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A.  If your protocol involvesworking under a microscope, for example, a complex dissection or microinjection, does your microscope have an attached (or attachable) camera(Y/N) __N_____  or should JoVE send a scope camera so that filming can be done through the microscope(Y/N) ___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____The steps 3 to 4 are necessary for the understanding of the method______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult part is the injury. Practice is the key of success on this particular preparation. _____________________________

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 produce a quantifiable, reliable and reproducible pre-clinical animal model of respiratory and non-respiratory insufficiency induced by a cervical spinal cord injury.(Intro)

This is accomplished by first preparing the instruments and the drugs required for the procedure.(P1)

The second step is to anesthetize the animal, then intubate it and connect it to a rodent ventilator.(P2: Video Editor: Show animal first, then add box and black tubing at “intubated”)

Next, the spinal cord is exposed and the cervical spinal injury in induced.(P3, Video Editor: Have the P3 box emerge from the animal. Don’t show the scalpel at first and have the scalpel appear at “cervical spinal injury.”)

After sewing up the animal, the anesthesia is removed and appropriate post-surgical care is provided.(P4)

Ultimately, histological techniques, as well as nerve and muscle recordings, are used to examine the extent and effects of the cervical injury.(P5: Use figures.pptx, Slide 4 (at “histological techniques”) and Slide 8 (at “as well as …”))

Schematic Graphic: Use figures.pptx

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Author name Stéphane Vinit: The main advantage of this technique over existing methods, such as spinal cord contusion, is that the injury is smaller and well defined.   
1.2. Author name Stéphane Vinit: Demonstrating the procedure will be Emilie Keomani, an engineer from my laboratory.  
1.2.1. Interview style: Stéphane Vinit saying the above 
1.2.2. Emilie Keomani looks up from workbench or desk or microscope and acknowledges the camera. Caution: identified as 1.2.1 as well on the video.


Protocol (read by voice talent at JoVE):

