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Abstract
Objectives To report on a retrospective cohort study on the effects of expanding inclusion criteria for application of cochlear
implants (CIs) on the performance 1-year post-implantation.
Methods Based on pre-implantation audiometric thresholds and aided speech recognition scores, the data of 164 CI recipients were divided into a group of patients that fulfilled conservative criteria (mean hearing loss at 0.5, 1 and 2 kHz > 85 dB
HL and phoneme scores with hearing aids < 30%), and the remaining group of patients that felt outside this conservative
criterion. Speech recognition scores (in quiet) and quality of life (using the NCIQ) of both groups, measured at 1-year postimplantation, were compared.
Results The group that felt outside the conservative criterion showed a higher phoneme score at 1-year post-implantation
compared to the conservative group, suggesting that relaxed criteria have a positive influence on the speech recognition
results with CI. With respect to quality of life, both groups significantly improved 1-year post-implantation. The conservative group showed a higher benefit on the advanced perception domain of the NCIQ. Based on their worse pre-implantation
hearing, this was expected.
Conclusions The data suggest that relaxation of CI indication positively affects the speech recognition performance of patients
with severe hearing loss. Both groups of patients showed a positive effect of CI on the quality of life. This benefit relates to
communication skills and the subjective day-to-day functioning in society.
Keywords Hearing loss · Cochlear implantation · CI indication criteria · Performance · Speech recognition · Quality of life

Introduction
Cochlear implantation is a treatment for patients with deafness who do not profit from conventional hearing aids. A
cochlear implant (CI) transforms the acoustic signal into an
electrical signal that activates directly the auditory nerve
fibers. In adults with acquired deafness, CIs provide open-set
speech understanding in the majority of patients [1].
The audiological inclusion criteria for cochlear implantation differ over countries [2–5]. Since the first cochlear
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implantation, CI-technology and knowledge regarding surgery and fitting have continuously developed, leading to
improved performance. In turn, this has lead to relaxation of
the audiological implantation criteria. Whereas CI initially
was meant to be a solution for patients with total deafness,
it gradually evolved in a solution for patients with severe to
profound hearing loss as well as for patients with a partial
(high frequency) deafness [6, 7]. Luntz et al. [8] describes
the initially stiff process of accepting cochlear implantation
as a safe hearing solution in the early days. Today, unless
the enormous amount of research showing the benefit of
cochlear implantation, the indication procedure remains
hard and inconvenient for many CI candidates [8]. Several
studies have shown that the degree of functional residual
hearing, pre-implantation, is correlated with CI performance
[9–11]. The reason for this is that preoperative residual hearing is thought to act as a “trophic factor” that protects the
spiral ganglion and/or the central auditory pathways from
degeneration [10]. Without functional residual hearing,
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pre-implantation, for a prolonged period, the auditory neural system might be deprived as a result of a lack of auditory stimulation. This might even be the case by single-sided
deafness. In a recent study [12], Cohen and Svirsky conducted a systematic review on the relationship between duration of unilateral deafness and speech perception outcomes
after CI in adults with single-sided deafness. Although the
effect found was rather small and additional research need to
strengthen these findings, the authors point on the important
implications suggesting that unilateral sound deprivation,
