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2 HIGHLIGHTS 1-A toroidal HIFU transducer can create large lesions in the placenta in short time 2-All of the lesions were homogeneous and approximately spherical in shape 3-HIFU may be an interesting option for adjuvant treatment of placenta accreta.

ABSTRACT

Background

Placenta accreta is an abnormal invasion of the placenta within the myometrium, which has increasing rate and could result in maternal mortality or morbidity. The objective of this study was to evaluate the feasibility of treating placenta accreta with high-intensity focused ultrasound (HIFU) using an ex vivo model.

Material and methods

A toroidal HIFU transducer working at 2.5 MHz with an integrated ultrasound-imaging probe was used. Ex vivo experiments were performed in eight human placentae (from 39 to 40 weeks) within a configuration that mimicked clinical conditions as closely as possible. The fetal side of the placenta was placed in contact with the sterile envelope that covered the HIFU device to simulate the uterine serosa. HIFU lesions were studied on sonograms and macroscopically.

Results

In total, 19 single HIFU lesions were created with the same exposure parameters for all of the lesions. The exposure time was 75 s. The acoustic power was 90 W. HIFU lesions were created at different distances (2, 6, 7 and 8 mm) from the uterine serosa by adjusting the thickness of the coupling water and thus, the distance between the HIFU emitters and placental tissues. All of the lesions were homogeneous and approximately spherical in shape.

The two diameters of the HIFU lesions were on average 14.6 ± 2.1 mm and 14.1 ± 2.3 mm.

Lesions were immediately visible on sonograms after each HIFU exposure as a hyperechoic region. The distance between the surface of the placenta and HIFU lesion as measured on ultrasound images was closely correlated with the same distance that was measured on gross pathology (r=0.89, p<0.05).

Conclusions

INTRODUCTION

Placenta accreta is an abnormal invasion of the placenta within the myometrium, which could invade the uterine serosa and pelvic organs, such as the bladder or bowel (i.e. placenta percreta). Its prevalence has increased during the last fifty years, partially due to the increase in cesarean deliveries [START_REF] Miller | Clinical risk factors for placenta previaplacenta accreta[END_REF][START_REF] Gielchinsky | Placenta accreta--summary of 10 years: a survey of 310 cases[END_REF][START_REF] Wu | Abnormal placentation: twenty-year analysis[END_REF][START_REF] Morlando | Placenta accreta: incidence and risk factors in an area with a particularly high rate of cesarean section[END_REF]. Placenta accretae are associated with non-negligible maternal morbidity and mortality, of which obstetrical management remains difficult [START_REF] Sentilhes | Maternal outcome after conservative treatment of placenta accreta[END_REF]. The management of placenta accreta is a matter of debate [START_REF] Fox | Conservative management of morbidly adherent placenta: expert review[END_REF]. Two therapeutic strategies have been proposed. The first aims to perform a hysterectomy during cesarean delivery or several months after (i.e., non-conservative treatment). This approach is largely recommended and performed in the United States. The second strategy aims to leave the placenta in place to wait for placental deliquescence (i.e., conservative treatment). This approach is primarily performed in Europe [START_REF] Fox | Conservative management of morbidly adherent placenta: expert review[END_REF].

Ultrasound is used in medicine in a variety of ways, including imaging and therapy [START_REF] Wischhusen | Ultrasound Molecular Imaging with Targeted Microbubbles for Cancer Diagnostics: From Bench to Bedside[END_REF][START_REF] Wischhusen | Ultrasound-Targeted Microbubble Destruction (UTMD) for Localized Drug Delivery into Tumor Tissue[END_REF][START_REF] Grimal | Quantitative Ultrasound Assessment of Cortical Bone Properties Beyond Bone Mineral Density[END_REF][START_REF] Bawiec | Preliminary Investigation of a 64-element Capacitive Micromachined Ultrasound Transducer (CMUT) Annular Array Designed for High Intensity Focused Ultrasound (HIFU)[END_REF][START_REF] Greillier | Therapeutic Ultrasound for the Heart: State of the Art[END_REF][START_REF] Giammarinaro | Shear-Wave Sources for Soft Tissues in Ultrasound Elastography[END_REF][START_REF] Grasland-Mongrain | Review on Biomedical Techniques for Imaging Electrical Impedance[END_REF][START_REF] Chenot | Intra-operative ultrasound hand-held strain imaging for the visualization of ablations produced in the liver with a toroidal HIFU transducer: first in vivo results[END_REF][START_REF] Skurczynski | Evaluation of experimental methods for assessing safety for ultrasound radiation force elastography[END_REF].

