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SHORT ABSTRACT:  25 
Here, we present an ablate-and-resect prospective study to evaluate the feasibility, safety, and 26 
accuracy of intraoperative high-intensity focused ultrasound ablation in patients undergoing 27 
hepatectomy for liver metastases.  28 
 29 
LONG ABSTRACT:  30 
Today, the only potentially curative option in patients with colorectal liver metastases is surgery. 31 
However, liver resection is feasible in less than 20% of patients. Surgery has been widely used in 32 
association with radiofrequency, cryotherapy, or microwaves to expand the number of 33 
treatments performed with a curative intent. Nevertheless, several limitations have been 34 
documented when using these techniques (i.e., a traumatic puncture of the parenchyma, a 35 
limited size of lesions, and an inability to monitor the treatment in real-time). High-intensity 36 
focused ultrasound (HIFU) technology can achieve precise ablations of biological tissues without 37 
incisions or radiation. Current HIFU devices are based on an extracorporeal approach with limited 38 
access to the liver. We have developed a HIFU device designed for intraoperative use. The use of 39 
a toroidal transducer enables an ablation rate (10 cm3.min-1) higher than any other treatment 40 
and is independent of perfusion.  41 
 42 
The feasibility, safety, and accuracy of intraoperative HIFU ablation were evaluated during an 43 
ablate-and-resect prospective study. This clinical phase I and IIa study was performed in patients 44 
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undergoing hepatectomy for liver metastases. The HIFU treatment was performed on healthy 45 
tissue scheduled for resection. Liver metastases measuring less than 20 mm will be targeted 46 
during phase IIb (currently ongoing). This set-up allows the real-time evaluation of HIFU ablation 47 
while protecting participating patients from any adverse effects related to this new technique. 48 
 49 
Fifteen patients were included in phase I - IIa and 30 HIFU ablations were safely created within 50 
40 s and with a precision of 1 - 2 mm. The average dimensions of the HIFU ablations were 27.5 x 51 
21.0 mm2, corresponding to a volume of approximately 7.5 cm3. The aim of the ongoing phase 52 
IIb is to ablate metastases of less than 20 mm in diameter with a 5-mm margin. 53 
 54 
INTRODUCTION:  55 
Colorectal liver metastases (CLMs) represent a major public health issue. When resection and/or 56 
ablation of CLM can be achieved, a cure is possible, and five-year survival rates of up to 51% have 57 
been reported1. Despite progress in surgery (complex surgical techniques)2 and downsizing 58 
obtained with chemotherapy3, only a minority of patients are eligible for surgery (less than 20%). 59 
When metastases are confined to the liver, surgery is precluded by the size and/or location of 60 
metastases, their number, or because the necessary resection will leave an insufficient volume 61 
of functional liver4.  62 
 63 
Radiofrequency ablation (RFA) and microwave ablation (MWA) have been widely used in 64 
association with surgery to increase the number of patients treated with a curative intent. 65 
However, these techniques require the intraparenchymal introduction of a probe. Moreover, 66 
these techniques are inadequate due to the heat-sink effect of blood flow, and real-time 67 
monitoring is not possible with these techniques. 68 
 69 
Medical ultrasound is mainly known as a diagnostic imaging technique. However, ultrasound can 70 
be used as a modality to deliberately cause tissue damage. The energy of the HIFU beam is several 71 
orders of magnitude greater than those of a standard diagnostic ultrasound beam. The high 72 
energy levels carried in a HIFU beam are magnified further by focusing the beam deep in tissues 73 
with precision to a small volume while sparing surrounding tissues. The tissue temperature at the 74 
focal point quickly rises to 70 - 90 °C, resulting in an irreversible destruction by coagulative 75 
necrosis5. HIFU has been proven effective in a wide range of clinical applications, especially 76 
prostate cancer6,7. Current medical devices using HIFU are based on an extracorporeal approach, 77 
and the single ablation achieved is small and ellipsoidal. The dimensions of every single lesion 78 
vary according to the transducer characteristics but are typically 1 - 3 mm (transverse) and 8 - 15 79 
mm (along the beam axis)8. To treat tumors, hundreds of lesions must be placed systematically 80 
side by side to ablate the target tumor and some of the surrounding normal tissue margin. The 81 
placement of small lesions side by side requires precision that is difficult to ensure in moving 82 
organs and results in long-lasting treatments (in the order of 1 - 2 hours). Whereas numerous 83 
publications have reported about MWA and RFA for the treatment of CLM9-13, few studies have 84 
been published about HIFU for CLM14,15. HIFU treatment presents several potential advantages 85 
when compared to MWA or RFA as follows: there is no need to puncture the parenchyma, the 86 
treatment is independent of perfusion8, and real-time monitoring is possible. Extracorporeal 87 



