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Summary: 24 

Animal models of cochlear implants can advance knowledge of the technological bases of 25 

treating permanent sensorineural hearing loss with electrical stimulation. This study presents a 26 

surgical protocol for acute deafening and cochlear implantation of an electrode array in mice as 27 

well as the functional assessment with auditory brainstem response.  28 

 29 

Abstract: 30 

Cochlear implants (CIs) are neuroprosthetic devices that can provide a sense of hearing to deaf 31 

people. However, a CI cannot restore all aspects of hearing. Improvement of the implant 32 

technology is needed if CI users are to perceive music and perform in more natural 33 

environments, such as hearing out a voice with competing talkers, reflections, and other 34 

sounds. Such improvement requires experimental animals to better understand the 35 

mechanisms of electric stimulation in the cochlea and its responses in the whole auditory 36 

system. The mouse is an increasingly attractive model due to the many genetic models 37 

available. However, the limited use of this species as a CI model is mainly due to the difficulty of 38 

implanting small electrode arrays. More details about the surgical procedure are therefore of 39 

great interest to expand the use of mice in CI research. 40 

 41 

In this report, we describe in detail the protocol for acute deafening and cochlear implantation 42 

of an electrode array in the C57BL/6 mouse strain. We demonstrate the functional efficacy of 43 

this procedure with electrically-evoked auditory brainstem response (eABR) and show examples 44 
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of facial nerve stimulation. Finally, we also discuss the importance of including a deafening 45 

procedure when using a normally hearing animal. This mouse model provides a powerful 46 

opportunity to study genetic and neurobiological mechanisms that would be of relevance for CI 47 

users. 48 

 49 

Introduction 50 

Cochlear implants (CIs) are electronic devices that can provide a sense of hearing to people with 51 

severe and profound hearing loss. It uses electrodes surgically implanted in the cochlea of the 52 

inner ear to directly stimulate the auditory nerve. To date, the CI is the most successful sensory 53 

prosthesis and has helped more than 600,000 people worldwide1. However, the device has 54 

shortcomings. First, the benefits provided by the device vary greatly among recipients. Second, 55 

speech in noisy environments and music are still poorly perceived by most CI users. 56 

For many years, animal models have been used to better understand these issues in CI research 57 

and to continuously improve safety and efficacy of the devices. The models have given valuable 58 

insight into several phenomena, such as plastic changes in the brain taking place following CI 59 

implantation2, the effect of applying gene therapy to preserve residual hearing3, and 60 

biophysical properties of the electrically stimulated auditory nerve4, among many other 61 

examples. 62 

 63 

Mice are a powerful model organism due to the large availability of genetic models of deafness. 64 

Other advantages include the ability to manipulate the mouse genome (e.g., via the CRISPR-Cas 65 

system), the opportunity to use advanced imaging techniques to study mechanisms, particularly 66 

in the brain, the high reproduction rate, rapid development and easy breeding and handling. 67 

The main technical challenges in performing CI surgeries in mice are the small size of the 68 

cochlea and the presence of a large stapedial artery (SA). The SA usually disappears during 69 

embryonic development in humans but persists throughout life in a number of rodents, 70 

including mice, rats, and gerbils. The SA runs below the round window niche, which complicates 71 

access to the cochlea and increases surgical risk.  72 

 73 

Previous studies have shown the feasibility of CI implantation in mice5-7. Irving et. al 74 

demonstrated that chronic intracochlear electrical stimulation can be achieved for up to one 75 

month. Acute stimulation was also performed but the recordings were not presented. They 76 

showed that cauterizing the stapedial artery had no significant effect on the hearing threshold 77 

or the number of spiral ganglion neurons and that topical application of the aminoglycoside 78 

neomycin, an ototoxic drug, was an effective deafening procedure in mice 5. Soken et al. 79 

described a modified dorsal approach to the mouse cochlea through the round window to 80 

better preserve hearing status6. Following insertion of a platinum-iridium wire, substantial 81 

residual hearing was observed with an increased auditory brainstem response (ABR) threshold 82 

of 28 dB. Otoacoustic emissions (OAE) were lost in animals with large ABR threshold shifts6. 83 

Mistry et al. tested the functional and histopathological effects of implantation in the absence 84 

of electric stimulation7. Even though hearing was preserved in both 3- and 6-months-old 85 

implanted mice at low frequencies, implantation resulted in fibrosis-like tissue around the 86 

implant and osteoneogenesis around the bullostomy7. 87 

 88 
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In short, out of the three studies on CIs in mice, only one demonstrates functional recording of 89 

CI stimulation. Irving and colleagues performed both acute and chronic eABR recordings but 90 

only showed data from chronic CI stimulation5. However, the chronic model with a fully 91 

implantable device developed by Irving et al. is technically challenging. It is not yet known if 92 

acute CI stimulation, both less challenging and faster, can achieve similar results. 93 

