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Abstract 20 

Objectives: To characterise opinions about needing to undergo MRI within the population of 21 

current cochlear implant (CI) users. 22 

Background: Magnetic resonance imaging (MRI) is the preferred technique for many 23 

clinical diagnostic needs. A CI contains an implanted magnet and metal components, causing 24 

safety concerns around MRI, carrying risks of severe discomfort, and, ultimately, magnet 25 

displacement. 26 

Methods: A global online survey of 310 CI users was conducted between 22nd July and 13th 27 

September 2020. 28 

Results: Only 55% of respondents had been told whether their model of CI could undergo 29 

MRI. 31% of respondents considered MRI when deciding whether to receive a CI, and 28% 30 

when deciding which CI model to have. 64% reported concerns related to their CI if needing 31 

MRI compared to 29% reporting concerns unrelated to their CI. Willingness to undergo MRI 32 

reduced when considering magnet removal, splinting, bandaging, or local anaesthesia, and 33 

reduced further when considering lasting discomfort or inability to use their CI, or when 34 

considering a reduction in image quality because of their CI. The single most influential 35 

factor was the possibility of damaging their CI (63%). 59% of respondents would consider 36 

minor surgery to upgrade their retaining magnet to one of a rotating design. 37 

Discussion: These findings highlight the heterogeneity of views and beliefs of CI users about 38 

MRI. CI user consultation of this sort is scarce, meaning the views of CI users are often 39 

neglected. 40 

Conclusion: We suggest several opportunities for improving the dissemination of current and 41 

accurate CI-related information for CI users. 42 

 43 
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Introduction 47 

Magnetic resonance imaging (MRI) is a widely available, non-invasive diagnostic imaging 48 

technique, addressing many clinical questions. A cochlear implant (CI) is a prosthetic device 49 

that provides auditory input for deaf individuals. Children who are born deaf ideally receive a 50 

CI in the first year of life. As such, a CI is often used for a lifetime. 51 

 52 

The presence of the magnet and other ferromagnetic material within the CI creates safety and 53 

practicality issues around undergoing MRI scanning. CI manufacturers publish associated 54 

safety protocols for scanning these individuals. These protocols often include procedures that 55 

are recommended prior to MR scanning, such as removing the internal retaining magnet, 56 

applying a splint to the scalp adjacent to the internal retaining magnet which is then tightly 57 

bandaged around the head, and administering local anaesthetic. Even when these protocols 58 

are followed, MRI can be very uncomfortable, or painful, and in some cases CI users are 59 

unable to complete image acquisition [1]. Further, the measures themselves are 60 

uncomfortable and inconvenient for the patient, as magnet removal/replacement surgeries 61 

require healing time without the use of their CI and pose an infection risk, and the tight 62 

bandages are themselves uncomfortable. 63 

 64 

Even when all necessary measures are followed, the risks of severe discomfort, and 65 

ultimately magnet displacement are not negligible [2,3,4,5]. A reported 33% of MRI scans in 66 

patients with CIs result in complications [1] despite at least 80% of those patients being fitted 67 

with the FDA-approved bandaging. Where complications occurred, 60% required additional 68 

surgery and 40% could not complete scanning due to pain [1]. A retrospective study of the 69 

MAUDE (FDA Manufacturer and User Facility Device Experience) database [4], reported 70 

624 adverse events involving auditory implants, of which 592 involved CIs. 384 of events 71 

involved auditory implant magnet displacement, and a further 48 incidents reported only 72 

pain. Complication rates as low as 14% [6] and 3.5% [7] have also been reported, as well as 73 

magnet dislocation rates of 11%, and pain occurring in 17% of scans. It is also worth noting 74 

that patients described pain as preferable to magnet removal [4]. However, magnet 75 

displacement often causes soft-tissue damage, which is in turn associated with a prolonged 76 

healing period, during which the CI cannot be used. 77 

 78 
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Unintended acoustic stimulation can result from the implant’s interaction with the 79 

electromagnetic fields present during scanning [8,9,10]. Further, when imaging the head of a 80 

patient with a CI, clinical image quality is confounded by substantial image distortions, even 81 

with the magnet removed [11,12], and so on balance imaging of the head is often avoided. 82 

