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KEYWORDS Abstract

Audiological; Introduction: The preservation of residual hearing is becoming increasingly important in
Cochlear implant; cochlear implant surgery. Conserving residual hearing is a positive prognostic indicator for
Preservation; improved hearing abilities.

Hearing; Objective: The primary aim of the study was to explore the preservation of residual hearing
Surgical technique following cochlear implantation in a group of recipients at two major cochlear implant centers.

Methods: A quantitative paradigm was adopted and exploratory research conducted within a
retrospective data review design. The sample consisted of 50 surgical records and 53 audio-
logical records from 60 observations (53 patients, seven of whom were implanted bilaterally).
The records were selected using purposive sampling and consisted of records from participants
ranging from six to 59 years of age. The average time of when the postoperative audiograms
were performed in the current study was 24.7 months (s.d. = +9.0). Data were analyzed through
both qualitative and inferential statistics and a comparative analysis of unaided pre- and post-
operative audiological test results was conducted.

Results: Results indicated a high success rate of 92% preservation of residual hearing with
half of the sample exhibiting complete preservation in cochlear implant recipients across all
frequencies postoperatively. A total postoperative hearing loss was found in only 8% of cochlear
implantees across all frequencies. There was no relationship between preoperative hearing
thresholds and preservation of hearing postoperatively. The two main surgical techniques used
in the current study were the contour on stylet and the advance off-stylet techniques, with the
majority of surgeons utilizing a cochleostomy approach. From the findings, it became apparent
that the majority of cases did not have any reported intraoperative complications. This is a
positive prognostic indicator for the preservation of residual hearing.
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Técnica cirlrgica

Introduction

Conclusion: Findings suggest improved cochlear implant surgical outcomes when compared to
previous studies implying progress in surgical techniques. The surgical skill and experience of the
surgeon are evidenced by the minimal intraoperative complications and the high success rate
of hearing preservation. This is a positive prognostic indicator for individuals with preoperative
residual hearing as the preserved residual hearing allows for the potential of electro-acoustic
stimulation, which in turn has its own hearing benefits.

© 2018 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published
by Elsevier Editora Ltda. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Preservacao da audicao residual apos cirurgia de implante coclear: avaliacdo da
funcdo auditiva residual em um grupo de receptores em unidades de implante coclear

Resumo

Introdugdo: A preservacao da audicao residual tem se tornado cada vez mais importante na
cirurgia de implante coclear. Conservar a audicao residual € um indicador progndstico positivo
para melhorar as habilidades auditivas.

Objetivo: Avaliar a preservacao da audicdo residual pos-implante coclear em um grupo de
pacientes de dois grandes centros de implantes cocleares.

Método: Foram adotados um paradigma quantitativo e uma pesquisa exploratoria em um pro-
jeto retrospectivo de revisdo de dados. A amostra consistiu de 50 registros cirdrgicos e 53
registros audiologicos de 60 observacdes (53 pacientes, sete dos quais foram implantados
bilateralmente). Os registros foram selecionados com amostragem proposital e consistiram
em registros de participantes de seis a 59 anos. Neste estudo, o tempo médio para audio-
gramas no pos-operatorio foi de 24,7 meses (dp = + 9,0). Os dados foram analisados através
de estatisticas qualitativas e inferenciais, foi feita uma analise comparativa de resultados de
testes audiologicos pré e pos-operatorios, sem auxilio de aparelho auditivo.

Resultados: Os resultados indicaram uma alta taxa de sucesso, de 92%, de preservacao da
audicao residual, metade da amostra dos implantados exibia preservacao completa em todas
as frequéncias no pos-operatorio. Perda auditiva total em todas as frequéncias no pos-
operatorio foi observada em apenas 8% dos implantes cocleares. Nao houve relacao entre
limiares auditivos pré-operatorios e preservacdo auditiva no pds-operatorio. As duas prin-
cipais técnicas cirtrgicas usadas no presente estudo foram contour on stylet e a técnica
advance off-stylet e a maioria dos cirurgides usou uma abordagem por cocleostomia. A par-
tir dos achados, tornou-se evidente que a maioria dos casos nao apresentou complicacao
intraoperatoria. Esse € um indicador prognostico positivo para a preservacao da audicao
residual.

