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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? Y
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.

C. Which steps of your protocol will viewers benefit most from having filmed? 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.8. To succeed, we take the time needed and pinch of small pieces of the bulla in step-by-step manner.

4.1.2. To succeed, we take the time needed and use two forceps, one to hold the wire close to the electrodes and one to hold a bit further down the wire to avoid the tension. We also try different insertion angles if needed.
E. Will the filming need to take place in multiple locations? 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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Charlotte Navntoft: Animal models of cochlear implants can advance our knowledge of the technological bases of treating permanent sensorineural hearing loss with electrical stimulation.
1.2. Charlotte Navntoft: This protocol provides a surgical approach for acute deafening and cochlear implantation in the mouse and the functional assessment of cochlear implant stimulation with auditory brainstem response.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Tania Barkat: The main challenges in performing CI surgery in mice are the small size of the cochlea and the presence of the large stapedial artery near the round window niche.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E. 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 Veterinary Office of the Canton of Basel, Switzerland, for studies at Basel University. 
Protocol: (read by voice talent at JoVE)
(Author Comment: In the uploaded videos you will see that there are two mice, mouse1 and mouse2. Mouse1 died because I hit an artery (in the end of 3.12.2), so I therefore did the surgery on a new mouse, mouse2. From mouse1 to mouse2, the photographer changed settings on the microscope so that the resolution on the videos from mouse2 is much better. However, the surgery was much nicer on mouse1, so I hope that the video editors can find some compromises.)
(Editor: The short version is – there are two mice, and the quality varies between them, so we might have to stitch things together. Also, some of the videos don’t frame the action well, so the author offered to re-capture these if needed after they see the rough cut)
 

2. Pre-Deafening Acoustic Auditory Brainstem Response (aABR)
2.1. To measure the normal hearing status, load acoustic foam into a 1-mL syringe [1-WIDE] and inject 100-200 microliters of foam into the contralateral ear canal of an anesthetized, 8-12-week-old, C57BL/6 mouse to isolate the auditory brainstem response from the ipsilateral ear [2-CU-TXT], taking care that the syringe seals closely to the ear for delivery of the foam all the way into the ear canal [3-ECU].
2.1.1. Talent loading syringe
2.1.2. Syringe being placed into ear/foam being injected (TEXT: Anesthesia: 80 mg/kg ketamine, 16 mg/kg xylazine, i.p.)
2.1.3. Shot of syringe sealed close to ear
2.2. Next, place a speaker 10 cm from the ipsilateral ear [1-CU] and clean the ABR electrodes with 70% ethanol [2-MED].
2.2.1. Speaker being placed close to ear

2.2.2. Talent cleaning electrode(s) 
2.3. Place the active electrode under the skin of the vertex [1-CU], the reference electrode under the skin below the pinna of the ipsilateral ear [2-ECU], and the ground electrode under the skin of the hind leg [3-CU].
2.3.1. Electrode being placed in vertex

2.3.2. Electrode being placed below pinna

2.3.3. Electrode being placed on hind leg

2.4. Connect the head-stage and pre-amplifier to the auditory processor via the optic fiber port [1-MED] and check the impedance of the active and reference electrodes [2-CU-TXT].
2.4.1. Talent connecting head-stage and/or pre-amplifier

2.4.2. Impedance being checked (TEXT: If impedance >3 Ohm, re-arrange electrodes/re-take measurement)

2.5. When the electrodes display the same impedance, close the sound-proof booth [1-MED] and present the click stimulation [2-CU], recording the ABR in a free-field condition with an appropriate complex auditory processor and software [3-MED-over the shoulder].
2.5.1. Talent closing booth

2.5.2. Shot of speaker and mouse ear, with being started (Videographer: Please capture clicking sound if possible) (Video Editor: please include clicking sound if possible) (Author Comment: Sound was recorded separately)
2.5.3. Talent at computer, recording ABR, with monitor visible in frame 
2.6. Standardize the click stimulus to 0.1-millisecond single-channel monophasic clicks presented at 21 Hz, with a decreasing click level from 90 decibels of sound pressure level to 10 decibels of sound pressure level in 10 decibel steps in a 10-millisecond recording window [1-SCREEN-TXT].