The extent and location of these image distortions depend on the positioning of the CI, which 83 

could be factored into surgical planning to anticipate any future need for MRI based on 84 

individual patient needs [13]. However, MRI is often avoided altogether in favour of other 85 

imaging techniques that are less diagnostically powerful and/or use ionising radiation; e.g. 86 

computed tomography (CT) or positron emission tomography (PET). 87 

 88 

New generations of CIs contain implanted magnets with a rotating component, specifically 89 

designed such that they experience significantly less torque when placed in a magnetic field. 90 

Some existing implants can be retro-fitted with a replacement rotating magnet so as to update 91 

an existing device. As such, individuals with this new generation of retaining magnets do not 92 

have to undergo magnet removal (although for some conditions requiring visualisation of the 93 

internal auditory meatus, this is still beneficial [14]), splinting and bandaging of the head, or 94 

significant levels of discomfort. However, the overwhelming majority of the approximately 95 

736,900 registered devices implanted worldwide as of December 2019 [15] are significantly 96 

less MRI compatible than this newer generation of devices, and therefore MRI compatibility 97 

remains an important consideration for existing CI recipients. 98 

 99 

With a wide variety of levels of MRI compatibility across the devices in the currently 100 

implanted population, and the spread of highly unsettling anecdotal evidence for the dangers 101 

of MRI for CI users, there is a wide variation in the current opinions and understandings held 102 

by CI users. Opinion surveys of CI users are commonplace, and typically focus on aspects of 103 

speech perception or quality of life (e.g. [16]). A retrospective survey of CI users reported 104 

only 9.8% of respondents as having undergone MRI [17]. As such, many clinicians and CI 105 

users may not seriously consider MRI a necessity when making surgical decisions. Further, 106 

too little attention is paid to the prevention of complications in the radiological setting [17]. 107 

No existing work explores the opinions of CI users regarding the hypothetical prospect of 108 

undergoing MRI, or indeed any aspect of the expectations of CI users in the radiological 109 

setting. 110 

 111 
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The primary objectives of the study were to quantify what proportion of CI users were 112 

willing to consider undergoing MRI, and to quantitatively determine to what degree their 113 

concerns were related to their CI, and/or the procedures needed before undergoing MRI. A 114 

secondary objective was to assess whether CI users would be willing to undergo minor 115 

surgery to update the implant retaining magnet as a pre-emptive or prophylactic measure 116 

should they hypothetically need to undergo MRI at some point in the future. To achieve these 117 

objectives, we conducted a global online survey of CI users. 118 

 119 

Materials and Methods 120 

Participants 121 

Experimental procedures complied with the World Medical Association’s Declaration of 122 

Helsinki. Ethical approval was provided by the London Fulham Research Ethics Committee 123 

(reference 19/LO/1724). Study participants gave informed consent online prior to 124 

participating in the study. Participants read an introduction stating that they could close the 125 

survey window at any point to end their contribution to the study. No identifying information 126 

was sought in the survey questions. Only completed survey responses were included in the 127 

sample. The study was advertised widely on Facebook, Twitter and Reddit, in addition to 128 

specific hearing and CI online forums. A total of 310 participants completed the survey 129 

between 22nd July and 13th September 2020. Due to the descriptive purpose of the study, no 130 

formal sample size calculations were performed. 131 

 132 

Survey design 133 

The survey questions, in English, were designed by the research team. The objective was to 134 

characterise the understanding and attitudes of CI users towards MRI. To give context and 135 

background to these figures, questions were divided into five sections. The first section 136 

covered the respondent’s history of CI use, how many CIs they currently had, or whether they 137 

were currently awaiting implantation surgery. The survey asked the date(s) of implantation 138 

and any re-implantation, their current model(s) and recency of update. The second section 139 

covered their opinions around their ability to undergo MRI, and whether this was a factor for 140 

them in deciding whether to accept a CI. Following this, the third section asked about their 141 

concerns around undergoing MRI as a CI user, and their awareness and any concerns they 142 

had around procedures performed prior to the scan. The fourth and penultimate section asked 143 

the participant about their awareness of any risks of undergoing MRI as a CI user and 144 
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whether they would agree to undergoing MRI in different scenarios. Finally, participants 145 

were asked if they would consider undergoing minor surgery to replace their internal 146 

retaining magnet with one that could undergo MRI more safely. 147 

 148 

A majority of questions were multiple choice, with an open-ended “other” option where 149 