The clinical use of high-intensity focused ultrasound (HIFU) under ultrasound or magnetic resonance (MR) guidance as a non-invasive method for the treatment of tumors is rapidly increasing. Tens of thousands of patients have been treated for a wide range of diseases [START_REF] Skurczynski | Evaluation of experimental methods for assessing safety for ultrasound radiation force elastography[END_REF][START_REF] Crouzet | Salvage high-intensity focused ultrasound (HIFU) for locally recurrent prostate cancer after failed radiation therapy: Multi-institutional analysis of 418 patients[END_REF][START_REF] Dupre | First clinical experience of intra-operative high intensity focused ultrasound in patients with colorectal liver metastases: a phase I-IIa study[END_REF][START_REF] Dupre | Evaluation of the Feasibility, Safety, and Accuracy of an Intraoperative High-intensity Focused Ultrasound Device for Treating Liver Metastases[END_REF][START_REF] Lang | High intensity focused ultrasound (HIFU) ablation of benign thyroid nodules -a systematic review[END_REF][START_REF] Kennedy | High-intensity focused ultrasound in the treatment of solid tumours[END_REF][START_REF] Melodelima | Treatment of esophageal tumors using high intensity intraluminal ultrasound: first clinical results[END_REF]. During HIFU treatments, the temperature at the focus can rise above 80°C in a few seconds, which leads to effective cell killing [START_REF] Kennedy | High-intensity focused ultrasound in the treatment of solid tumours[END_REF]. Coagulative necrosis can be created at several centimeters from the device without the occurrence of damage in intervening tissues.

An additional advantage of this technology is the ability to localize the treatment target in real time using MRI or ultrasound imaging. Studies that assess the feasibility and effectiveness of HIFU as applied to the placenta accreta are lacking, and the technique is far from usual clinical practice [START_REF] Bai | High-intensity focused ultrasound treatment of placenta accreta after vaginal delivery: a preliminary study[END_REF]. In this study, we investigated whether the use of a HIFU device could improve the management of placenta accretae after cesarean delivery. We hypothesized that a HIFU treatment could accelerate the placental deliquescence, preserve fertility, reduce hemorrhage and reduce infectious complications. The first step described in this paper was to conduct a preliminary study to assess the feasibility and reproducibility of HIFU applied to the placental unit using an ex vivo model that closely match the clinical condition.

Experiments were conducted on human placentae under conditions that could be translated to clinical practice with the idea of performing HIFU exposures immediately after cesarean delivery.

MATERIALS

HIFU device

A toroidal HIFU transducer and driving equipment, which have already be described [START_REF] N'djin | Assisted hepatic resection using a toroidal HIFU device: an in vivo comparative study in pig[END_REF][START_REF] Caloone | High-intensity focused ultrasound applied to the placenta using a toroidal transducer: a preliminary ex-vivo study[END_REF][START_REF] Vincenot | Electronic beam steering used with a toroidal HIFU transducer substantially increases the coagulated volume[END_REF][START_REF] Caloone | Non-invasive high-intensity focused ultrasound treatment of the placenta: a preliminary in-vivo study using a simian model[END_REF],

were used (Figure 1). The transducer was composed of 32 ring-shaped emitters with identical surface areas (78 mm 2 ) that operated at a frequency of 2.5 MHz. The ultrasound emitters were distributed according to a toroidal geometry. The radius of curvature of the transducer was 70 mm and its active diameter was 67 mm. Because of this toroidal geometry, the focal zone observed in the focal plane is a ring of 30 mm in diameter. In addition, the ultrasound beams coming from each of the 32 emitters intersect between the principal focal ring and the transducer to form a secondary focal zone, which contributes to increase the volume of the lesion and to reinforce its homogeneity. Spatial repartition and intensity of the pressure field produced by one ultrasound emitter can be controlled electronically by modulating the amplitude and the phase applied to each of the 32 individual transducers. An ultrasoundimaging probe (Vermon, Tours, France) working at a frequency of 7.5 MHz was placed in the center of the HIFU transducer and was connected to a BK HAWK 2012 EXL scanner (B-K Medical, Herlev, Denmark). The ultrasound-imaging plane was aligned with the HIFU acoustic axis to precisely guide the treatment. The US emitting transducers (for therapy and imagery) were placed into acoustic contact with the placenta with US coupling fluid (Ablasonic®, EDAP, Vaux-en-Velin, France). The fluid was contained in a sterile polyurethane envelope (CIV-Flex Transducer cover, CIVCO, Kalona, IA, USA) that also covered the device, which made it possible to use the HIFU system under sterile conditions. This envelope attenuated the ultrasound pressure by approximately 2% at 2.5 MHz. A continuous flow (0.4 L/min) maintained the degassed coupling water at 20°C and allowed for the cooling of the HIFU transducer during treatment. A peristaltic Masterflex pump (L/S model 7518-60, Cole-Parmer Instruments Co., Chicago, IL, USA) drove the water around a closed cooling circuit. All of the procedures were guided and controlled by a computer. The user interface displayed the position of the HIFU-treated region superimposed on the sonogram, which was obtained by the integrated ultrasound-imaging probe. In this manner, it was possible to locate the ablation and visualize the treated zone that was created during ultrasound exposures in real time.