even when the contralateral normal hearing ear still receives
auditory input, may have a negative effect on the auditory
processing.
The shift of (unilateral) inclusion criteria positively
affects the overall performance with a CI [13], which might
be owing to less auditory deprivation. Therefore, the need
for relaxing the CI audiological indication criteria and, consequently, earlier implantation, is growing. It is suggested
that in several countries, the indications for candidacy do—
as a result of these shifting insights—no longer reflect the
entire population of patients that should be considered for
cochlear implantation.
So, what is the best CI indication and how strict should
this be applied? There is a wide variability in CI indication
criteria across the countries [1, 6, 14–18]. Vickers et al. collected information on indication criteria in 17 countries; in
general, CI indication criteria were based on either speech
recognition with conventional hearing aids (more functional)
or based on the audiometric hearing loss or both. In The
Netherlands [16] for example, patients are considered for
cochlear implantation if the phoneme score, presented at
normal conversation level and obtained with a well-fitted
conventional hearing aid, is less than 50%, which equals a
word score of 20% [16]. In the Netherlands, this 50% criterion is set in consensus by the Dutch CI centers. However,
since Dutch CI centers are allowed to deviate from this criterion on individual basis [16], this criterion has gradually
shifted towards 70% phoneme score (44% word score) in
quiet.
This means that if there is insufficient benefit of acoustic
hearing aids, a patient might become a candidate for CI,
even when the hearing thresholds are not at a profound level.
This is in contrast with some other countries that hold on to
a more conservative approach. In Belgium, for example, the
inclusion criterion is set at a phoneme scores of 30% (which
equals a word score of 6%) or less and a hearing threshold
(PTA, mean hearing loss at 0.5, 1 and 2 kHz) above 85 dB
HL [17].
In several countries, audiometric hearing thresholds are
the sole basis for CI inclusion; however, these thresholds
do not always reflect the actual problems faced by an individual with severe hearing impairment [7, 19]. The factors
of influence are, for example, the cause and duration of
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hearing loss, age at implantation, central auditory factors,
cognition, motivation, position of the electrode, lifestyle,
socio-economic factors, etc.[20–23] and this emphasizes the
importance of an individual approach, taking such factors
into consideration.
Another pitfall in CI indication is that criteria are often
applied rigidly. Hearing loss might be progressive (e.g.
genetic types) and, therefore, it is often not the question
if the patient will receive an implant but rather when the
patient will be implanted. Strict inclusion based on hearing
thresholds might result in postponing cochlear implantation
leading to a non-optimal result owing to auditory deprivation, while the patients’ level of social functioning remains
limited until better hearing is achieved using CIs.
To study the effect of expanding the inclusion criteria, a
retrospective cohort study is performed to analyze the effect
of pre-implantation hearing level on CI performance.
Based on pre-implantation audiometric thresholds and
speech recognition scores obtained with well-fitted conventional hearing aids, the data of a large group of CI recipients
were divided into two groups: those patients that fulfilled
conservative criteria (as applied in for example, Belgium)
and the remaining group of patients that felt outside the
conservative criterion but still inside the broadened Dutch
inclusion criterion.
For the comparisons, the speech recognition scores
(assessing the primary outcome of cochlear implantation)
and quality of life were studied, as obtained before the intervention (with the patients’ own conventional hearing aids or
BTEs) and 12 months post-implantation.