Conclusao: Os achados sugerem melhoria dos resultados cirGrgicos do implante coclear quando
comparados com estudos prévios, sugerem um progresso nas técnicas cirrgicas. A habilidade
cirtrgica e a experiéncia do cirurgido sao evidenciadas pelas complicacdes intraoperatorias
minimas e pela alta taxa de sucesso de preservacao auditiva. Esse é um indicador prognostico
positivo para individuos com audicao residual pré-operatdria, uma vez que a audicao resid-
ual preservada possibilita o potencial de estimulacado eletroacustica (EAS - do inglés Electric
Acoustic Stimulation), que, por sua vez, tem beneficios auditivos proprios.

© 2018 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Publicado
por Elsevier Editora Ltda. Este & um artigo Open Access sob uma licenca CC BY (http://
creativecommons.org/licenses/by/4.0/).

levels of residual low frequency hearing who were not pre-
viously considered for conventional cochlear implantation.'

Cochlear implants have revolutionized the manner in
which rehabilitation of patients with severe to profound
hearing impairment in restoring speech understanding is
approached.” Success in conservation of residual hearing
after cochlear implantation has benefited patients with high

Verhaegen et al.? have discussed how the advent of
cochlear implantation has enabled individuals with bilateral
profound sensori-neural hearing impairment (who obtain
minimal or no benefit from hearing aids) to be effectively
rehabilitated. Gstoettner et al.® have observed that over
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the last two decades, cochlear implants have become the
standard mode of intervention for individuals with profound
sensori-neural hearing loss. In their study in 2009, Lenarz
et al.” held that cochlear implantation is the *‘current treat-
ment of choice in patients with profound sensori-neural
hearing loss’’ (p. 22).

In the past, only profoundly hearing-impaired individu-
als with no residual hearing were implanted,? with those
with residual hearing in low frequencies excluded due to the
intraoperative risks resulting in loss of residual hearing.*?>
Within the last decade, the inclusion criteria for recipi-
ents have, however, been expanded to include individuals
with some residual hearing.>® This expansion in inclu-
sion criteria has been due to technological advancements,®
improvements in surgical techniques®* and less traumatic
electrode array insertion.” Improved outcomes have allowed
these patients to experience better performance post-
surgery, with cochlear implants becoming the main form
of management for severe to profound bilateral hearing
loss.>7:®

A review of earlier literature on traditional measures to
ensure hearing preservation makes comparisons of studies
complex, and indicates that caution should be taken when
comparing findings as is the case with the current study
where retrospective record reviews were conducted with-
out any active manipulation of variables. As early as 1997
it was reported in a study conducted by Hodges et al.’ that
there was preservation of residual hearing in about 50% of
implantees. However, early reports in the literature on the
efficacy of cochlear implantation indicated that there were
significant decreases in residual hearing following surgery,
with most implantees losing their residual hearing following
implantation.® As a result, only profoundly hearing-impaired
individuals were implanted.®'° Adunka et al."" reported on
the majority of cochlear implant recipients in their study
retaining their residual hearing postoperatively. However,
90% achieved only partial preservation, leading them to con-
clude that additional effort is required to enhance surgical
protocols with the goal to achieve total hearing preservation
in all cases.

Several authors?” 2" have argued for the importance
of hearing preservation with cochlear implantation. Verhae-
gen et al.? and Kiefer et al.” argue that residual hearing
is a good prognostic indicator for successful performance
with cochlear implants. These authors have demonstrated
that residual hearing following cochlear implant surgery
allowed for long-lasting and stable performance related to
speech understanding, as well as improved speech percep-
tion.

Preserved hearing has also become beneficial in one
of the most significant advances, which is the introduc-
tion of bimodal Electric-Acoustic Stimulation (EAS). EAS
involves the preserved low frequencies being amplified by
means of acoustic stimulation in the form of hearing aids,
while the high-frequency hearing loss is being addressed
with electrical stimulation in the same ear by means of a
cochlear implant.? This is used for implantees whose low to
mid-frequency residual hearing has been preserved postop-
eratively and has considerable benefits for hearing, hence
the importance of studies such as the current one which
aimed to explore the preservation of residual hearing func-
tion in a group of cochlear implant recipients.

The following were the research objectives

The primary objective of the study was to explore the
preservation of residual hearing function in a group of
cochlear implant recipients by:

Describing and performing a comparative analysis of hear-
ing function before and after cochlear implant surgery.
Determining to what extent residual hearing had been pre-
served or lost.

Establishing whether a relationship exists between the
hearing findings and the surgical technique employed, as
well as the incidence of intraoperative complications.