necessary. Some questions used a 5-item Likert scale from “very uncomfortable” to “very 150 

comfortable”. These measures constrained the respondents to selecting a pre-defined option 151 

or options, to facilitate quantitative analysis. The survey was implemented using Jisc online 152 

surveys (onlinesurveys.ac.uk). 153 

 154 

Patient and public involvement 155 

The survey was developed in consultation with CI users through a patient and public 156 

involvement approach. A small sample of CI users were given background information about 157 

the purpose of the research, and then asked to read a draft of the survey questions and provide 158 

feedback. As a result of this feedback, questions were added, removed, or amended to 159 

improve clarity and correct errors or ambiguities. The sample individuals were subsequently 160 

given a draft of the participant information leaflet and also asked for feedback on that. 161 

Finally, they were asked if they would have taken part in the study if offered the opportunity, 162 

and all said they would be willing to do so.  163 

 164 

Data processing and analysis 165 

Survey responses were imported into SPSS version 26 (IBM, New York, USA) for data 166 

processing and inspection. For quantitative questions, the data were analysed using 167 

descriptive statistics and reported in terms of the percentage of respondents who chose each 168 

available option. Free-text responses were handled using informal thematic analyses, 169 

whereby visual inspection was used to identify themes, and the frequency with which those 170 

themes occurred was counted. 171 

 172 

Results 173 

Characteristics of the sample 174 

There were 313 respondents, of whom 309 were current CI users (227 unilateral and 79 175 

bilateral) and one was awaiting CI surgery at the time of completing the survey. The three 176 

remaining respondents were either not awaiting CI surgery and did not use CIs, or did not 177 
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complete the consent procedure, and were asked no further questions. The dataset comprises 178 

responses from 310 individuals who completed the survey. The sample received their first 179 

implants between 1987 and 2020, with the median date being 2013 and the mean (± standard 180 

deviation) being 2011±8 years. Of the 79 respondents with a second CI, the period between 181 

implantations was 5±5 years, with a range of 0 to 22 years, a median of 2 years and a mode of 182 

0 years. Only 17 individuals in the sample had been re-implanted, with a mean period of 5±6 183 

years between their initial implantation and their re-implantation. Respondents reported that 184 

their implants were manufactured by Cochlear (n=190), Advanced Bionics (n=82), MED-EL 185 

(n=35), Neurelec (n=1), Oticon (n=1) or that they did not know (n=4). A total of 12 186 

participants reported that they currently had implant with a new rotating magnet design. 187 

 188 

CI users self-reported ability to undergo MRI 189 

55% of respondents (n = 171) said they had never been told that they might need an MRI 190 

scan (42% had been told this, the rest did not know or declined to answer). 46% of 191 

respondents (n = 144) said they had been told that they should never have an MRI scan (43% 192 

had not been told this, the rest did not know or declined to answer). 55% of respondents (n = 193 

169) had been told whether their model of CI could undergo MRI, whereas 25% had not been 194 

told whether they could undergo MRI or not (the rest did not know or declined to answer). 195 

 196 

Nearly two thirds of participants had not considered MRI at all during the implantation 197 

process, and nearly one third had considered MRI when making these decisions. 63% (n = 198 

195) did not consider their ability to have an MRI scan in the future when deciding whether 199 

or not to receive a CI (31% of respondents did consider this factor, and the rest did not know 200 

or declined to answer). Further, 66% of respondents (n = 204) did not consider their ability to 201 

have an MRI scan when deciding which model of CI to have, with only 28% of respondents 202 

taking this into account when deciding which model to have (the rest did not know or 203 

declined to answer). 204 

 205 

Concerns around having an MRI scan 206 

Figure 1A shows the frequency with which respondents reported having concerns about 207 

undergoing MRI, both related and unrelated to their CI. The most commonly reported 208 

concern not related to their CI was the safety of MRI (n=72 respondents), followed by 209 

claustrophobia (n=29), metallic implants other than their CI (n=21), keeping still during the 210 
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scan (n=12), scanner acoustic noise (n=4) and removing jewellery (n=3). When asked what 211 

their greatest concern was, again the most frequent response was the safety of MRI (n=60), 212 

followed by claustrophobia (n=13), metallic implants other than their CI (n=8), keeping still 213 

