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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) _YES, SORT OF_ If yes, please list make and model of your microscope: Welch Allyn Otoscope with an “operating head” fitted with a 2 mm speculum to visualize a 1-2 mm object (the vocal cords) and specify the steps by number/short description: Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

1) The exact equipment necessary, 2) placement of the mouse on the speculum, 3) visualization of the vocal cords and passing the endotracheal tube, 4) placement on the mechanical ventilator; 5) verification of placement

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Placement of the endotracheal tube.  We insure success with proper visualization of the vocal cords and the use of a guide or stylet for the endotracheal tube

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to reliably intubate mice orally. (Intro) This is accomplished by first carefully positioning the anesthetized animal in the proper orientation on the otoscope speculum. (P1) The vocal cords are then visualized and the endotracheal tube is passed into the throat using a stylet. (P2) Next the intubated mouse is placed on a ventilator to verify proper placement of the tube. (P3) Finally, the experimental treatment of interest is administered directly to the animal’s lungs. (P4) Ultimately, accurate pressure-volume relationships in the lung can be measured. (P5)
(P1) please show 2.2.1. mouse being pulled onto otoscope
(P2) please show 2.4.1. vocal cords being visualized and 2.6.1. catheter being inserted
(P3) please show 2.7.2. animal being placed on ventilator OR 2.7.3. bubbles in PEEP
(P4) please show 2.10.2. instillate being administered OR Figure 4 - Airway inflammation induced by direct instillation.jpg
(P5) with “accurate … measurements” please show Figurre 3 – Pressure Volume Curve.pdf OR Figure 2-Methacholine Dose-response.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Joanna L. Thomas: The main advantages of this technique over existing methods, like tracheostomy, are that it is fast, bloodless, causes no trauma, and can be repeated.   

1.2. Joanna L. Thomas: Visual demonstration of this technique is critical, as the intubation steps are difficult to learn and the written instructions have little meaning without simultaneous visualization of the anatomy and the mechanics of intubation.   

Protocol (read by voice talent at JoVE):
2. Endotrachael intubation 
2.1. To perform an endotracheal intubation using an otoscope, first scruff an anesthetized 8 week old mouse and then use cushioned fine forceps to gently extend the tongue from the mouth.
2.1.1. WIDE: Talent scruffs mouse (TEXT: Anesthesia: ketamine/xylazine i.p., isoflurane/oxygen induction chamber) 
2.1.2. ECU: (Shot of just nose/mouth of mouse) Tongue being extended with forceps
2.2. Maintain the extension by holding the tongue between forceps and applying gentle force and then pull the mouse up onto the speculum of the otoscope with a vertical motion.
2.2.1. [(2.2.1-2.3.1) includes 2.1.1-2.1.2] CU: Tongue being held between 2 fingers forceps, then mouse being pulled onto otoscope
2.3. Look through the ocular of the otoscope while continuing to scruff the animal tightly and gently pull the mouse onto the full length of the speculum of the otoscope by the tongue and the scruff.
2.3.1. MED: Side shot of Talent looking through ocular of otoscope with animal tightly scruffed, then mouse being gently pulled onto speculum
2.4. Look carefully for the vocal cords, which should be easily visible and move with each breath. The structure of the laryngeal opening, the laryngis aditus, should look relatively white. If the cords are not moving or are poorly visualized, rotate the animal slightly, and gently hyperextend the neck.

2.4.1. SCOPE: Shot of vocal cords visible moving for a second or two as well as laryngis aditus (Video Editor: If possible, please indicate “laryngis aditus” with arrow and/or appropriate accompanying text when mentioned) [take 3 around 1:30 is best]
2.4.2. CU/MED: Shot of mouse being slightly rotated and neck being hyperextended
2.5. Then, with the dominant hand, pick up a 20 gauge 1 inch catheter equipped with a 1 cm length of PE10 tubing extending through the tip of the catheter and hold it like a pencil. Then insert the catheter into the side of the speculum.  
2.5.1. MED: Talent picks up catheter 

2.5.2. CU: Shot of catheter held like pencil, then catheter being inserted into side of speculum

2.6. Direct the PE10 tubing through the vocal cords and advance the catheter over the tubing until the hub is at the level of the lower incisor. Then remove the tubing quickly.
2.6.1. SCOPE OR ECU: Shot of tubing being directed through cords, then catheter being advanced over tube to lower incisor, then tubing be removed (Videographer: Split action into separate shots as necessary) (Video Editor: OK to just use quick shots of each step as appropriate)
2.7. Next, gently transfer the animal from the speculum to a mechanical ventilator and verify the tube location by visualizing the expired air bubbles going through the PEEP trap.  
2.7.1. CU: Talent removes animal from speculum

2.7.2. CU: Talent places animal in ventilator

2.7.3. CU: Shot of at least a few bubbles going through PEEP trap

2.8. Observe an airway pressure tracing for negative deflections to confirm the proper placement of the tube. In the case of esophageal intubation, the pressure tracing will reveal significantly higher pressures and no negative deflections. 