Methods

Research design

Within a quantitative paradigm, a retrospective data
review design was adopted.' The researcher retrospectively
examined existing surgical records as well as pre- and post-
operative unaided audiological testing results to determine
whether residual hearing had been preserved. Due to the
retrospective nature of the study, no manipulation of any
variables was employed to influence the postoperative out-
comes, and this included the type of surgical technique
employed.

Participant selection

Sampling strategy
Purposive sampling technique was used to recruit partici-
pants’ files."

Participant description

The records of participants included audiological testing
data and surgical records from cochlear implantees with pre-
operative residual hearing. Participants consisted of male
and female, unilateral and bilateral cochlear implant recip-
ients from two cochlear implant units. The children had to
be at least 6 years old (to increase reliability of pure tone
test findings) at preoperative hearing testing and the adults
not more than 59 years old (to minimize the influence of
presbycusis) at postoperative testing. The average time of
when the postoperative audiograms included in the current
study were performed was 24.7 months (s.d. =+9.0).

A pre-requisite of this study was that the participants had
to have some preoperative residual hearing at any or all of
the following frequencies: 125Hz, 250Hz, 500Hz, 750Hz,
1000Hz, 1500Hz, 2000 Hz, 3000Hz, 4000Hz, 6000Hz and
8000 Hz.

Participant sample size

The sample comprised 50 surgical records and 53 audiologi-
cal participant records. Although there were 53 audiological
participant files, seven of these individuals were bilaterally
implanted, yielding a total sample size of 60 ear observa-
tions.
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Selection criteria

Participant inclusion criteria
The following are factors considered in the inclusion crite-
ria:

Cochlear implants: The participants must have been fit-
ted with a cochlear implant unilaterally or bilaterally
at least one month prior to postoperative pure-tone
testing.

Hearing status: The participants were required to have had
a moderate sloping to profound, a severe to profound or a
profound sensorineural hearing loss (that is, some residual
hearing at any of the frequencies - not a corner audiogram)
in both ears and must have had some degree of benefit,
even if only minimal, from hearing aids.

Speech discrimination: Due to the fact that the partici-
pants underwent cochlear implantation, it was assumed
that preoperatively, the participants scored <50% for sen-
tence recognition in the ear to be implanted and <60% in
the non-implanted or contralateral ear or bilaterally for
speech discrimination, as this is a criterion for cochlear
implantation.'

Auditory nerve functioning: Given the fact that the parti-
cipants had cochlear implants, the researcher could make
the assumption that the participants’ auditory nerve fibers
were intact so that they could receive electrical stimuli
inside the cochlea.’®

Medical condition: It was assumed that the participants’
medical conditions and inner ear structures met the
requirements for implantation, as these are criteria for
candidacy.'®

Age: One of the inclusion criteria was that the partici-
pants’ ages had to range between 6 and 59 years to ensure
reliability of results and to exclude presbycusis loss.

Data collection

Audiological data review

The following data was collected from each par-
ticipant file: cochlear implant unit (Unit A/Unit B);
left/right ear; Bilateral/unilateral implant; time (months)
between last preoperative hearing test and surgery and
time (months) between surgery and first postoperative
hearing test.

The hearing thresholds (in dB) of the pure-tone
air-conduction testing conducted preoperatively and post-
operatively at the following frequencies: 125Hz, 250Hz,
500 Hz, 750 Hz, 1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz, 4000 Hz,
6000 Hz and 8000 Hz.

The change: the post-pre difference between the hear-
ing thresholds (in dB) of the pure-tone testing results, at
the above frequencies where these frequencies could be
measured.

The researcher collected additional data, which included
the following: age, gender, etiology, duration of hearing
loss prior to implantation (in years), implant type, implant
manufacturer, electrode type, electrode array insertion,
electrode array depth.

Surgical technique and Intraoperative complications

The types of cochlear implants, electrode array type, inser-
tion depth and surgical technique used are summarized in
Table 1.

Cochlear implant type
Fifty percent of implantees were given the CI24RE implant
and 25% the CI512.

The category ‘‘Other’’ (17%) included inter alia the
cochlear implant type - Nucleus CI24R with Contour Advance
electrode (n=5).

Electrode array type
A large majority of the participants (83%) had the contour
advance electrode array implanted.

Electrode array insertion depth

A total of 94% of the participants underwent complete inser-
tion of the electrode array. Very few patients (a mean of 2%)
underwent partial insertion of the electrode array.

Surgical techniques

The two main surgical techniques used in the current study
were the contour on stylet and the AOS (advance off-stylet)
technique with the AOS technique being the most used
(67%).