 94 

CIs are used by people with severe and profound hearing loss who no longer benefit from 95 

hearing aids. Animal models for CI users should therefore include a deafening procedure when 96 

normally hearing animals are used. Another reason to deafen hearing animals is that the 97 

electrical stimulation of a deaf or hearing cochlea produces different neural responses4,8-12. 98 

Electrical stimulation of a deaf cochlea directly activates the auditory nerve fibers and 99 

generates an electroneural response (). It is characterized by short latency and a small 100 

dynamic range in the periphery8,10. On the other hand, electrical stimulation of a hearing 101 

cochlea also excites the hair cells in an electrophonic response () that is characterized by 102 

longer latencies and larger dynamic range4,11. The electrophonic response is attributed to 103 

normal excitation of nerve fibers by inner hair cells, electrically induced contraction of outer 104 

hair cells, and generation of a travelling wave4. Electroneural and electrophonic responses also 105 

result in two different activity patterns in the central nervous system9. Sato et al. recorded 106 

midbrain neurons of a CI implanted guinea pig before and after deafening with neomycin, 107 

which eliminates the electrophonic contribution. They showed that the slope of the rate-level 108 

function was steeper and firing rates higher in the deafened condition compared to the hearing 109 

condition9. Therefore, depending on the research question stated, it is important to consider 110 

including deafening to separate electrophonic and electroneural responses upon electric 111 

stimulation of the auditory nerve. 112 

 113 

Here, we describe the procedure for acute deafening and the cochlear implantation of an 114 

electrode array in a mouse as well as the functional recording of intracochlear electric 115 

stimulation with electrically-evoked auditory brainstem response (eABR).  116 

 117 

Protocol: 118 

 119 

All procedures were carried out according to Basel University, Switzerland, animal care and 120 

guidelines. They were licensed by the Veterinary Office of the Canton of Basel, Switzerland. 121 

 122 

Note: C57BL/6 adult mice, aged 8-12 weeks (weight 20-30g), were used in this study. 123 

The left ear is used as the experimental ear. The right ear serves as an intra-animal control and 124 

is not surgically altered.  125 

 126 

1. Preoperative Procedures 127 

 128 

1.1. Anaesthetize the animal 30 min prior to surgery via intra-peritoneal (i.p.) injection of 129 

ketamine/xylazine (80 mg/kg ketamine, 16 mg/kg xylazine, i.p., volume injected at 10 L/g body 130 

weight).  131 

 132 
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1.1.1. Supplement anesthesia as necessary, as judged by a positive pedal and palpebral (toe-133 

pinch) reflex and movement of the whiskers, with a lower dose of ketamine (45 mg/kg, i.p., 134 

injected at 10 L/g body weight). Agents and dose regimes can be substituted per institutional 135 

guidelines. 136 

 137 

Notes: In general, the animal will need an injection every 45-60 min with this agent and dose 138 

regime.  139 

 140 

1.2. Check for full sedation of the animal marked by a regular breathing rate and a lack of 141 

toe-pinch reflexes. Maintain this level of anesthesia.  142 

 143 

1.3. Maintain the animal’s body temperature at 36.6 °C with a closed-loop heating pad. 144 

Apply eye ointment to avoid dehydration of the cornea. This will also suppress the animal’s 145 

blink reflex, which can add noise to the recoding. 146 

 147 

1.4. Administer local analgesic via subcutaneous injection (s.c.) of bupivacaine/Lidocaine (0.1 148 

mg/mL bupivacaine and 0.4 mg/mL lidocaine, 0.1 mL administered s.c.) along the intended 149 

incision line to minimize any surgical discomfort. Agents and dose regimes can be substituted 150 

per institutional guidelines. 151 

 152 

1.5. Administer the muscarinic antagonist atropine (atropinesulfate amino, 0.1 mg/mL, 20 L 153 

administered s.c., dissolved in PBS) in the neck to reduce mucus secretion and to facilitate 154 

breathing. Agents and dose regimes can be substituted per institutional guidelines. 155 

 156 

2. Pre-deafening Acoustic Auditory Brainstem Response (aABR) 157 

 158 

Note: aABR is used to measure the status of hearing before and after deafening. Testing is 159 

performed on the left ear and in a soundproof electrically shielded booth. We recommend to 160 

test and later implant the left ear for a right-handed person. Further details on ABR in mice can 161 

be found in13,14. Tucker Davis Technologies (TDT) hardware and software (BioSig) are used to 162 

record ABR but other systems can be used.  163 

 164 

2.1. Block the contralateral (right) ear with acoustic foam to isolate the ABR response from 165 

the ipsilateral (left) ear. Put the foam in a 1 mL syringe and inject it into the right ear canal of 166 

the mouse to cover the whole ear canal with foam (0.1-0.2 mL of foam). Make sure the syringe 167 

seals closely to the ear so that the foam gets all the way into the ear canal. 168 

