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Schematic Overview (read by a voice talent at JoVE)
The overall goal of this procedure is to demonstrate how to accurately evaluate diaphragm

contractility in a mouse model using ultrasound imaging. (Intro).  The first steps are to anesthetize the mouse (P1) and remove its abdominal hair. (P2)  The next steps are to apply ultrasound gel (P3) and resolve the diaphragm image using the ultrasound probes.  (P4)  Ultimately, the results can show diaphragm excursion and respiratory rate through utilizing the electronic calipers of the software. (P5)

Video editor:

P1 – Using the provided graphics with heavy modification:  For P1, animate the extension of the “cone” from the side of the screen (remove the photo).

P2 -  Animate the trimmer coming in and show it removing hair from the belly/chest of the mouse.   Add color to the mouse (brown) and replace the brown with pink as the hair is shaved away.
P3 -  add a blob of blue and have it “spread around” to be a light blue sheen over the pink skin.
P4 – leaving the light blue sheen on the mouse, fade on the machine and animate the extension of the probe to the mouse’s abdomen.  Then have the image for P5 flick onto the machine’s screen.

P5 – zoom in on the screen so we are left with the provided graphic for P5 without labels.  Next, fade on the red box/arrows/labels.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Li Zuo: The main advantage of this technique over existing methods, like invasive myography, is that it is non-invasive and it reduces the number of animals sacrificed.   

1.2. William Roberts: The implications of this technique extend toward therapy of respiratory muscle dysfunction, because ultrasound imaging provides non-invasive measurement used for diagnosis.  (shortened)
1.3. Kevin Evans: Though this method can provide insight into diaphragm contractility in a mouse model, it can also be applied to other systems, such as clinical models to evaluate disease progression and therapy efficacy.

Protocol Chapters (read by a voice talent at JoVE):

EXTRA TITLE CARD:  All procedures involving animal subjects were approved and completed in accordance and compliance with The Ohio State University Institutional Animal Care and Use Committee (IACUC) regulations and guidelines. 
2. Mouse Anesthesia 
2.1. Set up a clean procedure table with a heated isothermal pad wrapped in a surgical towel. The heating pad should be used to stabilize the animal’s core temperature while also reducing potential stress to the animal.
2.1.1. WID: talent wiping clean the procedure table, organizing any clutter
2.1.2. MED: setting up warm pad in towel
2.1.3. CU: setting the temperature on the pad to 30 – 34 C
2.2. The mouse should be placed in the anesthesia induction chamber with an oxygen flow rate set to 1.5 Liters per minute and with 3.5% vaporized isoflurane. 
2.2.1. WID: talent turns on the gas for anesthesia chamber
2.2.2. CU: setting the gas flow to 1.5 L / min, show gauge/meter
2.3. Sedation usually sets within two minutes and is noted by loss of voluntary motor function.  Then, maintain the anesthetized state by nose-cone gas delivery.  (TEXTL: 0.5 L / min oxygen with 1.5 – 2.5% isoflurane)
2.3.1. WID: placing a mouse into the chamber, we don’t need to see it lose motor function
2.3.2. MED: pan from the nose cone along the line to the gas tanks then zoom in on the gauge showing 0.5 L / min
2.4. After anesthetizing the animal, apply a small amount of ophthalmic ointment directly to the corneas to reduce eye dryness. 
2.4.1. MED: talent draping animal, anesthetized with nose-cone attached and set up on the heat pad
2.4.2 2.4.1  MED: applying eye ointment, no need to show in detail, just the general pace of the application is enough
2.5. During the anesthesia, the mouse should never show the pedal withdrawal reflex, the mucous membranes should always have a pink color and the animal should breathe steadily.
2.5.1. CU: on limb, mouse pinched, no response see
2.5.2. ECU: mucus membranes of mouse, colored pink, do not show face of mouse
2.5.3. ECU: side view showing the chest of the mouse so its breathing can be seen by diaphragm movement
3. Preparing for Diagnostic Ultrasound Imaging 
3.1. Restrain each leg of the anesthetized mouse on the heated procedure table with a removable adhesive, such as surgical tape.
3.1.1. WID: applying tape to the limbs of the mouse to keep it in place
3.1.2. ECU: taping one of the limbs, detail – note: in all the shots of the anesthetized mouse, avoid showing its face
3.2. Using an electric razor, remove most of the hair on the ventral body surface between the abdomen and half way up the thoracic cavity.
3.2.1. MED: talent readies the razor
3.2.2. ECU: shaving the mouse, show to completion, not all hair is removed
3.3. Then, apply hair removal cream to remove the remaining hair.  After two to three minutes, wipe off the cream with a damp gauze pad.  Also, remove the excess hair with water and gauze.
3.3.1. CU: show volume of hair removal cream applied to mouse
3.3.2. MED: using damp gauze to remove cream
3.3.3. ECU: water and gauze to completely remove the hair 
3.4. Next, clean the shaved region with four scrubs of 70% alcohol or an equivalent antiseptic.  
3.4.1. ECU: scrubbing skin with ethanol isopropyl alcohol wipes, film at least two of the scrubs
3.5. A topical analgesic may be provided to animals experiencing minor skin irritation, due to the shaving.    
3.5.1. MED: talent taking aliquot of an analgesic and applying it to the mouse’s skin
3.5.2. ECU: completely prepared skin with applied analgesic
4. Diagnostic Ultrasound Imaging
4.3
    Turn on the ultrasound device.

