Submission ID #: 56649
Editor Name: Michael Linnes
Videographer name: Justin Eeles
Film Date: 8/15/2017
Link: http://www.jove.com/files_upload.php?src=17277993

Authors and Affiliations: Kathyayini Sivasubramanian, Vijitha Periyasamy, Manojit Pramanik

School of Chemical and Biomedical Engineering, Nanyang Technological University, Singapore

Title: Hand-Held Clinical Photoacoustic Imaging System for Real-Time Non-Invasive Small Animal Imaging

Corresponding Author: 

Manojit Pramanik (manojit@ntu.edu.sg)
Co-authors:

Kathyayini Sivasubramanian (kathyayi001@e.ntu.edu.sg)

Vijitha Periyasamy (vijitha@ntu.edu.sg)

Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  

Can you record movies/images using your own microscope camera? (Y/N)_____N____   
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Y___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Steps: 2.5, 2.7, 3.3, 4.5, 4.8, 4.10, 5.4, 6.2 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Steps: 2.5, 2.7, 4.5

2.5, 2.7: The angle of illumination and distance between the transducer and fiber tip is determined by simulation studies

4.5: With expertise in rat physiology, identification of sentinel lymph node is easier. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___N 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE) 
The overall goal of this procedure is to demonstrate non-invasive, handheld photoacoustic imaging of the sentinel lymph node using a clinical ultrasound system and to illustrate real-time photoacoustic needle guidance.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Manojit Pramanik: Photoacoustic imaging, a hybrid imaging modality combining light and ultrasound, provides high optical contrast, high resolution, deep tissue imaging in vivo. However, translating photoacoustic imaging into a clinical application is challenging. 
1.2. Kathyayini Sivasubramanian: This work presents a hand-held real-time photoacoustic imaging system by integrating light illumination with a clinical ultrasound platform.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.3. Manojit Pramanik: Demonstrating the procedure will be Kathyayini Sivasubramanian, a Ph.D. student, and Vijitha Periyasamy, a research staff from our lab.
1.3.1. Manojit Pramanik speaks towards the camera, interview style

1.3.2. Kathyayini and Vijitha look up from a workbench and acknowledges the camera. 
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total) 
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Nanyang Technological University, Singapore.
Protocol: (read by voice talent at JoVE) 
2. Handheld Real-Time Clinical Photoacoustic and Ultrasound Imaging System 

2.1. Turn on the laser by switching on the AC power and turning the key on the laser controller to the left. [1-MED] To set the Q-switch delay, press the select key till you see the delay value and increase it to 170 microseconds. [2-CU]
2.1.1. Talent switches on the laser as described.

2.1.2. Talent touches the select key until the delay value reaches 170.
2.2. Then, set the repetition rate to 10 Hz to ensure low laser energy and start the laser.[1-CU-TXT] 
2.2.1. Talent sets the repetition rate and starts the laser. (TEXT: *Note: The laser takes approximately 20 min to warm up)

2.3. Open the laser wavelength tuning software, select the “goto” menu, enter the wavelength as 675 nm, and press the ‘start’ button to set the wavelength to 675 nm. [1-SCREEN] 
2.3.1. Screen capture video showing the above step in the order listed.  (Authors: Please upload this as 2_3_1_56649_Screen.mp4/mov to the link listed at the top of page 1.)  
2.4. Then, press the shutter button and turn the laser on using the switch. [1-MED] Use a 1 inch diameter plano-convex lens with a focal length of 15 mm to focus the laser beam to the fiber bundle so that all the light falls on the fiber input end. [2-CU]
2.4.1. Talent presses the shutter button and turns on the laser.

2.4.2. *Film as written
2.5. Once aligned, switch off the laser. [1-MED] Choose the appropriately angled probe holder based on the desired depth of imaging, the size of the object, the shape of the object, and the object’s location. [2-CU-TXT]
2.5.1. Talent switches off the laser.

2.5.2. Talent picks through various probe holders and selects the 15 degree holder. (TEXT: Probe Holders: 0°, 5°, 10°, and 15°)
2.6. For this experiment, fit the bifurcated optical fiber into the side slot of the probe holder at a light illumination angle of 15˚.[1-CU]
2.6.1. *Film as written
2.7. Loosen the screws on the side and adjust the distance between the transducer and the fiber’s end to 1 cm.  After adjusting it to the exact distance, tighten the screws. [1-CU]
2.7.1. Talent loosens the screws, adjusts the distance, and tightens the screws.

