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KEYWORDS Abstract

Cochlear Introduction: Considering the variability of results found in the clinical population using a
implantation; cochlear implant, researchers in the area have been interested in the inclusion of quality of
Quality of life; life measures to subjectively assess the benefits of the implantation.

Hearing loss; Objective: To assess the quality of life of adult users of cochlear implant.

Adult; Methods: A cross-sectional and clinical study in a group of 26 adults of both genders, with
Deafness mean duration of cochlear implant use of 6.6 years. The Nijmegen Cochlear Implantation Ques-

tionnaire and the generic World Health Organization Quality of Life questionnaire were sent
electronically.

Results: The best assessed domain in the quality of life assessment for the cochlear implanta-
tion questionnaire was the social domain, whereas for the quality of life questionnaire it was
the psychological domain. The variables, gender, time of cochlear implant use and auditory
modality did not influence the results of both questionnaires. Only the variable level of edu-
cation was correlated with the environment domain of the quality of life questionnaire. The
variable telephone speech comprehension was associated with a better perception of quality
of life for all the domains of the specific questionnaire and for the self-assessment of quality
of life in general.

Conclusion: From the users’ perspective, both questionnaires showed that cochlear implant
brought benefits to different aspects related to quality of life.

© 2017 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/).
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PALAVRAS-CHAVE
Implante coclear;
Qualidade de vida;
Perda auditiva;

Qualidade de vida e implante coclear: resultados em adultos com deficiéncia auditiva
pos-lingual

Resumo

Introdugdo: Diante da variabilidade de resultados clinicos encontrada na populagdo usuaria
de implante coclear, pesquisadores da area tém se interessado pela inclusao de medidas de
qualidade de vida para avaliar de maneira subjetiva os beneficios do implante coclear.
Objetivo: Avaliar a qualidade de vida de adultos usuarios de implante coclear.

Método: Estudo transversal e clinico em um grupo de 26 adultos, de ambos os géneros, com
tempo de uso médio do implante coclear de 6,6 anos. Foram utilizados o questionario especifico
Nijmegen de Implantes Cocleares e o questionario genérico World Health Organization Quality

Resultados: O dominio melhor pontuado na avaliacao da qualidade de vida para o questionario
Nijmegen foi o social e para o questionario World Health Organization Quality of Life foi o
psicologico. As variaveis, género, tempo de uso do implante coclear e modalidade auditiva nao
influenciaram os resultados de ambos os questionarios. Apenas a variavel nivel de instrucao
correlacionou-se com o dominio meio ambiente do questionario sobre qualidade de vida. A
variavel compreensao de fala ao telefone associou-se a uma melhor percepcao da qualidade de
vida para todos os dominios do questionario especifico e para a autoavaliacao da qualidade de

Conclusdo: Na perspectiva dos usuarios, o implante coclear trouxe beneficios para os diversos
aspectos relacionados a qualidade de vida em ambos os questionarios.

© 2017 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://

Adulto;
Surdez
of Life, enviados via midia eletronica.
vida em geral.
creativecommons.org/licenses/by/4.0/).
Introduction

Several studies have shown the effectiveness of the cochlear
implant (Cl) through the assessment of hearing and lan-
guage skills; however, these tests are limited in terms of
the impact of such treatment on social relations, well-
being, and the individual’s ability for easy communication,
all aspects related to the quality of life.

Researchers in the area have been interested in the inclu-
sion of measures that can more fully evaluate the impact of
hearing impairment and the available possibilities of habili-
tation and rehabilitation, using, for this purpose, quality of
life measures.

The World Health Organization (WHO) defines quality of
life as ‘‘the individuals’ perception of their position in life in
the context of the culture and value systems in which they
live and in relation to their goals, expectations, standards,
and concerns.’’

The emphasis given in recent years to the subjective
and multidimensional aspects related to quality of life
was, therefore, derived from the need to understand the
impact of a particular complaint and its treatment from the
patient’s point of view. This allows the analysis of health
through different domains, such as physical, functional,
social and emotional.'

Some tools are available to evaluate the population’s
quality of life and, among them, the generic question-
naires, used in the general population, without specifying
the pathologies, and the specific questionnaires, designed
to evaluate the quality of life in a population that has or
had a certain disability.”

It is necessary to better understand the different aspects
related to quality of life of the adult population that uses Cl,
aiming to obtain more detailed information, which will allow
professionals to assist in the Cl process, in the validation of
the results of this technology, as well as in the management
of the therapeutic process.