  

treatment of the liver is difficult because the focusing effect is altered by the respiratory motion 88 
of the liver and the presence of the ribcage, which may stop the propagation of ultrasound waves. 89 
 90 
As focal destruction is often associated with open liver surgery in the management of patients 91 
with CLM, we aimed to design a new and powerful HIFU. Such a device would be able to perform 92 
large ablations in a short amount of time. Thus, we developed a new technology based on 93 
toroidal transducers16 with encouraging results in preliminary in vitro and preclinical work17-19. 94 
We previously demonstrated in a porcine model that this HIFU device can create reproducible 95 
ablations in 40 s20. The average volume of these ablations was 7 cm3, corresponding to an average 96 
diameter of 20 mm and an average long axis of 25 mm. These ablations were created by activating 97 
each emitter with the same phase and by applying an acoustic power of 70 W (free-field acoustic 98 
power) for 40 s18. To confirm these results, this HIFU device was used in a controlled trial in 99 
patients undergoing hepatectomy for CLM. The objective of the study was to assess the safety 100 
and the feasibility of the procedure. Data regarding the efficacy and the accuracy of the 101 
procedure were also collected. This HIFU device was not developed to replace the resection part 102 
of surgery. The long-term objective is to provide a complementary tool to surgeons in order to 103 
expand the number of patients treated with a curative intent by treating otherwise unresectable 104 
patients, using HIFU. 105 
 106 
The study participants could not expect any personal benefit from their participation, and the 107 
priority was to avoid any loss of chance, which is why an ablate-and-resect study was designed. 108 
The surgical procedure had to be identical to the one patients would have undergone if not 109 
included in the study. For this first use of the HIFU device in humans, ablations were created on 110 
the part of the liver scheduled for resection, in order to protect participating patients from any 111 
adverse effects related to the use of this new device.  112 
 113 
Study Design: 114 
The protocol was a prospective, single-center phase I/II study designed to assess specific 115 
objectives in three different phases (I, IIa, and IIb). In phases I and IIa, the HIFU treatment was 116 
performed in parts of the liver planned for resection but at a distance from metastases. Liver 117 
metastases were targeted during phase IIb. Data of phase IIb are not presented as this part of 118 
the protocol is still ongoing. 119 
 120 
The primary objectives of phase I were to evaluate the safety, feasibility, and tolerability of HIFU 121 
ablation for patients with CLM. The safety and feasibility were assessed by the ability to use the 122 
HIFU device in aseptic conditions. The ability to perform two HIFU ablations without injuring 123 
organs adjacent to the liver was also assessed. In all patients, one HIFU lesion was superficial and 124 
one was created with the focal zone placed at least 1 cm deeper. Vital signs were monitored 125 
during and for 5 minutes after the HIFU ablations in order to assess the tolerability of the 126 
procedure. 127 
 128 
Secondary objectives were to determine the reliability of the ultrasound images and the ease of 129 
use of the device. The reliability of the ultrasound images was assessed by using the imaging 130 
probe integrated with the HIFU device to visualize and target the region to be treated. Ease of 131 