 169 

2.2. Place the speaker 10 cm from the left ear.  170 

 171 

Notes: The speaker for this setup was calibrated using a PCB microphone as described in15. 172 

 173 

2.3. Clean the ABR electrodes with 70% ethanol solution. Place the electrodes under the 174 

skin: active (Ch1) on the vertex, reference (-) below the pinna of the ipsilateral ear, and ground 175 

in the hind leg (Figure 1). 176 
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 177 

2.4. Connect the head-stage and pre-amplifier to the auditory processor via the optic fiber 178 

port.  179 

 180 

2.5. Check the impedance of the active and reference electrode.  181 

 182 

2.5.1. If the impedance is over 3 Ohm, re-arrange them and re-take the measurement. The 183 

best recordings are obtained when the electrodes have the same impedance. Close the sound-184 

proof booth. 185 

 186 

2.6. Present click stimulation and record ABR in a free-field condition with a complex 187 

auditory processor and software. Standardize the click stimulus in the software: 0.1 ms single-188 

channel monophasic clicks are presented at 21 Hz; Click level decreases from 90 dB SPL to 10 dB 189 

SPL in 10 dB steps; 10 ms recording window. Average a total of 512 responses at each dB level.  190 

 191 

2.7. Apply a 2000 Hz lowpass filter and a 300 Hz highpass filter offline to reduce noise in the 192 

recording using a custom-made Matlab script.  193 

 194 

2.8. Determine the ABR threshold as the lowest dB level with a recognizable ABR wave 195 

response (Figure 2, Figure 3). 196 

 197 

3. Surgery 198 

 199 

Note: Typical instruments used include a scissor, a scalpel, a pair of metallic forceps with 200 

straight or curved tips, a tissue retractor tool, several suction wedges and absorbable paper 201 

points. The surgery is performed on the left ear.  202 

 203 

3.1. Put the mouse on its right side. Avoid undue torsional stress on the cervical vertebrae. 204 

Make sure to keep the body straight to keep the airways open.  205 

 206 

3.2. Cut the fur behind the left ear with a scissor (or shave it with a shaver) to expose the 207 

skin. Sterilize the skin with 70% ethanol solution and betadine (povidone/iodine).  208 

 209 

3.3. Under microscopic magnification (16X), make a 1-1.5 cm post-auricular incision with the 210 

scalpel.  211 

 212 

3.4. Switch to higher microscopic magnification (25X). 213 

 214 

3.5. Perform blunt dissection through the subcutaneous fat layer, which can be of variable 215 

thickness, with forceps.  216 

 217 

Notes: Be careful when dissecting as the external jugular vein traverses this area. Damage to 218 

this structure can cause excessive bleeding. 219 

 220 
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3.6. Retract the sternocleidomastoid muscle to reveal the tympanic bulla periosteum. Use 221 

the facial nerve as a key anatomical landmark to aid identification of the auditory bulla. The 222 

facial nerve wraps around the posterior/dorsal edge of the sternocleidomastoid muscle and 223 

runs rostrally along the ear canal towards the pinna. Gently place the self-retaining retractor 224 

tool in the incision to ease access to the bulla (Figure 4). 225 

 226 

3.7. Remove the tissue overlying the medio-dorsal area of the bulla to allow clear 227 

visualization of the ridge between the bulla and the mastoid process. 228 

 229 

3.8. Gently rotate a 30G needle to pierce the bulla and make a hole (bullostomy) on the 230 

posterior-superior side of the ridge (the bone is thinner on this side). Alternatively, use a dental 231 

surgical drill. 232 

 233 

Notes: This and the following steps can be done with even higher microscopic magnification 234 

(40X) if preferred. Also, change the position of the microscope if needed. It is important to 235 

maximize the surgical view of the middle ear space. 236 

 237 

3.9. Widen the bullostomy by pinching small bone pieces using fine tipped forceps to expose 238 

the middle ear cavity. Extend the bullostomy dorsally towards the mastoid process until the 239 

round window niche is clear of overlying bone. The stapedial artery, a branch of the internal 240 