Therefore, the aim of this study was to assess the qual-
ity of life in adult CI users and to verify the associations
between age, gender, level of education, hearing status and
telephone use for the different aspects related to quality of
life.

Methods

This was a cross-sectional and clinical study that assessed
the quality of life in 26 adult users of Cl, 14 females and 12
males, aged between 18 and 62 years with mean duration of
80 months of CI use.

The study was approved by the Research Ethics Com-
mittee of the institution under opinion n. 442/15. All
participants received an invitation letter through electronic
mail. After agreeing to participate in the research, they
signed the Free and Informed Consent form.

Quality of life assessment was performed using the
Nijmegen Cochlear Implant questionnaire (NCIQ-P) and the
generic World Health Organization Quality of Life (WHOQOL-
bref) questionnaire, accessed and answered online. All the
documents (letter of research presentation, informed con-
sent form and NCIQ-P and WHOQOL-bref questionnaires)
were made available at the Google Docs platform of online
questionnaires.
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The following inclusion criteria were used to select the
research subjects: age between 18 and 60 years of age;
having finished high school as the minimum level of school-
ing; hearing impairment acquired after the oral language
development (post-lingual) and time of Cl use >12 months.

The NCIQ questionnaire is characterized as a specific
questionnaire that assesses quality of life in adult Cl users,
which was developed by Hinderink et al. (2000)* and adapted
to Brazilian Portuguese by Santos et al. (2017, in press).* It
consists of 60 questions divided into three overall domains,
with their respective subdomains: physical (basic perception
of sound, advanced perception of sound and speech produc-
tion), psychological (self-esteem) and social (limitations in
social activities and functions).

The WHOQOL-bref is the abbreviated version of the
WHOQOL-100 generic quality of life questionnaire devel-
oped by the WHO and validated in Brazil.> It consists of 26
questions, two of them about overall quality of life, called
‘quality of life self-assessment’’. The other questions were
taken from the WHOQOL-100 and represent each of the 24
tool features, covering four domains: physical, psychologi-
cal, social relations and environment. Each domain is scored
independently, with no overall score for the tool.

The overall quality of life questions, called quality of life
self-assessment, represented in this study the mean of the
scores obtained in Questions 1 and 2.

The nonparametric Wilcoxon test (variables with two
categories) and the nonparametric Kruskal-Wallis test
(variables with three categories) were used to associate
gender, level of schooling, hearing status (unilateral or bilat-
eral Cl) and the use of the telephone with the NCIQ-P and
WHOQOL-bref domain scores. Similarly, Spearman’s correla-
tion test was used to associate the variables age, and time of
Cl use with the domain scores of both questionnaires, as well
as the analysis of the NCIQ-P and the WHOQOL-bref domains
in relation to the quality of life self-assessment and in the
analysis of the corresponding domains of the questionnaires.

The variable telephone use was defined based on NCIQ
Question 60 scores: patients with a score <50 were classified
as ‘'no’’ and the others were classified as ‘‘yes’’. The non-
parametric Wilcoxon test was used to associate telephone
use with the domain scores of both questionnaires.

Results

The quality of life assessment based on the specific tool
NCIQ-P demonstrated that the social domain, comprising the
subdomains limitations in social activities and interactions
was the best scored feature in adults with post-lingual hear-
ing loss and Cl users participating in the study, followed by
the psychological and physical domains. For the WHOQOL-
bref generic tool, the psychological and physical domains
were the best evaluated aspects (Table 1).

The comparison between similar domains in each ques-
tionnaire showed that the physical and psychological
domains of the WHOQOL-bref questionnaire correlated with
the corresponding NCIQ-P domains, with p=0.04 for the
physical domain and p=0.01 for the psychological domain.
Additionally, the quality of life self-assessment correlated
with the overall NCIQ-P score (p=0.02).

Regarding the analyzed variables, gender, duration of Cl
use and hearing modality did not influence the quality of life
results of both questionnaires.

Regarding the stimulation condition, although not statis-
tically significant, the use of bilateral Cl seemed to have
influenced the quality of life results for the NCIQ-P specific
questionnaire, since a higher score was observed in users of
bilateral Cl for all domains of the tool (Table 2).

The variable level of education correlated with the
environment domain of the WHOQOL-bref questionnaire
(p=0.02).

The complex ability of understanding speech on the
telephone was associated with the NCIQ-P, WHOQOL-
bref domains and with the WHOQOL-bref quality of life
self-assessment. Patients who reported good use of the
telephone showed, on average, higher scores in the psy-
chological, social, and global domains of the NCIQ-P,
respectively, p=0.015; p=0.02 and p=0.001 (Table 3). For
the WHOQOL-bref generic questionnaire, a correlation was
found only between telephone use and quality of life self-
assessment (p=0.042) (Table 3).

