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Cochlear implants (CIs) are electronic medical devices that enable hearing in cases where traditional hearing aids are of minimal or no use. Quality of life (QoL) studies of children and adolescents with a CI have so far focused on the CI-specific benefits. However, the CI-specific risks listed by the U.S. Food and Drug Administration have not yet been considered. From this list, medical and device-related complications, lifelong dependency on the implanted device, and neurosecurity risks (CI technology is an interface technology) may be particularly relevant for young CI users. Medical and device-related complications can cause physical discomfort (e.g., fever, pain), as well as functioning problems (e.g., in speech discrimination, social behavior, and mood). In the worst case, reimplantation is required. Clinical experience shows that these complications are perceived as a burden for young CI users. Furthermore, many young patients are worried about possible complications. Additionally, CIs can be at least a temporary burden when children, typically at the age of 8–9 years, realize that they need the CI for life, or when they become peer victims because of their CI. Concerning neurosecurity risks, it is still unknown how young CI recipients perceive them. In summary, CI-specific risks can be perceived as a burden by young CI users that impairs their QoL. Therefore, they should not be ignored. There is an urgent need for studies on this topic, which would not only be important for professionals and parents, but also for the design of CI-specific QoL instruments.

KEYWORDS
hearing loss, children and adolescents, cochlear implants, quality of life, CI-specific risks


Introduction

Cochlear implants (CIs) are electronic medical devices that bypass the hair cells in the cochlea and directly stimulate the auditory nerve (Clark et al., 1977; Desoyer and Hochmair, 1977), see Figure 1. They allow people with severe and profound hearing loss “to receive and process sounds and speech” (Medlineplus),1 where traditional hearing aids have been of little or no use. A CI consists of an external device, the sound processor, and an internal device, the receiver-stimulator (Figure 1), as well as an electrode-to-neural interface (DiNino et al., 2019; Shader et al., 2020).
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FIGURE 1
Image of a cochlear implant (with permission of Mauritius Images, Kd 55911). The external sound processor converts sound into a sequence of electrical impulses and sends these signals via a transmitter coil to the internal receiver-stimulator. The internal device, which is located under the skin in a cavity created in the skull bone, processes the electrical signal and transmits them via electrodes to the spiral ganglion cells of the cochlear nerve. Both internal and external devices are equipped with magnets.


Numerous studies indicate that children and adolescents with congenital or early onset severe and profound hearing loss benefit from CI: it provides a clear benefit in the development of brain regions associated with hearing (Sharma et al., 2002; Kral and Sharma, 2012; Kral et al., 2016; Cardon and Sharma, 2019; Lee et al., 2020; Wang et al., 2021) and supports auditory development (Purcell et al., 2021) as well as the development of spoken language (Percy-Smith et al., 2008; Peters et al., 2010; Geers et al., 2016). In particular, very early implantation (Dettman et al., 2016; Ruben, 2018; Sharma et al., 2020; Naik et al., 2021) and bilateral implantations (Lieu et al., 2020; Sharma et al., 2020) benefit the development of verbal language. For example, 64% of children who were implanted before the age of 12 months showed receptive and expressive language skills in the normative range at school entry (Dettman et al., 2016). In the long term, CIs increase the chance for school and professional training in the hearing world (Huber et al., 2008, 2014; Huber and Kipman, 2012; Sarant et al., 2015).

Several studies reported positive correlations between these CI-specific benefits and the quality of life (QoL) of children and adolescents with hearing loss, such as speech recognition, especially in noisy environments, spoken language skills (Huber, 2005; Haukedal et al., 2018, 2020; Suneel et al., 2020; Ching et al., 2021), and education (Van der Straaten et al., 2020).

However, there are also CI-specific risks listed by the U.S. Food and Drug Administration (FDA2). From this list, the medical and device-related complications, lifelong dependency on the implanted device, and neurological safety risks may be particularly relevant for young CI users. Although these specific risks may also be related to QoL, to our knowledge they have not yet been considered in assessing the QoL of young CI recipients. Furthermore, little is known about how young recipients perceive and experience these risks.

