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Objective. -To assess the feasibility of immediate activation of cochlear implants.

Material and methods.

-A retrospective study compared speech audiometry results at 6 months post-implantation, implant fitting data and complications, on Student test, between 19 patients receiving day-1 implant activation (immediate activation: IA) and 10 patients with activation at 2 weeks (classical activation: CA).

Results. -Mean speech comprehension, using Fournier bisyllabic word lists at 60 dB 6 months after implantation, was 61.58% in IA and 71% in CA (p>0.05). Mean intelligibility thresholds for 50% word-recognition were respectively 39.74 dB and 36.5 dB (p>0.05). Speech audiometry results at 6 months were not affected by immediate versus classical activation.

Comfort-level settings at 1 month in IA were not significantly different (Student test: p>005) from intraoperative neural response thresholds: i.e., were practically stable. One IA patient required delayed activation at 1 month because of hematoma interfering between the external and internal parts of the implant. There were no other complications. The mean number of fitting sessions during the first year was 6.05 in the IA group and 6.55 in the CA group (p>0.05).

Conclusion. -Given certain precautions during follow-up, immediate activation after cochlear implantation was feasible, and did not impair audiometric results.

INTRODUCTION

Cochlear implantation (CI) is now a standardized procedure, reserved to patients with word recognition thresholds not greater than 50% on speech audiometry using Fournier lists or the equivalent. Testing should be at 60 dB in free field with a well-adjusted processor. In case of fluctuating hearing impairment, CI is indicated if impact on communication is severe.

Technological progress now enables the surgeon also to perform electrophysiological tests: impedancemetry and electrically evoked compound action potentials (ECAP). The basic principle remains the same: after implantation, the external processor with which the implant communicates has to be activated; this is followed by successive fitting sessions to adjust the stimulus settings ("comfort" or C level) and stabilize them at the ECAP threshold [START_REF] Cosetti | Intraoperative neural response telemetry as a predictor of performance[END_REF] to achieve optimal auditory perception. The interval between implantation and activation varies between teams, from 5 days to 1 month. Various rationales for these intervals have been put forward: postoperative edema, risk of postoperative infection, intracochlear inflammation and fibrosis mechanism, and risk of displacement of the internal magnet-bearing component.

Shorter anesthesia, thanks to shorter operative times, shorter skin incisions (reducing postoperative edema rates) and shorter hospital stay now allow immediate activation (IA) of the external processor in patients who come round more quickly from their operation than they used to in the early days of CI. Since September 2016, we have systematically implemented IA in all adult patients. This has exceptionally been done by some other teams.

Here, we assessed 19 patients with IA (on postoperative day 1) and 10 control patients with classic activation (CA) at 2 weeks, comparing: audiometric performance at 6 months, complications, and fitting data (stimulus thresholds and impedance) [START_REF] Hagr | Feasibility of oneday activation in cochlear implant recipients[END_REF], [START_REF] Gûnther | Early fitting in cochlear implantation: Benefits and Limits[END_REF], [START_REF] Alsabellha | Cochlear implant device activation and programming: 5 days postimplantation[END_REF]. The study objective was to demonstrate the audiometric non-inferiority and safety of IA compared to CA.

MATERIAL AND METHOD

The study was approved by the Angers University Hospital review board in September 2016.

The study cohort comprised 29 adult patients: 19 with IA, included prospectively and consecutively from September 2016 to March 2018 as soon as the wireless fitting equipment became available; and 10 with CA, included retrospectively from January 2016 (when the wireless equipment began to be used routinely during implantation) and September 2016. The 4 IA group comprised 10 male and 9 female patients, aged 33 to 88 years, with implant activation at day 1. The CA control group comprised 2 male and 8 female patients, aged 26 to 78 years, with activation at 2 weeks. All patients met the French Health Authority criteria for CI eligibility, and showed ≥50% free-field gain in word recognition at 60 dB. CI center professionals can access their data in the National Cochlear Implant Patients Registry (EPIIC), and the main demographic characteristics are presented in Table 1. CI was performed by a single surgeon using a relatively uninvasive retroauricular approach, with the "advanced-off stylet" insertion technique for the electrode bearer (for CI512(CA) implants) via the round window, enlarged in case of poor exposure. Table 1 shows type of implant and processor. Systematic intraoperative electrophysiological testing using the CR220® wireless assistant determined presence and thresholds for neural depolarization or ECAP (neural response threshold (NRT®) in this model of implant) [5]. Intraoperative radioscopic control checked electrode-bearer positioning in the cochlea on Stenvers radiographic view ("temporal bone in orbit").

In the absence of medical contraindication, IA patients' implants were activated on the day following surgery in their hospital room, using Nucleus Fitting Software (NFS®), a wireless pod and a tablet. No part of the processor was placed directly on the surgical scar, which was protected by a dressing on which the processor could be positioned. The magnetic part of the external part of the implant was positioned adjacent to the internal part, away from the scar. A stronger magnet (strength 4 instead of the strength-2 magnet provided) was needed for a week to establish good communication between the internal and external components.