carotid artery, runs ventral to the round window niche.  241 

 242 

3.9.1. Be careful not to damage the vessel as excessive bleeding may be fatal. Small bleeds can 243 

be stopped by pressing a small piece of spongostan in the inner ear cavity.  244 

 245 

3.9.2. Extend the bullostomy toward the anterior-superior direction to visualize the stapes, the 246 

middle ear bone connected to the oval window. 247 

 248 

3.10. Remove the stapes with forceps to expose the oval window. 249 

 250 

4. Round Window Application of Ototoxic Agent 251 

 252 

4.1. Gently perforate the round window and oval window membranes using a blunted 30G 253 

needle. Check that perilymph runs out.  254 

 255 

4.2. Slowly perfuse 5% weight/volume neomycin dissolved in PBS (adjusted to pH 7.4) 256 

through the oval window. Liquid should flush out of the round window. Repeat the same 257 

procedure on the round window. Be careful not to damage the window bone structures with 258 

the needle used to perfuse.  259 

 260 

4.3. Place a small piece (1 mm2) of spongostan soaked in neomycin within the round window 261 

and oval window niche.  262 

 263 

4.4. Remove the retractor tool, close the incision and wait 30 min. 264 
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 265 

5. Post-deafening acoustic ABR 266 

 267 

5.1. Record aABR in a similar way as before deafening (Steps 2.2 to 2.8) (Figure 2b, Figure 3). 268 

 269 

6. Insertion of CI electrode array 270 

 271 

Note: The intracochlear electrode array consists of four platinum bands (Ø0.2 mm) with 272 

platinum/iridum parylene insulated wire shielded in a silicone tube (Figure 5). 273 

 274 

6.1. Place the retractor tool in the incision to re-access the bulla. 275 

 276 

6.2. Insert the electrode array into the round window (scala tympani) at a depth where the 277 

4th platinum ring is located just inside the round window. This gives an insertion depth of ~2 278 

mm, corresponding to an intracochlear position at ~ 30 kHz16. 279 

 280 

6.3. Coil the lead wire inside the bulla and glue the wire to the tissue above the bulla. Coiling 281 

the wire helps to keep the array in place throughout the experiment.  282 

 283 

6.4. Carefully remove the retractor and close the insertion with tissue glue. 284 

 285 

6.5. Make a small incision (0.5 mm) in the neck perpendicular to the line between where the 286 

active and reference ABR electrodes will be using a tissue scissor. Place the platinum ground 287 

ball in the subcutaneous pocket and close the small incision with tissue glue (Figure 6). 288 

 289 

6.6. Connect the electrode array board to the Animal Stimulator Platform. 290 

 291 

7. Electric auditory brainstem response (eABR) 292 

 293 

Note: An Animal Stimulator Platform (ASP) is used to electrically stimulate the electrode array. 294 

Other current sources and software systems can be used. 295 

 296 

7.1. Place the ABR electrodes as before (Steps 2.3 to 2.5) (Figure 6). 297 

 298 

7.2. Open the ASP software and define the electric pulse stimulation paradigm. We use a 299 

charge-balanced biphasic pulses with 50s/phase and 10s interphase gap presented at 23.3 300 

pulses per second (pps). The electric stimulation is delivered in monopolar electrode 301 

configuration with increasing current levels. A total of 400 responses are averaged at each 302 

current level. 303 

 304 

7.3. Present the electric pulse trains and record the evoked eABR response continuously via 305 

the TDT headstage, pre-amplifier and auditory processor.  306 

 307 
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7.4. Plot and analyze the eABR data via a custom-made matlab script (Figure 7). The script 308 

and an example of a recording are provided in the Supplementary. 309 

 310 

8. End of experiment  311 

 312 

8.1. At the end of the experiment, euthanize the animal according to institutional guidelines.  313 

 314 

8.2. Carefully open the incision and remove the implant.  315 

 316 

8.3. Ultra-sonicate the electrode array in distilled water for 10 minutes to remove tissue 317 

debris.  318 

 319 

Note: The implant can be reused several times if the electrodes are intact and properly 320 

conducting. To check this, measure the impedance of the electrodes with a multimeter when 321 

the array is dry.  322 

 323 

8.4. Store the electrode array in a dry place.  324 

 325 

Representative results: 326 

The purpose of this study was to describe a reliable model for acute CI stimulation in the 327 

deafened mouse. Pre- and post-surgical hearing thresholds served as a functional readout of 328 

the deafening procedure. Topical application of 5% neomycin in the oval and round window 329 

significantly increased click-evoked hearing thresholds by 46 dB  6 (pre- vs post-neomycin: 330 