“Quality of life” refers to different areas of a person’s life, such as economic status, rights, culture, and health (Fayed et al., 2012) with “health-related quality of life” or HRQoL being commonly regarded as a sub-domain of the more global concept of QoL (World Health Organization [Who], 1948; Davis et al., 2006). Usually, HRQoL models include physical health, mental health, and social health. According to the well-validated model of Wilson and Cleary’s (1995), Bakas et al. (2012), Ojelabi et al. (2017), HRQoL is the result of (a) biological/physiological variables, (b) symptom status, (c) functional status, and (d) subjective perception of one’s own state of health.3

Generic or cross-disease HRQoL tools allow for comparison between groups, e.g., between people with hearing loss and people with normal hearing. Disease-specific HRQoL instruments are necessary for the assessment of the impact of therapeutic changes (Wiebe et al., 2003). In addition, they provide information about how great the subjective burden of a specific disease is for the individual affected.

As with adults, there is no common definition of QoL for children (Drotar, 2004; Davis et al., 2006; Fayed et al., 2012; Ravens-Sieberer et al., 2014a,b; Wallander and Koot, 2016). However, there is a consensus that valid tools for the assessment of pediatric QoL have to be child-specific, as stated by the World Health Organization [Who] (1994).

A consensus exists that the children and adolescents themselves are the best informants of their own QoL (Riley, 2004; Davis et al., 2006; Upton et al., 2008; Ellert et al., 2011; Ravens-Sieberer et al., 2014a,b). Children are quite capable of reporting on their state of health as early as 5 years of age (Riley, 2004). From the age of eight, children provide reliable information about their health experiences (Rebok et al., 2001) and their attitude toward their illness, worries, and hopes. They also draw their conclusions from their parents’ behavior and perceive parental concerns (Wollenhaupt et al., 2012; Beacham and Deatrick, 2015; Blackwell et al., 2019).

Recently, the development of pediatric CI-specific QoL instruments was initiated (Hoffman et al., 2019; Cejas et al., 2021). In these instruments, some burdens were also considered (e.g., “fatigue” Hoffman et al., 2019). However, the domains and items dealing with these burdens are kept so general that they apply to all young people with hearing loss with and without a CI (e.g., Bess et al., 2016). Potential CI-specific risks (see FAD) were not specifically addressed.



Perspective: Cochlear implant-specific risks can be a burden and should, therefore, be considered when assessing the quality of life studies of young cochlear implant recipients

Cochlear implant-specific risks could have direct or indirect, mediating, or moderating negative effects on the functioning and subjective perception of young CI users, with possible consequences for their QoL.


Medical and device-related complications and related burdens

There is consensus that cochlear implants are largely safe across all age groups with congenital and acquired hearing loss, even for very young children (Rajan et al., 2018; Uecker et al., 2019; Sharma et al., 2020; Deep et al., 2021; Naik et al., 2021; Purcell et al., 2021). The survival rates for cochlear implants are as follows [Lane et al. (2019): 10-year cumulative survival rates 97.2%; Chen et al. (2022): 10-year rate 96.8%, 20-year rate 96.7%].

The most often observed reasons for surgery due to medical complications4 are device infection and mastoiditis [e.g., Vila et al. (2017): 3.9% for device infections, Nisenbaum et al. (2020): 3.7% for device infections and mastoiditis, Deep et al. (2021): 0.8% “concern for device infection,” 1.2% mastoiditis]. Most pediatric infections occur within 180 days after surgery (Lander et al., 2020). Less often observed reasons (reimplantation, post-implantation) are cerebrospinal fluid leakage, device migration, electrode misinsertion, electrode displacement, hematoma, and facial paralysis (Yeung et al., 2018; Chen et al., 2022). Therefore, even in later years, it cannot be ruled out that reimplantation will be necessary (Chen et al., 2022).

