][START_REF] Duncan | Assessment of fetal lung growth in utero with echo-planar MR imaging[END_REF][START_REF] Moshiri | Fetal lung maturity assessment with MRI fetal lung-to-liver signal-intensity ratio[END_REF][START_REF] Gorincour | Lung signal on fetal MRI: normal values and usefulness for congenital diaphragmatic hernia[END_REF]. FLM is mainly correlated with surfactant level and different tests have been developed to quantify this production through detection of components in the amniotic fluid [START_REF] Besnard | Lecithin/sphingomyelin ratio and lamellar body count for fetal lung maturity: a meta-analysis[END_REF]. However, performances of these tests to predict neonatal respiratory morbidity are limited for a routine clinical application because they need invasive procedures and all have a positive predictive value ranging from 18 to 34% [START_REF] Palacio | Prediction of neonatal respiratory morbidity by quantitative ultrasound lung texture analysis: a multicenter study[END_REF][START_REF] Field | Current status of amniotic fluid tests of fetal maturity[END_REF][START_REF] Varner | Amniocentesis for fetal lung maturity: will it become obsolete?[END_REF][START_REF] Sohn | Diagnosis of fetal lung maturity by ultrasound: a new method and first results[END_REF]. Thus, development of new and non-invasive methods to assess FLM is challenging to predict respiratory distress syndrome (RDS). RDS complicates 1% of all births and the incidence increases with prematurity. RDS ranges from 26% to 30% in preterm neonates before 34 weeks of gestation (WG) and from 5% to 20% after 34 WG [START_REF] Palacio | Prediction of neonatal respiratory morbidity by quantitative ultrasound lung texture analysis: a multicenter study[END_REF][START_REF] Donda | Trends in epidemiology and outcomes of respiratory distress syndrome in the United States[END_REF].

Fetal lung and liver signal or echogenicity are often compared to assess FLM [START_REF] Cobo | Feasibility and reproducibility of fetal lung texture analysis by Automatic Quantitative Ultrasound Analysis and correlation with gestational age[END_REF][START_REF] Duncan | Assessment of fetal lung growth in utero with echo-planar MR imaging[END_REF][START_REF] Moshiri | Fetal lung maturity assessment with MRI fetal lung-to-liver signal-intensity ratio[END_REF][START_REF] Gorincour | Lung signal on fetal MRI: normal values and usefulness for congenital diaphragmatic hernia[END_REF][START_REF] Maeda | Echogenicity of fetal lung and liver quantified by the grey-level histogram width[END_REF]. Non-invasive assessment of FLM has been first attempted using ultrasonography quantified by gray level histogram [START_REF] Serizawa | Noninvasive fetal lung maturity prediction based on ultrasonic gray level histogram width[END_REF][START_REF] Prakash | Fetal lung maturity analysis using ultrasound image features[END_REF][START_REF] Cannie | Prenatal prediction of survival in isolated diaphragmatic hernia using observed to expected total fetal lung volume determined by magnetic resonance imaging based on either gestational age or fetal body volume[END_REF]. These studies demonstrated imaging changes associated with lung maturation but weak correlations between echogenicity and clinical outcomes at birth. Recently, a quantitative fetal lung texture analysis has been described and demonstrated a strong correlation with gestational age, biological test on amniotic fluid and risk of neonatal respiratory morbidity [START_REF] Palacio | Prediction of neonatal respiratory morbidity by quantitative ultrasound lung texture analysis: a multicenter study[END_REF][START_REF] Bonet-Carne | Quantitative ultrasound texture analysis of fetal lungs to predict neonatal respiratory morbidity[END_REF]. Prediction of the pulmonary function through quantitative fetal lung stiffness measurement seems innovative and could be complementary to quantitative ultrasound texture analysis. Two-dimensional ultrasound (2D) shear wave elastography (SWE) is the latest evolution of elastography techniques and enables assessment of tissue stiffness in real time [START_REF] Bercoff | Supersonic shear imaging: a new technique for soft tissue elasticity mapping[END_REF]. The aim of elastography techniques is to assess the hardness of a tissue, either by objective quantification or compared to an adjacent tissue [START_REF] Franchi-Abella | Ultrasound elastography: advantages, limitations and artefacts of the different techniques from a study on a phantom[END_REF].Quantitative evaluation of the stiffness is expressed either in terms of shear wave speed (m. s-1 ) or Young's modulus (kPa) [START_REF] Bercoff | Supersonic shear imaging: a new technique for soft tissue elasticity mapping[END_REF][START_REF] Gennisson | Ultrasound elastography: principles and techniques[END_REF][START_REF] Carlson | Estimation of shear wave speed in the human uterine cervix[END_REF]. This technique has been validated in several organs (liver, breast, placenta, cervix) [START_REF] Carlson | Estimation of shear wave speed in the human uterine cervix[END_REF][START_REF] Alison | Quantitative shear-wave elastography of the liver in preterm neonates with intra-uterine growth restriction[END_REF][START_REF] Abeysekera | SWAVE Imaging of Placental Elasticity and Viscosity: Proof of Concept[END_REF][START_REF] Davutoglu | The role of shear wave elastography in the assessment of placenta previa-accreta[END_REF][START_REF] Habibi | In vivo assessment of placental elasticity in intrauterine growth restriction by shearwave elastography[END_REF], and some studies reported interesting results about exploration of non human fetal organs with 2D-SWE [START_REF] Quarello | Shear wave elastography of fetal lungs in pregnant baboons[END_REF][START_REF] Quarello | Feasibility and reproducibility of ShearWave(TM) elastography of fetal baboon organs[END_REF]. 2D-SWE could be a promising tool in fetal medicine by providing a new approach to studying changes in fetal lung tissue properties during gestation.