  

use was assessed by the ability to place the HIFU device such that ablations could be performed 132 
in at least 80% of the whole liver. The entire HIFU procedure has to be performed in less than 30 133 
minutes. 134 
 135 
This two-step phase was designed following Lee’s sequential criteria21, allowing an early 136 
termination of enrollment in the case of an unacceptable global failure rate. The definition of 137 
failure was a period longer than 30 minutes to perform the HIFU procedure, the inability to place 138 
the focal zone at least 1 cm from Glisson’s capsule, asepsis failure when using the device, HIFU 139 
lesions in adjacent organs, changes in vital signs superior to 10% from the baseline. The 140 
enrollment was considered to be closed if a failure was observed in at least 2/2 patients (first 141 
step) and 3/6 patients (second step). 142 
 143 
In phase IIa, a major anatomical structure was mimicked by a metallic marker with a diameter of 144 
5 mm, implanted in the liver parenchyma. The primary objective of phase IIa was to assess the 145 
accuracy of the HIFU device. In step 1, the ability to target the metallic marker with safety margins 146 
was assessed. In step 2, the ability to ablate the liver at a predetermined distance from the 147 
metallic marker was assessed. The ideal distance between the metallic marker and the closest 148 
ablation boundary was fixed at 7.5 mm, with a tolerated range of 1 - 15 mm. The secondary 149 
objective was to assess the safety of the procedure by creating HIFU lesions in the liver without 150 
injury to adjacent organs. The feasibility to image HIFU ablations using the integrated ultrasound 151 
imaging probe was a common secondary endpoint with phase I. Three to six patients were 152 
included in both steps of phase IIa. Binomial probabilities in 3 and 6 patients were used. If a 153 
failure occurred in at least 54% and 32% of the patients, respectively, there was a 90% probability 154 
of observing that failure. 155 
 156 
PROTOCOL:  157 
The protocol was reviewed and validated by a national ethics committee according to French and 158 
European directives, with written consent from the patients. 159 
 160 
1. Inclusion 161 
 162 
1.1 Include patients with resectable CLM and a good clinical condition (Eastern Cooperative 163 
Oncology Group ECOG/World Health Organization WHO performance status 0-1) who are at least 164 
18 years old. Obtain written consent from the patients. 165 
 166 
1.2 Exclude patients with previous liver, biliary, or major abdominal surgery, pregnancy, or an 167 
inability to be followed for the duration of the study. 168 
 169 
2. HIFU Treatment 170 
 171 
2.1 Perform the anesthesia of the patient with an induction composed of propofol (2 to 3 mg/kg), 172 
sufentanil (0.2 to 0.3 µg/kg), cisatracurium (0.15 mg/kg) and ketamine (0.15 mg/kg).  173 
 174 
2.2 Maintain anesthesia with sevoflurane to target a bispectral index between 40 and 60.  175 



  