4.3.1
MED: turning on the device.
4.1. A micro-convex array or linear phased array transducer is ideal due to these probe’s small footprint and excellent axial resolution.
4.1.1. WID: talent readying the probe
4.1.2. CU: probe in talent’s hand, being turned around to show its dimensions to the camera
4.2. Adjust the ultrasound frequency to a range of 6.5 to 12 MHz.
4.2.1. CU: instrument gauge showing frequency, being adjusted to 6.5 – 12 MHz
4.3. [moved] Turn on the ultrasound device.
4.3.1. MED: turning on the device
4.3.2. CU: image showing optimal resolution being dialed in by changing the power
4.4. Now, set the machine’s mode.  Brightness and motion modes, together, provide the best imaging of diaphragm contraction. 
4.4.1. CU: mode setting, being set to B-mode plus M-mode
4.4.2. [combined with 4.4.1] MED: talent preparing to apply ultrasound gel, putting on gloves for instance
4.5. Next, apply a small amount of ultrasound gel to the upper abdomen and massage the gel toward the thoracic cavity.
4.5.1. MED: taking aliquot of gel
4.5.2. ECU: massaging gel into mouse
4.6. Place the ultrasound transducer on the gel and angle it upwards, towards the heart.  Adjust the probe to optimize the image resolution – this is challenging but will become easier with practice.
4.6.1. MED: talent positioning transducer on mouse
4.6.2. ECU: adjusting angle of transducer on mouse
4.6.3. WID: talent viewing screen while adjusting the transducer position
4.7. Kevin Evans:  Do not forget that during the imaging, it is very important to monitor the animal’s respiration rate to limit the possibility of compromising the results.  
4.7.1. MED/WID: Kevin at ultrasound, during imaging process, interview shot
4.8. Press the freeze button to temporarily save the diaphragm images and view the selected contractions. Save the recording as a cine loop, which allows for later measurements of diaphragmatic excursion and respiration rate.  
4.8.1. MED: talent using the freeze to save image
4.8.2. SCREEN CAPTURE MOVIE: talent taking other images including a recording saving a recording loop as cine loop  
4.9. After imaging, the mouse should completely recover from the anesthesia within 30 minutes. Do not leave the animal unattended until it has regained sufficient consciousness to maintain sternal recumbency.
[added shot] Removing the ultrasound gel from the mouse using gauze
4.9.1. MED: remove tape from mouse, removing nose cone
4.9.2. WID: transferring mouse to cage where it can wake up
4.9.3. CU: mouse, post-op, alert and walking around, shaved abdomen visible when it reaches up for some food 
5. Ultrasound Data Analysis
5.1. To analyze the data in M mode, measure the depth and rate of diaphragm movement from relaxation to contraction using the electronic calipers that are part of the ultrasound software.
5.1.1. WID: talent takes seat at computer to work on data
5.1.2. SCREEN CAPTURE MOVIE: using electronic calipers to measure movement of diaphragm [since the data analysis must be performed on the ultrasound device computer, all of the “SCREEN CAPTURE MOVIE” shots were recorded by the videographer directly on the ultrasound monitor. This is because screen capture software cannot be downloaded and used on the ultrasound computer.]
5.2. Alternatively, in B mode, convert the cine loop file into an MP4 file and determine the respiration rate by counting the number of diaphragmatic contractions during the recording period. The electronic calipers may also be used in B mode to determine the depth of diaphragm movement. 
5.2.1. SCREEN CAPTURE MOVIE: converting cine loop to MP4
5.2.2. LAB MEDIA: additional B and M mode images.pptx – showing top image
5.3. The number of contractions may otherwise be counted from the M-mode image.
5.3.1. LAB MEDIA: 
additional B and M mode images.pptx – showing bottom image [incorporated into 5.1]
Authors, several screen capture movies are needed.  Using commercially available software, it is easy to make full resolution movie files of what transpires on a computer’s screen.  Please do this where called for and name the movie files according to the three-digit step number.  Upload the files to the project folder. 
6. Normal Results and Artifacts
6.1. A mouse’s diaphragm maximal vertical displacement was recorded and the distance was then calculated, as described by the protocol, using electronic calipers.

6.1.1. LAB MEIDA: 6.1.1. Fig 1A
6.2. Such measurements were made on three different mice to illustrate its variability.

6.2.1. LAB MEDIA: 6.2.1.Table 1

6.3. After converting the cine loop file into an MP4 file, the respiration rate was determined by counting the number of diaphragmatic contractions during a six second recording period.  This analysis was performed using B-mode.

6.3.1. LAB MEDIA: 6.3.1. MP4 FILE

6.4. Alternatively, M-mode provided a visualized picture of diaphragm vertical motion as well as respiration rate.

6.4.1. LAB MEDIA: 6.4.1. Fig. 1B

6.5. There are some potential imaging artifacts which may occur when performing diagnostic ultrasound imaging, such as reverberation.

6.5.1. LAB MEDIA: 6.5.1. Fig 2A

6.6. Another artifact that can be encountered is the presence of comet-tails. 
6.6.1. LAB MEDIA: 6.6.1. Fig 2B
7. Conclusion Interview (spoken by you on camera)
7.1. William Roberts: Once mastered, this technique can be done in 20 to 30 minutes if it is performed properly.

7.2. Li Zuo: After watching this video, you should have a good understanding of how to accurately evaluate diaphragm contractility in a mouse model using a diagnostic ultrasound imaging technique.
List of Provided Media Filenames and Descriptions (fill this in)

6.1.1. Fig 1A - Diaphragm movement in B-mode

6.2.1. Table 1 -Table of number of mice used

6.3.1. MP4 FILE - diaphragm contraction in cine loop

6.4.1. Fig. 1B - Visualized picture of diaphragm in M-mode

6.5.1. Fig 2A - Reverberation artifact

6.6.1. Fig 2B - Comet tail artifact

Graphical overview

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.
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