A pilot study is necessary to clarify applicability of 2D-SWE for exploration of human fetal lungs and liver during gestation. It seemed relevant to compare fetal lung and liver stiffness evolution during pregnancy, and a new ratio could be modeled to provide an objective quantification: the lung to liver elastography (LLE) ratio.

The primary objective of this study was to evaluate feasibility and reproducibility of 2-D SWE of human fetal lungs and liver between 24 and 34 weeks of gestation. The secondary objective was to model fetal LLE ratio and to assess its variations according to gestational age and maternal administration of corticosteroids.

Methods

Study design

A prospective case-control study was performed at the University Hospital of Besançon, (Besançon, France), Department of Obstetrics and Gynecology from April to November 2016, in strict accordance with the ethical guidelines of the Declaration of Helsinki. The « ELASTOMAP study » was approved by human ethical research committee (Comité de Protection des Personnes EST II, process number 15/494) and the French National Agency for Medicines and Health Products Safety (process number 2015-A01575-44) [START_REF] Mottet | Feasibility of 2-D ultrasound shear wave elastography of fetal lungs in case of threatened preterm labour: a study protocol[END_REF].

The study was registered on clinical trial.gov with the following number: NCT02870608.All participants provided written informed consent. Details of the rationale and design of the trial have been published previously [START_REF] Mottet | Feasibility of 2-D ultrasound shear wave elastography of fetal lungs in case of threatened preterm labour: a study protocol[END_REF].

Fetal lungs and liver were studied by 2D-SWE between 24 and 34 weeks of gestation (WG) in two groups: women with an uncomplicated pregnancy composed the control group (group 1), and women with a threatened preterm labor requiring administration of corticosteroids were enrolled as cases (group 2). The inclusion criteria were common to both groups: pregnant women aged 18 years or older, singleton pregnancy, eutrophic fetus, signature of consent and affiliation to health insurance scheme. Exclusion criteria were common to both groups: fetal lung or liver pathologies, inclusion in another medical study, and patients under legal incapacity. Two 2D-SWE examinations were performed at "day 0", and "day 2" in group 1, separated for 48h. A 2D-SWE examination was performed in group 2 before and 24h after a complete course of corticosteroids indicated for threatened preterm labor, respectively at "day 0" and "day 2" (Fig. 1). Betamethasone course was prescribed by maternal intramuscular injection of 12 mg and repeated 24 h after the first injection. All variables (patient parameters, data items, data elements) were aggregated into electronic Case report forms

Prenatal variables and measuring technique

A Logic ® E9 system (General Electric Healthcare) with CE certification CE LNE/G-MED [CE0459] equipped with abdominal convex probe 1-6 MHz (C1-6-D probe) was used for this study. The shear wave acquisition measurement protocol was the same for each patient. Details of the protocol have been published previously [START_REF] Mottet | Feasibility of 2-D ultrasound shear wave elastography of fetal lungs in case of threatened preterm labour: a study protocol[END_REF].