30.0 dB  3.8 vs 75.7 dB  3.7, p = 0.0003, paired t-test, n= 7) (Figure 3). The mouse-sized 331 

electrode array was hereafter inserted into the round window (Figure 4, Figure 5). Electric 332 

simulation of an intracochlear electrode could reliably generate eABR activity. (Figure 7). In 333 

some cases, CI stimulation activated the facial nerve and produced a high amplitude wave with 334 

either short or long latency (Figure 8A and Figure 8B, respectively). The short latency response 335 

was characterized by a rapid amplification of wave IV around 3 ms and is likely to be a direct 336 

response of the facial nerve. The long latency response appeared around 5-6 ms and is likely to 337 

be a non-auditory muscle (myogenic) response evoked indirectly by the facial nerve. Facial 338 

nerve responses are rarely reported in animal studies in literature but is a well-known 339 

complication in human CI users17-19. In Figure 8, facial nerve stimulation appeared at relatively 340 

medium current levels (150-200 A) and in two different animals. In other cases, both 341 

responses could appear in the same animal at very high current levels (not shown). We 342 

recommend limiting the current level to levels below the appearance of facial nerve 343 

stimulation.  344 

 345 

Figure 1. Auditory Brainstem Response (ABR) setup. Subdermal electrodes are placed at the 346 

vertex (active/channel 1 [Ch1]), behind the ipsilateral ear (reference [Ref]) and at the hind leg 347 

(ground [Gnd]) of the anesthetized mouse. Electrode signals are amplified and then recorded by 348 

a TDT system. Acoustic and electric stimulation are presented via a microphone and an Animal 349 

Stimulator Platform, respectively.  350 

 351 
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Figure 2. Representative aABR waves to click stimulation from a wild-type mouse before and 352 

after deafening with 5% neomycin. (A) The normal-hearing aABR pattern is characterized by 353 

waves labelled I-V and a low hearing threshold, here 30 dB SPL (arrow). (B) The deafened aABR 354 

pattern shows an increased hearing threshold, here 70 dB SPL (arrow). The waves have a longer 355 

latency and more temporal jitter. 356 

 357 

Figure 3. aABR threshold before and after deafening. Application of neomycin significantly 358 

increased aABR thresholds by 46 dB  6. Pre- vs post-neomycin: 30.0 dB  3.8 vs 75.7 dB  3.7, 359 

p = 0.0003, paired t-test, n = 7. Errors are standard error of the means.  360 

 361 

Figure 4. The surgery. (A) Exposure to the auditory bulla. The bullostomy is performed (white 362 

dotted circle) along the ridge on the tympanic bulla (black dotted line). (B) The bullostomy 363 

allows visualization of the round window, stapedial artery, and oval window. Neomycin is 364 

gently flushed through first the oval window, then the round window. (C) The electrode array is 365 

inserted until the 4th electrode is located just inside the round window niche. The electrode 366 

wire is coiled inside the bulla to keep the array in place before the incision is closed. CN VII = 367 

cranial nerve VII (facial nerve), OW = oval window, RW = round window, SA = stapedial artery, 368 

SCM = sternocleidomastoid muscle, TB = tympanic bulla. 369 

 370 

Figure 5. The mouse cochlear implant. (A) The intracochlear electrode array consists of four 371 

platinum bands spaced at a 0.4 mm interval with a diameter d: 0 [tip] (d=0.21), 1 (d=0.23), 2 372 

(d=0.25), 3 (d=0.27). The width of each electrode is 0.2 mm. The four platinum/iridium (90/10) 373 

parylene insulated wires are shielded in a silicone tube. (B) Magnification of the electrode array 374 

tip (red dotted square). The electrode array and a platinum reference ball are connected to a 375 

print board. Scale bar: 1 mm. 376 

 377 

Figure 6. Electrically-evoked ABR (eABR) setup. The CI platinum ground ball (Gnd, red) is 378 

placed in a subcutaneous pocket in the neck of the mouse. The line between active (Ch1(+) at 379 

the vertex) and reference (Ref (-) at the ipsilateral ear) ABR electrodes is perpendicular to the 380 

line between the electrode array and the ground in order to obtain the best eABR response. 381 

The eABR ground electrode (Gnd, black) is placed in the hind leg. 382 

 383 

Figure 7. Representative eABR waves to CI stimulation in a deafened mouse. A biphasic pulse 384 

train is presented to electrode #1 in monopolar configuration at 23.3 pulses per second (pps) 385 

with 400 repetitions. Stimuli level 0-175 A is shown in 25 A steps (see stimulation details in 386 

Step 7.2). Roman numerals denote eABR wave number. The wave amplitudes and latency 387 

increase and decrease, respectively, with increasing current level. In this example, wave II 388 

appeared around 1 ms, wave III around 2 ms, wave IV around 3 ms, wave V around 4 ms. 389 