Device failures are more common than medical complications. They can occur at any time and range from 0.8 to 5.7% of hard failures and 0.8 to 8.9% of soft failures (Lane et al., 2019; Yosefof et al., 2021). A cochlear implant hard failure is defined as a “complete loss of connection between the external and internal device,” mainly due to damages in the internal device (Bhadania et al., 2018) and is identified with an objective test. A cochlear implant soft failure “…is an uncommon occurrence in which a device malfunction is suspected but cannot be proven using currently available in vivo methods” (Balkany et al., 2005).5

Hard failures require reimplantation more frequently than soft failures (Yeung et al., 2018; Chen et al., 2022). In the case of soft failures, in particular, months or years can pass between the onset of the symptoms and the replacement surgery (Yosefof et al., 2021).

In addition, there are also electrode abnormalities with an incidence rate of about 9% (Harris et al., 2020). According to Harris et al. (2020), faulty electrodes in children with CI were associated with social isolation and anxiety.

To my knowledge, no study has so far addressed the extent to which these CI-specific complications are related to functional problems such as fatigue, reduced language performance, stress, and anxiety in the short or long term. My clinical experience with more than 40 affected young patients with CI shows that complications are perceived as a burden.

Additionally, many young CI recipients are concerned that these complications can occur in the future. According to a previous study, one-third of young people with CIs are stressed and worried about potential device failures, despite having a clearly positive attitude toward their own cochlear implants (Wheeler et al., 2007). According to other studies, parents are also stressed and worried because of these possible complications (Archbold et al., 2002; Okubo et al., 2008; Fitzpatrick et al., 2011), which can also affect the subjective health perception of children and adolescents (Wollenhaupt et al., 2012; Beacham and Deatrick, 2015; Blackwell et al., 2019).



Dependency on the device and related burdens

In most European countries, it is estimated that at least 65% are implanted under the age of 3.5 years and at least 50% are implanted under the age of 12 months (Lammers et al., 2015). At this age, they are not developmentally mature enough to understand their condition and the treatment. However, based on my clinical experience with more than 200 children with CI, as children get older, they may increasingly become aware of both their hearing problems and the benefits of their CI. By the age of 8–9, they are usually fully aware that the individuals in their surroundings do not have hearing problems, that the hearing condition does not heal, and that they depend on CIs while others do not.6 As a result, some children may experience temporary difficulties in dealing with these new insights. I have observed isolated cases (about 10 out of 200) of older children who, overnight and for no apparent reason, temporarily became very thoughtful and exhibited an ambivalent or negative attitude toward their CI. For older adults with age-related hearing loss (presbycusis), acceptance of hearing aids appears to be related to acceptance of their own hearing loss (Humes and Dubno, 2021). Despite having clear comprehension and communication problems, those who denied their hearing loss refrained from using hearing aids (Humes and Dubno, 2021). There was also a fear of being stigmatized for using hearing aids (Barker et al., 2017; Vas et al., 2017).

Assuming that even in children, an ambivalent or negative attitude toward the hearing aid (CI) can go hand in hand with a denial of hearing loss, greater pressure must be expected in children than in adults. Children with severe-profound hearing loss (that is why they need a CI) may be more dependent on their device—and may be more aware of their dependency—than the elderly with bilateral high-frequency hearing loss. In addition, they may be more dependent on their device (CI) than children with mild to moderate hearing loss (hearing aids).

Stigmatization can also occur in children and adolescents with CI. For example, children become peer victims because of their devices. In this case, dependency on the CI will be experienced as stressful. Feijóo et al. (2021) reported increased prevalence rates of peer victimization of young CI users compared to normal-hearing peers.7 Warner-Czyz et al. (2018) found higher rates among young CI users compared to adolescents with hearing aids. A possible reason for this may be that CIs are more visible than hearing aids (Feijóo et al., 2021). Therefore, CI dependency may temporarily lead to grief and social withdrawal in children and adolescents. However, specific studies addressing these issues are still needed.



