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A B S T R A C T   

Purpose: The number of cochlear implant (CI) surgeries is growing over time, with the risk of overloading CI 
centers in the post-surgical management. Telemedicine is a possible solution to address this phenomenon. 
Remote Check (RC) is an application that is specific for CI recipients monitoring. The aim of this study is to 
evaluate the feasibility of application, potential economic impact and patients’ acceptance of RC. 
Methods: The study is retrospective investigation, data on clinical, audiological features (from remote and on-site 
evaluation), and satisfaction surveys of 66 consecutive patients were collected; costs required for RC and for on- 
site evaluations were recorded as well. 
Results: One hundred and ninety RC sessions were completed by the patients (2.88 sessions per patient). RC and 
on-site audiometry significantly correlated except for the 500 Hz frequency. 
Estimated costs for the Italian National Health System for RC review and on-site evaluations were 1.32€ and 
3.49€ per minute, respectively. High satisfaction for RC was reached in 91 % of patients. 
Conclusion: RC revealed to be a reliable, cost-effective and well accepted tool in CI monitoring. This study 
preliminarily supports the hypothesis that RC could be a valid instrument to reduce CI management overload in 
the outpatient clinic.   

1. Introduction 

Cochlear implant (CI) recipients are around 700,000 worldwide [1]. 
This number of patients has had an amazing increase since 2012 when it 
was around 300,000: it has more than doubled in <10 years and it is 
expected to continue to increase in the years to come. Indeed, every year 
around 50,000 CI surgeries are performed and this number is expected 
to grow as well. [2] Considering that the surgical procedure is more 
standardized and that the costs have been reduced over time, more and 
more centers in several countries will be able to provide cochlear im
plantation as a rehabilitative option. 

Patients with a CI require strict evaluations in the year after the 
surgery to adjust their device and long term follow up once their hearing 
outcome is stable. These evaluations are performed in specialized cen
ters, which are few in each country. According to the aforementioned 
data, a problem that hospitals will face in the future is the sustainability 

of the current system: if the clinical resources remain the same (clini
cians, technicians, speech therapists, nurses, instruments, etc.) it may 
not be possible to provide the necessary services for these patients in 
future. Moreover, there is also a well-known heterogeneity in the 
amount of CI surgeries performed in each region of the same country: for 
example, some areas are poorly served by CI centers, especially rural or 
isolated ones. [3,4] The difficulty in reaching a CI center represents an 
inequality in access to audiological care, so much so that living in a rural 
area has been recognized as a cause of delayed implantation in adult and 
pediatric patients. [5,6] For those patients who live far away from CI 
centers, a routine visit often means having to be absent from work and 
having to bear travel expenses, hotels, etc., with a considerable stress 
load and high costs. Therefore, the hearing rehabilitation process can be 
too demanding for some more vulnerable categories, such as the elderly, 
and in these cases a poor compliance with the rehabilitation plan may 
negatively affect the final hearing outcome. [7] The access to 
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audiological care is even more limited in low-income countries, where 
one of the main obstacles to the success of CIs seems to be the absence of 
professionals in loco and the poor resources for proper auditory reha
bilitation (audiologists, speech therapists, and so on). [8,9] 

Telemedicine has the potential to break down the geographical and 
economic barriers that hinder the care of deaf patients, by means of the 
use of a personal computer or a smartphone to perform some tests. A 
remote assessment for patients with a CI by means of high-tech tele
communication technologies that are easily found everywhere is a po
tential solution for the aforementioned challenges, which have been 
made even greater during the COVID-19 pandemic. [10,11] Telemedi
cine has been already tested for different hearing healthcare services, 
such as newborn hearing screening, hearing assessment, hearing aid 
fitting, diagnosis of ear diseases, as well as CI patient care and it has 
proved to meet these needs. [12,13] 

The main aim of this pilot study was to evaluate the feasibility and 
potentials of a new remote care model for CI users that included the 
possibility of monitoring patients’ CI functionality and hearing outcome. 
A secondary aim was to analyze the reliability of the audiological 
evaluation provided remotely in comparison to the one performed on- 
site. A further aim was to investigate how the introduction of telemed
icine in the clinical follow up of CI users could reduce the costs of visits, 
thus being economically beneficial for the National healthcare systems. 
These data were compared to the analysis of the current system of on- 
site follow-up in terms of costs and impact on the current organization. 

2. Materials and methods 

This is a retrospective observational investigation, conducted in an 
academic tertiary referral center in accordance with the principles of the 
Helsinki Declaration. Data were examined in agreement with the Italian 
privacy and sensitive data laws and internal rules of the Padova Uni
versity Hospital - Section of Otolaryngology. This study was approved by 
the local ethical committee (protocol number 34357). 