Very occasionally, the software cut out when coupling between the 2 components was insufficient, so that the immediate setting had to be performed again in order to be saved. Such cut-outs did not occur when magnet strength was sufficient. The first setting curve was defined according to the NRT® threshold curve, with C-level defined by default as 120 machine units. Free-field connection of the processor via the wireless pod and tablet allowed thresholds to be increased until the first comfortable auditory sensations were obtained. The electrodes were scanned to check for any uncomfortable sensations, for which 1 or more electrodes might be deactivated. Battery autonomy at the resulting setting was then estimated and the setting was saved to the processor. A phase of manipulation then allowed the patient to get used to handling the wireless assistant, and the patient was told to increase the overall 5 volume by 1 step (i.e., 2 machine units) per day unless uncomfortable auditory sensations occurred.

A postoperative check-up was performed on day 7 to assess scar healing, any medical complications (reported in the medical file) and the C-level set using the CR230® wireless assistant. Magnet strength was then brought back to the usual level 2. Satisfaction was also assessed during this consultation. One week later, the first connection was made to the classic fitting station, impedance was recalculated and C-levels were revised if need be. Two weeks later, classic fitting was repeated. A final consultation was made at one month: i.e., sessions at D7, D14, D21 and D28.

In the CA control group, implants were activated using the Custom Sound Suite® in a dedicated fitting room at day 14, and reviewed weekly for 1 month. Speech audiometry on Fournier lists was performed at 6 months, evaluating the percentage of words understood at 60 dB and the 50% intelligibility threshold. Due to small sample sizes, the Student test was used to assess non-inferiority of IA compared to CA.

RESULTS

Word recognition and intelligibility thresholds were comparable in the 2 groups, with no significant inferiority on 6-month audiometry (p>0.05). Mean bisyllabic Fournier word recognition at 60 dB was 61.58±27.54% in IA and 71±34.14% in CA (figure 1). Mean 50% intelligibility threshold (figure 2) was 39.74±14.67dB in IA and 36.5±11.07dB in CA (p>0.05). Six-month audiometry results were not impaired by immediate activation of the cochlear processor.

Progression of impedance over time was comparable between groups, with a decrease of around 30% in 3 weeks, with no significant difference (p>0.05) (Table 2). Early activation did not affect impedance (no inferiority on Student test for matched samples; p>0.05).

C-levels were recorded from 5 electrodes (Table 3), at each consultation in group IA (D7, D14, D21 and D28), and at 1 and 3 months in CA (Table 4).
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Satisfaction ratings were collected from IA patients at the day-7 consultation. None regretted the immediate activation, and all would recommend it to future CI candidates. The mean number of fittings during the first year was 6 in IA and 7 in CA (Table 5), which was not a significant difference (p>0.05).

In terms of feasibility, all IA patients had their processor activated, except for one who developed a subcutaneous hematoma at the implant site on day 1 due to anticoagulant overdose; activation had to be postponed for a month. This patient's audiometry data were included for analysis, but no day-1 electrophysiological data could be collected. All the other patients had activation at day 1, and were told to step up their C-level daily using the general control of the CR230® wireless assistant [5]. All were able to do this, as was checked at the D7 consultation, except for one who had inadvertently reinitialized the wireless assistant's default settings, losing access to the global volume control; C-level increase was thus delayed to day 7 in this patient, whose audiometric performance was nevertheless unaffected.

There were no adverse effects: unusual pain, local infection or dizziness.

DISCUSSION

This preliminary study confirmed the non-inferiority of immediate activation of a cochlear implant, and its feasibility, as described by some other teams [START_REF] Hagr | Feasibility of oneday activation in cochlear implant recipients[END_REF], [START_REF] Gûnther | Early fitting in cochlear implantation: Benefits and Limits[END_REF], [START_REF] Alsabellha | Cochlear implant device activation and programming: 5 days postimplantation[END_REF].The originality of the present study was to let the patient alter the settings after immediate activation so as to stabilize them progressively yet quickly. Audiometric performance in IA was non-inferior to the CA control group, despite the fact that the IA group might well have had much poorer performance as the etiologies of 4 of the IA patients are known to be associated with poorer post-CI audiometric performance: Mondini dysplasia, meningitis and otospongiosis; even so, performance was non-inferior.

Electrophysiologically, impedance decreased progressively from the day of implantation onward. The high impedance found on intraoperative testing in no way jeopardizes immediate activation [START_REF] Gûnther | Early fitting in cochlear implantation: Benefits and Limits[END_REF] and has no impact on the quality of auditory sensation. The present study further showed that the progression of impedance was unaffected by early activation. Tables 3a and3b show that intraoperative impedance was higher in the CA than in the IA group. This 7 may have been due to a difference in the duration of hearing loss: longer hearing loss duration is associated with higher NRT®, as the depolarization threshold of the affected nerve increases with duration of hearing loss [START_REF] Cosetti | Intraoperative neural response telemetry as a predictor of performance[END_REF]. C-levels were stabilized in about 1 month in IA, versus a mean 3 months in CA, as NRT® levels correlating with comfort level were more or less reached within a month in the IA group (Tables 3a and3b). There was thus a mean 2 months' time-saving in reaching C-level stability, reducing the mean number of fitting sessions in the first year from 13 to 10. In the IA group, patients increased the C-level by 2 machine units per day for 15 days, for a total increase of 30 machine units. The progressive programs defined by manufacturers usually recommend increases of no more than 5 machine units between weekly sessions, so that it would take 6 conventional fitting sessions to achieve a 30 machine-unit increase. Early activation combined to the patient's independent management of stimulus level partly explain this rapid stabilization of C-level. It is the patient's use of the CR230® wireless assistant to increase C-level by 2 machine-unit steps a day that provides this flexibility in setting.