during the scan (n=2), and scanner acoustic noise (n=1). Responses given by those who 214 

selected “other” (n=10) included electrical hypersensitivity, being unable to hear instructions, 215 

and another prosthesis. 216 

 217 

Approximately a quarter of participants reported feeling very uncomfortable with the 218 

prospect of undergoing MRI, with slightly fewer respondents reporting the same concerns 219 

about the procedures required to prepare their CI for undergoing MRI (Figure 1B). Figure 2 220 

shows free text responses to the question about concerns participants had related to 221 

undergoing MRI with a CI in place. The greatest concerns were the potential for damage to 222 

the CI, consequent communication issues without their CI, and MRI being unsafe or that they 223 

had been told not to. Participants were concerned about migration or movement of internal CI 224 

components and about the surgical removal of internal CI components and about 225 

experiencing pain or injury during the scan. Some participants reported that their own model 226 

of CI was not MRI compatible, or that there was insufficient need to undergo MRI. Some 227 

participants expressed concerns about the knowledge or training of MRI staff, or the 228 

adequacy of procedures in place to make MRI safe for them. 229 

 230 

Procedures associated with MRI 231 

More respondents were uncomfortable with undergoing these procedures than were 232 

uncomfortable with the prospect of undergoing MRI (Figure 1B). As shown in Figure 3, 81% 233 

of respondents were aware of the practice of surgically removing the CI retaining magnet 234 

prior to an MRI scan, but only 51% were willing to undergo the procedure. Conversely, while 235 

only 50% and 20%, respectively, were aware of the practice of affixing a splint to the CI with 236 

a bandage around the head, and of administering local anaesthetic to the implant site, a larger 237 

proportion of 57% and 34% were willing to consider undergoing these procedures. 238 

 239 

Perceived risks and benefits of MRI 240 

72% of respondents (n = 224) were aware of risks of MRI scans (20% were not, the rest did 241 

not know or declined to answer). Figure 4 shows the free text responses to this question. 242 

Concerns were based around the movement of internal CI components causing pain or injury, 243 
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heating, discomfort, damage to their implant, or specifically to the retaining magnet. They 244 

expressed an understanding that this may result in the need to undergo further surgery and an 245 

associated period of recovery without the use of their CI. Participants also articulated 246 

concerns that there may be an MRI artefact rendering the images useless. The most 247 

frequently cited sources of information for the risks associated with a CI user undergoing 248 

MRI were their audiologist, specialist or surgical team (n=93), the manufacturer brochure or 249 

information supplied with the implant (n=36), CI manufacturer websites (n=9), published 250 

literature or articles (n=11), the MRI team (n=4), formal training or their own expertise or 251 

knowledge (n=6), online CI groups, forums and social media (n=24), the internet and 252 

websites more broadly (n=23), and other CI users (n=17). 253 

 254 

Respondents were more likely to be aware of the risks associated with undergoing MRI than 255 

they were with the chance of image artefacts resulting from the CI distorting the image. Only 256 

42% (n = 130) were aware of the possibility of image artefacts (47% unaware of image 257 

artefacts, the rest did not know or declined to answer). The most frequent sources of 258 

information about CI artefacts on MR images were their audiologist, specialist or surgical 259 

team (n=22), the manufacturer brochure or information supplied with the implant (n=28), CI 260 

manufacturer websites (n=22), published literature or articles (n=3), the MRI team (n=5), 261 

formal training or their own expertise or knowledge (n=14), online CI groups, forums and 262 

social media (n=11), the internet and websites more broadly (n=13), and other CI users (n=2). 263 

 264 

When asked which single factor would most strongly affect their decision whether or not to 265 

have an MRI scan, 66% (n = 204) said that damaging their device was the greatest factor, 266 

followed by undergoing procedures prior to the scan (n=64; 21%), being unable to use their 267 

device for any period following the scan (n=17; 5%), the possibility of experiencing 268 

discomfort (n=14; 5%) and finally the quality of the resulting images (n=11; 4%).  269 

 270 

Willingness to hypothetically agree to MRI 271 

Figure 5 shows the proportion of respondents saying they would consider undergoing MRI 272 

under varying circumstances. Respondents were more likely to agree to MRI if no 273 

preparation procedures were required, than if they did need to undergo such procedures. 274 

