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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

Yes
C. This script only contains about 35 shots, including interviews.  They are all important.
D.  Will the filming need to take place in multiple locations? (Y/N) No
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to use plane wave imaging to stream displacement images in real-time during liver ablation through the use of Harmonic Motion Imaging for Focused Ultrasound, or HIFU (Pronounce as one word; Hif-oo). (Intro)  This is accomplished by first generating an oscillatory motion in a liver sample with a high-intensity focused ultrasound transducer. (P1)  Next, a thermal ablation is made using an amplitude-modulated signal, while radiofrequency signals are acquired by a confocally-aligned phased array using plane or diverging wave imaging. (P2) These signals are beam-formed using a delay-and-sum method implemented with a sparse matrix multiplication (P3) and estimated into displacement images using normalized 1-D cross-correlation that are viewable in real-time. (P4)  Ultimately, HIFU is used to show a decrease of peak-to-peak displacement at the focal region during thermal ablation which denotes stiffening of the tissue due to the formation of the lesion. (P5)
Video editor:

P1 – show the liver, the imaging transducer and the ultrasound system box.  The add the focal spot and the two dashed lines that cross at the focal spot and meet at the rectangle.  Do not show this image duplicated.  Just one set up needs to be shown.

P2 – Before “while” just make the black spot on the liver fade to pink and add the lesion caption.  After “while” first show the three arrows and row of flat grey bars with the title “plane wave imaging” and half-way along switch to the arrows with arc-shaped grey bars and the title “diverging wave imaging”.

P3 – draw the connection from the system box to the computer, add the computer.

P4 – draw the connection to from the computer to the monitor, add the monitor and the title “Real-time monitoring of the ablation”.  Zoom in on the computer screen to finish.

P5 – Show Fig 5A and Fig5B, next to each other or in sequence.
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B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
1.1. Julien Grondin: The main advantage of this technique over existing methods is that HIFU lesion is monitored in real-time at high temporal resolution without interrupting the treatment which reduces the treatment duration and helps prevent over-treatment.

1.2. Thomas Payen: Though this method can provide insight into treatment and monitoring of liver tumors, it can also be applied to other organs, such as the breasts or pancreas.
C. The Protocol Section (read by voice talent at JoVE)
1.3. EXTRA TITLE CARD: Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Columbia University.
2. Preparations
2.1. In preparation, de-gas an ex vivo canine liver sample for 90 minutes [2.1.1-WID] in a tank of de-gassed PBS.  [2.1.2-CU] Secure the tissue on an acoustic absorber using needles. [2.1.3-ECU]

2.1.1. establish talent in lab, arriving to tank of PBS with liver

2.1.2. loading liver into tank

2.1.3. securing liver with needles

2.2. To make the required transducers, [2.2.1-MED] obtain a 64 element, 0.32 millimeter pitch, 2.5 MegaHertz center frequency phased array … [2.2.2-CU]

2.2.1. talent prepares to show the phased array

2.2.2. detail of the phased array, alone

2.3. … and a 93-element, hemispherical-array HIFU transducer. [CU/TEXT]
2.3.1. Detail of HIF transducer, alone, TEXT: 4.5 MHz center frequency, 70 mm focal depth, 1.7 mm x 4 mm focal size

2.4. Assembly begins with inserting the phased array into the center hole of the HIFU transducer. [CU]

2.4.1. film as written

2.5. Then, align the two transducers co-axially … [CU]

2.5.1. film as written

2.6. … and secure the central, imaging transducer with the adjustment screws. [CU]

2.6.1. film as written

2.7. Next, the therapeutic HIFU transducer must be covered by a volume-controlled polyurethane membrane [2.7.1-CU], loaded with flowing degassed water. [2.7.2-ECU]

2.7.1. detail of HIFU covering, talent pointing it out as separate part from HIFU transducer, show where membrane is loaded with water

2.7.2. detail of covering, showing the water within the membrane, pressing membrane to make water flow provides action

2.8. Now, mount the assembly on a computer-controlled arm. [MED]

2.8.1. film as written

2.9. Then, connect the therapeutic transducer to a 50 decibels RF amplifier … [MED]

2.9.1. pan over described connections and show them being secured

2.10. ... and connect the amplifier to a function generator. [MED]

2.10.1. pan over described connections and show them being secured

2.11. From the function generator, send a 25 Hertz sine wave with a maximum amplitude to 500 milliVolts. [CU]

2.11.1. programming function generator; 25 Hz sine wave with 500 mV max amplitude

2.12. Next, connect the imaging transducer to an ultrasound system [2.12.1-MED] controlled by software in a Matlab environment.   [2.12.2-MED]

2.12.1. pan over connection between transducer and computer, talent can secure connection(s)