The surgical technique used did not have a negative
effect on the postoperative hearing threshold levels. The use
of the AOS or contour on stylet or **Other’’ technique did not
change the postoperative outcome in terms of preservation
of residual hearing.

Table 1 Implant type, electrode type, insertion depth and
surgical technique.

Implant type

NF - CI24RE 50%
CN - CI 512 25%
Other 17%
Missing 8%
Electrode type
Contour advanced 83%
Other 8%
Missing 8%
Insertion depth
Complete 93%
Partial 2%
Missing 5%
Surgical technique
Contour on stylet 8%
AOS (advance off-stylet) 67%
Other 20%
Missing 5%

n=60; number of participants, 53.

Note: NF-CI24RE, Nucleus Freedom cochlear implant with
Contour Advance or Straight electrodes; CN-ClI 512, Cochlear
Nucleus 5 cochlear implant.
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The majority of surgeons utilized a cochleostomy
approach, with the exception of four cases where the round
window approach was used.

Data analysis

The researcher chose to adopt James et al.’s "7 approach
whereby an artificial value is used to represent the total
loss of residual hearing. James et al.'” suggested that this
could occur at the maximum output of the audiometer.

The researcher chose to assign an artificial or numer-
ical value to represent the total loss of residual hearing
at the maximum output of the audiometer plus 5dB. The
researcher also elected to represent the maximum output
of the audiometer as 120dB.

In calculating the preoperative and postoperative hearing
threshold levels, when the hearing threshold level was ‘‘no
response’’ (NR), the researcher assigned a value of 125dB
to NR. This value of 125dB was assigned to replace NR in
order to determine the residual hearing or lack thereof pre-
or postoperatively.

Statistical procedures

Data analysis was carried out in STATISTICA (version 10).
The results were analyzed using descriptive and inferen-
tial statistics. ' For inferential statistics, the 95% confidence
level was used throughout, unless otherwise specified.

Reliability and validity

To minimize participant variables from impacting on the
reliability and validity of results, the researcher excluded
any records where participants were reported to have
been ‘‘unreliable’’ during testing or where there was
**questionable reliability’’. Further, as in Kiefer et al.’s’
study, any ‘‘vibrotactile’’ responses reported by the par-
ticipants were excluded from calculations. The researcher
worked on the assumption that the audiologists would have
reported any unreliable responses, and would have adhered
to best practice in terms of test protocols, sound proofing,
as well as equipment calibration.

Ethical considerations

Prior to the commencement of the study, the researcher
obtained ethical clearance from the University’s Human
Research Ethics Committee (Medical) (Protocol n° M111037).
Thereafter, the researcher obtained permission from all the
relevant authorities. Furthermore, the work adhered to the
Helsinki Declaration of 1975, as revised in 2008.

Results and discussion
Demographic profile

Table 2 represents the demographic profile of the sample in
the current study.

As depicted in Table 2, a total of 60 observations
formed the basis of the current study. The majority of the

Table 2 Demographic profile of observations (n=60).

Variable Overall
Number of participants 53
Number of bilateral implants 7

Ears (% of total ears) 60

Ears (% of L ears) 40%

Age at surgery (mean =+ 95% 30.8+3.6
Confidence Interval)

Gender: % male 36%

participants (64%) were female, with the mean age being
30.8 yrs. Seven participants were implanted bilaterally.
The sample size of the current study is believed to be
adequate and had a greater number of observations than
some other studies reported in the literature. Gstoettner
et al.,? for instance, conducted a highly successful clinical
trial using the Med-El Flex EAS array, wherein the residual
hearing of all the recipients was preserved postoperatively,
with a sample size of nine recipients, limiting the general-
ization potential of their study. Lenarz et al.” conducted a
clinical trial with 24 participants (and 32 observations).

Hearing function before surgery (PRE)

Data could only be recorded for 11 participants at 125Hz.
This is an important finding which requires attention by the
audiology community within this context as Franks et al.'
assert that criteria for testing protocol must include 125Hz
for clinical testing. Furthermore, there was limited data for
all inter-octaves. This was thought possibly to be due to
the fact that according to Franks et al.,'® when conducting
hearing testing for clinical purposes, half-octaves are only
‘‘sometimes’’ tested.

