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KEYWORDS Abstract

Cochlear implant; Introduction: The surgery during which the cochlear implant internal device is implanted is not
Sensorineural hearing entirely free of risks and may produce problems that will require revision surgeries.

loss; Objective: To verify the indications for cochlear implantation revision surgery for the cochlear
Hearing loss implant internal device, its effectiveness and its correlation with certain variables related to

language and hearing.

Methods: Aretrospective study of patients under 18 years submitted to cochlear implant surgery
from 2004 to 2015 in a public hospital in Brazil. Data collected were: age at the time of implan-
tation, gender, etiology of the hearing loss, audiological and oral language characteristics of
each patient before and after cochlear implant surgery and any need for surgical revision and
the reason for it.

Results: Two hundred and sixty-five surgeries were performed in 236 patients. Eight patients
received a bilateral cochlear implant and 10 patients required revision surgery. Thirty-two
surgeries were necessary for these 10 children (1 bilateral cochlear implant), of which 21
were revision surgeries. In 2 children, cochlear implant removal was necessary, without reim-
plantation, one with cochlear malformation due to incomplete partition type | and another
due to trauma. With respect to the cause for revision surgery, of the 8 children who were
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PALAVRAS-CHAVE
Implante coclear;
Perda auditiva
neurossensorial;
Surdez

Introduction

successfully reimplanted, four had cochlear calcification following meningitis, one followed
trauma, one exhibited a facial nerve malformation, one experienced a failure of the cochlear
implant internal device and one revision surgery was necessary because the electrode was
twisted.

Conclusion: The incidence of the cochlear implant revision surgery was 4.23%. The period fol-
lowing the revision surgeries revealed an improvement in the subject’s hearing and language
performance, indicating that these surgeries are valid in most cases.

© 2018 Associacao 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/).

Cirurgias revisionais de implante coclear em criancas

Resumo

Introdugdo: A cirurgia para a implantacdo do dispositivo interno do implante coclear nao é
inteiramente livre de riscos e pode apresentar problemas que exigem cirurgias revisionais.
Objetivo: Verificar a incidéncia das indicacdes de cirurgias revisionais para a implantacdo do
dispositivo interno do implante coclear, sua efetividade e correlacionar as variaveis relacionadas
as categorias de linguagem e audicao.

Método: Estudo retrospectivo de pacientes menores de 18 anos submetidos a cirurgia de
implante coclear de 2004 a 2015 em um hospital pUblico no Brasil. Os dados coletados foram:
idade no momento da implantacao, sexo, etiologia da surdez, caracteristicas audiologicas e da
linguagem oral de cada paciente no pré e pos-operatorio, necessidade de revisao cirlrgica e
razao para ela.

Resultados: Foram feitas 265 cirurgias em 236 pacientes. Oito pacientes foram submetidos ao
implante coclear bilateral e 10 necessitaram de cirurgia de revisdo. Foram necessarias 32 cirur-
gias para essas 10 criancas (um implante coclear bilateral), das quais 21 foram cirurgias de
revisdo. Em duas criancas, a remocao do implante coclear foi necessaria, sem realizacdo de
reimplante; sendo que uma delas apresentava malformacao coclear, por particao incompleta
tipo I; e a outra, devido a trauma. Quanto a causa da necessidade da cirurgia revisional, das oito
criancas que permaneceram com implante coclear, quatro apresentaram calcificacdo coclear
apos meningite, seguida de trauma (1), malformacédo do nervo facial (1), falha do dispositivo
interno da IC (1) e torcao do feixe de eletrodos (1).

Conclusdo: A incidéncia de cirurgias revisionais foi de 4,23%. O pos-operatorio das cirurgias
revisionais permite uma melhoria no desempenho de audicdo e na linguagem dos pacientes,
indicando que essas cirurgias sao validas na maioria dos casos.

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

the latter being inserted surgically. The internal Cl device
implantation surgery is not completely free of risks and may

Profound sensorineural hearing loss impairs the individual’s present problems that will require revision surgeries.>*

ability to adequately communicate with the environment
and can have a significant impact on the lifestyle and per-
sonality development of individuals with this deficiency.’