Three operators participated in this study. Operator 1 was the reference operator (NM, senior clinical lecturer), and two others operators were trained: operator 2 (JPM, resident) and operator 3 (CC, intern). To assess repeatability of measurements, operators performed 2 measurements to obtain duplicates on each target regions while systematically repositioning the probe on the target organ: three regions for the proximal lung (anterior "region A1", medium "region A2" and posterior portion "region A3") and three regions for the liver (IV, V, VI) (Fig. 2). To test the inter-observer reproducibility, a second observer successively performed measurements on 30 fetuses. All measurements were carried out directly by ultrasound on the target organ. The second observer performed measurements just after the first one and was blinded to the feasibility and results obtained by the first one.

The fetal LLE ratio was initially defined as the value of the proximal lung stiffness divided by the value of the liver stiffness. Only repeatable and reproducible values of each ROI were considered to model the fetal LLE ratio. Measurements were performed on a homogeneous circular ROI of 5 mm diameter manually drawn. Technical failure was defined as failure to obtain a homogeneous elastogram in greater than 50% in the sampling area. At the end of the follow up, the operator 1 was blinded of the women's status and reviewed all the measurements. Measurements were considered invalid when the ROI did not match with the requested region or when important artifacts interfered with the ROI.

Postnatal variables

Two pediatricians examined all the infants at birth and were blinded to the prenatal exposure to 2D-SWE. The following data were collected: term of birth, weight, neonatal transfer, Apgar score and evaluation of respiratory distress by Silverman score. In the two days after birth, automated evaluation of auditory evoked potentials were recorded in case of premature delivery before 37 WG to despite cochlear damage in the exposed fetus. After 37 WG, auditory evoked potentials were performed if otoacoustic emissions were absent. At three months after birth, the women received a phone call to assess infant well-being and to collect the following data: medical history, health problems, respiratory diseases or symptoms, liver disease or symptoms and number of hospitalizations since birth.

Statistical analysis

Given the paucity of data regarding 2D-SWE on human fetal lung, the sample size calculation was based on measurements of fetal lungs in pregnant baboons. All calculation hypothesis were detailed in the published protocol [START_REF] Mottet | Feasibility of 2-D ultrasound shear wave elastography of fetal lungs in case of threatened preterm labour: a study protocol[END_REF]. Forty-two patients per group were needed to have 90% power to statistically demonstrate such a difference (0.2 versus 0.057) assuming an α risk of 0.05 and standard deviation of 0.2.

We used descriptive analysis to examine the population in the study. Qualitative variables were expressed as raw numbers, proportions and percentages and quantitative variables were expressed as means, SDs and ranges. Feasibility was evaluated by assessing the number of examinations performed and the number of examinations with interpretable results (invalid data). In order to investigate the repeatability of measurements over a short period of time, two measurements per subject were made under identical conditions by the same observer [START_REF] Bartlett | Reliability, repeatability and reproducibility: analysis of measurement errors in continuous variables[END_REF]. A paired Student's t-test was used to test repeatability of measurements. Results were expressed as mean difference with 95% confidence interval, standard deviation of the differences and P value. The intraclass correlation coefficient (ICC) was used to test inter observer reproducibility with 95% CI [START_REF] Bland | Statistical methods for assessing agreement between two methods of clinical measurement[END_REF]. Differences in fetal LLE ratio values between two examinations were calculated by using the Wilcoxon test. Simple linear regression was used to test correlation between stiffness values and gestational age: the Pearson correlation coefficient R and the coefficient of determination R2 were mentioned. The strength of the association was regarded as very weak for Pearson coefficient values of 0-0.19, as weak for 0.2-0.39, as moderate for 0.40-0.59, as strong for 0.6-0.79 and as very strong for 0.8-1.