2.8. Then, switch back on the laser and make sure to obtain a rectangular laser beam spot in front of the transducer. [1-CU] Once the rectangular beam can be seen in front of the transducer, increase the delay value to 210 µs. [2-MED Over the Shoulder-TXT]
2.8.1. *Film as written

2.8.2. Talent adjusts the delay to 210 microseconds. (TEXT: Delay: 210 µs)
2.9. Next, turn on the clinical ultrasound system and open the imaging software provided by the manufacturer. [1-MED Over the Shoulder]
2.9.1. *Film as written
2.10. From the touch screen, select the ‘research’ button to operate in research mode. Then, click on the combined ultrasound and photoacoustic imaging script and click the run button for imaging in the combined mode. [1-MED Over the Shoulder] [2-SCREEN]
2.10.1. Talent selects research on the touch screen. 2.10.1.and 2.10.2. are merged into one single shot. But there is no screen shot.
2.10.2. Screen capture video as the combined script is selected and the run button is clicked.  (Authors: Please upload this as 2_10_2_56649_Screen.mp4/mov to the link listed at the top of page 1.)  

3. Resolution Characterization 

3.1. To begin, place a 23 gauge needle, on top of a piece of raw chicken breast tissue. Apply ultrasound gel and then add a slice of chicken tissue on top of it. [1-CU-TXT] With the laser on, take photoacoustic images of the needle. [2-SCREEN]
3.1.1. Talent places needle on the chicken slice, adds ultrasound gel, and then another slice of chicken.(TEXT: Needle diameter: 0.6 mm)
3.1.2. Screen capture video while photoacoustic images are taken of a needle. (Authors: Please upload this as 3_1_2_56649_Screen.mp4/mov to the link listed at the top of page 1.)  
3.2. Then, apply ultrasound gel on top of the breast tissue and add a second piece of tissue.  [1-CU]
3.2.1. *Film as written
3.3. Take another photoacoustic image and continue to apply the ultrasound gel and stack the breast tissue one-by-one up to 3 cm thick, imaging every time chicken tissue layer is added. [1-CU]
3.3.1. Talent places the probe on the tissue, scans around, then removes the probe, adds ultrasound gel, stacks another slice of chicken, and places the probe back on top of the new slice.
4. In-Vivo Sentinel Lymph Node Imaging of Rats 

4.1. Ensure that the animal is anaesthetized by checking for reflex following a toe pinch. [1-CU]
4.1.1. *Film as written
4.2. Then, remove hair from the region of interest using a hair removal cream [1-CU] and apply an artificial tear ointment to prevent the eyes from dryness and accidental laser damage. [2-CU]
4.2.1. Talent wipes away cream from animal to reveal smooth skin.
4.2.2. Talent applies eye ointment
4.3. Next, place a blue underpad on the table and position the animal sideways on it. [1-MED] Affix a nose cone to administer inhalation anesthesia and clip a pulse oximeter to the hind paw to maintain and monitor the animal during the experiments. [2-CU-TXT]
4.3.1. *Film as written

4.3.2. *Film as written(TEXT: Anesthesia: 0.75% Isoflurane/Oxygen (1.2 L/min))

4.4. Prior to imaging, apply 1 to 2 mL of ultrasound gel on the skin using a syringe and spread it well using an applicator. [1-CU] Then, place a 0.5 cm thick slice of chicken breast tissue on the imaging area and apply more US gel on the chicken tissue to improve coupling.[2-CU-TXT]
4.4.1. *Film as written 
4.4.2. *Film as written (TEXT: Chicken tissue is placed in the imaging area of rat to mimic the human imaging scenario)

4.5. At this point, switch on the laser and place the handheld probe holder on top of the chicken tissue. [1-MED] Move the holder right to left in the combined ultrasound and photoacoustic modes. [2-CU]
4.5.1. *Film as written
4.5.2. *Film as written
4.6. Press the ‘freeze’ button on the ultrasound system and then press the ‘export selected frames’ button to export the control images prior to injecting the contrast agent.[1-Med Over the Shoulder]
4.6.1. Talent presses “freeze” and then “export selected frames’.
4.7. Then, inject 0.2 mL of the methylene blue contrast agent into the forepaw of the animal and massage it well for 2 min to facilitate the move of the contrast agent to the lymph nodes through the lymph vessels. [1-CU-TXT]
4.7.1. *Film as written (TEXT: MB (10 mg/mL))

4.8. After 5 minutes, scan the area again with the handheld probe along the chicken tissue to locate the sentinel lymph nodes with the help of the photoacoustic signal. [1-CU] Once identified, save the frames. [2-MED Over the Shoulder]
4.8.1. Talent scans the area and identifies the SLN

4.8.2. Talent presses the required buttons to save the frames.
4.9. Add 2 more layers of 0.5 cm thick chicken tissue slices on top of the animal one by one and locate and save the sentinel lymph nodes images up to 1.5 cm into the tissue. [1-CU]
4.9.1. Talent adds chicken slices/US gel to the rat, then places the probe on top and moves it around.
4.10. After imaging, switch off the laser, remove all of the chicken tissue slices, and prepare the rat for photoacoustic spectroscopy. [1-MED]
4.10.1.  *Film as written
5. Photoacoustic Spectroscopy of a Sentinel Lymph Node 