Preparation of Surgical Instruments and Drugs
In preparation for surgery, clean and autoclave the surgical instruments. 
2.1.1. WID: Talent carries surgical instruments to the autoclave and place them in.
Also prepare a 2x1 ml syringe with the pre-anesthetic drugs and complete the volume to 1ml with Lactated Ringers. 
2.1.2. MED: The vials of pre-anesthetic drugs are on the surgical table. Talent withdraws one of the drugs into a 2x1 ml syringe. (TEXT overlay: Pre-anesthetic drugs: 5 mg/kgCarprofen, 50 µg/kgBuprenorphine, 5mg/kgBaytril, 0.5 mg/kgDexmedetomidine). In the video, we did start with the opioid first, then the Medetomidine, then the Baytril, and last the Carprofen.
In another syringe, prepare the reversal for the pre-anesthetic drugs (TEXT overlay:500 µg/kgAtipamezole).
2.1.3. CU: Talent adds the Atipamezole to a syringe.
Orotracheal Intubation
After subcutaneously administering the solution of pre-anesthetic drugs, put the animal back in a cage and wait about 20 min until the sedative effect appears. 
2.1.4. MED: Talent injects the pre-anesthetic drug subcutaneously. We merged this one with 3.1.2
2.1.5. MED: Talent places the awake rat into a cage.
Then place the rat into a closed chamber filled up with 5% isoflurane in 100% O2, and wait about 30 seconds until the respiratory rhythm slows down. Then, remove the rat from the chamber and place it onto the intubation table on its back. 
2.1.6. MED: Talent adjusts isoflurane to 5%
2.1.7. MED: Talent places the rat into a closed chamber filled with isoflurane.
2.1.8. MED: Talent places the anesthetized rat on intubation table.
Now secure the head by placing a strap to attach the front teeth to the table.
2.1.9. MED or CU: Talent attaches strap to rat’s front teeth and connect it to the table.
Using a fiber optic light, illuminate the thoracic space. Then place a laryngoscope in the animal’s mouth to visualize the vocal cords.
2.1.10. CU: Talent uses a fiber optic light to light up the thoracic space. Merged with 3.4.2
2.1.11. CU: Talent places a laryngoscope in the mouth to visualize the vocal cords.
Next, slide an orotracheal guide into the trachea between the vocal cords, and then slide the orotracheal tube on the guide. Then, remove the guide, and place a laryngeal mirror at the end of the orotracheal tube to check for moisture, confirming that the tube is placed in the trachea.
2.1.12. CU: Talent slides an orotracheal guide into the trachea, then slides the orotracheal tube on the guide. Then Talent removes the orotracheal guide.  Merged with 3.5.2
2.1.13. CU: Talent places a laryngeal mirror to check for moisture – try to show moisture on the mirror.
Following this, connect the tube to a ventilator and adjust the concentration of isoflurane to 2%.Then secure the orotracheal tube to the animal’s snout with surgical tape.
2.1.14. CU: Talent connects the tube to a ventilator
2.1.15. MED: Talent adjusts the flow of isoflurane to 2%.Merged with 3.6.1 or 3
2.1.16. MED or CU: Talent uses surgical tape to tape the orotracheal tube to the snout.
Spinal Surgery
For the surgery, turn the animal over and place it on a heated surgical plate, with the nose pointing at a 90° angle to the surgeon. Maintain the body temperature around 37.5°C throughout the surgery.
2.1.17. MED: Talent turns the rat over and orients it correctly on a heated surgical plate.
2.1.18. CU: If possible, show the rectal thermometer’s reading of 37.5 °C. Otherwise, show Talent adjusting the heat of the plate.
After shaving between the scapulas with clippers, remove the hair with gauze, and clean the skin first with betadine and then with 70% alcohol.
2.1.19. MED: Talent shaving with clippers, wipes the hair with gauze and cleans the skin with betadine.
Next, use scissors to make a 4-5 cm long lateral skin incision rostro-caudally between the scapulas. 
2.1.20. SCOPE: Talent uses scissors to make a lateral skin incision rostro-caudally.
Cut the acromiotrapezius muscle rostro-caudally, following the tendon to prevent any bleeding. Then dissociate the rhomboid muscle to access the spinalis muscles, which surround the vertebra.
2.1.21. SCOPE: Talent uses forceps or other tool to point to the acromiotrapezius muscle, then cuts it along the tendon. Then Talent points to the rhomboid muscle, then dissociates it to access the spinalis muscles. Talent points to the spinalis muscles. (Video Editor: Add arrows and labels to the “acromiotrapezius” muscle and the “rhomboid” muscle and the “spinalis” muscles as the Talent points.)
Find the visible bump of the spinalis muscle; this marks the location of the C2 vertebra’s prominent apophysis. Using this landmark, cut the spinalis muscle from the C1 to the C3 vertebra. 
2.1.22. SCOPE: Talent indicates the visible bump in the spinalis muscle, then cuts the muscle from the C1 to C3 vertebra.
Next, use sterile cotton swabs to clean the muscle around the dorsal part of the vertebra.
2.1.23. SCOPE: Talent uses cotton swabs to clean the muscle around the dorsal part of the vertebra.
Using a rongeur, carefully remove the apophysis of C2. Then, continue the laminectomy meticulously, being careful to avoid the dura and any arteries. When finished with the dorsal hemi-laminectomy, the dorsal spinal cord is exposed.
2.1.24. SCOPE: Talent uses a rongeur to remove the apophysis of C2. 
2.1.25. SCOPE: Talent carefully perform the dorsal hemi-laminectomy. 
4.7.2b End by showing the exposed dorsal spinal cord.
Holding the dura with a #55 forceps, use microscissors to dissect the dura rostro-caudally along C2, then continue laterally on each rostral and caudal side. Sponge up the cerebrospinal fluid as needed.
2.1.26. SCOPE: Talent holds that dura with forceps, and cuts to open the dura, first rostro-caudally, then making four lateral cuts and pulls dura aside. Talent swabs up the CSF as needed.
To perform the spinal cord injury, first identify the second cervical dorsal root, which will be the first visible root. Use microscissors to make a lateral section caudally to the second cervical dorsal root. Use sterile cotton swabs to remove any blood as needed. 
2.1.27. LAB MEDIA: figures.pptx, Slide 3
2.1.28. SCOPE: Talent uses forceps to point to the 2nd cervical dorsal root. Then Talent uses microscissors to cut caudal to the 2nd cervical dorsal root. Talent uses a cotton swab to remove blood.
Verify with a micro scalpel that the extent of the lesion is close enough to reach the midline of the spinal cord. Then use the microscalpel to make another cut to complete the injury, making sure that the extent of the injury goes from dorsal to ventral, and lateral to the midline.
2.1.29. SCOPE: Talent uses a micro scalpel to gauge the extent of the lesion, then Talent uses microscissors to make another cut to complete the injury. (TEXT overlay: Do not cut into the contralateral side).
When the hemisection is complete, suture the muscles and skin, and clean the wound with Betadine-saturated sterile gauze. 
2.1.30. SCOPE of CU: Talent sutures the muscles, then sutures the skin. 
4.11.1b Sutures the skin
2.1.31. MED: Talent cleans the wound with Betadine-soaked gauze.
After turning off the isoflurane vaporizer, inject the reversal drugs intramuscularly (TEXT: 500 ug/kgatipamezole), and check the body temperature.
2.1.32. MED: Talent turns off the isoflurane vaporizer.
2.1.33. MED: Talent injects the reversal drugs.
2.1.34. CU: Talent checks the body temperature.
When the animal starts to breathe against the ventilator, disconnect the tracheal tube from the ventilator, and remove the tube. Place the animal in a heated cage for recovery. 
2.1.35. MED: Talent disconnects the tracheal tube from the ventilator
2.1.36. CU: Talent removes the orotracheal tube.
2.1.37. MED: Talent places the rat in a heated cage.
After surgery, give antibiotics every 12 hours for the first 2 days post-surgery and use subcutaneous fluids to prevent dehydration on the first few postoperative days. Allow rats ad libitum access to jellified water for the 1st post-operative day, and soft food and water on subsequent days, and monitor their body weight and food intake. 
2.1.38. [bookmark: _GoBack]MED: Talent gives antibiotics to the rat+ injects fluids
2.1.39. CU: Show cage with jellified water.
2.1.40. MED: Talent weighs a rat.
2.1.41. MED: Talent injects fluids s.c.
4.14.5 4.14.4 MED: Talent replaces rat in cage.