Cochlear™ Remote Check (RC) platform, provided by Cochlear™ 
(Sydney, Australia), was used for remote care at our Institution. It is a 
new tool that enables CI users to perform a CI check in a remote setting, 
only by means of a smartphone that is connected to the CI via 
Bluetooth®. 

2.1. Patients 

This study included 66 patients who underwent CI placement at our 
Institution and completed at least one RC session between February 
2021 and February 2023. Data concerning geographical provenance and 
clinical features were collected. All patients, or the caregivers in the case 
of pediatric patients, received specific counseling regarding the RC 
function and gave their consent for its use. Participants were enrolled 
without age limits according to the following inclusion criteria:  

1. Nucleus® 500 or 600 series cochlear implants;  
2. Cochlear™ Nucleus® 7 or Kanso® 2 Sound Processor;  
3. Familiarity with the Italian language;  
4. CI experience of at least 6 months. 

The on-site clinical follow up of all the included patients was not 
modified and it was scheduled according to their clinical needs. 

2.2. Remote Check application 

Cochlear™ Remote Check is an asynchronous testing tool that allows 
patients or their caregivers to perform a series of CI-check activities by 
themselves using a compatible smartphone, even from their own home. 

RC is sent via a web interface called “My Cochlear” For Professionals. 
From this portal the clinicians can select the patients elected for RC and 
send it so that the patients can receive the RC on a specific App 

connected to their CI. By clicking on the RC icon on the App the patient 
or the caregiver starts the activities that the clinician has sent. RC is a 
customizable system: the clinicians can choose to send all the activities 
or just some of them according to clinical needs. A complete RC set of 
tests includes: implant site photographs, electrode impedances, hard
ware status check, data logging, aided audiogram, Digit Triplet Test 
(DTT), recipient or caregiver questionnaires. More specific features are 
shown in Table 1. Furthermore, RC allows the use of a “pediatric” or 
“adult” version. In this study, children <6 years old (Babies) received the 
pediatric RC version with the exclusion of the Digit Triplet Test and 
Aided audiogram, according to their abilities. Patients aged between 6 
and 12 (Children) received the complete pediatric version, while patients 
>12 years (Adults) had the complete adult version. 

Once the RC session was completed, patients or caregivers received 
the clinical report. Furthermore, data on RC activities were also 
collected for each patient. Subsequently, a web link to an anonymous 
online 6-question satisfaction questionnaire was sent (Table 2). 

2.3. Audiometric evaluation 

To assess the association between RC and on-site pure tone audi
ometry, patients performed the RC audiometry and the on-site pure tone 
audiometry on 250–500–1000-2000-4000-6000 Hz frequencies using 
the same CI program. 

Pure tone audiometry tests in the Clinic were performed in the same 
soundproof booth, using an Otometrics MADSEN® Astera2 audiometer 
(Natus Medical Denmark ApS, Taastrup, Denmark) with an Indiana Line 
loudspeaker (Indiana Line, Valdagno, Italy). 

2.4. Cost analysis 

In order to analyze the impact of a RC evaluation in comparison to a 
traditional on-site visit, the economic costs expected by the Italian Na
tional HealthCare system for each procedure were analyzed. 

The economic cost of the on-site visit (considering instrumental and 
human resources) was calculated in euros (€) according to information 
provided by the Management Control Office of the Padova University 
Hospital. 

2.5. Funding 

No funding by Cochlear™ was received for the present study. 

2.6. Current CI management 

An analysis of the current organization was performed to calculate 
the number of visits that the Clinic can currently provide and those 
necessary to maintain the scheduled follow up of CI patients at our 
Institution for the next few years. 

2.7. Statistical analysis 

Spearman rank correlation coefficient test was used in order to 

Table 1 
Cochlear™ Remote Check activities.  

Activity Description 

Implant site picture Showing the ear and the state of the skin under the CI 
coil 

Electrode impedances 
status 

Detection of the impedances of the CI electrodes 

Hardware status check Detection of the speech processor function 
Data logging Analysis of CI usage, scenes and sound quality 
Aided audiogram Pure tone audiometry 
Digit Triplet Test (DTT) Speech audiometry with noise 
Recipient questionnaires Questionnaire on the QoL with the use of the CI  

F. Sorrentino et al.                                                                                                                                                                                                                              



American Journal of Otolaryngology–Head and Neck Medicine and Surgery 45 (2024) 104294

3

compare the results of the on-site audiometry in the clinical setting and 
those performed via RC. A paired t-test was used to compare the dif
ference between mean times required for RC and on-site evaluations. A 
p-value <0.05 was considered significant. 