Materials and methods
The pre-implantation and 12 months post-implantation
results of adults with acquired severe/profound hearing loss,
unilaterally implanted, were analyzed. All included patients
in the database consecutively received a Nucleus CI at the
Radboudumc, Nijmegen (The Netherlands), between 2010
and 2016. To be considered for cochlear implantation, the
hearing loss had to be severe to profound and the obtained
speech recognition measured with a well-adjusted (eventually refitted) conventional BTE hearing aid-had to be less
than 70% phoneme score (which equals 44% word score).
The inclusion criteria for this retrospective analysis were
age at implantation > 17 years and postlingual onset of hearing loss. The exclusion criteria were abnormal anatomy of
the cochleovestibular system and known psychiatric diseases. This resulted in a study group of 164 adult CI recipients (71 males and 93 females). The audiological data consisted of the unaided audiometric thresholds of both ears and
aided speech recognition scores, obtained with Dutch lists
of monosyllables (NVA word lists; Nederlandse Vereniging
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van Audiologie), presented in the sound-fields at 65 dB SPL
[24].
Quality of life data were measured with the standardized
and validated Nijmegen Cochlear Implant Questionnaire,
NCIQ [25, 26]. The NCIQ is a questionnaire consisting of
six domains related to hearing loss: basic hearing perception, advanced perception, speech production and the psychosocial domains self-esteem, activity limitation en social
interactions. The questionnaires were sent by post and
returned after the questionnaire was filled in. The response
rate was 58% pre-implantation and 68% post-implantation,
which is an acceptable response rate for questionnaires [27].
In Table 1, patient characteristics are listed. Audiological
data were measured using standard audiological equipment
(using THD-39 headphones) and standard audiological procedures. The audiological equipment was calibrated according to the ISO 389 standard. Measurements were carried
out in double-walled sound-attenuated booths complied with
the ANSI 3.1. standard. For the sound-field measurements
(speech recognition testing), the loudspeaker was positioned
at 1.5 m distance in front of the patient.

Data analyses
Based on the pre-implantation audiometric thresholds and
speech recognition scores of the ear to be implanted, CI
recipients were divided into two groups: those that fulfilled
the conservative criteria at implantation (mean hearing loss
at 0.5, 1 and 2 kHz (referred to as PTA3) > 85 dB HL and
phoneme scores with hearing aids < 30%), the inside conservative criterion group (IC), and the outside conservative
criterion group (OC). The latter group comprised all CI
Table 1  Patient characteristics

users that fulfilled the broadened criteria but not the conservative criteria.