2.6.1. *To be provided by Authors: Click stimulus being adjusted, then click level and recording window being set (TEXT: Average 512 responses total at each dB level) 
2.7. Then determine the ABR threshold as the lowest decibel level with a recognizable ABR wave response [1-LM].
2.7.1. Figure2.ai: please show only Normal hearing waves and add arrow at 30 dB wave

3. Deafening Surgery
3.1. To induce the deafening, place the mouse on its right side, taking care to keep the body straight so the airways remain open [1-WIDE LM-TXT].
3.1.1. Talent placing mouse on right side (Videographer: More Talent than mouse in shot) (TEXT: Caution: Avoid undue torsional stress on cervical vertebrae) (Author Comment: Recorded as LM)
3.2. Remove the fur behind the ipsilateral ear [1-CU] and disinfect the exposed skin with sequential 70% ethanol solution and a povidone-iodine solution scrubs [2-CU]. 
3.2.1. Fur being removed

3.2.2. Skin being disinfected, with ethanol and povidone-iodine solution containers visible in frame

3.3. Move the animal under a dissecting microscope [1-MED] and use the 16X objective and a scalpel to make a 1-1.5 cm post-auricular incision [2-LM]. 
3.3.1. Talent placing animal under microscope/moving microscope over animal Talent moves the microscope to the animal (Author Comment: The animal was already placed. We did a shoot where the talent moves the microscope to the animal instead)
3.3.2. *To be provided by Authors: Incision being made

3.4. Under a 25-40X magnification, use forceps to blunt dissect through the exposed subcutaneous fat layer [1-LM-TXT] and retract the sternocleidomastoid muscle to reveal the tympanic bulla periosteum [2-LM].
3.4.1. *To be provided by Authors: Fat being dissected (TEXT: Caution: Do not damage jugular vein/vein damage causes excessive bleeding)
3.4.2. *To be provided by Authors: Muscle being retracted/tympanic bulla periosteum being revealed

3.5. The facial nerve wraps around the posterior-dorsal edge of the sternocleidomastoid muscle and runs rostrally along the ear canal toward the pinna [1-LM]. 
3.5.1. *To be provided by Authors: Shot of facial nerve (Video Editor: please trace/emphasize facial nerve when mentioned as possible/appropriate) 
3.6. Using the facial nerve as a landmark for identification of the auditory bulla, gently place a self-retaining retractor tool into the incision for access to the bulla [1-LM].
3.6.1. *To be provided by Authors: Shot of bulla (Video Editor: please emphasize auditory bulla if possible/appropriate), then retractor being placed
3.7. Remove the tissue overlying the medio-dorsal area of the bulla to allow clear visualization of the ridge between the bulla and the mastoid process [1-LM] and gently rotate a 30-gauge needle into the bulla to generate a hole on the posterior-superior side of the ridge [2-LM-TXT].

3.7.1. *To be provided by Authors: Tissue being removed

3.7.2. *To be provided by Authors: Needle being rotated/hole being made (TEXT: Alternative: Make bullostomy w/ dental surgical drill)

3.8. Pinch small bone pieces with fine-tipped forceps to widen the bullostomy until the middle ear cavity is exposed [1-LM] and extend the hole dorsally toward the mastoid process until the round window niche is clear of overlying bone [2-LM-TXT].