Fig. 1 depicts the preoperative hearing threshold levels
at individual frequencies from 125 Hz to 8000 Hz for all the
participants. Results indicated that preoperatively, partici-
pants in the overall sample presented with some degree
of low frequency residual hearing with poorer hearing in
the high frequencies. As the frequencies increased from
125Hz to 8000Hz, so the hearing loss increased. A Gen-
eral Linear Model (GLM) was used to confirm this audiogram
configuration which showed more residual hearing in the low
frequencies preoperatively. This was expected and can be
explained by the tonotopicity of the cochlea, where high
frequencies are more susceptible to damage than lower
frequencies.”” The degree of the hearing loss pre-implant
was generally in the severe to profound range as depicted
in Fig. 1.

Hearing function after surgery (POST)

As seen in Fig. 2, the results obtained indicated a high
frequency loss postoperatively, with some preservation of
the low frequencies and slight preservation of the mid-
frequencies. At 8000 Hz there was a total loss of hearing,
while at 250, Hz the hearing threshold level was 95dB.
Although the results indicated some preservation of low fre-
quency and mid frequency hearing (the latter to a lesser
degree), it was clear from the results that there was some
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loss in residual hearing indicated by hearing threshold levels
dropping from before surgery to after surgery.

Change in hearing function

Overall, as depicted in Fig. 3, there was a mean loss in resid-
ual hearing, particularly in the high frequencies. There was
also a loss in the low and mid frequencies, but to a lesser
degree than the high frequencies.

The change in residual hearing indicated by loss of hear-
ing, which was less in the mid and low frequencies, is
clinically significant. This preservation of hearing in the low
and mid frequencies assists with speech perception in noise
and allows for the consideration of EAS - acoustic amplifica-
tion with a hearing aid and a cochlear implant for the high
frequencies.

It was expected that there would be a decrease in hearing
threshold levels in the high frequencies due to the place-
ment and the insertion of the electrode in the cochlea and
due to the tonotopicity of the cochlea. Additionally, the high

~@— Overall (mean)

—&— Overall (median)

1500 Hz
2000 Hz
3000 Hz
4000 Hz
6000 Hz
8000 Hz

Preoperative hearing threshold level(s) overall (PRE HTL overall).

~@®—Overall (mean)
—E&—Overall (median)

1500 Hz
2000 Hz
3000 Hz
4000 Hz
6000 Hz
8000 Hz

Postoperative hearing threshold levels overall (POST HTL overall).

frequencies are more susceptible to damage, given their
placement in the cochlea, as found in the current study.

The preoperative and the postoperative hearing thresh-
old levels were plotted on the same graph in order to better
depict the change in residual hearing on unity lines as illus-
trated in Figs. 4 and 5. The majority of cases lay above the
unity line. This is indicative of hearing loss having taken
place.

Hearing preservation

Classification of change in hearing function

The change in hearing function from preoperative to post-
operative hearing threshold levels was classified for each
participant according to the scheme which is in line with
that by Gstoettner et al.® and Balkany et al.® Additionally,
the researcher chose to include all frequencies in this study
so as to obtain more detailed information with regard to the
change in residual hearing.
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Figure 5 Pre- and postoperative hearing threshold levels at
500 Hz (PRE-POST HLT 500 Hz overall).

Three different combinations of frequencies were used as
inputs for the above classification: Gstoettner et al.>: Aver-
age of 125-750Hz; Balkany et al.’: Average of 250, 500 and
1000 Hz; All: Average across all frequencies.

The change in hearing function, according to the three
classifications is provided in Table 3.

From Table 3, it is evident that the vast majority of
the recipients preserved their hearing either partially or
completely. There was no significant difference between

1500 Hz
2000 Hz
3000 Hz
4000 Hz
6000 Hz
8000 Hz

Change in hearing threshold level(s) overall (CH HTL overall).

the three classifications used. If one adopted the Balkany
et al.’ classification, overall, 92% of the implantees experi-
enced hearing preservation postoperatively - either partial
or complete hearing preservation. When analyzed further,
as depicted in Fig. 6, 50% experienced complete hearing
preservation (0-10dB change in hearing threshold levels)
and 42% partial hearing preservation (>10dB change in
hearing thresholds). A small minority (8%) of the cochlear
implantees experienced a total loss of residual hearing
postoperatively as evidenced by absent responses at all fre-
quencies postoperatively.

In summary, current findings indicate that the vast major-
ity of the cochlear implantees experienced preservation of
residual hearing - either partial or complete hearing preser-
vation. These are positive findings that have implications
for both clinical and surgical management of patients with
cochlear implants.