5.1. Place a 0.5 cm thick slab of chicken breast tissue onto the rat. [1-CU] Then, change the wavelength of the laser to 670 nm and switch on the laser. [2-MED Over the Shoulder-TXT] Scan with the probe along the chicken breast tissue to locate the sentinel lymph node with the help of the photoacoustic signal.[3-CU]
5.1.1. *Film as written
5.1.2. *Film as written (TEXT: Laser wavelength: 670 nm)

5.1.3. *Film as written
5.2. Hold the probe stable after identifying the sentinel lymph node.[1-MED]
5.2.1. Talent positions probe while looking at the monitor.
5.3. In the laser tuning software, enter the wavelength as 800 nm, set the speed to 10 nm/s, and click the ‘start’ button. This will vary the wavelength from 670 nm to 800 nm at a speed of 10 nm/s. [1-SCREEN-TXT]
5.3.1. Screen capture video showing the first sentence in the order listed. (Authors: Please upload this as 5_3_1_56649_Screen.mp4/mov to the link listed at the top of page 1.)  (TEXT: Methylene blue has a sharp peak around 670 nm)

5.4. Observe the change in the photoacoustic signal from the sentinel lymph node on the monitor of ultrasound system. [1-MED]

5.4.1. Talent positions probe while looking at the monitor.
6. Real-time Needle Tracking with Photoacoustic Imaging

6.1. To track needles in real time, set the wavelength to 675 nm. [1-MED over the Shoulder- TXT] Then, move the probe to locate and identify a sentinel lymph node on the screen. [2-MED]
6.1.1. Talent sets wavelength (TEXT: Laser wavelength: 675 nm)

6.1.2. Talent positions probe to view SLN while looking at the monitor.
6.2. Inject a 23 gauge needle into the rat, parallel to the ultrasound transducer. [1-CU] Guide it in real-time as it passes through the chicken tissue and into the animal to reach the sentinel lymph node. [2-SCREEN]
6.2.1. *Film as written

6.2.2. Screen capture video showing a needle moving towards a SLN. (Authors: Please upload this as 6_2_2_56649_Screen.mp4/mov to the link listed at the top of page 1.)  
6.3. Once finished, turn off the laser. Remove the chicken tissue and pulse oximeter from the animal and move the animal to the work bench. [1-MED] Then, clean the photoacoustic gel from the rat with cotton wipes.[2-CU]
6.3.1. *Film as written

6.3.2. *Film as written
6.4. Once clean, place the animal on its bedding. Monitor it until it regains consciousness and return it to its cage after its behavior is normal. [1-MED]
6.4.1. Talent places rat onto bedding.
7. Results: Photoacoustic Imaging Improves Identification of SLN and Needle During Biopsy 
7.1. Using the method shown in this video, the full width at half maximum was calculated from the needle images at various depths. The axial resolution was calculated to be 207 µm and the lateral resolution, limited by the ultrasound transducer, was 351 µm. [1-LM]
7.1.1. Figure 1e (Video Editor: Point out the values on the graph when mentioned)
7.2. Before adding the contrast agent, methylene blue, the sentinel lymph node blends in with the other tissue. Following injection, the sentinel lymph node can be very easily identified due to the strong photoacoustic signal from the accumulated methylene blue. [1-LM]
7.2.1. Figure 2b and Figure 2c (Video Editor: Show the scale bar along with Figure 2b with the first sentence and label it “Before Injection”. With the 2nd sentence, show Figure 2c and label it as “After Injection”.)

7.3. Photoacoustic imaging is also useful for needle guidance as ultrasound alone provides poor contrast. [1-LM]
7.3.1. Figure 4a/b (Video Editor: Add the labels for the needle and “SLN”)
7.4. With photoacoustic imaging, the contrast obtained from the needle is very high and can be easily monitored and tracked in vivo. Once the needle reaches the sentinel lymph node, a small portion of the lymph tissue can be taken out for further histological examination. [1-LM]
7.4.1. Mb_needle.mp4 (Video Editor: Loop until the statement finishes)
8. Conclusion (said by authors on camera) 
8.1. Kathyayini Sivasubramanian: The feasibility of photoacoustic needle guidance is demonstrated using a clinical ultrasound system.  Once mastered, the technique of photoacoustic sentinel lymph node and needle imaging can be done in an hour if it is performed properly.

8.2. Manojit Pramanik: Laser light delivery integrated with a clinical ultrasound system enables handheld photoacoustic imaging.  This will help in the translation of photoacoustic imaging into the clinic.
8.3. Manojit Pramanik: Potential applications of a hand-held photoacoustic imaging system includes imaging of blood vessels, tumors, sentinel lymph node, urinary bladder, and circulating tumor cells.  
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
2_3_1_56649_Screen.mp4

3_1_2_56649_Screen.mp4

5_3_1_56649_Screen.mp4

6_2_2_56649_Screen.mp4
General Preparation

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 are included in the email accompanying the finalized script.
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