Neurosecurity risks and related burdens

Today’s telehealth programs allow for online reprograming of CIs.8 Furthermore, CIs can communicate with smartphones, iPads, and computers allowing young CI recipients and their parents some control over their audio processor settings. However, this also means the possibility and risk of unauthorized reprograming.9 Although unlikely in practice, CIs theoretically can be hacked (Capkun and Bodner, 2010; Tabasum et al., 2018; Hansson, 2020). CIs are neuroprosthesis. To the author’s knowledge, countermeasures to protect their “neurosecurity” (Denning et al., 2009; Burwell et al., 2017) are not published. The manufacturers’ websites contain general statements on the subject of cybersecurity, but these hardly deal with the specific problem of neurosecurity of CI.

It is still unknown, whether and to what extent older children and adolescents with CI are even aware of these risks. In my experience, hearing aid acousticians avoid addressing this topic because, according to their own statements, they do not want to unsettle the young CI recipients. However, it cannot be excluded that the patients themselves will come up with the problem and develop their own theories. Research addressing the consequences of missing information is, therefore, warranted.




Final discussion

In summary, it cannot be ruled out that the CI-specific risks of medical and device complications (a), dependency on CIs (b), and neurosecurity issues (c) will be perceived as a burden for young CI recipients, at least for some of them, and at least temporarily. The mere possibility of device failure, peer victimization, or cybersecurity breaches may have already a negative impact on QoL.

The percentage of those who are worried about the eventuality of risk (a) with a negative impact on QoL may be higher than those who are actually affected by this complication, which may also affect QoL.

The number of young patients who find it difficult to cope with the prospect of life-long dependency [risk (b)] is not known. Furthermore, actual peer victimization but also its mere possibility and possible long-term consequences may have a negative impact on QoL. As exact numbers are not known, this topic warrants further research, e.g., studies addressing the percentage of those with coping problems, the percentage of peer victims due to CI, and the impact of these problems on QoL.

Only a few young CI users may be concerned with risk (c), possibly because their knowledge of CI technology and its potential vulnerability may be low (Wheeler et al., 2007). Overall, it can be stated that there seem to be no obvious indications of possible burdens due to risk (c). Studies on normal-hearing adolescents show that knowledge about the cybersecurity of their smartphones is low (Mai and Tick, 2021). Studies that deal with the knowledge about the cybersecurity of young CI users are still missing. In addition, surveys on the frequency of cybersecurity problems and studies that deal with possible concerns of young CI wearers are missing. Worry can affect QoL.

How are these CI-specific risks related to QoL? In the event of an actual medical or device complication (risk a) and with a generic pediatric HRQoL approach for children, all aspects of quality of life (physical health, mental health, social health, friends, school, and possibly family) may be impacted. Concerns among young CI recipients about potential complications are assumed to have the greatest impact on the mental health domain. Previous studies do not indicate increased anxiety and emotional problems in young CI recipients compared to their normal-hearing peers (Theunissen et al., 2012; Huber et al., 2015). However, studies looking at long-term mental health effects in young CI users who actually experienced these complications are still lacking. In addition, to my knowledge, there are no studies that take into account the variables “actual experience of complications” and “concerns about the eventuality.” Further studies are needed to address the impact of actual complications on academic skills.

Furthermore, in the case of risk (b), the domains of mental health, social health, friends, school, and family are possibly affected. Especially in the case of peer victimization, the mental health domain may be impacted. Peer victimization of normal-hearing children and adolescents was found to be positively correlated to social anxiety (Pontillo et al., 2019). Furthermore, stress reactions (skin conductance level, heart rate, and affective reactions) of young normal-hearing adults as a consequence of social exclusion were found to depend more on previous experiences of peer victimization and less on the diagnosis of social anxiety disorder of these individuals (Iffland et al., 2014). However, no studies have been conducted with young CI users to address these issues, such as studies on the possible long-term mental health effects of peer victimization.