Adding in the risk of discomfort during or after the scan, or of a period of being unable to use 275 

the CI to allow for healing, reduced the number of respondents that agreed to undergo MRI 276 
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further. The possibility of poor image quality resulting from the proximity of their CI to the 277 

region of imaging interest further decreased the certainty of respondents, with a 278 

corresponding increase in the number of “I don’t know” responses. 279 

 280 

Willingness to consider magnet replacement surgery 281 

59% of respondents (n = 182) said they would consider undergoing minor surgery to upgrade 282 

their internal retaining magnet to one that would be safer to MRI scan this option, with only 283 

10% saying they would not consider this (the rest said they did not know or declined to 284 

answer; final bar on Figure 5). Figure 6 shows the responses given when participants were 285 

asked to explain the reasoning behind their answer to this question, as organised by their 286 

answer to the previous question. In responses from those who said they would consider the 287 

surgery, the main themes included peace of mind, futureproofing, it being a better solution 288 

than the alternative, and being useful in case of an emergency. Respondents who said they 289 

would not consider the minor surgery typically expressed concerns around undergoing further 290 

elective surgery or felt they would wait until the need arose. Of the respondents who said 291 

they did not know whether they would consider the surgery or not, their reasons also 292 

comprised concerns around undergoing unnecessary surgery or waiting until the need arose, 293 

coupled with a need for further information and time for consideration. 294 

 295 

Summary of key findings 296 

A majority of respondents had been told whether their model of CI could undergo MRI, but 297 

far fewer respondents considered MRI when deciding whether to receive a CI, or which CI 298 

model to have. Approximately double the number of respondents reported concerns related to 299 

their CI if needing to undergo MRI than reported concerns unrelated to their CI. Willingness 300 

to undergo MRI reduced when considering magnet removal, splinting, bandaging, or local 301 

anaesthesia, and reduced further when considering lasting discomfort or inability to use their 302 

CI, or when considering a reduction in image quality because of their CI. The single most 303 

influential factor was the possibility of damaging their CI. A majority of respondents would 304 

consider minor surgery to upgrade their retaining magnet to one of a rotating design, if they 305 

did not have this already. 306 

 307 
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Discussion 308 

CI magnet displacements are often reported despite all reasonable precautions being taken 309 

[18,19,20,21]. With the prevalence of performing MRI in CI users estimated at less than 10% 310 

[17], many clinicians overlook the potential for future difficulty in this population. Among 311 

respondents, concerns about undergoing MRI were more likely to be related to their CI than 312 

to other factors. Despite this, only 28% considered the prospect of MRI when deciding which 313 

CI to receive. Given the increasing ubiquity of MRI in clinical medicine and research, it may 314 

be beneficial to raise awareness of issues related to MRI compatibility within the CI user 315 

population. 316 

 317 

Concerns around the potential for damaging their device reflect the reliance of the CI user on 318 

their device for communication and are arguably well-founded. The concerns expressed 319 

around migration, or surgical removal, of the entire CI device, or concerns around the 320 

diligence of staff conducting MRI scans in terms of understanding that they have a CI, being 321 

trained in how to treat a CI user, and choosing to correctly follow protocol perhaps highlight 322 

a need for better information resources to be provided to CI users about how MRI is planned 323 

and carried out in the case of a CI user and what the relevant risks and benefits of MRI are. 324 

The sources of information CI users were consulting were mostly reliable sources, such as 325 

materials produced by manufacturers or clinicians. Some respondents did cite potentially 326 

unregulated and unreliable internet sources or social media. The provision of trusted 327 

information sources online may therefore be warranted to fully support potential and existing 328 

CI users. 329 

 330 

This article reinforces the need to consider the beliefs and perceptions of CI users when 331 

making design decisions in future generations of CI models. One participant stated: “Would 332 

they be recommending MRI scans if it were not for my CI?”, demonstrating concern about 333 

the impact of their auditory prosthesis on other aspects of their health or their access to other 334 

healthcare technologies. The high proportion of individuals who would consider upgrading 335 

their internal retaining magnet reflects a desire for remaining up to date, attaining peace of 336 

mind, and that having an MRI scan may be useful in an emergency. This may suggest that 337 

many CI users are highly technologically literate. However, it is also the case that this study 338 

was conducted online, and as such may have been biased towards recruiting a sample of 339 

particularly technology-savvy individuals. As surgical techniques have improved over time, 340 
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together with post-surgical procedures and thus recovery times, the reluctance to undergo 341 

further surgery due to previous experiences or concerns about complications may be less 342 

prohibitive to new CI users compared to those who were implanted a considerable time ago. 343 