2.12.2. talent open Matlab on computer

2.13. Then, apply a command that creates a reconstruction matrix associated with a standard delay-and-sum algorithm for each grid.  Enter the command for diverging wave imaging or for plane wave imaging.  See the text for details of the commands. [SCREEN/TEXT]

2.13.1. To be provided by authors – screen capture of the above action, TEXT:  ReconMat_DW or ReconMat_PW

2.14. Next, cast the reconstruction matrix to a GPU (Pronounce G-P-U) matrix.  This involves the use of commercial software.  Enter the appropriate command name in the Matlab command window. [SCREEN/TEXT]

2.14.1. To be provided by authors – screen capture of the above actions, TEXT: SetUpP4_2Flash_4B_streaming_DW or SetUpP4_2Flash_4B_streaming_PW

2.15. This creates a setup file for the ultrasound channel data acquisition.  Enter a name for the setup file. [SCREEN/TEXT]

2.15.1. To be provided by authors – screen capture of the above actions, TEXT: P4-2Flash_DivergingWave.mat P4-2Flash_DivergingWave or P4-2Flash_PlaneWave.mat P4-2Flash_PlaneWave
2.16. Next, set up an external trigger to synchronize the ultrasound system with the function generator [2.16.1-MED] so that the data acquisition is timed to the beginning of the HIFU. [2.16.1-MED]

2.16.1. Setting up the external trigger device

2.16.2. Testing the system synchronization – this may get ahead of the protocol, but something must be done to show the synchronizer device works

2.17. Now, place the tank of degassed PBS with the liver under the transducers [2.17.1-MED] and proceed with imaging and lesioning. [2.17.2-WID]

2.17.1. film as written

2.17.2. total set up, ready to perform procedure
3. Ultrasound Data Acquisition and Displacement Imaging
3.1. In the software [3.1.1-WID], run the setup script provided by the ultrasound system manufacturer for B-mode imaging. [3.1.2-SCREEN/TEXT]

3.1.1. talent at computer, preparing to set imaging to B-mode

3.1.2. To be provided by authors – screen capture of the above actions, TEXT: SetUpP4_2Flash_4B.m SetUpP4_2_RyLns_VAPX.m
3.2. Then, name the created setup file and use the VSX command to open it up.[SCREEN/TEXT]

3.2.1. To be provided by authors – screen capture of the above actions, TEXT: P4-2Flash_4B_Bmode.mat P4-2_RyLns
3.3. Now, move both transducers and use the B-mode display on the computer screen to position them [3.3.1-MED] in the targeted region of the liver to ablate. [3.3.2-CU]

3.3.1. moving transducers while monitoring screen

3.3.2. detail of screen display

3.4. Target a region about one centimeter under the surface of the liver to avoid high ultrasound attenuation due to absorption.  Then, save a conventional B-mode image of the liver on the computer.  [SCREEN]

3.4.1. To be provided by authors – in B-mode, screen capture of focusing on targeted region and then taking a conventional image

3.5. Data acquisition is done [3.5.1-MED] through use of the “VSX” command.  This applies HIFU for two minutes to the targeted region and saves the data. [SCREEN/TEXT] Details on this command are provided in the text protocol. [3.1.3-MED]

3.5.1. establish talent opening Matlab software at work setting, repeats in 3.5

3.5.2. To be provided by authors – screen capture of the above, TEXT: P4-2Flash_DivergingWave.mat P4-2Flash_DivergingWave or P4-2Flash_PlaneWave.mat P4-2Flash_PlaneWave
3.5.3. talent monitoring instruments while HIFU is being performed after VSX command

3.6. For displacement imaging, define the region of interest as the focal region at negative six decibels, 70 millimeters from the transducer surface.  Extract the displacement data in this region. [SCREEN/TEXT]

3.6.1. To be provided by authors – screen capture of the above, TEXT: 1.7 mm x 0.4 mm in water

3.7. Next, estimate the displacement signal-to-noise ratio at the focal region after two minutes of ablation.  This is calculated as the ratio between the mean displacement and the standard deviation of the displacement in the selected region of interest.[SCREEN]

3.7.1. To be provided by authors – screen capture of the above, show how calculation is made and inputted into the 
If this is done automatically by the software, with no input from the user, delete the step.
3.8. Complete the analysis by extracting the 50 Hz temporal displacement signal at the focus from the displacement matrix data.  [SCREEN]

3.8.1. To be provided by authors – screen capture of the above
 If this is done automatically by the software, with no input from the user, delete the step.
3.9. Matlab can also be used to convert the temporal displacement signal at the focus into audible sound [3.9.1-SCREEN] so that the operator can appreciate the decrease in volume of the audible sound [3.9.2-MED] ... which indicates the formation of the lesion. [3.9.3-MED]

3.9.1. To be provided by authors – screen capture of the above

3.9.2. talent performing test, while monitoring the sound
Videographer:  this shot and the next shot must contain the sound the instruments

Video editor: it's important to include the ambient sound for this shot.  It should be cut just after a change is heard in the sound and the talent changes his/her focus to look/glance at the computer/instrument
3.9.3. talent checking computer/instrument in response to sound change
4. Results: HMI Displacement During HIFU Ablation 
4.1. Real-time display of acoustic radiation force induced displacement using plane wave imaging in in vitro canine livers during HIFU ablation was performed.  Positive displacements are shown in red and negative displacements are shown in blue. 
4.1.1. 53050_Figure2.mp4
4.2. Lesions were successfully delivered using HIFU ablation. 