Concerning postnatal data, a descriptive analysis at baseline and at each follow-up was performed. Comparisons between group 1 and group 2 were performed using Student's t test or Mann-Whitney's U test for quantitative variable and Chi-squared test or Fisher's exact test for qualitative variables, as appropriate. 

Results

During the study period, 103 patients were included: 55 women with an uncomplicated pregnancy composed group 1, and 48 women with a threatened preterm labor requiring administration of corticosteroids were enrolled as cases in group 2 (Fig. 1). Maternal characteristics are summarized in Table 1.

A total of 540 measurements were performed on each ROI. For the proximal lung, 8.6% of measurements were considered invalid (21.1% for A1, 2.8% for A2, 2% for A3), and 6.9% were considered invalid for the liver (14.4% for IV, 3.3% for V, 2.9% for VI). The number of invalid measurements did not differ between the control group and cases for each ROI. These data were excluded for statistical analysis.

For the 3 operators, measurements on each ROI were repeatable except for region IV for both operator 1 (mean difference = 0.1; 95 % CI: 0.002 -0.206; SD = 0.65) (P= 0.04) and operator 2 (mean difference = 0.13, 95 % CI: 0.006-0.26; SD = 0.54) (P = 0.04] (Table 2).

Interobserver ICC values for stiffness values (average of duplicates) in the different ROI among the three operators are presented in Table 3.

Considering invalid data for ROI A1 and IV, absence of repeatability for region IV for two operators, and low ICC between operator 1 and 3 for ROI A2 (ICC = 0.28; 95% CI: -0.72 -0.69), these ROIs were excluded for fetal LLE ratio modeling. Only ROI A3 for the lung and ROI V and VI for the liver were considered eligible for statistical analysis. The stiffness value for each region was calculated from the average of duplicates performed by the operator. Three ratios were modeled and compared. There were: Fetal LLE ratio 1: A3/ [(V + VI)/2]; Fetal LLE ratio 2: A3/ V, and Fetal LEE ratio 3: A3/ VI.

The median values of these three indexes were compared at "day 0" and "day 2", and the relative differences (["day 0 -day 2"]/"day 0") were evaluated in all the cohorts (group 1 and group 2). No statistically significant differences were noted among the three indexes, and we decided to retain fetal LLE ratio 1 for the remainder of the statistical analysis. Mean stiffness values for the lung (A3) and the liver (V, VI) were respectively 2.21 +/-0.41 [1.44-3.06] KPa, 3.74 +/-0.86 [2.38-6.36] kPa and 3.99 +/-0.91 [2.63-6.20] kPa in the group 1.

Analysis of stiffness variations according to gestational age and corticosteroids were based on the reference operator's data. Operator 1 performed examinations in 87 singleton pregnancies at a median age of 30 WG (range: 24-33.5 WG). According to gestational age, linear correlation was significant for stiffness values of ROI A3, V and VI with positive correlation coefficients (R: 0.56, 0.46 and 0.44 respectively) (Fig. 3). However, if variation of the fetal LLE ratio was assessed according to gestational age, the linear trend correlation was not significant (P = 0.6) and correlation was very weak (R= 0.08) (Fig. 4).

The fetal LLE ratio values for the first examinations at "day 0" were not significantly different between controls and cases. Operator 1 performed 2D-SWE examinations in 42 controls and 30 cases. The fetal LLE ratio values at "day 2" decrease in group 2 exposed to corticosteroids (0.2; 95% CI: 0.07 to 0.34) and increase in controls (-0.04; 95% CI: -0.29 to 0.08) (P < 0.001) Differences in fetal LLE ratio values between two examinations are presented in Figure 4.

Pediatricians examined a total of 102 children exposed to 2D-SWE in the two days following birth. There was one case of in utero fetal death secondary to uterine rupture in a woman hospitalized for threatened preterm labor at 31 WG. Infant characteristics and respiratory status at birth are summarized in Table 1. All infants in the control group were born after 37 WG, and otoacoustic emissions were present for 53 infants. Auditory evoked potentials were controlled in one case and were normal. Otoacoustic emissions were not registered in the medical file for one case, but no additional control was mentioned. In the group 2, 23 infants were born before 37 WG, and the abnormal auditory evoked potentials were registered for one ear in one case of premature delivery at 31 WG. Otoacoustic emissions were normal for 22 infants born after 37 WG in the group 2. Otoacoustic emissions were not registered in 2 cases in the two days following birth but were normal during a secondary control after leaving the maternity hospital (Table 1). Health status was evaluated four months after birth for 78 children and is summarized in Table 1.