3. Results: C2 Injury and Respiratory Output
Transverse sections of the spinal cord following C2 injury allow a reconstruction of the injury. The gray shading shows the extent of the injury. 
3.1.1. LAB MEDIA: figures.pptx, slide 4 (Video Editor: Start with five left-hand images. At “allow a reconstruction,” add in the right-hand cross-section of the spinal cord). 
Prior to spinal cord injury, phrenic nerve activity is similar on both sides of the animal. 
3.1.2. LAB MEDIA: figures.pptx, slide 5
Following a C2 partial injury, phrenic nerve activity is abolished on the ipsilateral side, but is intact on the contralateral side. 
3.1.3. LAB MEDIA: figures.pptx, slide 6
At 7 days post-injury, there is a partial restoration of the ipsilateral phrenic nerve activity due to the crossed phrenic pathway. 
3.1.4. LAB MEDIA: figures.pptx, slide 7 (Video Editor: Start with the red arrow in the spinal cord (middle image) not showing, instead have it be a dotted line as in slide 6. At “crossed phrenic pathway,” the red arrow replaces the dotted line.)
The C2 partial injury abolishes the ipsilateral diaphragm activity. A slight activity appears at 7 days post-injury, mainly due to activity in the crossed phrenic pathway. The rhythmic deflection of the signal observed on the ipsilateral side is due to the artifactual recording of the electrocardiogram. Note that following a C2 injury, the contralateral diaphragm activity remains the same as before the injury, and allows the animal to survive.
3.1.5. LAB MEDIA: figures.pptx, slide 8 (Video Editor: The following comments refer to the “Ipsilateral diaphragm activity” and “Contralateral diaphragm activity” traces. To start, remove the “7 days after injury” traces and their arrows on both sides. Add an arrow (or otherwise highlight) the “After C2 injury” trace on the “Ipsilateral” side for the 1st sentence. At the 2nd sentence, have the “7 days after injury” traces reappear, and add arrow or highlight the “7 days after injury” trace on the “Ipsilateral” side. For the final sentence, highlight all three traces on the “Contralateral diaphragm activity” side.)

4. Conclusion (said by authors on camera)

4.1. Author name Stéphane VINIT: After its development, this technique paved the way for researchers in the field of respiratory physiology to explore new putative therapeutics aimed to improve functional recovery following injury.



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.


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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