Conventional hearing aids are effective in treating most
hearing impairments, but some patients cannot attain word
and sentence recognition, even with a powerful hearing aid.
The Cochlear Implant (Cl) is the current alternative for these
patients.?

The Cl is an auditory sensory prosthesis that allows indi-
viduals with severe or profound sensorineural hearing loss to
have the sensation of hearing and recognize the sounds of
speech through electrical stimulation of the auditory nerve
fibers. It consists of an external and an internal unit, with

The first report of a Cl revision surgery occurred in
1985, by Hochmair-Desoyer and Burian.® Since then, sev-
eral reports have addressed the safety of this procedure,
including the preservation or increase of speech percep-
tion performance, although there have also been reports
of decreases in electrode activation, decreased speech per-
ception and intracochlear trauma, suggesting that cochlear
reimplantation may have negative functional consequences
in some patients, requiring careful consideration of the
expected indications and benefits.®%

Indications for reimplantation follow the classification
proposed by Zeitler. It includes hardware and software
failure, device infection or extrusion, inadequate initial
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placement, surgical wound or skin flap complications, and
improved cochlear implant technology. Hardware failure is
defined as the complete interruption of auditory input with
interrupted communication between internal and exter-
nal components. It is diagnosed by a failure in the Cl
integrity test. Software failure is suspected in patients
with progressive or intermittent performance failure or with
non-auditory complaints such as earache, facial nerve stim-
ulation, vertigo, or tinnitus. Device infection may appear
as redness and loss of integrity of the skin over the recep-
tor stimulator or an ulcerated wound. Once an infection or
device exposure is suspected, antibiotics should be started
immediately. If the infection persists, device explantation is
recommended, and reimplantation surgery can be planned
at three to four months after the event. Extrusion of elec-
trodes accompanied by decreased auditory performance
also requires reimplantation surgery. Factors related to
the Cl internal unit extrusion may be classified as intra-
cochlear, such as neo-ossification that may push the bundle
of electrodes out of the cochlea, or extracochlear, such as
adhesions and fibrotic bands within the mastoid that may
pull the electrode bundle.

Especially in children, skull growth and other extrinsic
factors, such as trauma or infection, can cause migration of
the Clinternal unit. Currently, Cl revision surgery is not indi-
cated to update the cochlear implantation technology, but
it is expected that the number of reimplantation surgeries
will markedly increase in the future for this reason.® 0

Due to the need to advise surgeons on the expected
failure rate and auditory performance after reimplantation
surgery, reports of revision surgeries are required. There-
fore, it is highly recommended to have updated studies
that can clarify these problems and to analyze whether
the results vary over time, with the improvement of elec-
trode technology and more modern surgical implantation
techniques.'°

Additionally, such reports can help to patients education
who are candidates for Cl surgery on the risks and possibili-
ties of surgical reinterventions.

Therefore, the aim of this study was to identify the inci-
dence of Cl revision surgeries in a public service located in
the countryside of the state of Sao Paulo, Brazil, accredited
by the Ministry of Health to perform this type of surgery, its
effectiveness and correlate them to the variables related to
the development of auditory abilities and oral language.

Methods

A retrospective study was carried out by reviewing the medi-
cal records of patients under 18 years of age with severe and
profound bilateral hearing loss who underwent Cl surgery,
who had used the device for at least one year, and had
undergone Cl revision surgery between 2004 and 2015.

Data collection began after approval of the Research
Ethics Committee of the institution, under number CAAE
65067317.4.00005440.

Therefore, the following data were obtained: age at the
time of implantation; gender; etiology of the hearing loss;
categories of auditory perception (Geers, 1984)"" and oral
language (Bevilacqua et al., 1996)'? of each patient, in the

pre- and post-Cl phase; Cl brand; need for surgical reinter-
vention and the reason that led to the revision surgery.

The results for quantitative variables are shown as
mean and standard deviation (mean=+SD) and categori-
cal variables as frequency/percentages. The comparisons
for independent samples were performed using the
Mann-Whitney test and, for the dependent samples, the
Wilcoxon rank-sum test. Correlations were assessed using
Spearman’s test and the categorical variables using the Chi-
Square test. All analysis procedures were performed using
JMP® 10.0 software (SAS Institute Inc, Cary, NC, USA). Sig-
nificance was set at p<0.05.