2.8.1. MED – over the shoulder: Talent at computer/monitor observing airway pressure tracing
2.8.2. LAB MEDIA: Figure 1 -Airway Pressure tracing.pdf (Video Editor: with “the pressure … deflections” please add/highlight/flash the black arrows)

2.9. Alternatively, place a small amount of water into a piece of IV tubing and connect the tubing to the intubation tube, verifying the movement to and from the mouse with respiration.
2.9.1. MED: Talent adding water to IV tubing

2.9.2. CU: IV tubing being attached to intubation tube

2.9.3. ECU: Few seconds of water moving in tube
2.10. For direct instillation of a test substance, use the speculum to insert a gel loading pipette up to the vocal cords and instill up to 50 (l of the treatment of interest.  The mouse will aspirate the liquid through the cords, verified by the rhonchorous breathing sounds heard until the fluid is distributed fully in the lungs. 

2.10.1. CU: Side shot of pipette being inserted into speculum

2.10.2. ECU: Shot of pipette being placed/in place in mouse, then treatment being added to pipette, then few seconds rhoncorous sounds (Video Editor: do not show mouse during rhonchorous sounds; play sounds during 2.10.3.)

2.10.3. Figure 4 - Airway inflammation induced by direct instillation.jpg (Video Editor: Please play rhoncorous sounds over image) (TEXT: Representative Ag delivery to lower respiratory tract)

2.11. After administering the treatment, gently remove the pipette and place the mouse on a heating pad. Alternatively, place the animal inside of a cage that is on a temperature-controlled warming table. When the animal has fully recovered, place it back into its cage. 
2.11.1. [included at the end of the previous shot 2.10.1-2.10.2] CU/ECU: Pipette being removed

2.11.2. MED: Mouse being placed into a cage on a warming table.
3. Results: Representative endotracheal intubation experiments
3.1. Intubation through the otoscope is reliable and fast. In this representative airway pressure tracing, the blue line reflects the airway pressure and the red line reflects the tidal volume tracing in the mouse immediately after intubation. The negative, downward deflections of the pressure curve indicate the generation of negative intrathoracic pressure in the mouse by spontaneous respiratory effort and proper placement of the endotracheal tube.
3.1.1. LAB MEDIA: Figure 1 -Airway Pressure tracing.pdf 

(Video Editor: with “blue line … pressure” please highlight/otherwise indicate the blue line; 

with “red line … intubation” please highlight/otherwise indicate the red line; 

with “negative … tube” please highlight/flash/otherwise indicate black arrows again)

3.2. By using direct laryngoscopy, quantitative delivery to the lung is both more reliable and more uniform. For example, as illustrated in this image, the direct instillation technique can be used to accurately deliver antigen to the lower respiratory tract in a model of allergic inflammation.

3.2.1. LAB MEDIA: Figure 4 - Airway inflammation induced by direct instillation.jpg
3.3. For this representative pressure-volume curve, the mouse was intubated with a 20 gauge intravenous catheter as just demonstrated, paralyzed with pancuronium, and mechanically ventilated. The curves illustrate that the catheter does not leak up to 30 cm of water pressure and can therefore be used to make accurate measurements of pressure-volume relationships in the mouse.

3.3.1. LAB MEDIA: Figure 3 - Pressure Volume Curve.pdf (Video Editor: with “the curves … pressure” please add/highlight/otherwise indicate the two curves in the graph)

3.4. In this figure a representative dose-response curve is shown. In this experiment, the control animal had a minimal response to methacholine up to 25 mg/ml, while the ovalbumin-immunized and -challenged mouse demonstrated hyperresponsiveness to the treatment. The measurements were made with mice intubated with a 20 gauge catheter as just demonstrated and were indistinguishable from those made in a tracheostomized mouse.
3.4.1. LAB MEDIA: Figure 2-Methacholine Dose-response.pdf (Video Editor: “the control … 25 mg/ml please add/highlight/indicate the blue line; the ovalbumin … to treament” please add/highlight/indicate the red line)

4. Conclusion (said by authors on camera)
4.1. Joanna L. Thomas: After watching this video, you should have a good understanding of how to use an otoscope to perform a direct laryngoscopic intubation in a mouse.

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, 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.  

Figure 1.  Airway pressure tracing

Figure 2.  Methacholine Dose-response curve

Figure 3.  Pressure Volume Curve

Figure 4.  Airway inflammation induced by direct tracheal instillation
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, as well as an introduction to your videographer, closer to your filming date.
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