Human placentae

Human placentae were obtained from vaginal delivery after normal pregnancy. The gestational ages were from 39 to 40 weeks to mimic the clinical conditions as closely as possible. The exclusion criteria were artificial delivery, the suspected presence of a placental histologic anomaly or the absence of consent. Our institutional review board approved this study, and each participant provided a signed informed consent (CPP Lyon Sud Est II; DC-2012-1643).

METHODS

Acoustic measurements

The acoustic properties of the placentae were determined using a through-transmission setup, where two identical broadband unfocused piston transducers (Panametrics NDT V306, Olympus NDT Inc.) with a diameter of 13mm and a centre frequency of 2.25MHz were axially aligned and spaced 100mm apart using a customised rig. The transducers and rig were submerged in a tank of degassed water with a phantom sample of fixed width x placed in the acoustic path between the two transducers. One transducer was driven by a signal generator (Agilent 33220A, Keysight Technologies) using a 25 cycle burst at frequency values ranging from 1MHz to 3.5MHz in steps of 0.25MHz with a peak to peak voltage amplitude of 10V, and the second transducer was used to receive the transmitted signal which was recorded and saved using a digital oscilloscope (WaveJet 324, LeCroy). Altering the frequency of the input pulse enabled the frequency-dependent attenuation response of the sample to be measured, so long as there was sufficient signal amplitude from the receive transducer. The acoustic attenuation coefficient was determined by taking the ratio of the two measured voltage signals from the receive transducer when samples of different thickness had been inserted. Keeping the distance between the transducers the same in each case and assuming the effect of diffraction is small, the attenuation coefficient is given by Equation 1where ∆x is the difference in thickness between the two samples, V 1 is the amplitude of the peak located at the driving frequency in the frequency spectrum of the received voltage signal when the first sample is present, and V 2 is the amplitude when the second sample is present.

= ∆ (eqn 1)

HIFU lesions in placentae

The placenta was placed in a specific holder in a tank that was filled with degassed water. A thermocouple (0.33 mm in diameter, MT-29, Physitemp, Clifton, NJ, USA) was inserted in the center of the placenta. The water in the tank was then heated to 37°C using a thermostat, and the placenta sample was then allowed to reach 37°C prior to the initiation of the experiment. The HIFU probe was fixed on a mechanical arm and placed in the tank over the placenta. The fetal side of the placenta, composed of membranes, was positioned in contact with the envelope covering the HIFU device to simulate the uterine serosa. An alignment system allows for the placement of the acoustic axis of the HIFU probe along a groove of the holder to enable the precise evaluation of the lesions [START_REF] Caloone | High-intensity focused ultrasound applied to the placenta using a toroidal transducer: a preliminary ex-vivo study[END_REF]. The optimal HIFU exposure conditions were determined with a three-dimensional numerical simulation model as previously described [START_REF] Chavrier | Modeling of highintensity focused ultrasound-induced lesions in the presence of cavitation bubbles[END_REF] and by incorporating the acoustic attenuation of the placenta. The best compromise for the creation of large lesions in the placenta was to use a free field acoustic power of 90 W and a total exposure time of 75 s. Two successive HIFU exposures were performed to create one lesion in the placenta without moving the probe between exposures. The first exposure was performed by setting electronically the depth of the ringshaped focus at 65 mm, its radius at 0 mm and the time of exposure to 40 s. Without moving the probe and without any delay, a second exposure was performed by setting electronically the depth of the ring-shaped focus at 65 mm, its radius at 2 mm and the time of exposure to 35 s. These parameters were used to create all the placental HIFU lesions. The depth of the lesions in the placenta was adjusted by changing the amount of water in the envelope to create lesions at different distances from the surface of the placenta. This was achieved in a few seconds with the cooling system, and the distance was precisely adjusted under ultrasoundimaging guidance. Sonograms of samples were acquired immediately after each HIFU exposure. The thicknesses of spared tissues, dimensions of lesions created and echogenicity aspects were reported. All of the samples were sliced along the acoustic axis of the HIFU device immediately after each exposure. Quantitative values are expressed as mean ± standard deviation.