 390 

Figure 8. Example of facial nerve stimulation. In some cases, CI stimulation can activate the 391 

facial nerve and evoke a direct response with short latency (A) (arrow) or indirect response with 392 

longer latency (B) (arrow). The examples shown are from two CI-implanted animals stimulated 393 

with a biphasic pulse train using 0-300 A in 50 A steps (see stimulation details in Step 7.2). 394 
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Roman numerals denote eABR wave numbers. * denotes clipping of the eABR wave due to 395 

saturation of the amplifier. 396 

 397 

Discussion: 398 

This manuscript describes the surgical approach for acute deafening and cochlear implantation 399 

in the mouse, as well as the functional assessment of CI stimulation with auditory brainstem 400 

response. Although the mouse cochlea is small and the surgery challenging, the CI mouse 401 

model is feasible and serves as a valuable tool in auditory research. 402 

 403 

The stapedial artery is present in the middle ear of the mouse. The artery enters the bulla 404 

posterior-medially, and runs inferiorly to the round window niche and then superiorly to the 405 

oval window niche. In the initial development of the mouse model, we experienced fatal intra-406 

operative bleeding following trauma to the stapedial artery, mainly while accessing the bulla. As 407 

a consequence, we adapted a more limited approach and accessed the bulla in smaller, refined 408 

dissection steps. No further complications due to bleeding were thereafter observed. Despite 409 

the fact that stapedial artery cauterization has no significant effect on hearing threshold or 410 

number of spiral ganglion neurons in mice5, in our opinion, it is unnecessary so long as great 411 

care and attention are taken during the surgery. We suggest taking the time needed to develop 412 

fine psychomotor skills and reach technical proficiency. The average time from initial incision to 413 

closure around the implanted electrode array is typically 1-1.5 hours. 414 

 415 

The described acute CI surgery in mice is similar to the “ventral” procedure and round window 416 

insertion used in other rodents, including rats and gerbils20-22. Other rodent studies have used 417 

the “dorsal approach” with a basal turn cochleostomy instead of a round window insertion, 418 

avoiding the SA entirely and inserting the array more deeply6,23,24. The implantation of a chronic 419 

stimulation assembly in mice follows the same steps as described in this protocol with the 420 

addition of a Dacron mesh to fix the implant and postoperative care5. 421 

 422 

The main technical challenges when performing CI surgeries in mice are the small size of the 423 

cochlea compared to the cochlea of rats and gerbils, and the presence of a large SA. The SA is 424 

also present in rats but not in gerbils. In addition, since mice are smaller than rats and gerbils, 425 

they are more vulnerable to surgical procedures.  426 

 427 

To eliminate electrophonic responses in eABR recordings and to mimic hair cell loss found in 428 

most CI users, we deafened the animals before CI insertion. Mice are difficult to deafen 429 

ototoxically in vivo25 because the systemic concentrations of aminoglycosides required to cause 430 

ototoxicity has a narrow dose window: lower doses given over several days results in no hair 431 

cell loss whereas a single injection of a higher dose can be lethal26. Also, susceptibility to 432 

aminoglycosides is strain dependent26. However, it has been shown that a single dose of 433 

aminoglycosides in combination with a loop diuretic can produce excessive outer hair cell loss 434 

in CBA/CaJ mice without fatal consequences27. Delayed inner hair cell death was reported in 435 

half of all cochleae examined27. 436 

 437 
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In this manuscript, we used topical application of the aminoglycosides neomycin inspired by the 438 

protocol recently established for C57BL/6 mice5. Acute application of neomycin significantly 439 

increased the click-evoked hearing threshold by 46 dB  6.1. Although this increase is larger 440 

than the 35 dB increase reported by Irving et al. (pre- vs post-surgery: 41.6 dB  3.3 vs 76.6 dB  441 

4.4, p = 0.02, n = 3)5, we achieved the same post-deafening threshold (75.7 dB  3.7 vs 76.6 dB 442 

 4.4). 5% neomycin is thought to cause a partial loss of hearing, mainly by rapid outer hair cell 443 

death, as inner hair cell loss takes longer to occur27. It is therefore possible that electrophonic 444 

response, which is generated both by inner and outer hair cells4,8-12, is only partially eliminated 445 

in deafened animals with residual hearing. Even though 5% (weight/volume) neomycin does 446 

not decrease the number of spiral ganglion neurons 4 weeks post-deafening5, it is yet unknown 447 

if neomycin in our acute setup affects the auditory nerve fibers or promotes synaptopathy (loss 448 

of synapses between inner hair cells and type I auditory nerve fibers). Another uncertainty is 449 

that the topical neomycin treatment may not produce a uniform distribution of hair cell loss 450 

along the length of the cochlea. Future studies are required to answer these questions. 451 

 452 

In summary, the growing number of genetic models for human deafness and the biochemical 453 

tools available make the mouse an attractive animal model for auditory research, including the 454 

field of CIs. 455 
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Inc.
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BioSigRZ TDT, FL, USA

Matlab MathWorks, MA, USA

ASP software Oticon Medical, Nice, France
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Dear Dr. Baja 
 
I hereby submit an updated version of the manuscript with the title “Cochlear implant surgery and 
electrically-evoked auditory brainstem response recordings in C57BL/6 mice by CA Navntoft et. al.. 
 