Research question
The two research questions that were studied were
1. Is the 1-year post-implantation speech recognition score
of the expanded criteria group (OC group) comparable
with the 1-year post-implantation speech recognition
score of the conservative criteria (IC) group?
2. Is the 1-year post-implantation quality of life score of the
OC group comparable with the 1-year post-implantation
quality of life score of the IC group?

Statistical analyses
The differences between the OC and IC subgroups were,
if applicable, statistically ( IBM© SPSS© Statistics for Windows, version 22) tested using the Student T test or the
Welch (t test of unequal variances). Average scores are presented as mean (± standard deviation). In addition, if there
was no normal distribution of the data, the bootstrap method
was applied.

Results
In Fig. 1, the pre-implantation hearing loss levels of
the 164 CI recipients are presented and classified. The
horizontal axis shows the pre-implantation PTA3 score
of the ear to be implanted. The vertical axis shows the
aided phoneme scores of the ear to be implanted. Each dot

Patient characteristics
Male
Female
Mean age at implantation
Audiometric characteristics
Pre-implantation hearing aid use, N (%)

71
93
62

43%
57%
SD (14)

Ear to be implanted: 55 Contralateral
(34%)
ear: 34
(21%)

Mean thresholds (dB HL) pre-implantation (SD)
PTA3 (mean threshold 0.5, 1,2 kHz)
99 (14)
PTA4 (mean threshold 0.5, 1, 2, 4 kHz)
102 (13)
Etiology
Unknown
Congenital hearing loss (incl. rhesus antagonism1, Rubella2)
Syndromal hearing loss (Crest8, Melas1, Meniere5, Usher7)
Hereditary
Acquired (meningitis1, otitis1, ototoxic medication2, meningioma2, trauma1, otosclerosis2, sudden deafness4, mumps virus1)

92 (18)
95 (17)
72
4
22
52
14
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Fig. 1  The pre-implantation
hearing loss levels of 164 CI
recipients, presented and classified according to the indication
criterion. The horizontal axis
shows the pre implantation
PTA3 score of the ear to be
implanted. The vertical axis
shows the aided phoneme
scores. Dashed lines indicate
the indication boarders

Table 2  The average 1 year post-implantation phoneme score for the
inside (IC) and outside (OC) criterion groups
Criterion

N

Mean %

SD

Phoneme scores
Inside (IC)
Outside (OC)

112
52

78a
84a

15
10

a
Significant (p = 0.001) difference between inside and outside criterion groups

represents one patient. Red dots refer to patients falling
within the IC group and green dots indicate patients that
fall within the OC group.
Question 1. Is the 1-year post-implantation speech recognition score of the IC group comparable with that of the
OC group?
As the bootstrap method showed comparable results,
the results of the t tests are reported below. The OC group
showed a higher phoneme score 1-year post-implantation
compared to the IC group (respectively, phoneme score of
84% and 78%, which equal word scores of, respectively,
67% and 56%). This difference was significant (t = − 3.29;
df = 149; p = 0.001; 95% CI 2.57; 10.33), suggesting that the
relaxed criteria have a positive influence on the speech recognition results post-implantation. Table 2 shows the mean
speech recognition scores of the two groups.
Question 2. Is the 1-year post-implantation quality of life
score of the IC group comparable with that of the OC group?
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The average changes (and standard deviation) of the
NCIQ domain scores are given in Table 3. Overall, in all
domains of the NCIQ, a significant (p < 0.05) improvement
after 1-year CI use was found.
Comparing the difference score (pre–post) between
the inside and outside group, there is a trend in which
the inside criterion groups improve a little more than the
outside group; however, this difference is only significant in the advanced perception domain (t = 2.07; df = 43;
p = 0.045; 95% CI 0.25; 19.66). This is expected since
patients that fall within IC group have a more severe hearing loss and a worse speech understanding pre-implantation and thus had more “room for improvement” with CI
than patients with better hearing pre-implantation.