Results

During the study period from 2004 to 2015, 265 surgeries
were performed in 236 patients who were younger than 18
years of age. Of these 265 operations, eight were sequential
bilateral Cl implantation (3.39%).

Of the 236 patients submitted to Cl surgery, 10 patients
required revision surgery (4.23%). Thirty-two surgeries were
necessary in these 10 children: the first 10 surgeries were
performed for device implantation, one bilateral sequential
implantation and 21 (7.92%) revision surgeries (Table 1).

Of the 10 children submitted to revision surgeries, five
were females and five males, with a mean age of 5.1 years at
the first Cl surgery. The mean age at the time of the revision
surgery was 6.5 years.

Initially, in these 10 children, five surgeries were per-
formed on the left side, four on the right side, and the
sequential bilateral implantation was performed in one
child.

At the time of the revision surgery, only one child
required change of the reimplantation side (Subject 2)
(Table 2), and this change was performed after three revision
surgeries on the right side and, therefore, the fourth surgery
was performed on the left side, due to trauma at the Cl site,
followed by exposure of the electrodes (Table 3).

Regarding the hearing loss etiology, of the 10 children
who required revision surgery, four lost hearing due to
meningitis, three are still under investigation (idiopathic),

Table 1 Sample characterization by number of surgeries
performed from 2004 to 2015 and by individual.
N %
Per patient
Number of patients 236 100
submitted to Cl surgery
Number of patients 8 3.39
submitted to Bilateral ClI
surgery
Number of patients 10 4.23
submitted to a Cl revision
surgery
Per surgeries
Total number of Cl surgeries 265 100
Number of Cl revision 21 7.92
surgeries

Cl, cochlear implant.
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Table 2 Data related to age, gender and implanted ear of the individuals submitted to revision surgery.

Subject Gender Age at Cl surgery (years) Age at revision surgery Implanted side Re-implanted side
1 F 5.4 5.6 L L

2 F 3.2 7.4 R L

3 F 3.8 7.0 R R

4 M 4.7 8.0 L L

5 F 8.6 9.5 R R

6 M 3.5 4.2 L L

7 M 1.2 1.2 L L

8 F 6.5 6.5 R R

9 M 1.8 3.3 R and L Rand L
10 M 12.3 12.3 L L

Cl, cochlear implant; F, female; M, male; L, left; R, right.

Table 3 Data from patients submitted to revision surgery.
Subject Number of Number of Currently Etiology of hearing Cause of revision surgery
Cl surgeries  revision has ClI loss
surgeries
1 2 1 Yes Idiopathic Twisting of the electrode
2 5 4 Yes Idiopathic Trauma
5 4 No Genetic - cochlear Genetic - cochlear malformation
malformation
4 2 1 Yes Idiopathic Genetic - facial nerve malformation
5 2 1 Yes Autoimmune Cl failure
6 5 4 No Ototoxicity Trauma
7 3 2 Yes Meningitis Post-meningitis calcification — extrusion of
the electrodes
8 2 1 Yes Meningitis Post-meningitis calcification - false
trajectory
4 2 Yes Meningitis Post-meningitis calcification - Cl extrusion
10 2 1 Yes Meningitis Post-meningitis calcification - false

trajectory

Cl, Cochlear Implant.

one had an autoimmune pathology, one had hearing loss due
to ototoxicity, and in one hearing loss was due to cochlear
malformation (incomplete cochlear partition Type I). It was
necessary to remove the cochlear implant internal unit in
two children, without reimplantation (Subjects 3 and 6).
For Subject 3, who had cochlear malformation, the rea-
son for the removal was repetitive meningitis, which first
manifested more than 2 years after the initial Cl implan-
tation. For Subject 6, the reason was external trauma
to the Cl region, followed by unresolved skin infection
and extrusion of the device despite four revision surgical
interventions.