The statistical analysis was performed using the Statistical Package 
for the Social Sciences software (IBM SPSS Statistics for Windows, 
version 20, IBM Corp., Armonk, NY, USA) and GraphPad Prism version 
7.00 for Windows, (GraphPad Software, La Jolla California USA, http:// 
www.graph pad.com). 

3. Results 

3.1. Patients’ characteristics 

Sixty-six patients [age range 2–80 years, 35 females (53 %)] were 
enrolled in the study. Table 3 shows patients’ demographics and clinical 
information. All the patients were resident in Italy. Fifty percent of them 
lived outside of the main hospital catchment area (North-eastern Italy), 
thus requiring longer trips to reach clinical support. The analysis of 
sample provenance is shown in Fig. 1. 

Twenty-eight patients underwent bilateral cochlear implantation: 
together with the unilateral cases, a total of 94 CI surgeries were 
performed. 

3.2. RC feasibility and applications 

Overall, 190 RC sessions were completed during the study period. All 
patients carried out at least one RC session. For each patient a six-month 
follow-up was planned: 46 out of 66 (70 %), and 31 out of 66 patients 
(47 %) completed a second and a third RC session, respectively. 

Fig. 2 shows the percentage of activities completed during all RC 
sessions. For the “aided audiogram” and for the DTT only patients from 
the “adult” and “children” group were considered (39 patients, 51 CIs, 
with 27 unilateral CI and 12 with bilateral CI, 97 RC sessions). Aided 
audiogram and the DTT scored the lowest rates of completion with 69.9 
% and 80.0 %, respectively. 

Sixteen relevant clinical issues regarding CI-related conditions were 
detected during RC (Table 4). In 8 out of 16 patients (50 %) the issue was 
managed remotely, while the rest required an on-site clinical evaluation. 

3.3. Audiogram accuracy 

A Spearman rank correlation coefficient analysis was performed to 
compare the reliability of the pure-tone audiogram executed with RC 
and in the on-site evaluation. A statistically significant correlation (p <
0.05) was identified for all the included frequencies except for 500 Hz. 

Results are shown in detail in Table 5. 

3.4. Cost analysis 

To estimate the economic cost of a visit by means of Cochlear™ 
Remote Check, a cost/min ratio was used, considering the resources 

Table 2 
List of questions proposed to the patient after the first session of Cochlear™ Remote Check.  

Satisfaction survey 

1) Are you satisfied with your experience with RC? 
2) How useful do you think RC is as a remote monitoring tool? 
3) How much importance do you attribute to the possibility of carrying out a quick check of the functioning of the external and internal part of the CI in the event of a suspected 

breakage? 
4) How much importance do you attribute to the reduction of costs due to a standard on-site check (travel, hotel, parking, etc.) thanks to RC? 
5) How much importance do you attribute to the reduction of stress due to accessing the office (travel, waiting, etc.) thanks to RC? 
6) Would you be willing to undergo CI mapping using RC in the future if this possibility were feasible?  

Table 3 
Patients’ demographic and clinical information.   

Adult Children Babies Total 

Number of CI recipients  35 (53 %)  15 (23 %)  16 (24 %) 66  

Gender 
Male  17 (54 %)  7 (23 %)  7 (23 %) 31 
Female  18 (51 %)  8 (23 %)  9 (26 %) 35  

CI 
Unilateral  28 (74 %)  3 (8 %)  7 (18 %) 38 
Bilateral  7 (25 %)  12 (43 %)  9 (32 %) 28  

Age at test (years), mean (range)  39 (13–80)  9 (7–12)  4 (2–6) –  

Fig. 1. Geographic origin of the CI users estimated by subdividing Italy in 4 
areas: North West, North East, Centre, South, Islands. 

Fig. 2. Analysis of completion of remote check tasks.  

Table 4 
Issues detected by means of the Remote Check.  

Type of issue Number of recipients Resolution 

Hyperemia  6 Remote 
Uncomfortable CI map  4 Clinic 
Hearing deterioration  4 Clinic 
Pain under the coil  2 Remote  
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used for the on-site visit. These costs were applied to a RC visit, 
considering only the items necessary for remote control. Consequently, 
an on-site visit was estimated to cost 3.49 € and an RC review 1.32 €. 

A detailed analysis of expected economic costs for the Italian Na
tional Health Care System is reported in Table 6. 