We thank all reviewers for their thorough reading and detailed comments on our original manuscript. It 
is gratifying to hear that our study is “… a useful investigation” (Rev#1) and that our topic “…will draw 
attention by contemporary auditory neuroscientists, cochlear implant researchers and neuroanatomists 
interested in structural/functional properties in the inner ear and technology interventions related to 
hearing loss and deafness in humans” (Rev#1). We were also happy to read that the reviewers found 
that “the description and photos are instructive” (Rev#2). 
 
Our manuscript has been expanded and improved as suggested by the reviewers and the editor. 
Specifically, we have now added 1) a Summary; 2) a short section in the Discussion on how the mouse 
CI surgery compares to other rodents who have been used with CIs; and 3) thorough proofreading. 
 

We hope that the manuscript is now suitable for Jove. 

 

 

With best regards, 
 
 

Charlotte Amalie Emdal Navntoft 
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<Editor> 
 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors 
in the submitted revision may be present in the published version. 

 
We agree with the Editor. The updated manuscript has been thoroughly proofread. 
 

2. Please submit the figures as a as a vector image file to ensure high resolution throughout 
production: (.svg, .eps, .ai). If submitting as a .tif or .psd, please ensure that the image is 1920 
pixels x 1080 pixels or 300dpi. 

 
All figures in the original manuscript were submitted as .ai files. The updated figures are also submitted 
as .ai files. 
 

3. Figure 1: Please delete RPvsdEX MAtlab and RZ6 to avoid commercial language and products. 
 
Corrected as requested. 
 

4. Figures 2/7/8: Please use the Greek symbol mu for the microvolt abbreviation instead of the 
letter u. 
 

Corrected as requested. 
 

5. Figure 5: Should panels A and B be switched? Panel A is the magnification of the red dotted 
box of Panel B? What is the d? 

 
We agree with the Editor that Panel A and B should be switched. It is now corrected. d is the diameter 
of the electrodes. The denotation of d has been added to the figure text of Figure 5. 
 

6. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and 
Materials. 

 
Corrected as requested. 
 

7. Title: Please simplify the title by deleting “Protocol for”. 
 
Corrected as requested. 
 

8. Keywords: Did you mean C57BL mouse? 
 
Yes, we did. It is now corrected. 
 

9. Please include a Summary that clearly describes the protocol and its applications in complete 
sentences between 10-50 words: “Here, we present a protocol to …” 

 
Provided as requested. 
 

10. Line 99: Please use numbered superscripted references whenever possible. 
 
Corrected as requested. 
 

11. JoVE cannot publish manuscripts containing commercial language. This includes trademark 
symbols (™), registered symbols (®), and company names before an instrument or reagent. 
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Please remove all commercial language from your manuscript and use generic terms instead. 
All commercial products should be sufficiently referenced in the Table of Materials and 
Reagents. 
For example: TDT, Tucker Davis Technologies, Otoform, Horizon, BioSigRZ, etc. 

 
Corrected as requested. 
 

12. The Protocol should contain only action items that direct the reader to do something. Please 
move the discussion about the protocol to the Discussion. 

 
We only find action items that direct the reader to do something in the Protocol. If certain sentences are 
specified as not related to action items by the Editor, we will be happy to move them to the Discussion. 
 

13. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only 
be used to provide extraneous details, optional steps, or recommendations that are not critical 
to a step. Any text that provides details about how to perform a particular step should either be 
included in the step itself or added as a sub-step. Please consider moving some of the notes 
about the protocol to the discussion section. 

 
We agree. In the manuscript, “Notes” is only used in four places. They provide extraneous details and 
recommendation, such as “..the steps can be done with even higher microscopic magnification” in Step 
3.8. 
 

14. Please add more details to your protocol steps. Please ensure you answer the “how” question, 
i.e., how is the step performed? Alternatively, add references to published material specifying 
how to perform the protocol action. 

 
We have provided more details in our protocol steps where we found a need, such as “Shave the fur 
behind the left ear” has been changed to “Cut the fur behind the left ear with a scissor (or shave it with 
a shaver) to expose the skin” in Step 3.2. We have also added a reference on the speaker calibration in 
Step 2.2. If more details in certain specified steps are needed, we will be happy to provide them. 
 

15. 2.1: How much foam is used? 
 
0.1-0.2 ml foam delivered via a 1 ml syringe is used to cover the whole ear canal with foam. This has 
been elaborated in Step 2.1. 
 