Regarding the reason for the revision surgery, of the
eight children who were successfully reimplanted, four had
cochlear calcification after meningitis (two children had
extrusion of the electrodes and the Cl was placed in a false
trajectory in two of them), followed by trauma in one child.
In another child, the facial nerve position near the cochlea
caused facial contraction. The CI internal device failure
occurred in one child and in another it was necessary to
perform the surgical revision, due to the twisting of the
electrode bundle (Table 3).

Seven subjects initially received a Cochlear® CI, one
child received an adapted bilateral Cl, and three children
received the Med-el® brand of ClI. It was necessary to change
the Cl, maintaining the same brand, in four children (Sub-
jects 1, 2, 7 and 9). In two of them, the Cl brand (Subjects
4 and 5) was changed, so that ultimately all implants were
replaced by a Cochlear® device. It was elected to change
from the full-band electrode to the half-band perimodiolar
device due to the desire to position the electrodes close to
the modiolus, in order to allow intracochlear stimulation by
the electric field that was more localized than the full-band
electrodes (Table 4).

Data regarding the patients’ hearing and language cate-
gories were collected in the pre- and post-Cl surgery phases
with an interval of at least one year after the Cl revision
surgery. Of the 10 children submitted to the revision surgery,
eight had prelingual deafness and two had post-lingual deaf-
ness (Subjects 5 and 10) (Tables 5 and 6).

Of the eight children who were successfully reimplanted,
only one child did not show improvement in auditory per-
ception (Subject 4). When we compared results related
to the Hearing Category'' in the pre-Cl and post-revision
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Table 4 Characterization of devices in the phases of Cl and revision surgeries, per patient (n=10).

Subject Brand of 1st Cl Changed the CI Brand of 2nd ClI Comment

1 Cochlear” Yes Cochlear”

2 Cochlear® Yes Cochlear®

3 Cochlear® No Cl removed
4 Med-el” Yes Cochlear”

5 Med-el” Yes Cochlear®

6 Cochlear® No Cl removed
7 Cochlear” Yes Cochlear”

8 Cochlear” No

9 Bilateral Cochlear® Yes - Yes Bilateral Cochlear®
10 Med-el® No

Cl, cochlear implant.

Table 5 Distribution of the results, related to the hearing category," in the pre-Cl and post-revision surgery phases and gender,
per patient (n=10).
Subject Gender Pre-Cl Post-ClI Improvement Comment
1 F 0 1 Y
2 F 1 6 Y
3 F 1 0 N Cl removed
4 M 1 1 N
5 F 2 6 Y
6 M 0 0 N Cl removed
7 M 1 3 Y
8 F 1 3 Y
9 M 0 3 Y
10 M 2 6 Y
Mann-Whitneyp =0.83 Wilcoxon p=0.0234

Cl, cochlear implant; F, female; M, male; Y, yes; N, no.

Table 6
patient (n=10).

Distribution of results related to language category,'? in the pre-Cl and post-revision surgery phases and gender, per

Subject Gender Pre-ClI Post-Cl Improvement Comment

1 F 1 1 N

2 F 1 5 Y

3 F 1 1 N Cl removed
4 M 1 1 N

5 F 4 5 Y

6 M 1 1 N Cl removed
7 M 1 2 Y

8 F 1 2 Y

9 M 1 3 Y

10 M 2 5 Y

Mann-Whitneyp =0.91 Wilcoxon p=0.0313

Cl, cochlear implant; F, female; M, male; Y, yes; N, no.

surgery phases, a significant difference was observed after
the revision surgery (Wilcoxon Sighed Rank test, p=0.0234)
(Table 5).

There was no correlation between the results of the
Hearing Category, obtained in the two studied phases,
when considering the age variable (Spearman’s rho=0.13;
p=0.723); nor there was any association with gender

(Mann-Whitney test, p=0.83). A weak correlation was
observed when analyzing the Hearing Category performance
in the pre-Cl and post-revision surgery phases with the sub-
ject’s age at the time of the Cl revision surgery (Spearman’s
rho=0.31, p=0.38).

The results of the subjects’ Language performance are
shown in Table 6. Of the children who were successfully
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reimplanted, two did not show improvement in the Language
Categories'? (Subjects 1 and 4) (Table 6).