3.5. Current CI management 

The total number of patients (including unilateral and bilateral CI) 
attending our CI center indicates that we have to provide 1500 CI follow- 
up visits/year. In the past 10 years, 80–122 CI surgeries were performed 
per year, with an increasing trend of +25 % every 5 years (Table 7). 

The analysis of our CI center activity with its current organization 
showed that we provide approximately 1000 CI follow-up visits per 
year. This means that there is a current deficit of about 500 CI follow-up 
visits per year, which will increase over the next few years alongside the 
growing number of CI surgeries. 

3.6. Recipients’ satisfaction 

Recipients who completed the satisfaction survey were 20 adults, 8 
children and 7 babies (35 out of 66 cases [53 %]). The survey revealed 
that 91 % of the cases considered themselves satisfied or very satisfied 
by the RC experience and 89 % of them considered RC a useful or very 
useful tool. 

Seventy-one percent of the patients found being able to do a fast 
check of CI function and integrity to be very helpful; 57 % of them 
considered the reduction of the cost due to on-site evaluation to be 
beneficial and 52 % defined the reduction of stress due to having to go to 
the Clinic in person as useful. Finally, 86 % of the responders declared 
that they were confident of Remote Check and its possible evolutions as 
remote CI fitting. 

4. Discussion 

Cochlear implantation is becoming more and more common all over 
the world; with the number of CI recipients growing fast, especially in 
recent years [14], CI centers are already facing organizational issues that 
may impact the overall clinical management of these patients. More and 
more centers can perform CI surgeries and more patients are aware of 
the treatment options for severe/profound hearing loss at any age. For 
example, the analysis of growth trends performed in our Clinic showed 

that every 5 years the activity increases by 25 %, making it difficult to 
sustain the present organization. 

Also, most countries are experiencing a considerable rise in the 
proportion of elderly people in the population, with life expectancy 
forseen to grow in the near future. [15] Consequently, the number of 
patients with age-related hearing loss is expected to grow even more 
[16] and considering that age is not a contraindication to cochlear im
plantation anymore [17], there will be more and more elderly patients 
with CIs: for these patients the use of telemedicine could be extremely 
useful because of the higher incidence of comorbidities and disability. 
[18] All the aforementioned factors may have different consequences: 1) 
the human and technical resources in CI centers may need to be 
continuously increased to meet patient demands; 2) CI patients may not 
receive the proper services required to meet their needs; or 3) the overall 
clinical organization may need to be updated with innovative strategies 
to properly address these demands. In the past 15–20 years many groups 
have begun to use telemedicine technologies to develop new approaches 
for CI management for these reasons. [19–23] Unfortunately, the 
routine use of telemedicine faces significant logistical and technical 
challenges, thus limiting its introduction in clinical settings. [24] So, the 
research on innovative telemedicine-based healthcare models to opti
mize clinical resources to improve access to care and to reduce waiting 
times for an audiological evaluation is still ongoing with new tools, in 
this specific case with RC. [24] Saving time and money is not only 

Table 5 
Correlation between on-site pure tone audiometry and RC audiometry.  

Frequencies  250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 6000 Hz 
rs coefficient 0.337 − 0.012 0.397 0.474 0.582 0.377 
p-value 0.0219 0.9312 0.0027 0.0003 <0.0001 0.0115 

rs = Spearman rank correlation coefficient. 

Table 6 
Expected economic costs per minute for the Italian National Health Care System 
for an on-site evaluation and for a RC review.  

Resource Cost per minute/unit cost (€) 

On-site evaluation Follow-up visit with Cochlear™ Remote Check 

Nurse  0.41 – 
Audiologist  0.39 – 
Physician  1.07 1.07 
Soundproof booth  0.04 – 
Computer  0.25 0.25 
Audiometer  1.16 – 
Otoscope  0.02 – 
Headphone  0.01 – 
Speculum  0.07 – 
Gloves  0.07 – 
Total  3.49 1.32  

Table 7 
Analysis of current trend of activity of follow ups for CI patients at our 
Institution.  