16. 2.2: How was the calibration done? Citation? 
 
The calibration was done according to the calibration protocol from Tucker Davis Technologies. The 
reference for the protocol has been added to Step 2.2. 
 

17. 2.3? 70% ethanol? Or absolute? 
 
Yes, we meant 70 % ethanol solution. This has been elaborated in Step 2.3. 
 

18. 2.7: How is the filter applied? Manually or via software? 
 
The filtering is applied offline via a custom-made matlab script. This has been elaborated in Step 2.7. 
 

19. 3.2: What is used to shave the fur? What percentage of ethanol is used? 
 
The fur is cut behind the left ear with a scissor or shaved with a shaver. 70 % ethanol solution is used. 
This has been elaborated in Step 3.2. 
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20. 3.5: Blunt dissection with what? 

 
The blunt dissection is performed with forceps. This has been elaborated in Step 3.5. 
 

21. 3.10: Stapes? 
 
The stapes is the middle ear bone that is connected to the oval window. This has been elaborated in 
Step 3.10. 
 

22. 4.2: What is the salt dissolved in? Water or PBS, etc. 
 
The salt is dissolved in PBS. This has been added to Step 4.2. 
 

23. 6.5: How small of an incision? What is used to incise? 
 
The incision in the neck is 0.5 mm long and is made using a tissue scissor. This has been elaborated in 
Step 4.2. 
 

24. Can the matlab script be provided as a supplementary file? 
 
Yes, we have provided a simple matlab script and an example of a data recording as a supplementary 
file. 
 

25. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 
identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized 
to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps 
will remain in the manuscript, and therefore will still be available to the reader. 

 
Provided (in grey highlight) as requested. 
 

26. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one 
highlighted step to the next. Please highlight complete sentences (not parts of sentences). 
Please ensure that the highlighted part of the step includes at least one action that is written in 
imperative tense. 

 
Provided (in grey highlight) as requested. 
 

27. Please include a Disclosures section, providing information regarding the authors’ competing 
financial interests or other conflicts of interest. If authors have no competing financial interests, 
then a statement indicating no competing financial interests must be included. 

 
Provided as requested.  
 

28. Please do not abbreviate journal titles. 
 
Corrected as requested. 
 
 
<Reviewer #1>  
 

1. Line 338: "CBA/Ca" should be "CBA/CaJ". 
 
We agree and have corrected the typo. 
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2. Discussion: explain briefly how the mouse CI surgery compares to other rodents who have been 

used with CIs, and what parts are more difficult due to the small size of the mouse. 
 
Provided as requested.  
 

3. Methods: How many observers determined the ABR thresholds for Figure 3? And were they 
"blind" to the experimental condition of each animal. State if this was so. 

 

In this manuscript, the ABR thresholds in Figure 3 were determined by two observes, one blind and one 

biased to the experimental condition of each animal. In the future, when we want to address specific 

scientific questions we will use two blind observes.  
 
 
<Reviewer #2> 
 
Minor Concerns: 
 

1. Line 72 Suggest "was an "effective" deafening procedure" 
 
We agree and have corrected the sentence. 
 

2. Line 88 "animal" should be "animals" 
 
We agree and have corrected the sentence. 
 

3. Line 123 Does FHC or ME stand for anything? 
 
FHC, Inc. is a company and ME is an abbreviation for the state Maine in the US. 
 

4. Line 134 - Comment - Can the authors detail what soundproof booth is used? 
 
The soundproof booth used is model Mac-2 Enclosure RF Shielded Box 2A from IAC Acoustics, 
Winchester, UK. This has been added to the Material list. 
 

5. Line 142 - Comment - Is the Otoform sufficient for masking the free field speaker? 
 

In a pilot study, we have shown that occluding the contralateral ear produces a similar small increase in 
the ABR threshold as deafening the contralateral ear does. Therefore, we argue that Otoform is sufficient 
for masking the free field speaker in our setup with respect to the contralateral ear. 
 

6. Line 170 - Comment - Ethanol is ototoxic. How is this accounted for? 
 
Ethanol and betadine are used as antiseptics to sterilize the skin. We agree that ethanol is ototoxic in 
large quantities and when applied to the cochlea but not when it is applied in small quantitates and 
topically on the skin, as in our study. 
 

7. Line 194 - Suggest "small bleeds" rather than "small bleedings" 
 
We agree and have corrected the sentence. 
 

8. Line 347 - Suggest "does not increase" instead of "do not increase" 
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We agree and have corrected the sentence. 

 

 

 



  

Data Example Recording

Click here to access/download
Supplemental Coding Files
180110CN_Block-17.mat
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Matlab script

Click here to access/download
Supplemental Coding Files
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