Discussion

Although all the analyzed studies demonstrated that the
population of adult ClI users with post-lingual hearing loss
showed significant quality of life improvement after Cl use,
a great variability can be observed regarding the scores.®”~°
This is because the term quality of life aggregates different
life conditions and circumstances, in order to make it diffi-
cult to establish a referential in relation to the score to be
obtained in a given population.

In the present study, the domains with the highest
scores in the NCIQ-P specific questionnaire were, respec-
tively social, psychological, and physical domains, with very
similar scores for the psychological and physical domains
(Table 1). These results corroborate the data shown in litera-
ture, in which the social domain represents the best assessed
aspect related to quality of life by the adult population using
C1.349-12 The study that translated and adapted this tool into
Brazilian Portuguese found similar scores for all domains,
with the social domain also being the best scored aspect
among the study participants.*

The higher score obtained for the social domain is possi-
bly associated with the questions that comprise this aspect:
limitations of the Cl user in several environments and
the user’s social interaction with different individuals and
groups, since these aspects are directly related to the
communication and insertion in different daily life situa-
tions. The hearing status improvement and, therefore, the
improvement in communication situations, certainly repre-
sents a positive impact on the users’ socialization.

Regarding the WHOQOL-bref questionnaire, a high score
was observed among the present study participants in all
domains, with a higher score for the psychological and phys-
ical domains, respectively (Table 1).

The values found for each domain were higher than those
described for quality of life in the overall population by Cruz
et al. (2011)." On the other hand, approximate scores were
described in a Brazilian study evaluating quality of life in Cl
users using this same tool."
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Table 1  Descriptive measures for the NCIQ-P and WHOQOL-bref domains.
Subdomain/domain Mean Standard deviation Minimum Median Maximum
NCIQ-P
Physical 67.8 16.2 35.8 65.0 97.5
Psychological 69.9 20.1 12.5 77.5 90.0
Social 72.9 19.4 6.3 78.1 97.5
Overall 70.2 16.1 20.1 73.6 90.8
WHOQOL-bref
Physical 72.5 14.0 42.9 75.0 96.4
Psychological 73.6 9.9 58.3 72.9 95.8
Social Relations 69.9 15.3 33.3 70.8 100.0
Environment 61.1 12.6 34.4 60.9 87.5
QoL self-assessment 77.4 11.2 50.0 75.0 100.0

Table 2 Descriptive measures for NCIQ-P domains and subdomains according to the hearing status (unilateral or bilateral HF).

Subdomain/domain HS M DP Min. Med. Max. p

Physical NCIQ Bilateral 74.9 16.7 49.2 80.0 94.2 0.29
Unilateral 65.6 15.9 35.8 64.2 97.5

Self-esteem Bilateral 71.7 19.0 35.0 76.3 90.0 1.00
Unilateral 69.4 20.9 12.5 77.5 90.0

Social NCIQ Bilateral 78.0 15.0 53.8 76.7 97.5 0.71
Unilateral 71.3 20.6 6.3 78.8 90.0

Overall NCIQ Bilateral 74.8 13.5 55.7 74.0 90.8 0.69
Unilateral 68.8 16.8 20.1 73.6 90.8

HS, hearing status; M, mean; SD, standard deviation; Min., minimum; Med., median; Max., maximum; p, p-value.

Table 3  Association of telephone use with the domains of the questionnaires NCIQ-P and WHOQOL-bref.

Domains TU n M SD Min. Med. Max. p

Psychological NCIQ No 9 57.22 25.72 12.50 60.00 87.50 0.01¢
Yes 17 76.62 12.75 35.00 77.50 90.00

Social NCIQ No 9 58.99 25.09 6.25 65.00 82.50 0.02¢
Yes 17 80.20 10.27 53.75 80.31 97.50

Overall NCIQ No 9 56.05 17.63 20.14 60.79 74.03 0.00?
Yes 17 77.65 8.71 55.69 78.89 90.83

Physical WHOQOL No 9 70.63 12.60 53.57 75.00 92.86 0.43
Yes 17 73.53 15.00 42.86 78.57 96.43

Psychological WHOQOL No 9 71.30 11.87 58.33 66.67 95.83 0.25
Yes 17 74.75 8.90 58.33 75.00 95.83

Social Relations WHOQOL No 9 62.96 16.20 33.33 66.67 91.67 0.10
Yes 17 73.53 13.89 50.00 75.00 100.00

Environment WHOQOL No 9 56.94 9.21 40.63 59.38 71.88 0.24
Yes 17 63.24 13.87 34.38 68.75 87.50

QoL self-assessment WHOQOL No 9 72.22 5.51 62.50 75.00 75.00 0.04?
Yes 17 80.15 12.55 50.00 75.00 100.00

QoL, quality of life; TU, telephone use; n, subjects; M, mean; SD, standard deviation; Min., minimum; Med., median; Max., maximum;

p, p-value.
a Statistical difference p <0.05.