4.2.1. Figure3.pdf

4.3. A decrease of HMI (Pronounce H-M-I) peak negative displacement amplitude during HIFU ablation could be imaged with both diverging and plane wave imaging.

4.3.1. 53050_Figure4A.mp4 and 53050_Figure4C.mp4
4.4.  A B-mode interlay shows the targeted region in the liver. 

4.4.1. 53050_Figure4B.mp4 and 53050_Figure4D.mp4

4.5. The 50 Hertz HMI displacement sound corresponding to the ablation monitored with plane wave was incorporated to the video.  The decrease of HMI displacement amplitude due to the ablation could be heard which provided an additional monitoring tool. 
4.5.1. 53050_Step5-5-1.mp4

4.6. HMI displacements at the focal region during ablation were obtained for diverging and plane wave imaging.
5.6.1 53050_Figure5A.tif and 53050_Figure5B.tif

4.7. Peak-to-peak displacements decreased for all the targeted locations in the liver.  This was assessed by both diverging and plane wave imaging.
5.7.1 53050_Figure6A.tif and 53050_Figure6B.tif

4.8. In comparison, plane wave imaging was found to have a higher displacement signal-to-noise ratio at the focus than diverging wave imaging.
5.8.1 53050_Figure7A.tif and 53050_Figure7B.tif
5. Conclusion 
5.1. Thomas Payen: After watching this video, you should have a good understanding of how to monitor HIFU ablation by streaming Harmonic Motion Imaging induced displacement in real-time using plane or diverging wave imaging. 

5.2. Julien Grondin: While attempting this procedure, it’s important to remember to process the data with time-effective method in order to achieve real-time monitoring of the ablation.

5.3. Shutao Wang: Following this procedure, other methods like cavitation mapping can be performed in order to answer additional questions like: are there mechanical effects, such as cavitation, that contribute to the lesion?
List of Provided Media (provided by you)
A – Schematic.pptx – Schematic overview

2.13.1 - Step_2-13-1.avi – Screen capture of reconstruction matrix creation

2.14.1 - Step_2-14-1.avi – Screen capture of plane wave SetUp file creation

2.15.1 - Step_2-15-1.avi – Screen capture of SetUp file naming

3.1.2 - Step_3-1-2.avi – Screen capture of B-mode SetUp file creation

3.2.1 - Step_3-2-1.avi – Screen capture of VSX command for conventional B-mode imaging

3.4.1 - Step_3-4-1.avi – Screen capture of conventional B-mode image saving

3.5.2 - Step_3-5-2.avi – Screen capture of VSX command for plane wave imaging

3.6.1 - Step_3-6-1.avi – Screen capture of region of interest

3.9.1 - Step_3-9-1.avi – Screen capture of HMI sound generation
3.9.2 - Step_3-9-2_Sound.wav – HMI sound file – Sound volume decrease starts after 3 seconds
5.1.1 - 53050_Figure2.mp4  - Video of real-time displacement
5.2.1 – Figure3.pdf – Lesion induced by HIFU

5.3.1 - 53050_Figure4A.mp4 –HMI displacements with diverging wave

5.3.1 - 53050_Figure4C.mp4 –HMI displacements with plane wave

5.3.1 - 53050_Figure4B.mp4 –HMI displacements with diverging wave imaging and B-mode overlay

5.3.1 - 53050_Figure4D.mp4 –HMI displacements with plane wave imaging and B-mode overlay

5.5.1 - 53050_Step5-5-1.mp4 – Video with decrease of volume of HMI sound

5.6.1 - 53050_Figure5A.tif – HMI displacements at the focal region for diverging wave imaging

5.6.1 - 53050_Figure5B.tif – HMI displacements at the focal region for plane wave imaging

5.7.1 - 53050_Figure6A.tif – Peak-to-peak displacements decrease for diverging wave imaging

5.7.1 - 53050_Figure6B.tif – Peak-to-peak displacements decrease for plane wave imaging

5.8.1 - 1 53050_Figure7A.tif – Displacement signal-to-noise ratio for diverging wave imaging

5.8.1 - 1 53050_Figure7B.tif – Displacement signal-to-noise ratio for plane wave imaging

GENERAL PREPARATION NOTES
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2015, Journal of Visualized Experiments