Basic follow-up scheme currently in use 

Adults Children 

Activation Activation 
3 mts 3 mts 
6 mts 6 mts 
12 mts 9 mts 
2 yrs 12 mts 
3 yrs 18 mts 
4 yrs 2 yrs 
5 yrs 3 yrs 
7 yrs 4 yrs 
10 yrs 5 yrs 
13 yrs 7 yrs 
16 yrs 10 yrs 
19 yrs 13 yrs  

16 yrs 
19 yrs   

Calculation based on the estimation of 80 new patients each ear (100 ci per year) 

Year N.◦ patients in follow up Total n.◦ of ci in follow up  

2021  1112  2058  
2022  1192  2167  
2023  1272  2276  
2024  1352  2385  
2025  1432  2494  
2026  1512  2602  
2027  1592  2711 

On the left a schematic representation of the current follow up program for 
patients with CI. On the right the analysis of trends of visits for the next years 
based on the current activity of surgeries and follow up (to note, the analysis is 
an underestimation). 
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beneficial for the patients, but also for the healthcare system: as we can 
see in our costs’ analysis, a follow-up visit with RC uses fewer resources 
(human but also structural and instrumental) compared to the on-site 
visit, leading to an overall cost reduction for the National Health Care 
System. Our preliminary estimation showed a reduction of almost a 
third of the estimated cost per minute. At the same time, it is necessary 
to keep in mind that RC should not be considered as a complete 
replacement of the traditional on-site visit, at least for now. CI fitting, 
traditional audiometric tests and ENT evaluations cannot be performed 
remotely with the current technology, especially in non-cooperative 
patients or those with special needs. 

It would therefore be appropriate to select the target group of pa
tients who could benefit from a RC visit. Clinically speaking, RC makes it 
possible to easily “screen” both the internal and external CI parts, as well 
as the functional results, and this could be acceptable for some patients. 
Patients who have been using a CI for >1 year, with stable and optimal 
results, typically need to attend annual visits for the rest of their life to 
monitor their implants with only minimal fitting parameters and hard
ware management check-ups. In a routine follow-up visit, hearing and 
speech recognition tests are assessed, the fitting of the device is adjusted 
if necessary, the equipment is checked and possible critical issues are 
addressed. For this category of patients, this kind of follow-up visit gives 
limited benefits, since no type of intervention is necessary: these patients 
could be a correct target for a remote visit. [25] In this setting, the use of 
RC could be a solution for some follow-up visits, thus allowing patients 
to not come to the Clinic unnecessarily every year. A short-term follow- 
up with RC could identify critical issues and the clinicians could request 
an examination at the Clinic only if actually necessary. On the contrary, 
for patients with special needs the on-site visit is definitely useful 
because it enables clinicians to detect possible hearing deterioration. 
Saving time by means of the RC may enable better care for those patients 
as well. 

In line with recent studies using RC [26,27], our experience suggests 
that this tool may be efficient when it comes to the feasibility of the 
activities sent. However, aided audiograms and DDT ended up being the 
most uncompleted tasks. This leaves us with a few unanswered ques
tions, especially since there is a lack of information due to the fact that 
the RC app does not record the reason why a certain activity was 
“skipped”. 

Pure tone audiometry administered by means of RC was also proven 
to be preliminarily reliable for the majority of tested frequencies. 
However, we should consider that the type of stimuli is completely 
different (acoustic vs electric), so a comparison between the two tests in 
clinical practice should be considered with caution. This implies, for 
example, that the functionality of the microphones of the sound pro
cessor cannot be tested via RC. 

The most common issues identified via RC were a limited CI usage- 
time, hyperemia and/or scalp pain where the CI magnet is placed, 
hearing deterioration and uncomfortable CI fitting; some of these issues 
made an on-site evaluation in the hospital necessary while others were 
resolved remotely. 

Our preliminary results showed that the use of RC as a screening tool 
reduced the number of patients requiring an on-site evaluation up to 50 
%. The possible benefits are not only for the healthcare system, but are 
even more relevant for the patients. Half of the patients included in our 
analysis lived far from the Clinic (for example in regions in which a CI 
center was not present), and this represented a great discomfort in terms 
of stress, time and costs, especially considering the frequent need for a 
companion during visits not only for the children and the elderly, but 
also for the adults. The use of a telemedicine system could avoid travels 
for some on-site evaluations. These benefits are difficult to estimate and 
rarely taken into consideration in the literature, but they are crucial for 
most patients. [28] This last point clearly emerged from the question
naires proposed afterwards to our patients (or parents/caregivers). The 
majority of the patients reported that they were satisfied by the tool and 
were also willing to have a remote fitting whenever it could become 

possible. They also expressed confidence in potential future RC 
improvement. Despite the participation in the survey was medium-low 
(53 %), the findings were in line with a previous study that reported 
high acceptance and satisfaction levels in patients using RC. [26] 

The main strengths of this investigation lie in the high number of 
recorded RC sessions, in the evaluation of different age-related RC 
protocols and in the fact that cost analysis has never been published until 
now for this tool. On the other hand, the main weakness of this study 
concerns its observational setting, the fact that the study population was 
a heterogeneous sample and that the cost analysis was only applicable to 
the Italian national health service. Furthermore, RC does not allow for CI 
fitting, making it impossible to consider it as a true alternative to the on- 
site visit but only as a telemonitoring service for specific patients. 