When comparing the results related to the Language
Category'? in the pre-Cl and post-revision surgery phases, a
statistically significant improvement (Wilcoxon Signed Rank
Test, p=0.0313) was observed in six of the subjects, with a
change in at least one category (Table 6).

There was no correlation between the Language Cate-
gory results in the two assessed phases by the age variable
(Spearman’s rho =0.044, p=0.903) and there was no associa-
tion with the gender variable (Mann-Whitney test; p=0.91).
There was no correlation between the Language Category
performance in the pre-Cl and post-revision surgery phases
and the subject’s age at the time of the Cl revision surgery
(Spearman’s rho=0.203; p=0.574).

Discussion

The indication for Cl internal device implantation surgery
should consider the possible need for a revision operation
if clinical treatment is not effective. In this study, the data
showed that 4.3%, of the patients required revision surgery
which is comparable to data from the literature (Lasig -
3.2%, Cote - 5.4%, Battmer - 3.8%).">"" In a comparative
study between adults and children, Brown et al. (2009)'¢
found a mean rate of 5.5%; 7.5% in children and 3.8% in
adults. Cullen et al. (2008)"” found a higher percentage
(11.2%) when studying two large Cl services, with approxi-
mately 1000 children receiving Cls during the 14-year period.

We observed that the etiology that most frequently
required revision surgery was meningitis, with four of 10
children (40%) requiring this procedure. Therefore, patients
with this etiology who are candidates for CI surgery, should
definitely receive information about the possible need for
revision, as it is known that the chance of the need for
surgical revision is higher with this pathology, due to the
possibility of cochlear calcification after meningitis, which
was noted in four children in this study. This incidence dif-
fers from that found by Manrique-Huarte et al. (2016)"° (1 of
26 patients younger than 18 years), maybe due to the higher
incidence of meningitis in our region.

Cote et al. (2007)" reported the need for surgical rein-
tervention in 13.3% of the procedures performed in their
service, most frequently secondary to trauma, in a popula-
tion of adults and children; a traumatic etiology occurred
only in children. These data corroborate the findings of our
study, since in 2 (20%) of the 10 children submitted to sur-
gical revision, trauma was the cause of the reintervention
and one child had the internal device removed and not re-
implanted.

Studies indicate that revision surgery in the pediatric
population is more common, both because of surgical
complications and the greater likelihood of trauma involving
the implanted unit."’

Thus, we emphasis that the involved professional team
the importance to advise patients and families about avoid-
ing trauma to the implant both before Cl surgery and later
during their follow-up.

A genetic etiology was found in two of the 10 children
(20%) who required revision surgery, corroborating the data

reported by Manrique-Huarte et al. (2016),'° who found this
etiology in 19.2% of patients younger than 18 years.

Compared with the internal device failure rates published
in the literature, the present study shows a failure rate in
only 10% of cases (one child), which was remedied by replac-
ing the Cl, which is different than the percentage shown by
Manrique-Huarte et al. (2016),'° which was 65.39%, that is,
17 of 26 children and adult patients submitted to surgery at
their Center. That study also reported an inadequate elec-
trode initial placement, in 5 of 26 patients (19.2%), whereas
it was 10% in the present study sample.

We observed significant improvement in hearing and lan-
guage when we compared the pre- and post-Cl testing in
both the results of the hearing (p=0.0234) and language
(p=0.0313) categories, similar to that presented by Rivas
et al. (2008),° who observed hearing performance improve-
ment in the postoperative period in 73% of their patients.
Cullen et al. (2008)"” considered that the children’s perfor-
mance after the revision surgery was probably the same
or better than that before the procedure. However, this
improvement may require several months or even a year
after the revision surgery, which should also be part of the
information provided to the family.

Another important factor to be considered is for Cl
providers is to analyze and record the revision surgeries
regardless of the age group. The results of this analysis
should support actions to improve the quality of guidelines,
indications and interventions in patients who are candidates
for Cl surgery or Cl users and, thus, reduce the incidence of
reimplantation in these services.

This study suggests that, in adequately selected patients,
the benefit of revision surgery may outweigh the inherent
surgical risks. In the pediatric population, the par-
ents/guardians should be advised about revision surgeries,
their most frequent causes, risks and the performance of the
children after the procedure.