3.8.1. *To be provided by Authors: Bones being pinched

3.8.2. *To be provided by Authors: Hole being extended dorsally (TEXT: Stapedial artery runs ventral to round window niche)

3.9. Charlotte Navntoft: “The most critical step is the preparation of the window niche. Be sure to take your time so as not to damage the stapedial artery.” [1-MED-interivew style]
3.9.1. Charlotte Navntoft, speaking the above interview style (looking just off-camera)

3.10. Taking care not to damage the stapedial artery, extend the bullostomy in the anterior-superior direction to visualize the stapes, the middle ear bone connected to the oval window [1-SCOPE-TXT].

3.10.1.  *To be provided by Authors: Hole being extended anterior-superiorly (Video Editor: if possible, please emphasize stapedial artery and stapes when mentioned) (TEXT: Stop small bleeds w/ spongostan) 
3.11. Then remove the stapes to expose the oval window [1-LM].

3.11.1.  *To be provided by Authors: Stapes being removed
3.12. To apply the ototoxic agent, use a blunted 30-gauge needle to gently perforate the round and oval window membranes, confirming that perilymph runs out [1-LM], and use a 1-ml syringe equipped with a 30-gauge needle to slowly perfuse 0.2 ml of 5% weight/volume neomycin dissolved in PBS through the oval window [2-LM-TXT].
3.12.1.  *To be provided by Authors: Membrane(s) being punctured, then perilymph running out 
3.12.2.  *To be provided by Authors: Neomycin being perfused into oval window TEXT: Fluid should flush out of the round window. (Editor: The first part of the video of mouse1 is good, so where the needle goes into the oval window. When the needle is retraced, the bleeding starts. This step was not recorded for Mouse2.)
3.13.  [1-LM]
3.13.1.  *To be provided by Authors: Fluid flushing out of round window (Author Comment: This was not possible to see)
3.14. When the entire volume of agent has been delivered, perfuse the solution into the round window, taking care not to damage the window bone structures [1-LM], and place 1 mm2 pieces of spongostan soaked in neomycin within the round window and oval window niche [2-LM].
3.14.1.  *To be provided by Authors: Neomycin being perfused into round window (Author Comment: This was mistakenly not recorded!) (Editor: I’m not sure what to suggest since this action appears unique. Since it was supposed to be recorded as LAB MEDIA we may want to prompt the authors to get it. Alternatively, maybe we can zoom in on 3.12.2 so that the viewer can’t tell this is the round window and not the oval window since the action is similar)
3.14.2.  *To be provided by Authors: Spongostan being placed

3.15. Then remove the retractor [1-LM] and close the incision [2-LM/CU], recoding a post-defeaning acoustic ABR as demonstrated after 30 minutes [3-LM].
3.15.1.  *To be provided by Authors: Retractor being removed
3.15.2.  *To be provided by Authors: Incision being closed OR Incision being closed
3.15.3. Figure2.ai: please show only Deafened waves and add arrow at 70 dB
4. Cochlear Implant Electrode Array Insertion and Electric ABR (eABR)
4.1. To insert the cochlear implant electrode array, place the retractor tool back into the incision [1-WIDE] to re-access the bulla and insert the electrode array into the scala tympani at a depth such that the 4th platinum ring of the array is located just inside the round window [2-LM-TXT]. 
4.1.1. Talent at microscope placing retractor/picking up retractor (Videographer: More Talent than mouse in shot)

4.1.2. *To be provided by Authors: Shot of array, then array being inserted (TEXT: Approximately 2 mm insertion depth/30 kHz intracochlear position)
4.2. Charlotte Navntoft: “The insertion of the electrode array can also be tricky, so take your time to find a good insertion angle, using one forceps to hold the lead wire and another to insert the array.” [1-MED-interview style]
4.2.1. Charlotte Navntoft, speaking the above interview style (looking just off-camera)

4.3. Coil the lead wire inside the bulla [1-LM-TXT] and glue the wire to the tissue above the bulla [2-LM].
4.3.1. *To be provided by Authors: Wire being coiled (TEXT: Coiling keeps array in place)