 176 
2.3 Perform tracheal intubation, with the lungs mechanically ventilated with inspired oxygen 177 
fraction of 80%. 178 
  179 
2.4 Prepare the HIFU device in the operating room by covering the sterilized HIFU probe with the 180 
dedicated sterile envelope containing a sterile ultrasound coupling liquid (Figure 1). 181 
 182 
Note: The HIFU probe was sterilized using a low-temperature gas plasma sterilizer. 183 
 184 
2.5 Perform laparotomy using a monopolar knife after classic surgical asepsis. 185 
 186 
2.6 Place the retractors under the rib cage and between the edges of the surgical incision. 187 
 188 
2.7 Confirm liver resection by exploring the liver using intraoperative diagnostic ultrasound 189 
images with a 7.5 MHz T-type transducer and palpation to confirm that no additional metastasis 190 
compromising the resection was missed with preoperative imaging22. 191 
 192 
2.8 Free the liver from its peritoneal and vascular attachments with scissors. 193 
 194 
2.9 Place a protective abdominal gauze sponge (20 x 20 cm) with X-ray detectable threads under 195 
the targeted area to inhibit ultrasound propagation and unintended HIFU damage to adjacent 196 
organs.  197 
 198 
2.10 Bring the HIFU probe in contact with the liver surface (Figure 2). 199 
 200 
2.11 Move the HIFU probe on the surface of the liver until the position of the expected HIFU 201 
ablation (represented by the white cone superimposed on the sonogram) is at the right location 202 
according to the objectives of the different phases (Figure 3a). 203 
 204 
2.12 Activate the HIFU exposure by activating each emitter with the same phase for 40 s. Apply 205 
an acoustic power of 70 W (free-field acoustic power) for superficial ablations and 90 W (free-206 
field acoustic power) for in-depth lesions. 207 
 208 
2.12.1 Ultrasound images were not synchronized with HIFU exposures and, therefore, 209 
interferences were visible in sonograms during ablations. Observe that boiling is created in liver 210 
tissues treated during HIFU single exposures. Note that a cloud of ebullition appears momentarily 211 
for 1 min at the location of the lesion (Figure 3b).  212 
 213 
Note: The single lesion appears on the sonogram as a hyperechoic zone at its center and a 214 
hypoechoic zone at its boundaries (Figure 4a). 215 
 216 
2.13 Mark the position of the HIFU probe, mainly the acoustic axis at the surface of the liver, 217 
using a surgical marker, to know where to cut the liver for gross examination (Figure 2).  218 
 219 



  

2.14 Measure the dimensions of the HIFU ablations along two orthogonal planes after each HIFU 220 
exposure, using the integrated ultrasound imaging probe.  221 
 222 
2.15 Move the HIFU probe on the liver surface to confirm that all eight liver segments can be 223 
covered, irrespective of their conformation in the individual patient. 224 
 225 
3. Macroscopical and Histological Evaluation of HIFU Lesions 226 
 227 
3.1 Perform the planned liver resection using a Kelly clamp to crush the liver parenchyma and a 228 
scissor to cut the liver. Perform hemostasis with titanium clips and/or irrigating bipolar forceps.  229 
 230 
3.2 Close the aponeurosis with monofilament, long-lasting absorbable N° 0 or N° 1 suture 231 
material. 232 
 233 
3.3 Close the skin with uncolored, short-term absorbable N° 3/0 suture material. 234 
 235 
3.4 Give the patient oral acetaminophen (1 g every 6 h).  236 
 237 
Note: Nausea and vomiting were treated with 4 mg of intravenous ondansetron. Oral fluids and 238 
feeding were started on the day after surgery. Morphine was given to obtain a pain visual 239 
analogic scale under 30/100. 240 
 241 
3.5 Separate the HIFU ablations and areas of CLM with a scalpel. 242 
 243 
3.6 Cut the ablations along the exposure axis with a scalpel.  244 
 245 
3.7 Take pictures of the HIFU ablations. 246 
 247 
3.8 Measure the dimensions of the ablated area macroscopically with a ruler and on a 248 
photograph, using appropriate image analysis software.  249 
 250 
3.9 Slice each ablation into 5-mm sections to assess macroscopic homogeneity.  251 
 252 
3.10 Fix the ablated areas in 10% phosphate-buffered formalin (pH = 7), embed them in paraffin, 253 
and stain them with hematoxylin and eosin. 254 
 255 
3.11 Histologically examine the ablated and surrounding tissues. 256 
 257 
4. Follow-up 258 
 259 
4.1 Follow the patients for one month according to the institution’s guidelines for patients 260 
resected for CLM. 261 
 262 



  