Discussion

Our study demonstrates that quantitative fetal lung and liver stiffness measurement with 2D-SWE is feasible with acceptable reproducibility considering average pairs of measurements. Some ROIs are more reproducible and repeatable on these organs.

We assess lung stiffness on the proximal lung to reduce presumed impact of depth on measurements and to improve the reliability of fetal LLE ratio. Indeed, Quarello et al reported variation of ICC between proximal and distal lung in pregnant baboons, respectively 0.65 (95% CI: 0.42-0.81) and 0.42 (95% CI: 0.11-0.65) [START_REF] Quarello | Shear wave elastography of fetal lungs in pregnant baboons[END_REF]. Our study indicates that region A3 was the most relevant given its feasibility and acceptable reproducibility considering average pairs of measurements (ICC between 0.70 and 0.78) (Table 3). Invalid measurements were also the lowest in this region compared to both other regions. This difference can be explained by acoustic shadowing generated by fetal ribs and disturbance of share wave speed induced by cardiac movements that are more important in A1 and A2 compared to A3.

Concerning the liver, the left extremity (region IV) was not repeatable and contained many invalid measurements (14,4%) compared with ROI V and VI. These results were probably related to the close anatomical relationships between liver, stomach and bowels in these regions. It is likely that operators confused these organs with incorrect placement of the focused ultrasounds, obtaining inaccurate results. Considering average pairs of measurements, reproducibility was acceptable for region V (ICC between 0.75 and 0.73) and region VI (ICC between 0.70 and 0.84). Thus, in the modeling process of the fetal LLE ratio, we decided to retain only A3, V and VI as the most repeatable and reproducible ROI to compare fetal lung and liver stiffness on average of two measurements. As described in the results, three indexes were modeled and compared without significant differences for evaluation of lung and liver stiffness in the whole cohort. Thus, ROI V and/or VI can used to assess fetal liver stiffness with the same performance.

One advantage of this study was to evaluate stiffness in three tissues with different supposed biomechanical properties: normal lung, lung with increased surfactant after corticosteroids course, and liver. We noticed that 2D-SWE revealed stiffness variations according to organs: mean stiffness values for the lung (A3) and the liver (V, VI) in the group 1 were 2.30 kPa [1.30-3.40], 3.90 kPa [2.38-6.40] and 3.86 kPa [2.23-6.34], respectively. A moderate positive correlation with gestational age was found for the fetal lung. Considering that gestational age is one of the most important factors determining fetal lung maturation, increase lung stiffness during the studied period could reflect lung development and maturity.

Similarly, there was a moderate positive correlation between fetal liver stiffness and gestational age. Thus, because lung and liver stiffness was increased in parallel through gestation in this study, the value of the fetal LLE ratio between 24 and 34 WG was constant with a mean value of 0.6. As a consequence, a very weak correlation was found for the fetal LLE and gestational age (R=0.08). By comparing liver and lung elasticity, gestational agerelated changes in fetal lung maturation could be underestimated and masked. However, the studied period was limited between 24 and 34 WG, and the fetal LLE ratio may evolve differently after 34 WG because of surfactant synthesis by alveolar type 2 cells.

In this study, the fetal LLE ratio was interesting to compare variations of the fetal lung elasticity after a course of corticosteroids. Between two examinations, fetal lung elasticity values decreased while those of the liver remained stable. Indeed, the relative difference of the fetal LLE ratio value was more important in group 2 exposed to corticosteroids (0.2; 95% CI: 0.07 to 0.34) compared to group 1 (-0.04; 95% CI: -0.29 -0.08) (P < 0.001). These results could be explained by dispersion of shear wave speed and attenuation relevant to increase viscosity in fetal lung after corticosteroids secondary to surfactant synthesis, especially phosphatidylcholine. As dispersion increases, shear wave will be attenuated [START_REF] Carlsen | A comparative study of strain and shear-wave elastography in an elasticity phantom[END_REF][START_REF] Carstensen | Elastography in the management of liver disease[END_REF][START_REF] Barry | Shear wave dispersion measures liver steatosis[END_REF].