5. Conclusion 

Results from this study are encouraging as RC seems to be a reliable 
and customizable tool, making it possible to detect critical issues con
cerning CI usage, integrity and functionality of the CI processor and 
internal part and to decide how to manage them, by sending instructions 
or recommendations to the patient remotely or by scheduling a clinical 
on-site evaluation if necessary. Moreover, RC was found to be a cost- 
saving alternative for the clinical follow-up of CI recipients and this 
should be considered in daily clinical practice. 

Last but not least, a very important aspect is that RC was well 
accepted by the patients and their families with high levels of satisfac
tion and confidence in future developments. Further investigations 
based on larger prospective series could support an implementation of 
this tool into clinical practice, with a positive impact on economic 
savings, time and resources for both the patients and the healthcare 
system. 
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inal draft. Antonino Cassarà: Investigation, Methodology, Writing – 
original draft. Marzia Ariano: Conceptualization, Methodology, Re
sources, Writing – original draft. Anna Colombo: Supervision, Visuali
zation, Writing – original draft, Writing – review & editing. Sebastiano 
Franchella: Conceptualization, Supervision, Visualization, Writing – 
review & editing. Patrizia Trevisi: Conceptualization, Visualization, 
Writing – review & editing. Cosimo de Filippis: Supervision, 

F. Sorrentino et al.                                                                                                                                                                                                                              



American Journal of Otolaryngology–Head and Neck Medicine and Surgery 45 (2024) 104294

6

Visualization, Writing – review & editing. Gino Marioni: Conceptuali
zation, Data curation, Supervision, Visualization, Writing – original 
draft, Writing – review & editing. Elisabetta Zanoletti: Conceptuali
zation, Validation, Visualization, Writing – review & editing. Davide 
Brotto: Conceptualization, Data curation, Investigation, Methodology, 
Supervision, Validation, Visualization, Writing – original draft, Writing 
– review & editing. 

Declaration of competing interest 

The authors declare no conflicts of interest. 

Data availability 

The data underlying this article will be shared on reasonable request 
to the corresponding author. 

References 

[1] National Institute on Deafness and Other Communication Disorders (NIDCD). 
Cochlear implants. Published. Accessed April 23, 2021, https://www.nidcd.nih. 
gov/health/cochlear-implants; March 2021. 

[2] Cullington H, Kitterick P, DeBold L, et al. Have cochlear implant, won’t have to 
travel: introducing telemedicine to people using cochlear implants. Am J Audiol 
2016;25(3S):299–302. https://doi.org/10.1044/2016_AJA-16-0018. 

[3] Cullington H, Kitterick P, DeBold L, et al. Personalised long-term follow-up of 
cochlear implant patients using remote care, compared with those on the standard 
care pathway: study protocol for a feasibility randomised controlled trial. BMJ 
Open 2016;6(5). https://doi.org/10.1136/bmjopen-2016-011342. 

[4] Fletcher KT, Dicken FW, Adkins MM, et al. Audiology telemedicine evaluations: 
potential expanded applications. Otolaryngol—Head Neck Surg Off J Am Acad 
Otolaryngol-Head Neck Surg 2019;161(1):63–6. https://doi.org/10.1177/ 
0194599819835541. 

[5] Bush ML, Burton M, Loan A, Shinn JB. Timing discrepancies of early intervention 
hearing services in urban and rural cochlear implant recipients. Otol Neurotol Off 
Publ Am Otol Soc Am Neurotol Soc Eur Acad Otol Neurotol 2013;34(9):1630–5. 
https://doi.org/10.1097/MAO.0b013e31829e83ad. 

[6] Hixon B, Chan S, Adkins M, Shinn JB, Bush ML. Timing and impact of hearing 
healthcare in adult cochlear implant recipients: a rural-urban comparison. Otol 
Neurotol Off Publ Am Otol Soc Am Neurotol Soc Eur Acad Otol Neurotol. 2016;37 
(9):1320–4. https://doi.org/10.1097/MAO.0000000000001197. 

[7] Francis HW, Yeagle JA, Thompson CB. Clinical and psychosocial risk factors of 
hearing outcome in older adults with cochlear implants. Laryngoscope 2015;125 
(3):695–702. https://doi.org/10.1002/lary.24921. 