4.2 Summarize data regarding demographic characteristics, vital signs (baseline and 5 min after 263 
HIFU), and safety observations and measurements regarding the HIFU lesions.  264 
 265 
4.3 Use Spearman’s rank correlation coefficient to test the association between variables. 266 
 267 
REPRESENTATIVE RESULTS:  268 
Fifteen patients were included between March 2010 and November 2011. Six patients were 269 
included in phase I. Six patients were included in step 1 of phase IIa. Three patients were included 270 
in step 2 of phase IIa. A right or extended right hepatectomy was performed in all patients. Phase 271 
IIb is currently ongoing, and results are not described. Complete results of phases I and IIa have 272 
been previously published14. 273 
 274 
Phase I: 275 
In total, twelve HIFU ablations were successfully created in the six phase-I patients (Figure 5). 276 
One superficial HIFU ablation and one deep HIFU ablation were created in each of the 6 patients. 277 
Deep HIFU lesions were placed at a mean depth of 12 ± 2 (10 - 20) mm corresponding to a focal 278 
distance of 22 ± 2 (20 - 40) mm (Figure 3a). The resulting mean distance between Glisson’s 279 
capsule and the HIFU ablation was, on average, 7 ± 4 (2 - 13) mm. Asepsis was not comprised in 280 
all patients during the preparation and utilization of the device. There was no lesion in 281 
neighboring tissues after HIFU ablation. There were no any substantial changes in respiratory and 282 
hemodynamic parameters. The duration of the HIFU procedure was, on average, 15 ± 7 (9 - 27) 283 
minutes. The ultrasound imaging probe integrated with the HIFU device allows visualizing, on 284 
average, 88% (95% CI: 67 to 100%) of the 15 predefined areas. 285 
 286 
Phase IIa: 287 
For the first three patients of step 1, the metallic mark had not been included in the HIFU lesions 288 
in one of six ablations. After reviewing the record of the procedure, it was established that a 289 
Glissonian pedicle was confused with the metallic marker (Figure 6). As required by the study 290 
design, three more patients were included, and all six additional HIFU lesions were correctly 291 
created around all six metallic markers. Since the primary objective of step 1 was achieved, the 292 
steering committee approved the continuation of the study. 293 
 294 
The aim of step 2 was to achieve ablations distant from a metallic marker by 7.5 mm. Six ablations 295 
with a distance of 7.0 ± 2.3 (4.3 - 9.8) mm were achieved, demonstrating that it was possible to 296 
preserve an area from damage. The procedure was safe, asepsis was not compromised, and there 297 
was no lesion in the neighboring organs and no rupture of Glisson’s capsule. 298 
 299 
Common Secondary Objectives of Phases I and IIa: 300 
All 30 HIFU ablations created in 15 patients were slightly cone-shaped. The average length of the 301 
HIFU ablations was 27.5 ± 6 mm. The average superior width of the HIFU ablations was 21 ± 3.9 302 
mm. In ultrasound images, the average length of HIFU ablations was 28.9 ± 4.6 mm and the 303 
average superior width was 23.9 ± 3.8 mm. Figure 4b shows the rank correlation coefficient (r = 304 
0.88; p < 0.001; 95% CI, 0.82 to 0.91) between macroscopic measurements and measurements 305 
performed using ultrasound images. 306 



  