Correlation between the improvement in speech
understanding and the NCIQ perception
Scores
In Fig. 2, the relation between the difference scores (12
months post–pre-implantation) of the phoneme score
and the NCIQ score of the subdomain sound perception
advanced is presented. The correlation is statistically
significant (r = 0.035, p = 0.001, two tailed), indicating a
consistency between the measured data and the patient
experiences.
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Table 3  Changes in the domain
scores of the NCIQ after
Cl. Results of the IC group are
compared to the results of the
OC group

Discussion

Benefit scores (pre–post)a
Criterion

N

Mean

SD

Sound perception basic
Inside
58
41
24
Outside 25
35
20
Speech production
Inside
58
17
21
Outside 25
14
17
Sound perception advanced
19
Inside
58
32b
21
Outside 25
22b
Self-esteem
Inside
58
21
16
Outside 25
20
17
Activity limitation
Inside
58
30
20
Outside 25
28
20
Social interaction
Inside
58
30
19
Outside 25
26
19
a

Higher scores indicate higher
benefit

b
Significant (p = 0.045) difference between inside and outside
criterion

The results described above endorse the idea that in countries that hold on to more conservative criteria for CI candidacy, expansion of CI indication is beneficial for long-term
benefit [2–4, 28, 29]. CI performance has improved and
more evidence was found for the positive effect of residual
hearing on CI outcome, strengthening the growing need
for a shift of CI indication. In this study, we observed that
patients that fall within conservative inclusion criterion (IC)
obtain a lower speech understanding score with a cochlear
implant than CI recipients that fall within the expanded criteria group (OC). This result supports the idea that timely
implantation may lead to better speech understanding with
a CI (as reported by Snel-Bongers et al. [16]). Since hearing loss might deteriorate over time, excluding patients with
severe hearing loss will imply a delay rather than an irrevocable refusal for CI. To this end, audiologists and otolaryngologists should be aware of the irreversible consequences
of poor speech perception. Poor speech perception leads to
poor communication, which has a devastating effect on an
individual’s quality of life [8].
Concerning quality of life, it was expected that patients
falling within the conservative inclusion criteria would
experience a higher benefit from cochlear implantation than
the patients with some functional residual hearing (outside
criterion group). This was indeed the case concerning the
advanced speech perception domain; however, not with
regard to speech production and the patients’ psychosocial
functioning. In these domains, the benefit was found to be
comparable.

Fig. 2  The relation between
difference scores (the 12-month
post-implantation minus the
pre-implantation scores) regarding the phoneme score (Y-axis)
and the NCIQ subdomain sound
perception advanced (X-axis)
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The speech recognition results are in line with the literature, suggesting that waiting too long before CI might
increase the risk of auditory deprivation. It remains debatable what the exact criteria should be to justify both residual
hearing on the one side and need for improved hearing on
the other side. Based on the literature [3, 7, 8, 16] and on our
clinical experience, the selection of candidates for cochlear
implantation is a multi-factorial process and thus needs a
multidisciplinary approach. The audiological criterion might
be considered as a general guideline that should be applied
more or less strict, depending on the accompanying medical,
social, and personal characteristics of an individual.
As the present study focuses on the indication criteria for
bilateral severe to profound hearing loss, the results do not
reflect indication criteria for single-sided deafness (SSD) or
asymmetric hearing loss (AHL). However, even though SSD
and AHL are not the scope of this study, the known effect
of non (or too late)-treatment of SSD or AHL [12] should
be mentioned; specifically because in most countries, SSD
and AHL remain untreated in the vast majority of patients.
In general, the level of evidence for the effect of cochlear
implantation in SSD and AHL is low; this is mainly due to
the large variation between SSD/AHL studies. To this end,
Van de Heyning et al. [30] developed, in consensus with
expert panels, a protocol for the assessment of treatment
options and outcomes in recipients with SSD and AHL,
aiming at harmonizing assessment methods across centers
and at generating a growing body of high-level evidence
for those treatment options. The authors describe literature
that provides evidence that cochlear implantation in SSD or
AHL improves speech perception in noise, sound localization, quality of life and decreases the severity and incidence
of tinnitus. Although cochlear implantation might be a treatment for (incapacitating) tinnitus, literature shows that cochlear implantation can have both a positive effect on tinnitus
(decreased complaints) and a negative effect on tinnitus (a
temporary or permanent induction of tinnitus) [31–33]. This
and other recent studies improve knowledge on (long term)
treatment of SSD/AHL and tinnitus which might be useful
to guide future CI candidates [34, 35].
A limitation of this study is the retrospective study design,
causing a risk of bias and confounding. A second limitation
is the fact that we did not systematically test the effect of
bimodal fitting, but only included the best aided condition
post-implantation, based on our focus on the actual hearing
situation of CI recipients.
Furthermore, it should be noted that in some countries,
the CI indication has recently been reconsidered (e.g. the
UK) or is not as strict as the criterion for non-aided PTA
and aided speech recognition applied in the present study.
Nevertheless, the present retrospective data substantiate
the importance of timely intervention in adults with some
residual hearing to improve their communication skills. This
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result might stimulate a critical evaluation in case of conservative CI indication.
Summarized, the data above suggest that the expansion
of indications has a long-term positive effect on the speech
recognition performance of patients with severe hearing
loss. It affects quality of life positively (owing to an earlier
change from BTE to CI). In several countries, such patients
are currently not considered for cochlear implantation. The
benefit relates to communication skills and the subjective
day-to-day functioning in society.
Acknowledgements We thank Ingeborg Sanders for her help in collecting data, Rogier Donders for statistical advice and Brian Lamb for
reading the first draft of the manuscript and provide us with information about current status of CI indication in the UK.
Funding The analysis of collected data for this study was supported by
a Grant from Cochlear Benelux and by the European Union Horizon
2020 program ERC Advanced Grant’Orient’, Nr. 693400 (AFMS). Our
institute; the Department of Otorhinolaryngology-Head and Neck Surgery of the Radboudumc in The Netherlands, received an ongoing institutional Grant from Cochlear Corp. and Advanced Bionics Corp, and
a institutional Grant in the past from Oticon Corp. and Med-el Corp.