RESULTS

The mean attenuation coefficient of placentae was 0.85 ± 0.02 dB.cm -1 .MHz -1 . This value was used in preliminary numerical experiments allowing to set appropriate HIFU treatment parameters. As expected, an increase in ultrasound attenuation, as a function of increasing frequency, was observed.

Nineteen HIFU lesions were created in 8 human placentae. All of the lesions were homogeneous and approximately spherical in shape (Figure 2). The two diameters that were measured in each observation plan were 14.6 ± 4.1 mm and 14.1 ± 4.5 mm on average. All of the placental lesions appeared hyperechoic immediately after HIFU exposure (Figure 3). However, it was difficult to clearly identify the contours of the HIFU lesions in this ex vivo model on sonograms. Hyperechogenicity was mainly due to the presence of small gas bubbles in ex vivo tissues, which promote the boiling of tissues during HIFU treatment [START_REF] N'djin | In vivo preclinical evaluation of the accuracy of toroidal-shaped HIFU treatments using a tumor-mimic model[END_REF]. A more reliable visualization of HIFU lesions is expected to be achieved under in vivo conditions, as demonstrated by previous work that used similar toroidal HIFU transducers [START_REF] N'djin | An Ultrasound Image-Based Dynamic Fusion Modeling Method for Predicting the Quantitative Impact of In Vivo Liver Motion on Intraoperative HIFU Therapies: Investigations in a Porcine Model[END_REF][START_REF] Melodelima | Thermal ablation produced using a surgical toroidal highintensity focused ultrasound device is independent from hepatic inflow occlusion[END_REF].

It may be necessary to preserve several millimeters of placental tissues according to the clinical situation. Therefore, HIFU lesions were created at different distances (2 mm (n=4), 6 mm (n=4), 7 mm (n=4) and 8 mm (n=7)) from the surface of the placenta by adjusting the thickness of the coupling water and thus the distance between the HIFU emitters and placental tissues. N represents the number of samples that have been included for each distance. The corresponding distances between the surface of the placenta and the HIFU lesions measured on gross pathology were 2.5 ± 0.6 mm, 5.8 ± 0.6 mm, 7.0 ± 0.7 mm and 8.2 ± 0.5 mm, respectively. Excellent agreement between the desired distance and the actual distance was obtained, as measured in gross pathology (r=0.99, p<0.05, Figure 4a). In addition, a good correlation was observed between the thickness of the spared tissues, which was measured both macroscopically and via a sonogram (r=0.89, p<0.05, Figure 4b).

DISCUSSION

This study aimed to confirm the feasibility of HIFU treatment applied to the placenta using an ex vivo model, for possible treatment for placenta accreta. Placental accretions are associated with severe maternal morbidity and an increased risk of hemorrhage during delivery and thus, represent a real and current problem in perinatal medicine. Obstetrical management remains under debate and varies widely within teams and countries [START_REF] Sentilhes | Maternal outcome after conservative treatment of placenta accreta[END_REF][START_REF] Angstmann | Surgical management of placenta accreta: a cohort series and suggested approach[END_REF]. An alternative strategy to the non-conservative treatment (i.e., hysterectomy) is to wait for placental deliquescence, which preserves fertility; however, this option also exposes patients to several complications, such as differed hemorrhages, a risk of infections, severe sepsis and hysterectomy. The complete placental involution could be lengthy with a relatively restrictive follow-up. After having reviewed 167 cases of placenta accreta from 40 maternity wards, Senthiles et al. [START_REF] Sentilhes | Maternal outcome after conservative treatment of placenta accreta[END_REF] observed hysterectomy and severe maternal morbidity in 22% and 6% of cases, respectively, at a median follow-up of 13.5 weeks (4-60) and a uterine vacuity of 75%. The use of complementary treatments has been suggested to accelerate placental involution.