A small number of respondents mentioned needing to relearn how to hear or expressed a 344 

scepticism of magnet replacement being minor surgery, again highlighting the potential need 345 

for better penetration of relevant, accessible, and current information within the CI user 346 

community. Finally, the assumption of a few respondents that alternative imaging modalities 347 

offer comparable information to MRI likely reflects a general lack of understanding of 348 

diagnostic medicine. These findings may be of interest to CI manufacturers, surgeons, and 349 

clinicians as many of these misunderstandings could in part be addressed by clearer or more 350 

complete information from stakeholders. 351 

 352 

Conclusion 353 

This survey of CI users has demonstrated an awareness of MRI compatibility: some CI users 354 

consider it as part of their decision making around which device to receive. However, only 355 

about half the CI users surveyed had been told whether their model of CI could undergo MRI. 356 

Concerns about MRI more frequently related to their CI than to other factors. The proportion 357 

of respondents who were willing to undergo MRI reduced when asked to consider 358 

undergoing magnet removal, splinting, bandaging, or local anaesthesia, reduced further when 359 

asked to consider the possibility of a period of discomfort or without the use of their CI, or 360 

the possibility of reduced image quality because of their CI. 361 

 362 

The current study has potential implications for the counselling of patients prior to CI 363 

surgery, specifically around the issue of MRI compatibility and issues that relate to future 364 

access to MRI. The fact that most respondents were willing to undergo minor surgery to 365 

replace their retaining magnet with one of a rotating design suggests that implant recipients 366 

see device compatibility and potential future health needs as important factors that are 367 

relevant to their use of a CI. Existing CI users will benefit from being more informed about 368 

the MRI compatibility of their current device(s), and future implant recipients will benefit 369 

from being informed about any differences in the MRI compatibility of the device(s) they are 370 

asked to choose between or which will be provided to them. In turn, clinicians need to be 371 

more informed about the importance of discussing MRI compatibility of the array of devices 372 



 13/18 

available with their patients, and have easy access to suitable information and training 373 

resources. 374 

 375 

CI user consultation in relation to medical imaging is scarce. This article presents findings 376 

that reinforce the notion that MR compatibility is important to CI users and identifies several 377 

opportunities for improving the dissemination of relevant, accessible, and current information 378 

about CIs within the global population of CI users. 379 

 380 

 381 
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Figures 450 

 451 

Figure 1A: The frequency with which respondents reported concerns about undergoing MRI, 452 

separated be whether or not those concerns related to their CI (n=310). B: The reported 453 

frequency of comfort or discomfort reported by participants in relation to undergoing MRI, or 454 

undergoing the procedures required to prepare their CI for undergoing MRI (n=310). 455 

 456 
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 457 

Figure 2: Visual representation of the informal thematic analysis of the textual responses 458 

from study participants when asked to briefly describe their concerns about undergoing MRI 459 

with a cochlear implant.  460 

 461 

 462 

Figure 3: Respondents’ awareness of, and willingness to undergo, procedures in preparation 463 

for an MRI scan (n=310). 464 

 465 

 466 
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 467 

 468 

Figure 4: Informal thematic analysis of the textual responses from study participants when 469 

asked to briefly describe the risks associated with undergoing MRI as a cochlear implant 470 

user.  471 

 472 



 18/18 

Figure 5: Willingness of respondents to undergo MRI under different conditions, i.e. with and 473 

without the possibility of enduring the procedures used to prepare the CI for MRI, and with 474 

the additional risk of discomfort or poor image quality (n=310). The final column on the right 475 

shows the willingness of respondents to undergo minor surgery to prophylactically update the 476 

implanted retaining magnet in order to improve the experience during a hypothetical future 477 

MRI scan (n=310). 478 

 479 

 480 

 481 

Figure 6: Informal thematic analysis of the textual responses from study participants when 482 

asked to briefly explain their answer to the question about whether or not they would 483 

consider elective surgery to upgrade their internal retaining magnet to a more MRI-484 

compatible one.  485 