Compliance with ethical standards
Conflict of interest None of the authors have a personal conflict of interest to declare.
Ethical approval All procedures performed in this study involving
human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Because of the retrospective study design, formal consent was
not required. The study was approved by the Ethics Commission at the
Radboud university medical center Nijmegen, The Netherlands. METC
CMO Regio Arnhem-Nijmegen (Reg.nr. 2O14-1437) d.d.29/1/2015.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
1. Lenarz T (2017) Cochlear implant—state of the art. Laryngorhinootologie 96(S 01):S123–S151. https  : //doi.
org/10.1055/s-0043-101812
2. Gifford RH, Dorman MF, Shallop JK, Sydlowski SA (2010) Evidence for the expansion of adult cochlear implant candidacy. Ear
Hear 31(2):186–194. https://doi.org/10.1097/AUD.0b013e3181
c6b831
3. Govaerts PJ (2016) Expert opinion: time to ban formal CI selection criteria? Cochlear Implants Int 17 Suppl 1:74–77. https://doi.
org/10.1080/14670100.2016.1157309

European Archives of Oto-Rhino-Laryngology
4. Holder JT, Reynolds SM, Sunderhaus LW, Gifford RH (2018)
Current profile of adults presenting for preoperative cochlear
implant evaluation. Trends Hear 22:2331216518755288. https://
doi.org/10.1177/2331216518755288
5. Lamb B, Archbold S, O’Neill C (2018) Spend2Save: investing in
hearing technology improves lives and saves society money. Ear
Foundation, Nottingham
6. Leigh JR, Moran M, Hollow R, Dowell RC (2016) Evidence-based
guidelines for recommending cochlear implantation for postlingually deafened adults. Int J Audiol 55(Suppl 2):S3–S8. https://
doi.org/10.3109/14992027.2016.1146415
7. Chundu S, Flynn SL (2014) Audiogram and cochlear implant candidacy—UK perspective. Cochlear Implants Int 15(4):241–244.
https://doi.org/10.1179/1754762813Y.0000000052
8. Luntz M, Khuri M, Khayr R, Gedaon Khuri W, Yehudai N,
Shpak T (2019) Cochlear implantation outcome in straightforward cases: can we do more for adults who cannot understand
speech using hearing aids alone? Acta Otolaryngol. https://doi.
org/10.1080/00016489.2018.1516298
9. Friedland DR, Venick HS, Niparko JK (2003) Choice of ear for
cochlear implantation: the effect of history and residual hearing on predicted postoperative performance. Otol Neurotol
24(4):582–589
10. Gomaa NA, Rubinstein JT, Lowder MW, Tyler RS, Gantz BJ
(2003) Residual speech perception and cochlear implant performance in postlingually deafened adults. Ear Hear 24(6):539–544.
https://doi.org/10.1097/01.AUD.0000100208.26628.2D
11. Francis HW, Yeagle JD, Brightwell T, Venick H (2004) Central
effects of residual hearing: implications for choice of ear for cochlear implantation. Laryngoscope 114(10):1747–1752. https://doi.
org/10.1097/00005537-200410000-00013
12. Cohen SM, Svirsky MA (2019) Duration of unilateral auditory
deprivation is associated with reduced speech perception after
cochlear implantation: a single-sided deafness study. Cochlear Implants Int 20(2):51–56. https://doi.org/10.1080/14670
100.2018.1550469
13. Gifford RH, Dorman MF, Skarzynski H, Lorens A, Polak M,
Driscoll CL, Roland P, Buchman CA (2013) Cochlear implantation with hearing preservation yields significant benefit for
speech recognition in complex listening environments. Ear Hear
34(4):413–425. https: //doi.org/10.1097/AUD.0b013e 31827 e8163
14. Vickers D, Summerfield Q, Lovett R (2015) Candidacy criteria
for paediatric bilateral cochlear implantation in the United Kingdom. Cochlear Implants Int 16(Suppl 1):S48–S49. https://doi.
org/10.1179/1467010014Z.000000000235
15. van Dijkhuizen JN, Boermans PP, Briaire JJ, Frijns JH (2016)
Intelligibility of the patient’s speech predicts the likelihood of
cochlear implant success in prelingually deaf adults. Ear Hear
37(5):e302–e310. https: //doi.org/10.1097/AUD.000000 0000
000286
16. Snel-Bongers J, Netten AP, Boermans PBM, Rotteveel LJC, Briaire JJ, Frijns JHM (2018) Evidence-based inclusion criteria for
cochlear implantation in patients with postlingual deafness. Ear
Hear. https://doi.org/10.1097/AUD.0000000000000568
17. BCIG (2018) World-wide candidacy criteria. https://www.bcig.
org.uk/wp-conte  n t/uploa  d s/2016/04/World  w ide-Candi  d acySummary-Web-Version-1.0.pdf
18. Skarzynski H, Lorens A, Dziendziel B, Skarzynski PH (2015)
Expanding pediatric cochlear implant candidacy: a case study of
electro-natural stimulation (ENS) in partial deafness treatment.
Int J Pediatr Otorhinolaryngol 79(11):1896–1900. https://doi.
org/10.1016/j.ijporl.2015.08.040
19. Gifford RH, Dorman MF, Brown C, Spahr AJ (2012) Hearing,
psychophysics, and cochlear implantation: experiences of older
individuals with mild sloping to profound sensory hearing loss. J
Hear Sci 2(4):9–17