Methotrexate and the embolization of uterine arteries have been assessed but are associated with non-negligible maternal morbidity without a demonstrated efficacy on placental deliquescence [START_REF] Sentilhes | Predictors of failed pelvic arterial embolization for severe postpartum hemorrhage[END_REF]. Although HIFU technologies appear to be promising for the treatment of placental accretions, studies that have assessed their clinical application are lacking [START_REF] Bai | High-intensity focused ultrasound treatment of placenta accreta after vaginal delivery: a preliminary study[END_REF].

The ex vivo study described here mimicked the clinical conditions as closely as possible in terms of an adjuvant treatment during a cesarean section. The application of HIFU exposures immediately after a cesarean section during an open procedure appears to mimic clinical practice as closely as possible, as the diagnostic of placenta accreta is suspected during the antenatal period and is confirmed after delivery. An intra-operative approach has many advantages. It allows for the prevention of secondary lesions to nearby organs (bladder or bowel) by carefully isolating the placenta using pads. In addition, it allows for an excellent focusing effect in the organ and is already successfully used by our group for hepatic applications [START_REF] Melodelima | Thermal ablation by high-intensity-focused ultrasound using a toroid transducer increases the coagulated volume. Results of animal experiments[END_REF]. Intra-operative use of the device that will be held by hand will also allow real-time evaluation of HIFU ablation while protecting participating patients from any adverse effects related to this new technique. The user interface displays the position of the HIFU treated region superimposed on the sonogram obtained with the help of the integrated ultrasound imaging probe. Since the device is placed directly in contact with the organ the ultrasound imaging will be of optimal quality. It is therefore possible to locate the ablation and visualize in real time the treated zone created during ultrasound exposures. The modality of placental necrosis, such as its depth and diameter, remains to be determined, but in our opinion, the necrosis of a partial anterior placenta insertion should be sufficient.

Using a toroidal-shaped transducer, we demonstrated that placental lesions can be created in 75 s. No damages to tissues outside the focal zone were observed. The depth of spared tissue between the emitter and focal zone is not a limiting factor and depends on the settings of the transducer itself. Lesions were created between 2.5 and 8.2 mm from the surface of the placenta by adjusting the thickness of the coupling water and thus, the distance between the HIFU emitters and placental tissues. Lesions were reproducible, which allowed for safe treatments with dimensions (approximately 14-15 mm in diameter) that appeared to be sufficient in this clinical condition, as lesions can be juxtaposed up to the desired volume of ablation [START_REF] Parmentier | High-intensity focused ultrasound ablation for the treatment of colorectal liver metastases during an open procedure: study on the pig[END_REF][START_REF] Gandini | High-intensity focused ultrasound (HIFU)-assisted hepatic resection in an animal model[END_REF].

Placental insertion in the myometrium can vary within patients and for the same patient. In these experiments, HIFU lesions were identified immediately after insonification and the thickness of spared tissues, which was measured on a sonogram, was highly correlated with the same dimension that was measured macroscopically. This represents a major advantage in the control and efficacy of the treatment because the placement of the HIFU lesions at a predetermined depth can be enlarged by accurately juxtaposing elementary lesions. An array of these lesions can be built up to coagulate the placenta [START_REF] N'djin | Utility of a tumor-mimic model for the evaluation of the accuracy of HIFU treatments. results of in vitro experiments in the liver[END_REF]. Thus, this increase in the echogenicity of the ablated region in the ultrasound images can be used to guide the treatment. The increase in echogenicity is due to the increasing presence of gas bubbles generated during temperature elevation. A previous work demonstrated that a reliable delimitation of the treated volume is possible in vivo and under clinical conditions for liver treatment [START_REF] Melodelima | Ultrasound surgery with a toric transducer allows the treatment of large volumes over short periods of time[END_REF][START_REF] Melodelima | Visualisation of liver tumours using hand-held real-time strain imaging: results of animal experiments[END_REF][START_REF] Dupre | Thermal Ablation of the Pancreas With Intraoperative High-Intensity Focused Ultrasound: Safety and Efficacy in a Porcine Model[END_REF][START_REF] Dupre | Efficacy of high-intensity focused ultrasound-assisted hepatic resection (HIFU-AR) on blood loss reduction in patients with liver metastases requiring hepatectomy: study protocol for a randomized controlled trial[END_REF]. Therefore, it is expected that the visualization of the HIFU lesion will be better during clinical trials. The presence of opportunities to monitor the treatment and adjust the treatment dimensions using several successive exposures represents a real advantage of HIFU therapy. In a previous work, we demonstrated that a toroidal-shaped HIFU transducer could create a line of placental necrosis using an extracorporeal model with possible application for the treatment of the twin-to-twin transfusion syndrome [START_REF] Caloone | Non-invasive high-intensity focused ultrasound treatment of the placenta: a preliminary in-vivo study using a simian model[END_REF]. By contrast with this previous work, the present study demonstrated the possibility to control the depth of placental lesions during an open procedure. The uterus and mainly the uterine serosa must be preserved. It is therefore essential to control the thickness of spared tissues since it can vary according to the anatomy of one patient to another as well as from the different regions of the uterus. Thanks to our experience under similar conditions for the treatment of liver metastases [START_REF] Dupre | First clinical experience of intra-operative high intensity focused ultrasound in patients with colorectal liver metastases: a phase I-IIa study[END_REF], the clinical treatment of placenta accretae appears more straightforward when compared with the treatment of TTTS.