Intraoperative complications

As depicted in Table 4, the main categories for intraop-
erative complications included adhesions (3%), drill out of
basal turn (3%), Gusher (5%), and trauma (10%). A signifi-
cant majority (68%) of case files indicated that there were
no complications.

Hodges et al.’s’ study demonstrated that hearing was
only preserved in 50% of implantees. In Di Nardo et al.’s?
study the majority of implantees retained their residual
hearing. However, despite an atraumatic surgical approach
being used, 22% experienced a total loss of hearing following
surgery.

Balkany et al.> reports on findings from the 1980s which
indicated preservation of pure-tone threshold levels in
approximately 33% of implantees postoperatively. In the
1990s conservation of residual hearing was seen in approx-
imately half their patients post-surgery; with this figure
increasing to a preservation rate of 89% postoperatively in
2006 using the Nucleus Freedom Contour Advance electrode
and the advance off-stylet technique. Findings in the cur-
rent study show a preservation rate of 92%, which implies
a more successful hearing conservation outcome overall
than in most previous studies. Furthermore, findings in the
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Table 3  Gstoettner et al.,> Balkany et al.”> and Researcher’s classifications.

Classifications Gsteottner et al. classification

Balkany et al. classification Researcher classification

Hearing 53
preserved 90%
Complete 23
preservation 39%
Partial 30
preservation 51%
Complete 6
loss 10%
Totals 59

55 55
92% 92%
24 30
40% 50%
31 25
52% 42%
5 5
8% 8%
60 60

Hearing Preservation

8%

o
-

Complete Hearing
Preservation

m Partial Hearing
Preservation

® Complete Loss

Figure 6 Percentage of hearing preservation in current sam-
ple (n=60).
Table 4 Surgical complications in the current sample.

Intra-operative complications

Adhesions 3%
Drill out of basal turn 3%
Gusher 5%
Trauma 10%
Other 3%
None reported 68%
Missing 7%

n=60; number of participants, 53.

current study showed a higher rate of partial and complete
hearing preservation according to the similar classification
- that is, 50% and 42% for complete and partial preservation
respectively. This improvement over the last decades can
be attributed to a combination of advancements in surgical
techniques and cochlear implant technology.’

Verhaegen et al.? observed retention of residual hear-
ing postoperatively in 70% of implantees in their study after
utilizing a soft surgery technique with the Nucleus Contour
electrode. Although these findings indicate an improvement
over earlier studies, the successful overall preservation rate
of 92% found in the current study was considerably higher.

The relationship between the postoperative hearing find-
ings and degree of preoperative hearing loss was also
explored in the current study. There was no significant
correlation between the preoperative hearing threshold lev-
els and the preservation of postoperative residual hearing
(p=0.174). The degree of preoperative hearing loss did
not determine the outcome of the postoperative hearing

threshold levels. These findings are consistent with those
by Cosetti et al.2® who found that there was no significant
relationship between the low-frequency pure-tone-average
and the postoperative hearing findings. These findings are,
however, different to those of Balkany et al.> where a rela-
tionship between the degree of preoperative hearing loss
and the hearing findings post operatively was found. In their
study, patients who had a greater degree of preoperative
hearing loss tended to experience a complete loss of residual
hearing postoperatively.

Current findings showed commonalities with those of
Roland et al.?' with regard to the surgical techniques, elec-
trode insertion and the electrode arrays used. In the study
of Roland et al.?' they examined the use of Contour Advance
electrodes with the AOS technique. Atraumatic insertion
was achieved by precise perimodiolar positioning in the
scala tympani, thereby affording protection to intracochlear
structures.?’ This is consistent with current findings where
the majority of surgeons utilized the AOS technique with
results showing successful preservation of residual hearing
in majority of cases.

The positive findings in the current study have demon-
strated that cochleostomy approach has achieved success in
preserving residual hearing postoperatively. Mangus et al.??
asserts that the round window approach has advantages for
the conservation of residual hearing over the cochleostomy
approach, which may result in intracochlear trauma. Briggs
et al.2® observed in their study that both approaches suc-
cessfully avoided trauma to the cochlea during surgery, thus
conserving postoperative residual hearing.

In their study, Derinsu at al.?* evaluated the round win-
dow approach and found that complete preservation of
residual hearing was achieved in 35.48% of patients. Using
the cochleostomy approach in the majority of cases, the
current study found a more positive outcome than Derinsu
et al.’s?* study, with complete preservation achieved in 50%
of patients.