The highest score obtained in the Cl user popula-
tion compared to that found in the overall population
may suggest a better quality of life perception in CI
users, especially regarding the aspects that constitute the
physical and psychological domains of the WHOQOL-bref

questionnaire. Albrecht and Devlieger (1999)'* had already
described the ‘‘disability paradox’’, in which individuals
with disabilities can report good or excellent quality of
life, so as to reflect how some individuals manage to
live with their limitations and value certain aspects of
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life that go unnoticed by biologically healthy individu-
als.

The variables gender, time of Cl use, and age did not influ-
ence the quality of life results of both questionnaires. Other
studies in the scientific literature had previously described
the little significant influence of gender, age, and time of Cl
use on the quality of life of adult Cl users.'3">-17

Regarding the assessment of the educational level influ-
ence on the research subjects’ quality of life, a correlation
was found between this variable and the environment
domain of the WHOQOL-bref questionnaire (p=0.02). These
results resemble those described by Cruz et al. (2011)" and
Angelo et al. (2016),"* which showed that the variables level
of schooling and socioeconomic level can have an impact on
the quality of life of the overall population and, possibly,
even more on the quality of life of individuals with hearing
impairment, considering the difficulty of having access to
rehabilitation, schooling, and work.'®

Due to its specificity for the Cl user population, the NCIQ-
P seemed to be more significant to evaluate the influence of
bilateral Cl on the different aspects related to the quality of
life of the assessed population, since even without statistical
significance, a better score was found in bilateral Cl users
in all domains of the questionnaire (Table 2). This trend was
not observed in the quality of life assessment when using
the generic WHOQOL-bref questionnaire.

The higher score obtained by users of bilateral Cl is asso-
ciated with the benefits of binaural hearing, resulting from
the device use in both ears, in order to provide more security
and better auditory performance in the different daily life
situations. The results of the present study are in agreement
with those by Olze et al. (2012)," who also found better
quality of life in bilateral Cl users, with a higher score for
all domains of the NCIQ questionnaire after the second Cl.

In the present study, the existing association between
the ability to understand speech on the telephone and qual-
ity of life was assessed through the analysis of the answers
obtained from Question 60 of the NCIQ-P specific question-
naire. Correlations were found between the possibility of
maintaining a satisfactory telephone conversation for both
the psychological (p=0.015) and social (p=0.020) domains;
as well as for the overall quality of life assessment (p=0.001)
of the NCIQ-P questionnaire (Table 3).

The ability to understand speech on the telephone did
not correlate with the domains of the WHOQOL-bref generic
questionnaire. However, in spite of a poor correlation
(p=0.042), subjects who were able to maintain a simple
telephone conversation showed a more positive assessment
of their overall quality of life in the WHOQOL-bref question-
naire.

The strongest associations between the ability to under-
stand speech on the telephone and the different aspects
related to quality of life were found for the domains of the
NCIQ-P specific questionnaire, thus reinforcing the impor-
tance of the use of a specific tool to assess the Cl user
population, created with the objective of reflecting the
achievements and difficulties experienced by these patients
in their activities of daily living.

These results suggest that, considering its specificity, the
NCIQ-P seemed to be more sensitive in evaluating the influ-
ence of the more complex hearing abilities in the different
aspects related to quality of life. The data found in the

present study corroborate the one carried out by Rumeau
et al. (2015),"? in which the authors observed that the abil-
ity to understand speech on the telephone can impact the
overall quality of life estimate in Cl users when using the
NCIQ-P specific questionnaire.

Conclusion

From the users’ perspective, Cl brought benefits to the
different aspects related to quality of life in both ques-
tionnaires. The NCIQ-P questionnaire was more favorable to
assess quality of life questions related to the communication
and interaction of Cl users. The combined use of quality of
life measures represented a clinical differential capable of
complementing the objective evaluation data and guiding
the management of the therapeutic process.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Cruz LN, Polanczyk CA, Camey SA, Hoffmann JF, Fleck MP.
Quality of life in Brazil: normative values for the WHOQOL-
bref in a southern general population sample. Qual Life Res.
2011;20:1123-9.