20. Blamey P, Artieres F, Baskent D, Bergeron F, Beynon A, Burke
E, Dillier N, Dowell R, Fraysse B, Gallego S, Govaerts PJ, Green
K, Huber AM, Kleine-Punte A, Maat B, Marx M, Mawman D,
Mosnier I, O’Connor AF, O’Leary S, Rousset A, Schauwers K,
Skarzynski H, Skarzynski PH, Sterkers O, Terranti A, Truy E,
Van de Heyning P, Venail F, Vincent C, Lazard DS (2013) Factors
affecting auditory performance of postlinguistically deaf adults
using cochlear implants: an update with 2251 patients. Audiol
Neurootol 18(1):36–47. https://doi.org/10.1159/000343189
21. Lazard DS, Vincent C, Venail F, Van de Heyning P, Truy E,
Sterkers O, Skarzynski PH, Skarzynski H, Schauwers K,
O’Leary S, Mawman D, Maat B, Kleine-Punte A, Huber AM,
Green K, Govaerts PJ, Fraysse B, Dowell R, Dillier N, Burke E,
Beynon A, Bergeron F, Baskent D, Artieres F, Blamey PJ (2012)
Pre-, per- and postoperative factors affecting performance of
postlinguistically deaf adults using cochlear implants: a new
conceptual model over time. PLoS One. https://doi.org/10.1371/
journal.pone.0048739
22. Lazard DS, Lee HJ, Truy E, Giraud AL (2013) Bilateral reorganization of posterior temporal cortices in post-lingual deafness and its relation to cochlear implant outcome. Hum Brain
Mapp 34(5):1208–1219. https://doi.org/10.1002/hbm.21504
23. Kitterick PT, Lucas L (2016) Predicting speech perception
outcomes following cochlear implantation in adults with unilateral deafness or highly asymmetric hearing loss. Cochlear
Implants Int 17 Suppl 1:51–54. https://doi.org/10.1080/14670
100.2016.1155806
24. Bosman AJ (1989) Speech perception by the hearing impaired.
University of Utrecht, Utrecht
25. Hinderink JB, Krabbe PFM, Van den Broek P (2000) Development and application of a health-related quality-of-life instrument for adults with cochlear implants: the Nijmegen Cochlear
Implant Questionnaire. Otolaryng Head Neck 123(6):756–765.
doi:https://doi.org/10.1067/mhn.2000.108203
26. Damen GW, Pennings RJ, Snik AF, Mylanus EA (2006) Quality of life and cochlear implantation in Usher syndrome type
I. Laryngoscope 116(5):723–728. https://doi.org/10.1097/01.
mlg.0000205128.86063.17
27. Sitzia J, Wood N (1998) Response rate in patient satisfaction
research: an analysis of 210 published studies. Int J Qual Health
Care 10(4):311–317
28. Vickers D, Kitterick P, Verschuur C, Leal C, Jenkinson L,
Vickers F, Graham J (2016) Issues in cochlear implant candidacy. Cochlear Implants Int 17(Suppl 1):1–2. https: //doi.
org/10.1080/14670100.2016.1163104
29. Sladen DP, Gifford RH, Haynes D, Kelsall D, Benson A, Lewis
K, Zwolan T, Fu QJ, Gantz B, Gilden J, Westerberg B, Gustin
C, O’Neil L, Driscoll CL (2017) Evaluation of a revised indication for determining adult cochlear implant candidacy. Laryngoscope 127(10):2368–2374. https://doi.org/10.1002/lary.26513
30. Van de Heyning P, Tavora-Vieira D, Mertens G, Van Rompaey
V, Rajan GP, Muller J, Hempel JM, Leander D, Polterauer D,
Marx M, Usami SI, Kitoh R, Miyagawa M, Moteki H, Smilsky
K, Baumgartner WD, Keintzel TG, Sprinzl GM, Wolf-Magele
A, Arndt S, Wesarg T, Zirn S, Baumann U, Weissgerber T,
Rader T, Hagen R, Kurz A, Rak K, Stokroos R, George E, Polo
R, Medina MDM, Henkin Y, Hilly O, Ulanovski D, Rajeswaran
R, Kameswaran M, Di Gregorio MF, Zernotti ME (2016)
Towards a unified testing framework for single-sided deafness
studies: a consensus paper. Audiol Neurootol 21(6):391–398.
https://doi.org/10.1159/000455058
31. Ramakers GG, van Zon A, Stegeman I, Grolman W (2015)
The effect of cochlear implantation on tinnitus in patients
with bilateral hearing loss: a systematic review. Laryngoscope
125(11):2584–2592. https://doi.org/10.1002/lary.25370

13

European Archives of Oto-Rhino-Laryngology
32. van Zon A, Smulders YE, Ramakers GG, Stegeman I, Smit
AL, Van Zanten GA, Stokroos RJ, Hendrice N, Free RH, Maat
B, Frijns JH, Mylanus EA, Huinck WJ, Topsakal V, Tange
RA, Grolman W (2016) Effect of unilateral and simultaneous bilateral cochlear implantation on tinnitus: a prospective
study. Laryngoscope 126(4):956–961. https://doi.org/10.1002/
lary.25493
33. Ramakers GGJ, Kraaijenga VJC, Smulders YE, van Zon A, Stegeman I, Stokroos RJ, Free RH, Frijns JHM, Huinck WJ, Van Zanten
GA, Grolman W (2017) Tinnitus after simultaneous and sequential bilateral cochlear implantation. Front Surg 4:65. https://doi.
org/10.3389/fsurg.2017.00065
34. Mertens G, De Bodt M, Van de Heyning P (2017) Evaluation of
long-term cochlear implant use in subjects with acquired unilateral

13

profound hearing loss: focus on binaural auditory outcomes. Ear
Hear 38(1):117–125. https://doi.org/10.1097/AUD.0000000000
000359
35. Finke M, Bonitz H, Lyxell B, Illg A (2017) Cochlear implant effectiveness in postlingual single-sided deaf individuals: what’s the
point? Int J Audiol 56(6):417–423. https://doi.org/10.1080/14992
027.2017.1296595
Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