 307 
Figure 7 shows the capability of the imaging system to visualize metastases. Figures 7a and 7c 308 
show examples of two metastases imaged using the ultrasound imaging probe integrated with 309 
the HIFU device. Figures 7b and 7d show the corresponding metastases observed on gross 310 
pathology after surgery. The HIFU focal region was superimposed on the sonogram and displayed 311 
in the user interface, making it possible to place the location of the ablation with precision (Figure 312 
7a).  313 
 314 
As illustrated in Figure 8, the delimitation between treated and untreated liver is very sharp 315 
(about 200 µm). There was a halo of congestive tissues around all HIFU ablations. The microscopic 316 
examination confirmed homogeneous necrosis with all HIFU ablations. Since there were only 1 317 
to 2 hours between HIFU ablation and hepatectomy, it was not possible to observe evidence of 318 
apoptosis. However, pronounced alterations in hepatocytes were observed in all HIFU ablations. 319 
The microscopic analysis confirmed homogeneous ablations with all cases, notably around 320 
vessels (Figure 8). 321 
 322 
FIGURE AND TABLE LEGENDS:  323 
 324 
Figure 1: Preparation of the HIFU device. The HIFU device was prepared by covering the sterilized 325 
HIFU probe with a sterile envelope containing an ultrasound coupling liquid. (a) This panel shows 326 
the HIFU transducer covered with a sterile envelope. (b) This panel shows the tube for the cooling 327 
circuit. (c) This panel shows the connector for the electrical power. (d) This panel shows the 328 
connector for the ultrasound imaging probe. 329 
 330 
Figure 2: Use of the HIFU probe. The HIFU probe was held by hand and brought into contact with 331 
the liver surface. (a) This panel shows the HIFU probe. (b) The position of the HIFU probe at the 332 
time of ablation was marked on the liver. 333 
 334 
Figure 3: Targeting process. (a) The user interface displayed the position of the HIFU focal region 335 
superimposed on the sonogram, making it possible to place the location of the ablation in the 336 
tissues. (b) Immediately after the HIFU exposure, a cloud of ebullition appeared momentarily (for 337 
approximately 1 minute) at the location of the lesion. 338 
 339 
Figure 4: Monitoring. After boiling, the single lesion appeared on the sonogram as a hyperechoic 340 
zone at its center and a hypoechoic zone at its boundaries. 341 
 342 
Figure 5: Macroscopic visualization of two HIFU ablations. HIFU ablations were clearly visible by 343 
gross pathology. (a) This panel shows a typical HIFU ablation. (b) This panel shows an example of 344 
a HIFU lesion created during step 1 of phase IIa. The aim was to target the metallic marker. The 345 
shape and homogeneity of the ablation were not altered by the presence of hepatic veins. 346 
 347 
Figure 6: Macroscopic visualization of a HIFU ablation created in phase IIa. In one case, the 348 
metallic marker had not been included in the HIFU. After reviewing the record of the procedure, 349 
it was established that a Glissonian pedicle was confused with the metallic marker. 350 



  

 351 
Figures 7: Visualization of metastases using the integrated ultrasound imaging probe. Panels 352 
(a) and (c) show examples of two metastases imaged using the ultrasound imaging probe 353 
integrated with the HIFU device. Panels (b) and (d) show the corresponding metastases observed 354 
by gross pathology after surgery. (a) The user interface displayed the position of the HIFU focal 355 
region superimposed on the sonogram, making it possible to place the location of the ablation in 356 
the tissues and to visualize if the metastasis will be treated with safety margins. 357 
 358 
Figures 8: Histopathological examination after HIFU ablation. This panel shows a representative 359 
liver examination using H&E staining. There was a sharp demarcation between treated and 360 
untreated liver with pronounced alterations in hepatocytes. Here, the magnification is 200X. 361 
 362 
DISCUSSION: 363 
The aim of this study was to confirm the feasibility, safety, and efficacy of a new intraoperative 364 
HIFU device. As this was its first use in humans, an ablate-and-resect study was designed in order 365 
to verify the ability of the device to create complete ablation and accurate targeting without 366 
compromising the chance of potentially curative therapy for patients. In total, 30 HIFU ablations 367 
were safely created in 15 patients, each within 40 s. The average dimensions of the HIFU ablations 368 
were 27.5 x 21.0 mm2. There was no secondary lesion in neighboring organs. Importantly, the 369 
shape of the HIFU ablations was not altered by the major blood vessels (up to 5 mm in diameter). 370 
This is of particular importance since it has been reported that blood flow plays a pivotal role in 371 
thermal ablation by limiting the ablation size and altering ablation shape23. Another important 372 
advantage of this intraoperative HIFU device when compared with ablations performed using 373 
radiofrequency or microwaves is that there is no need to insert a probe in the liver parenchyma. 374 
 375 
The choice of developing a HIFU device dedicated to intraoperative use was supported by 376 
oncological necessities and technological challenges that remain unmet in HIFU technology. 377 
Extracorporeal HIFU treatments have been proved to be clinically feasible. However, the liver 378 
volume accessible to an extracorporeal HIFU treatment is about 30% unless a partial rib resection 379 
is performed24. In addition, when using HIFU extracorporeally for treating liver tumors, skin burns 380 
and gastric lesions can be created25,26. The intraoperative approach was selected to avoid these 381 
potentially important complications. More importantly, intraoperative ablations are widely 382 
employed in the management of CLM, whether they are associated with surgery or not. Despite 383 
improvements in imaging, new liver metastasis are found in approximately 15% of patients22, and 384 
new findings, such as peritoneal carcinomatosis, may preclude the need for liver-directed 385 
therapy. For this first use in humans of the intraoperative HIFU device, ablations were created 386 
close to metastases and only in areas planned for resection. This first step was regarded as 387 
essential to demonstrate the accuracy and the safety of this new HIFU device before considering 388 
its routine use to treat CLM. 389 
 390 
The size of the HIFU probe (10 cm in diameter) does not limit its ease of use since it was possible 391 
to place the probe as such that it allowed a targeting of approximately 90% of the entire liver. 392 
This was possible even through a limited midline laparotomy. HIFU ablations were easily 393 
identified by ultrasound imaging, allowing a reliable monitoring of the treatment, which is a 394 