The majority of cases in the current study did not have
any reported intraoperative complications. This is a positive
prognostic indicator for the preservation of residual hearing.
Intraoperative complications could result in intracochlear
damage, which in turn may lead to loss of residual hear-
ing, thereby affecting the preservation of residual hearing.
According to Clark et al. (1988) and Balkany et al. (1999)
(as cited in Di Nardo et al.?), surgical complications affect
anatomical structures following implantation. Kiefer et al.’
have cautioned that damage to the cochlea could be a result
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of acoustic trauma from bone drilling during surgery which
is required for the cochleostomy.

In Di Nardo et al.’s.® study it was found that the cochlea
was not that sensitive to trauma caused by surgery. The
current researcher holds that this should result in positive
outcomes with regard to preservation of residual hearing.
However, 22% of implantees in Di Nardo’s study experienced
a total loss of hearing postoperatively. The current study had
a more favorable outcome than that of Di Nardo et al.’s.®
study in that only 8% lost their hearing completely, thus illus-
trating successful preservation of residual hearing in the vast
majority of cases.

The authors are of the view that the positive outcome
in the current study is due to the expertise of the surgeons
together with improved electrode designs, as evidenced by
the minimal intraoperative complications. Despite the fact
that the majority of implantees underwent complete inser-
tion of the electrode array, minimal surgical complications
occurred and successful hearing preservation was achieved.

Conclusion

Preservation of residual hearing following cochlear implan-
tation was successfully achieved in 92% of participants -
42% partial and 50% complete, with 8% of recipients experi-
encing a complete loss postoperatively. Similar results were
obtained regardless of which type of surgical technique
was used - AOS or contour on stylet. The majority of sur-
geons utilized a cochleostomy approach which proved to
be successful. Minimal intraoperative complications were
reported, resulting in a positive outcome, indicative of suc-
cessful surgical techniques and expertise of the surgeons, as
well as improved electrode designs. Current findings are of
clinical significance, making EAS a reality.

With the increasing number cochlear implants, the
expanding criteria for implantation,’® the continuous
increasing success rate of cochlear implants over the last
two decades’ and the positive performance indicators of
preoperative residual hearing,? preservation of residual
hearing has taken a central stage, and current findings sup-
port this.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Skarzynski H, Podskarbi-Fayette R. A new cochlear implant elec-
trode design for preservation of residual hearing: a temporal
bone study. Acta Otolaryngol. 2010;30:435-42.

2. Verhaegen VJO, Snik FM, Beynon AJ, Rens Leeuw A, Mylanus
EAM. Preservation of low-frequency residual hearing after
cochlear implantation. Is soft surgery effective? J Int Adv Otol.
2010;6:125-30.

3. Gstoettner W, Helbig S, Settevendemie C, Baumann U, Wagen-
blast J, Arnoldner C. A new electrode for residual hearing
preservation in cochlear implantation: first clinical results. Acta
Otolaryngol. 2009;129:372-9.

4. Lenarz T, Stover T, Buechner A, Lesinski-Schiedat A, Patrick
J, Pesch J. Hearing conservation surgery using the Hybrid-L

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

electrode. Results from the first clinical trial at the Medical
University of Hannover. Audiol Neurotol. 2009;14:22-31.

. Balkany TJ, Connell SS, Hodges AV, Payne SL, Telischi FF,

Eshraghi AA, et al. Conservation of residual acoustic hearing
after cochlear implantation. Otol Neurotol. 2006;27:1083-8.

. Skarzynski H, Lorens A, D’Haese P, Walkowiak A, Piotrowska

A, Sliwa L, et al. Preservation of residual hearing in children
and post-lingually deafened adults after cochlear implanta-
tion: an initial study. ORL J Otorhinolaryngol Relat Spec.
2002;64:247-53.

. Kiefer J, Gstoettner W, Baumgartner W, Pok SM, Tillein J, Ye

Q, et al. Conservation of low-frequency hearing in cochlear
implantation. Acta Otolaryngol. 2004;124:272-80.

. Di Nardo W, Cantore |, Melillo P, Cianfrone F, Scorpecci A,

Paludetti G. Residual hearing in cochlear implant patients. Eur
Arch Otorhinolaryngol. 2007;264:855-60.

. Hodges AV, Schloffman J, Balkany T. Conservation of residual

hearing in cochlear implantation. Am J Otol. 1997;18:179-83.
Briggs RJ, Tykocinski M, Stidham K, Roberson JB. Cochleostomy
site: implications for electrode placement and hearing preser-
vation. Acta Otolaryngol. 2005;125:870-6.