[8] Saunders J, Barrs D. Cochlear implantation in developing countries as 
humanitarian service: physician attitudes and recommendations for best practice. 
Otolaryngol—Head Neck Surg Off J Am Acad Otolaryngol-Head Neck Surg 2011; 
145(1):74–9. https://doi.org/10.1177/0194599811401343. 

[9] Bhamjee A, le Roux T, Swanepoel W, Graham MA, Schlemmer K, Mahomed- 
Asmail F. Perceptions of telehealth services for hearing loss in South Africa’s public 
healthcare system. Int J Environ Res Public Health 2022;19(13):7780. https://doi. 
org/10.3390/ijerph19137780. Published 2022 Jun 24. 

[10] Brotto D, Sorrentino F, Favaretto N, Bovo R, Trevisi P, Martini A. Pediatric hearing 
loss management in the COVID-19 era: possible consequences and resources for the 
next future. Otolaryngol Head Neck Surg 2022;166(2):217–8. https://doi.org/ 
10.1177/01945998211012677. 

[11] Brotto D, Sorrentino F, Agostinelli A, et al. How great is the negative impact of 
masking and social distancing and how can we enhance communication skills in 
the elderly people? Aging Clin Exp Res 2021;33(5):1157–61. https://doi.org/ 
10.1007/s40520-021-01830-1. 

[12] Swanepoel DW, Hall JW. A systematic review of telehealth applications in 
audiology. Telemed J E-Health Off J Am Telemed Assoc 2010;16(2):181–200. 
https://doi.org/10.1089/tmj.2009.0111. 

[13] Bush ML, Thompson R, Irungu C, Ayugi J. The role of telemedicine in auditory 
rehabilitation: a systematic review. Otol Neurotol Off Publ Am Otol Soc Am 
Neurotol Soc Eur Acad Otol Neurotol. 2016;37(10):1466–74. https://doi.org/ 
10.1097/MAO.0000000000001236. 

[14] De Raeve L, Archbold S, Lehnhardt-Goriany M, Kemp T. Prevalence of cochlear 
implants in Europe: trend between 2010 and 2016. Cochlear Implants Int 2020;21 
(5):275–80. https://doi.org/10.1080/14670100.2020.1771829. 

[15] The World Population Prospects 2019 issued by the United Nations; https://pop 
ulation.un.org/wpp/. 

[16] Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, Ezzati M. Future life 
expectancy in 35 industrialized countries: projections with a Bayesian model 
ensemble. Lancet 2017;389(10076):1323–35. https://doi.org/10.1016/S0140- 
6736(16)32381-9. 

[17] Favaretto N, Marioni G, Brotto D, et al. Cochlear implant outcomes in the elderly: a 
uni- and multivariate analyses of prognostic factors. Eur Arch Otorhinolaryngol 
2019;276(11):3089–94. https://doi.org/10.1007/s00405-019-05613-3. 

[18] Zhang Z, Henley T, Schiaffino M, Wiese J, Sachs D, Migliaccio J, et al. Older adults’ 
perceptions of community-based telehealth wellness programs: a qualitative study. 
Inform Health Soc Care 2022;47(4):361–72. https://doi.org/10.1080/ 
17538157.2021.2006198. 

[19] Luryi AL, Tower JI, Preston J, Burkland A, Trueheart CE, Hildrew DM. Cochlear 
implant mapping through telemedicine-a feasibility study. Otol Neurotol Off Publ 
Am Otol Soc Am Neurotol Soc Eur Acad Otol Neurotol. 2020;41(3):e330–3. 
https://doi.org/10.1097/MAO.0000000000002551. 

[20] Meeuws M, Pascoal D, Janssens de Varebeke S, De Ceulaer G, Govaerts PJ. 
Cochlear implant telemedicine: remote fitting based on psychoacoustic self-tests 
and artificial intelligence. Cochlear Implants Int 2020;21(5):260–8. https://doi. 
org/10.1080/14670100.2020.1757840. 

[21] Shapiro WH, Huang T, Shaw T, Roland JT, Lalwani AK. Remote intraoperative 
monitoring during cochlear implant surgery is feasible and efficient. Otol Neurotol 
Off Publ Am Otol Soc Am Neurotol Soc Eur Acad Otol Neurotol. 2008;29(4):495–8. 
https://doi.org/10.1097/MAO.0b013e3181692838. 

[22] Schepers K, Steinhoff H-J, Ebenhoch H, et al. Remote programming of cochlear 
implants in users of all ages. Acta Otolaryngol (Stockh) 2019;139(3):251–7. 
https://doi.org/10.1080/00016489.2018.1554264. 