Conclusion

The incidence of revision surgeries was 4.23%. The post-
operative period of the revision surgeries demonstrated an
improvement in the subjects’ hearing and language perfor-
mance, showing that the surgical indication is valid in these
cases.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Bogar M, Bento RF, Tsuji RK. Estudo anatomico da coclea para
confeccao de instrumental para a cirurgia de implante coclear
com 2 feixes de eletrodos em cocleas ossificadas. Rev Bras Otor-
rinolaringol. 2008;74:194-9.

2. Bento RF, Brito Neto R, Castilho AM, Gomez VG, Giorgi SB,
Guedes MC. Resultados auditivos com o implante coclear mul-
ticanal em pacientes submetidos a cirurgia no Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sao Paulo.
Rev Bras Otorrinolaringol. 2004;70:632-7.


http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0090
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0095

296 Amaral MSAd et al.
3. Buchman CA, Higgins CA, Cullen R, Pillsbury HC. Revision 11. Geers AE. Techniques for assessing auditory speech perception
cochlear implant surgery in adult patients with suspected and lipreading enhancement in young deaf children. Volta R.
device malfunction. Otol Neurotol. 2004;25:504-10, discussion 1994;96:85-96.
510. 12. Bevilacqua MC, Delgado EMC, Moret ALM. Estudos de casos
4. Martins MBB, de Lima FVF, Santos RC, Santos ACG, Barreto VMP, clinicos de criangas do Centro Educacional do Deficiente Audi-
de Jesus EPF. Cochlear implants: our experience and literature tivo (CEDAU), do Hospital de Pesquisa e Reabilitacao de Lesoes
review. Int Arch Otorhinolaryngol. 2012;16:476-81. Labio-Palatais - USP. In: Costa OA, Bevilacqua, MC, organi-
5. Hochmair-Desoyer |, Burian K. Reimplantation of a molded scala zadores. XI Encontro Internacional de Audiologia. Anais: 1996,
tympani electrode: impact on psychophysical and speech dis- 30 de marco a 02 de abril; Bauru, Brasil. p. 187.
crimination abilities. Ann Otol Rhinol Laryngol. 1985;94:65-70. 13. Lassig A, Zwolan T, Telian S. Cochlear implant failures and revi-
6. Rivas A, Marlowe AL, Chinnici JE, Niparko JK, Francis HW. Revi- sion. Otol Neurotol. 2005;26:624-34.
sion cochlear implantation surgery in adults: indications and 14. Cote M, Ferron P, Bergeron F, Bussiere R. Cochlear reimplanta-
results. Otol Neurotol. 2008;29:639-48. tion: causes of failure, outcomes and audiologic performance.
7. Balkany TJ, Hodges AV, Gomez-Marin O, Bird PA, Dolan-Ash Laryngoscope. 2007;117:1225-35.
S, Butts S, et al. Cochlear reimplantation. Laryngoscope. 15. Battmer R-D, O’Donoghue G, Lenarz T. A multicenter study of
1999;109:351-5. device failure in European cochlear implant centers. Ear Hear.
8. Henson AM, Slattery WH 3rd, Luxford WM, Mills DM. Cochlear 2007;28:95-5S.
implant performance after reimplantation: a multicenter study. 16. Brown KD, Connell SS, Balkany TJ, Eshraghi AE, Telis-
Am J Otol. 1999;20:56-64. chi FF, Angeli SA. Incidence and indications for revision
9. Zeitler DM, Budenz CL, Roland JT Jr. Revision cochlear implan- cochlear implant surgery in adults and children. Laryngoscope.
tation. Curr Opin Otolaryngol Head Neck Surg. 2009;17:334-8. 2009;119:152-7.
10. Manrique-Huarte R, Huarte A, Manrique MJ. Surgical find- 17. Cullen RD, Fayad JN, Luxford WM, Buchman CA. Revi-

ings and auditory performance after cochlear implant revision
surgery. Eur Arch Otorhinolaryngol. 2016;273:621-9.

sion cochlear implant surgery in children. Otol Neurot.

2008;29:214-20.


http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0100
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0105
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0110
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0115
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30012-0/sbref0170