4.3.2. *To be provided by Authors: Wire being glued 
4.4. After carefully removing the retractor [1-LM] and closing the insertion with tissue glue [2-LM/CU], use a scalpel to make a 0.5 mm incision in the neck perpendicular to the line between where the active and reference ABR electrodes will be [3-CU]. Place the ground ball in the insertion.
4.4.1. *To be provided by Authors: Retractor being removed

4.4.2. *To be provided by Authors: Insertion being glued OR Insertion being glued (Author Comment: Recorded as LM)
4.4.3. Incision being made [Shots 4.4.3 and 4.5.1 combined] (Author Comment: This step is included in the 4.5.1. video.) (Editor: See the note for 4.5.1)
4.5. Then place the ground ball in the insertion [1-ECU] and connect the electrode array board to the Animal Stimulator Platform [2-MED].
4.5.1. Ground ball being placed (Author Comment: This video is large. Only the last part is usable.)
4.5.2. Talent connecting array board to the ASP the Animal Stimulation Platform
4.6. To perform an electric ABR, place the electrodes as previously demonstrated [1-CU] and open the Animal Stimulator Platform software [2-MED].

4.6.1. Electrode(s) being placed

4.6.2. Talent opening software, with monitor visible in frame

4.7. Then define the electric pulse stimulation paradigm [1-SCREEN-TXT] and present the electric pulse trains [2-CU/SCREEN], recording the evoked electric ABR responses continuously via the TDT headstage, pre-amplifier, and auditory processor [3-MED].
4.7.1. *To be provided by Authors: electric pulse stimulation paradigm being defined

4.7.2. *To be provided by Authors: pulse trains being presented (Editor: If possible, use the footage provided for 4.7.2 to cover the voiceover narration for 4.7.3)
4.7.3. Talent delivering pulses auditory processor in frame (Author Comment: Nothing visible is happening, so we did not shoot this one.)
5. Results: Representative eABR Analysis
5.1. Pre- and post-surgical hearing thresholds [1-LM] serve as a functional readout of the deafening procedure [2-LM].
5.1.1. Figure2.ai: please emphasize Normal-hearing waves

5.1.2. Figure2.ai: please emphasize Deafened waves

5.2. Topical application of 5% neomycin to the oval and round windows significantly increases the click-evoked hearing thresholds [1-LM].
5.2.1. Figure3.ai: please add/emphasize asterisks
5.3. Electric simulation of an intracochlear electrode post-defeaning can reliably generate electric ABR activity [1-LM].
5.3.1. Figure7.ai: please emphasize top four wave lines (not peaks)
5.4. In some cases, cochlear implant stimulation activates the facial nerve and produces a high amplitude wave with either a short latency [1-LM], characterized by a rapid amplification of wave IV around 3 milliseconds and likely a direct response of the facial nerve [2-LM], or a long latency, which appears around 5-6 milliseconds and is likely to be a non-auditory myogenic response evoked indirectly by the facial nerve [3-LM].
5.4.1. Figure8.ai: no animation

5.4.2. Figure8.ai: please add/emphasize arrow in left graph 
5.4.3. Figure8.ai: please add/emphasize arrow in right graph 
6. Conclusion (said by authors on camera):
6.1. Tania Barkat: In this study, we have demonstrated that the cochlear implant mouse model is feasible, although the cochlea is small and the surgery is challenging [1-LM].
6.1.1. Can use 4.1.2. array being implanted 
6.2. Charlotte Navntoft: While attempting this procedure, it’s important to consider a deafening protocol to eliminate any electrophonic responses in the eABR recordings and to mimic the hair cell loss found in most CI users.
6.3. Tania Barkat: In summary, the growing number of genetic models for human deafness and the biochemical tools available make the mouse an attractive animal model for auditory research, including the field of cochlear implants.  
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Figure2.ai
Figure3.ai
Figure7.ai
Figure8.ai
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 in the email accompanying the finalized script.
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