The use of 2D-SWE in fetal medicine is actually not recommended in current practice and must be regulated in registered research protocols. Issaoui al reviewed the potential effect of 2D-SWE on fetal tissues in a quantitative heath risk assessment [START_REF] Issaoui | Shear wave elastography safety in fetus: A quantitative health risk assessment[END_REF]. To date, no health agency has published recommendations about widespread use of 2D-SWE in obstetrics due to lack of data concerning impact of acoustic radiation force on particular displacement in fetal tissues [START_REF] Issaoui | Shear wave elastography safety in fetus: A quantitative health risk assessment[END_REF]. However, observational and reassuring data are reported in the literature about use of 2D-SWE after 24 WG in preterm infants [START_REF] Alison | Quantitative shear-wave elastography of the liver in preterm neonates with intra-uterine growth restriction[END_REF][START_REF] Franchi-Abella | Feasibility and diagnostic accuracy of supersonic shear-wave elastography for the assessment of liver stiffness and liver fibrosis in children: a pilot study of 96 patients[END_REF][START_REF] Albayrak | Evaluation of neonatal brain parenchyma using 2-dimensional shear wave elastography[END_REF]. The "Elastomap study" is the first study to provide a collection of postnatal variables in all infants exposed in utero to 2D-SWE [START_REF] Mottet | Comment on "Shear wave elastography safety in fetus: A quantitative health risk assessment[END_REF]. Indeed, vigilance data were collected at birth and 4 months later to ensure the absence of clinical effects. We did not collect severe adverse outcomes in the whole cohort, and the unique case of stillbirth is secondary to uterine rupture. The cochlea may be a particularly sensitive structure as 2D-SWE provides a mechanical pulsatile vibration [START_REF] Massó | On the safety of elastography in fetal medicine: A preliminary study of hypoacusia[END_REF]. In this study, neonatal hypoacusia screening tests were normal for 100 infants exposed to 2D-SWE during the prenatal period. In one case, otoacoustic emissions were not registered in the medical file, and one infant presented abnormal auditory evoked potentials for one ear in one case of premature delivery at 31 WG. These new data (medical history, health problems, exploration of olivo-cochlear reflex at birth, respiratory diseases or symptoms, and number of hospitalizations since birth) will enrich current literature concerning the use of 2D-SWE in fetal medicine. These vigilance data are only descriptive but provide preliminary reassuring results. This pilot study is monocentric, and limitations include impact of depth on measurements and use of a single transducer SC6-1 without comparison with others probes and machines. On the one hand, stiffness increases in both organs between 24 and 34 WG could be related to tissue density increases throughout pregnancy. On the other hand, the correlation coefficient was low, and other variables, especially depth, could influence the stiffness value. Indeed, the more pregnancy progresses, the more the distance between the probe and target organ is reduced, improving detection of the shear wave's speed and estimation of stiffness value. Some pediatric studies reported the influence of the probe on stiffness evaluation related to the relationship between viscoelastic properties and transducer frequency. Stiffness should be interpreted according to the transmitted frequency, and the same transducer should be used for the follow-up [START_REF] Franchi-Abella | Feasibility and diagnostic accuracy of supersonic shear-wave elastography for the assessment of liver stiffness and liver fibrosis in children: a pilot study of 96 patients[END_REF][START_REF] Hanquinet | Acoustic radiation force impulse (ARFI) elastography for the noninvasive diagnosis of liver fibrosis in children[END_REF][START_REF] Engelmann | Feasibility study and control values of transient elastography in healthy children[END_REF]. Other studies are needed to confirm the feasibility of 2D-SWE for exploration of human fetal lungs and liver during gestation and to validate its reproducibility according to the probe and the machine. This preliminary study contributes to clarifying the applicability of 2D-SWE for fetal lung and liver. 2D-SWE of human fetal lung and liver is feasible with acceptable reproducibility. This technique could be a new complementary tool for reliable prediction of the status of pulmonary function based on biomechanical properties. Further studies are needed to confirm the feasibility of 2D-SWE for exploration of human fetal lungs and liver during gestation and to validate its reproducibility according to the probe and the machine. Measurements were performed on a homogeneous circular ROI of 5 mm diameter manually drawn. Three measurements were performed on the proximal lung (2a) in three regions (A1, A2, and A3) and 3 measurements on the liver (2b) in three regions (IV, V, and VI). Average elasticity (Kpa) was obtained in target regions of interest (ROI) with an automatic calculation. ROI were placed manually on the different target regions: Elastography measurements of the fetal lung on region A2 (2b) and Elastography measurements of the fetal liver on region V (2d).