In risk (c), we cannot exclude, that the mental health domain and the social domains are affected.

All risks can be directly and indirectly (via the parents) related to the functioning and self-perception of the young CI recipients.

Overall, if the magnitude of the burden is defined as the sum of all impairments in quality of life, due to risks a–c, the burden may be higher for older children and adolescents, than for younger children. The latter still have little insight into their condition and CI technology and are too young to be able to ask questions about cybersecurity and neurosafety.

Regarding regional differences, I do not expect differences for (a) and (b). For (c), a rating is not possible for me.

Studies on this topic are still largely lacking. There is a need for observational studies and case series. The results of these studies would also be important for the design of CI-specific pediatric QoL instruments, see Figure 2. The results of these studies would be relevant for the clinical work of surgeons, audiologists, therapists, teachers, and parents.
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FIGURE 2
Model illustrating CI-specific advantages and risks as possible influencing variables on QoL [following the model of Wilson and Cleary (1995)] of older children and adolescents with CI. Please note that this is a simplified illustration since possible associations and interactions between the variables are not shown and there is the assumption that the impact of variables can gain and lose weight over time. This possible dynamic was not illustrated in the graph; and individual characteristics, as well as socioeconomic and educational background, have also an impact on QoL but are not shown in the graph. Red: CI-specific benefit. Blue: Burden specific for hearing loss (Umansky et al., 2011; Rachakonda et al., 2014). Green: CI-specific risk.


Furthermore, because children also have a right to information (De Lourdes Levy et al., 2003), they should be informed about medical and device-related complications, as well as cybersecurity and neurosecurity issues.

Finally, it would be important for manufacturers to update and supplement information on CI technology, cybersecurity, and neurosecurity on their websites. This information should also be provided in child-friendly language.

For the first time, this perspective article addressed possible problem areas for QoL that have so far largely gone unnoticed. This is a strength of this perspective article. However, studies addressing these issues are still lacking. Some of the findings presented herein are the experiences of the author with her patients. However, these are recurrent issues, which have motivated this perspective. The author believes that controlled studies are warranted to address the questions raised herein. Furthermore, the situation of children with additional special needs and CI was not taken into account in this article.



Conclusion

In summary, while CIs have enormous benefits, the specific risks and possible consequences of these risks should be taken into account when evaluating QoL. There is an urgent need for studies addressing this issue.
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Footnotes

1     National Library of Medicine https://medlineplus.gov/ency/article/007203.htm.

2     FDA https://www.fda.gov/medical-devices/cochlear-implants/benefits-and-risks-cochlear-implants.

3     Although the HRQoL approach might be the most commonly used in the healthcare sector, there are other QoL approaches, e.g., the subjective wellbeing (SWB) concept, see the reviews in Ravens-Sieberer et al. (2014a) and Wallander and Koot (2016).

4     According to the FDA, risks arise from the “surgical implant procedure” and patients may “… have their implant fail.” or “have to have it removed temporarily or permanently if an infection develops.”

5     To identify soft failures, “detectable hardware- or software-related causes” (Moberly et al., 2013) and medical complications as a possible cause for a device failure can be excluded. Radiographic examinations do not reveal any indication of device migration or electrode displacement. Finally, the problems disappear after reimplantation (Moberly et al., 2013).

6     According to the FDA, the patient will “…have to use [the device] for the rest of life.”

7     [CI: 23.5% for traditional victimization and 8.8% for cyber-victimization; hearing: 9.3 and 6.9%, respectively; Rodríguez-Hidalgo et al. (2019) and Feijóo et al. (2021)].

8     See for example the information of the American Cochlear Implant Alliance https://www.acialliance.org/page/telehealth.

9     According to the FDA the CI “…will interact with the electronic environment., be affected by cellular phone users or other radio transmitters, … interact in unpredictable ways with other computer systems.”
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