[23] Agostinelli A, Pegolo M, Montino S, et al. Improving auditory perception in 
pediatric single-sided deafness: use of cochlear implants’ direct connection for 
remote speech perception rehabilitation. Am J Audiol 2023;32(1):52–8. https:// 
doi.org/10.1044/2022_AJA-21-00271. 

[24] D’Onofrio KL, Zeng FG. Tele-audiology: current state and future directions. Front 
Digit Health 2022;3. https://doi.org/10.3389/fdgth.2021.788103. 788103. 
Published 2022 Jan 10. 

[25] Brotto D, Caserta E, Sorrentino F, et al. Long-term impedance trend in cochlear 
implant users with genetically determined congenital profound hearing loss. J Am 
Acad Audiol 2022;33(2):105–14. https://doi.org/10.1055/s-0041-1739290. 

[26] Maruthurkkara S, Allen A, Cullington H, Muff J, Arora K, Johnson S. Remote check 
test battery for cochlear implant recipients: proof of concept study. Int J Audiol 
2022;61(6):443–52. https://doi.org/10.1080/14992027.2021.1922767. 

[27] Maruthurkkara S, Case S, Rottier R. Evaluation of remote check: a clinical tool for 
asynchronous monitoring and triage of cochlear implant recipients. Ear Hear 2022; 
43(2):495–506. https://doi.org/10.1097/AUD.0000000000001106. 

[28] Ebrahimi-Madiseh A, Nickbakht M, Eikelboom RH, Bennett RJ, Friedland PL, 
Atlas MD, et al. Models of service delivery in adult cochlear implantation and 
evaluation of outcomes: a scoping review of delivery arrangements. PloS One 2023 
May 10;18(5). https://doi.org/10.1371/journal.pone.0285443. e0285443. 

F. Sorrentino et al.                                                                                                                                                                                                                              

https://www.nidcd.nih.gov/health/cochlear-implants
https://www.nidcd.nih.gov/health/cochlear-implants
https://doi.org/10.1044/2016_AJA-16-0018
https://doi.org/10.1136/bmjopen-2016-011342
https://doi.org/10.1177/0194599819835541
https://doi.org/10.1177/0194599819835541
https://doi.org/10.1097/MAO.0b013e31829e83ad
https://doi.org/10.1097/MAO.0000000000001197
https://doi.org/10.1002/lary.24921
https://doi.org/10.1177/0194599811401343
https://doi.org/10.3390/ijerph19137780
https://doi.org/10.3390/ijerph19137780
https://doi.org/10.1177/01945998211012677
https://doi.org/10.1177/01945998211012677
https://doi.org/10.1007/s40520-021-01830-1
https://doi.org/10.1007/s40520-021-01830-1
https://doi.org/10.1089/tmj.2009.0111
https://doi.org/10.1097/MAO.0000000000001236
https://doi.org/10.1097/MAO.0000000000001236
https://doi.org/10.1080/14670100.2020.1771829
https://population.un.org/wpp/
https://population.un.org/wpp/
https://doi.org/10.1016/S0140-6736(16)32381-9
https://doi.org/10.1016/S0140-6736(16)32381-9
https://doi.org/10.1007/s00405-019-05613-3
https://doi.org/10.1080/17538157.2021.2006198
https://doi.org/10.1080/17538157.2021.2006198
https://doi.org/10.1097/MAO.0000000000002551
https://doi.org/10.1080/14670100.2020.1757840
https://doi.org/10.1080/14670100.2020.1757840
https://doi.org/10.1097/MAO.0b013e3181692838
https://doi.org/10.1080/00016489.2018.1554264
https://doi.org/10.1044/2022_AJA-21-00271
https://doi.org/10.1044/2022_AJA-21-00271
https://doi.org/10.3389/fdgth.2021.788103
https://doi.org/10.1055/s-0041-1739290
https://doi.org/10.1080/14992027.2021.1922767
https://doi.org/10.1097/AUD.0000000000001106
https://doi.org/10.1371/journal.pone.0285443

	Remote Check as a tele-health instrument for cochlear implant recipients: Analysis of impact and feasibility of application.
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Remote Check application
	2.3 Audiometric evaluation
	2.4 Cost analysis
	2.5 Funding
	2.6 Current CI management
	2.7 Statistical analysis

	3 Results
	3.1 Patients’ characteristics
	3.2 RC feasibility and applications
	3.3 Audiogram accuracy
	3.4 Cost analysis
	3.5 Current CI management
	3.6 Recipients’ satisfaction

	4 Discussion
	5 Conclusion
	Funding
	Ethics approval
	Consent to participate and publication
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