Fig 3. Analysis of the fetal LLE ratio variation and stiffness evolution (regions A3

and V) according to gestational age. The figure shows the « FitPlot » consisting of a Scatter plots of the data overlaid with the regression line, and 95% confidence and prediction limits. a,b,c) According to gestational age, linear correlation was significant for stiffness values of regions A3, V and VI with positive correlation coefficients. d) The value of the fetal LLE ratio between 24 and 34 WG could be considered constant with a mean value of 0.6. The linear trend was not significant (P=0.6) and the correlation was very weak (R 2 = 0.006). R² : coefficient of determination 

  All statistical tests were two-sided with p-values inferior to 0.05 denoting statistical significance. Statistical analysis was performed with SAS/STAT version 9.4 for Windows (The SAS Institute, Cary, NC).
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 4 Fig 4. Fetal LLE ratio values between group 1 (a) and group 2 (b). This graphic represents fetal LLE ratio values obtained by the operator 1 in both groups. The fetal LLE ratio values at "day 2" decrease in fetuses exposed to corticosteroids.

  the reference operator (senior clinical lecturer), operator 2 was resident and operator 3 was intern. Bold indicates significant differences.

Table 1 .

 1 Maternal and infant characteristics.

Table 2 .

 2 Mean difference between pairs of elastographic measurements made by the three operators in different region of interest (ROI).

Table 3 .

 3 Intraclass correlation coefficients (ICC) of elastographic measurements (average of pairs) in different region of interest (ROI).Operator 1 was the reference operator (senior clinical lecturer), operator 2 was resident and operator 3 was intern. Bold indicates significant differences.

		Sample size	Mean	95% CI	Standard	P
			difference		deviation	
			(KPa)			
	Region A1					
	Operator 1	125	-0.05	-0.13 to 0.04	0.41	0.26
	Operator 2	51	0.07	-0.02 to 0.162	0.32	0.12
	Operator 3	12	0.13	-0.03 to 0.30	0.26	0.10
	Region A2					
	Operator 1	158	0.01	-0.04 to 0.07	0.38	0.69
	Operator 2	71	0.04	-0.05 to 0.13	0.39	0.41
	Operator 3	28	-0.03	-0.26 to 0.20	0.60	0.79
	Region A3					
	Operator 1	162	0.04	-0.02 to 0.09	0.38	0.19
	Operator 2	73	-0.02	-0.11 to 0.07	0.38	0.59
	Operator 3	26	-0.01	-0.20 to 0.18	0.48	0.93
	Region IV					
	Operator 1	159	0.10	0.002 to 0.21	0.65	0.04
	Operator 2	72	0.13	0.01 to 0.26	0.54	0.04
	Operator 3	24	-0.13	-0.45 to 0.18	0.75	0.40
	Region V					
	Operator 1	160	-0.03	-0.13 to 0.07	0.65	0.52
	Operator 2	72	-0.03	-0.16 to 0.11	0.56	0.66
	Operator 3	23	-0.08	-0.50 to 0.34	0.97	0.68
	Region VI					
	Operator 1	127	-0.03	-0.14 to 0.09	0.66	0.61
	-Operator 2	63	-0.02	-0.16 to 0.11	0.54	0.74
	-Operator 3	24	0.11	-0.20 to 0.42	0.74	0.47
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