Progressive increase in C-level is better tolerated than the usual larger changes made in fitting sessions, thus accelerating stabilization. In practice, a larger increase, of more than 5 machine-units, is possible for some patients, but brain plasticity and psychological status can affect this tolerance [START_REF] Guiraud | Effets de la surdité totale et de la réhabilitation auditive par l'implant cochléaire sur l'organisation fonctionnelle du système auditif[END_REF]. Whatever the CI model, large increases in C-level are generally badly received if they come on top of other processes drawing on the subject's cognitive reserve or coincide with strong emotional disturbance. Immediate activation gets around the wait-time that may in some cases be a source of stress.

The IA procedure thus not only actively involves the patient from day 1 but also improves tolerance for increases in threshold and reduces the stress caused by implantation.

Economically, two consequences are to be expected. 1) As the first fitting is not invoiced, being included in the hospital stay, and as the number of fitting sessions over the first year is reduced, IA should reduce cost for the health-care system. This could be assessed in a largerscale study; it should also be assessed in outpatient CI with activation at day 1, which allows the first fitting to be invoiced. 2) IA may lead to loss of income for hospital CI units, as the number of medical acts is reduced; on the other hand, it should free up time to see new patients, reduce wait-time and finally increase CI volume. 8 There were no postoperative complications related to early activation, which we see as an argument for wide-scale application. IA failed in only 1 case, due to implant-site hematoma caused by anticoagulant overdose; in this case, classic activation at 2 weeks would not have been possible either, as the hematoma took a month to resolve and allow the magnetic antenna needed for setting to be fitted; this delay had no ill-effects. Special attention has to be paid to magnet strength in IA, to limit postoperative edema, and to the aspect of the underlying skin, to avoid necrosis. Magnet strength was systematically reduced at the day-7 consultation, in order to prevent skin necrosis. This preliminary study thus demonstrated not only non-inferiority of IA in audiometric results, but also that patient involvement in setting the device is feasible and enables faster progressive increase in level. Despite the retrospective design and small sample size, the present results are encouraging and worth confirming in a prospective randomized study.

CONCLUSION

The development of wireless technologies enables the cochlear implant fitter to become "nomadic" and work at the patient's bedside. The patient is admitted to hospital for implantation but goes back home with an already functioning device and restored auditory perception. The patient is his or her own fitter, daily increasing the C-level by means of the CR230® wireless assistant or the Nucleus Smart application, compatible with all smartphones, and is also going to be more confident and less stressed out by waiting for activation. The various setting curves that used to be preprogrammed in the processor to obtain progressive increase in thresholds are no longer needed, and more gradual level-C increase according to general volume allows better central habituation, with effective stimulus thresholds achieved within a month.

The interest for the patient is clear, and audiometric performance in non-inferior; even so, such early activation requires greater vigilance on the part of the surgeon, especially regarding the part of the scalp just under the magnet, to avoid risk of skin necrosis and sepsis during the month following implantation. 
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Table 3

 3 IA group: Mean NRT® (Neural Response Threshold) and C-level at 1 month on 5 electrodes

			Mean C-level at 1
	Electrode n° Mean intraoperative NRT®	month
	1	164.50	165.21
	6	172.47	165.26
	11	179.00	162.74
	16	167.63	163.42
	22	165.63	163.84

Table 4

 4 CA group: Mean NRT® (Neural Response Threshold) and C-level at 1 and 3 months on 5

	electrodes			
			Mean C-level at 1	Mean C-level at 3
	Electrode n° Mean intraoperative NRT®	month	months
	1	177.33	144.8	156.3
	6	182	158.5	171.6
	11	197.11	166.43	180.8
	16	188.9	151	179.2
	22	183	159.2	173.9

Table 5

 5 Number of fitting sessions in 1 st year

	Patient	IA	CA
	1	7.00	6.00
	2	10.00	4.00
	3	7.00	8.00
	4	7.00	7.00
	5	8.00	7.00
	6	9.00	6.00
	7	7.00	5.00
	8	6.00	8.00
	9	5.00	6.00
	10	6.00	6.00
	11	6.00	
	12	4.00	
	13	4.00	
	14	6.00	
	15	5.00	
	16	5.00	
	17	4.00	
	18	3.00	
	19	6.00	
	Mean	6.05	6.55