2. Pereira EF, Teixeira CS, Santos A dos. Quality of life:
approaches, concepts and assessment. Rev Bras Educ Fis
Esporte. 2012;26:241-50.

3. Hinderink JB, Krabbe PF, Van Den Broek P. Development
and application of a health-related quality-of-life instrument
for adults with cochlear implants: the Nijmegen cochlear
implant questionnaire. JAMA Otolaryngol Head Neck Surg.
2000;123:756-65.

4. Santos NP, Couto MI, Martinho-Carvalho AC. Nijmegen Cochlear
Implantation Questionnaire (NCIQ): translation, cultural adap-
tation and aplication in adults with cochlear implants. CoDAS
[in press].

5. Development of the World Health Organization. WHOQOL-BREF
quality of life assessment. The WHOQOL Group. Psychol Med.
1998;28:551-8.

6. Fleck MP, Louzada S, Xavier M, Chachamovich E, Vieira G, San-
tos L, et al. Aplicacao da versao em portugués do instrumento
abreviado de avaliacao da qualidade de vida *"WHOQOL-bref’’.
Rev Saude Publica. 2000;34:178-83.

7. Damen GWJA, Pennings RJE, Snik AFM, Mylanus EAM. Quality
of life and cochlear implantation in Usher syndrome type I.
Laryngoscope. 2006;116:723-8.

8. Hirschfelder A, Grabel S, Olze H. The impact of cochlear implan-
tation on quality of life: the role of audiologic performance and
variables. JAMA Otolaryngol Head Neck Surg. 2008;138:357-62.

9. Klop WMC, Boermans PPBM, Ferrier MB, van den Hout WB,
Stiggelbout AM, Frijns JHM. Clinical relevance of quality of
life outcome in cochlear implantation in postlingually deafened
adults. Otol Neurotol. 2008;29:615-21.

10. Damen GWJA, Beynon AJ, Krabbe PFM, Mulder JJS, Mylanus
EAM. Cochlear implantation and quality of life in postlingually
deaf adults: long-term follow-up. JAMA Otolaryngol Head Neck
Surg. 2007;136:597-604.

11. Abdellaoui A, Tran Ba Huy P. Success and failure factors for
hearing-aid prescription: results of a French national survey.
Eur Ann Otorhinolaryngol Head Neck Dis. 2013;130:313-9.


http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0100
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0105
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0110
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0120
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0125
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0130
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0135
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0140
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0145
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0150

Quality of life and cochlear implant

499

12.

Rumeau C, Frére J, Montaut-Verient B, Lion A, Gauchard G,
Parietti-Winkler C. Quality of life and audiologic performance
through the ability to phone of cochlear implant users. Eur Arch
Otorhinolaryngol. 2015;272:3685-92.

. Angelo TCS de, Moret ALM, Costa OA da, Nascimento LT,

Alvarenga K de F, Angelo TCS de, et al. Quality of life in adult
cochlear implant users. CoDAS. 2016;28:106-12.

. Albrecht GL, Devlieger PJ. The disability paradox: high quality

of life against all odds. Soc Sci Med. 1999;48:977-88.

. Mo B, Lindbaek M, Harris S, Rasmussen K. Social hearing

measured with the Performance Inventory for Profound and
Severe Loss: a comparison between adult multichannel cochlear
implant patients and users of acoustical hearing aids. Int J
Audiol. 2004;43:572-8.

. Ciesla K, Lewandowska M, Skarzynski H. Health-related quality

of life and mental distress in patients with partial deafness: pre-
liminary findings. Eur Arch Otorhinolaryngol. 2016;273:767-76.

. leRoux T, Vinck B, Butler I, Louw L, Nauta L, Schlesinger D, et al.

Predictors of health-related quality of life in adult cochlear
implant recipients in South Africa. Int J Audiol. 2017;56:16-23.

. Francelin MAS, Motti TFG, Morita |. As implicacdes soci-

ais da deficiéncia auditiva adquirida em adultos. Saude Soc.
2010;19:180-92.

. Olze H, Szczepek AJ, Haupt H, Zirke N, Graebel S, Mazurek

B. The impact of cochlear implantation on tinnitus, stress and
quality of life in postlingually deafened patients. Audiol Neu-
rootol. 2012;17:2-11.


http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0155
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0160
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0165
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0170
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0175
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0180
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0185
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190
http://refhub.elsevier.com/S1808-8694(17)30105-2/sbref0190