Adunka OF, Pillsbury HC, Buchman CA. Minimizing intracochlear
trauma during cochlear implantation. In: P Van de Heyning, A
Punte (Eds.), Cochlear implants and hearing preservation. Adv
Otorhinolaryngol. 2010;67:96-107.

Berrettini S, Forli F, Passetti S. Preservation of residual hear-
ing following cochlear implantation: comparison between three
surgical techniques. J Laryngol Otol. 2010;122:246-52.

Miiller AMU, Wagenfeld DJH. Paediatric cochlear implantation.
CME. 2003;21:628-32.

Welman C, Kruger F, Mitchell B. Research methodology. 3rd ed.
South Africa: Oxford Southern Africa; 2005.

Wagenfeld D, Loock J, Muller L, Perold J, Kerr G, Kaltenbrunn I.
Continuing developments in cochlear implants. Tygerberg
hospital cochlear implant unit. South Africa: Univer-
sity of Stellenbosch; 2004. Retrieved from http://www.
sun.ac.za/english/faculty/healthsciences/surgical-sciences/
Documents/Topic%20Presentations/Cochlearlmplant.pdf
Moctezuma A, Tu J. An overview of cochlear implant systems.
In: BIOE 414. University of Illinois; 2010. p. 1-20.

James C, Albegger K, Battmer R, Burdo S, Deggouj N, Deguine
0, et al. Preservation of residual hearing with cochlear implan-
tation: how and why. Acta Otolaryngol. 2005;125:481-91.
Franks JR, Stephenson M, Merry CJ. Hearing mea-
surement 1996. Retrieved from http://www.who.int/
occupational_health/publications/noise8.pdf.

Martin FN, Clark JG. Introduction to audiology. 9th ed.
United States of America: Library of Congress Cataloguing-in-
Publication Data; 2006.

Cosetti MK, Friedmann DR, Zhu BZ, Heman-Ackah SE, Fang Y,
Keller RG, et al. The effects of residual hearing in traditional
cochlear implant candidates after implantation with a conven-
tional electrode. Otol Neurotol. 2013;34:516-21.

Roland JT, Shelva M, Gibson P, Treaba C. Electrode insertion
mechanics and outer wall forces with the Nucleus 24 Contour
Advance™ electrode. In: Proceedings of the 4th international
symposium of electronic implants in otology. Australia: Cochlear
Ltd, 14 Mars Rd, Lane Cove, NSW 2066; 2005.

Mangus B, Rivas A, Tsai BS, Haynes DS, Roland T. Surgi-
cal techniques in cochlear implants. Otolaryngol Clin Am.
2012;45:69-80.

Briggs RJ, Tykocinski M, Xu J, Risi F, Svehla M, Cowan R, et al.
Comparison of round window and cochleostomy approaches
with a prototype hearing preservation electrode. Audio Neu-
rotol. 2006;11 Suppl. 1:42-8.

Derinsu U, Serin GM, Akdas F, Batman C. Cochlear implantation:
is hearing preservation necessary in severe to profound hearing
loss? J Craniofac Surg. 2011;22:520-2.


http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0190
http://www.sun.ac.za/english/faculty/healthsciences/surgical-sciences/Documents/Topic Presentations/CochlearImplant.pdf
http://www.sun.ac.za/english/faculty/healthsciences/surgical-sciences/Documents/Topic Presentations/CochlearImplant.pdf
http://www.sun.ac.za/english/faculty/healthsciences/surgical-sciences/Documents/Topic Presentations/CochlearImplant.pdf
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0205
http://www.who.int/occupational_health/publications/noise8.pdf
http://www.who.int/occupational_health/publications/noise8.pdf
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30086-7/sbref0240

	Preservation of residual hearing after cochlear implant surgery: an exploration of residual hearing function in a group of...
	Introduction
	The following were the research objectives

	Methods
	Research design
	Participant selection
	Sampling strategy

	Participant description
	Participant sample size
	Selection criteria
	Participant inclusion criteria

	Data collection
	Audiological data review
	Surgical technique and Intraoperative complications
	Cochlear implant type
	Electrode array type
	Electrode array insertion depth
	Surgical techniques

	Data analysis
	Statistical procedures
	Reliability and validity
	Ethical considerations

	Results and discussion
	Demographic profile
	Hearing function before surgery (PRE)
	Hearing function after surgery (POST)
	Change in hearing function
	Hearing preservation
	Classification of change in hearing function
	Intraoperative complications


	Conclusion
	Conflicts of interest
	References