There are several limitations to this study, which can be attributed to the use of an ex vivo model. The potential effect of placental perfusion cannot be evaluated, although it was previously demonstrated in vivo that ablations that were created in hepatic tissues using this HIFU device were not dependent on perfusion [START_REF] Melodelima | Thermal ablation produced using a surgical toroidal highintensity focused ultrasound device is independent from hepatic inflow occlusion[END_REF]. In addition, placental accretions are characterized by praevia insertion and proximity to pelvic organs, such as the bladder. The surgery could be complex (access of the inferior segment of uterus, presence of adherences, ascension of bladder), the positioning of the device during an open procedure can be difficult and must be clearly evaluated under clinical conditions. This limitation can be overcome because the device is used by hand and is already used clinically for the treatment of liver metastasis under similar conditions [START_REF] Dupre | First clinical experience of intra-operative high intensity focused ultrasound in patients with colorectal liver metastases: a phase I-IIa study[END_REF]. Moreover, the time that is necessary to create a large placental necrosis may be long regarding the volume to be treated. Finally, the time needed for placental necrosis evolution remains unknown, and the creation of fibrosis by HIFU lesions could be a limiting factor for placental delivery. In a clinical study, demonstrated that it was possible to accelerate placental deliquescence after vaginal birth using an extracorporeal HIFU device, which preserves fertility [START_REF] Bai | High-intensity focused ultrasound treatment of placenta accreta after vaginal delivery: a preliminary study[END_REF]. However, the effect on the posterior myometrium remains unknown. For these reasons, we suggest that the targeted region will be only a fraction of the anterior placenta. Despite the need for clinical evaluation, our initial feasibility studies have demonstrated the utility of ultrasound-guided HIFU to target and selectively coagulate placental tissues. This raises the prospect of HIFU treatment of placental accretions and other related conditions that result from abnormal placental insertions.

In conclusion, this study demonstrates the potential for the use of HIFU as a method of placental coagulation. Each HIFU lesion (14-15 mm in diameter) was created in 75 s with a toroidal-shaped transducer. The thickness of spared tissue varied between 2 and 8 mm, which suggest that there is an opportunity to create placental HIFU lesions at different depths from the uterine serosa in accordance with clinical conditions. The HIFU lesions were homogeneous and reproducible. The potential clinical usefulness must be further validated in a clinical trial that will demonstrate the safety, feasibility and efficacy of this ablative method for the acceleration of the placental deliquescence in cases of placental accreta immediately after cesarean delivery. 
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 2 Figure 2. HIFU lesions created in placental tissues at 2 (a), 6 (b), 7 (c) and 10 (d) mm in depth. The lesions appear as black and are highlighted by the dotted circles.
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 3 Figure 3. Examples of two HIFU lesions (a) and (c) in the placenta and the corresponding B-Mode image observed just after the treatment (b) and (d).
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 4 Figure 4. (a) Correlation was observed between the desired distance and the actual distance was obtained, as measured in gross pathology (r=0.99, p<0.05). Dots indicate the means ± standard deviation and the red lines indicate the range. (b) A correlation was observed between the thickness of the spared tissues, which was measured both macroscopically and via the corresponding B-Mode image (r=0.89, p<0.05).