  

major advantage over other ablative techniques. The slight difference between ablation 395 
dimensions measured on ultrasound images and those measured on macroscopic examination 396 
was due to the difficulty to cut fresh liver exactly along the imaging plane.  397 
 398 
Although this study confirmed the theoretical advantages of HIFU for liver ablation (i.e., no need 399 
for an intraparenchymal introduction of a probe and real-time monitoring, and independence 400 
from the heat-sink effect), the efficacy of intraoperative HIFU should be demonstrated on liver 401 
metastases. If the ability to target liver metastases is confirmed during phase IIb, the next step 402 
will be to design a multicenter prospective cohort of patients treated with curative-intent with 403 
intraoperative HIFU. 404 
 405 
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Name of Material/ Equipment Company Catalog Number

MFOCUS N/A

Curved array ultrasound imaging probe 

working at a frequency of 7.5 MHz
Vermon 6,5/R11,5/192

Ultrasound imaging scanner BK HAWK B-K Medical 2102 EXL

Metallic marker BIP GmbH O-twist-marker

Image J Image analysis software Wayne Rasband

Sterile envelope CIVCO CIV-Flex Transducer Cover

Ultrasound coupling liquid EDAP-TMS Liv-kit
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Comments/Description

The transducer has a toroidal geometry and is divided into eight radial ultrasound emitters of 4.16 cm
2
 each. The 

working frequency of the transducer is 3 MHz. Each of the eight emitters is divided into 32 individual transducers 

of equal surface (13 mm
2
).  The radius of curvature of the transducer was 7 cm and the diameter was 7 cm. A 

curved array ultrasound imaging probe working at a frequency of 7.5 MHz (Vermon, Tours, France) was placed in 

the center of the device and connected to an ultrasound imaging scanner. The imaging transducer is composed 

of 128 elements with a 63% bandwidth. The ultrasound imaging plane was aligned with the HIFU acoustic axis in 

order to position the region to be treated and visualize the ablation with the same device. Due to the 

geometrical characteristics of a torus, the ultrasound beams coming from each of the eight emitters intersect 

beyond the principal focal ring and form a secondary focal zone, which contributes to reinforce the homogeneity 

of the lesion at its center. The location of the focal zones could be changed by electronic focusing or by adjusting 

the quantity of liquid between the device and the tissue.
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