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KEYWORDS Summary

Health-related quality

of life; Objective: The measurement of health-related quality of life (HRQL) in children
Pediatric cochlear presents conceptual and methodological challenges owing to the multidimensionality
implantation; of the required information and limitations in patient self-report. HRQL results
Outcomes provide a broad measure of treatment impact from the patient and family perspective

and are crucial to guiding clinical and policy decisions. The objective of this study was
to evaluate how HRQL in children with cochlear implants has been measured in
published studies in order to draw conclusions that could inform future investigations
of this area of clinical research.

Methods: We searched PubMed, EMBASE, CINAHL, Psycholnfo, and Web of Science
databases using a defined search string and hand-searched reference lists of relevant
articles and personal files. Retrieved citations were reviewed in two stages, a title and
abstract screen followed by review of the full-length article. Inclusion criteria for
studies were: (1) original peer-reviewed research article; (2) enrolled subjects <18
years old with cochlear implants; (3) use of a HRQL instrument that incorporated
components of physical, mental, and social health; and (4) in English. Data from full-
length articles were extracted by a single-investigator.

Results: We retrieved 671 citations with our search strategy, and 10 citations were
found to be eligible for inclusion. All studies used a cross-sectional design, and three
types of HRQL instruments were used: generic questionnaires, ad hoc instruments
designed specifically for the purposes of the study, and the parents views and
experiences with pediatric Cl questionnaire. Heterogeneity in study design and
instruments prevented a quantitative, meta-analysis of the data.
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Conclusions: Studies that used well-validated, generic HRQL instruments supported
conclusions that were less subject to potential bias from the perspective of the

clinician investigator. Most
age at implantation and dur.

studies did not use well-defined cohorts with respect to
ation of implant use, and conclusions in these studies were

also subject to potential bias. No well-validated, deafness-specific HRQL instruments
are currently available. Future research should be done with existing, generic HRQL
instruments and with strict study inclusion criteria. Suggested generic HRQL instru-

ments are discussed.

© 2006 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Prelingual deafness carries cascading consequences
for oral language development and related experi-
ential learning that affects behavioral and social
development [1-5]. Over the past 15 vyears,
cochlear implantation (Cl) has evolved as a success-
ful treatment option for eligible deaf children. Early
restoration of auditory input provided by a ClI
enables children to substantially improve their ver-
bal language-learning trajectory [6,7]. However,
there still exists wide variability in outcomes after
CI[8]. While many children with Cl have been able to
fully interact with normal-hearing peers and parti-
cipate in the mainstream, others have experienced
limitations in their ability to communicate verbally.

Previous studies of pediatric Cl have investigated
which factors lead to better outcomes. In the vast
majority of these studies, outcome measures were
based on clinical tests of speech, hearing, or lan-
guage. However, given the broad impact of deafness

on a child’s development, it is unclear how clinical
measures of efficacy (e.g. hearing and speech mea-
sures) manifest in actual effectiveness (i.e. perfor-
mance in home, school, and social settings).
Empirical clinical experience often suggests other-
wise, with some children performing well in struc-
tured clinical settings but with parents reporting
poor results at home. Some studies have also
demonstrated that outcomes in clinical settings
do not correlate with performance in unstructured
settings [9].

The need for a more comprehensive outcome
measure has spurred interest in using measures of
quality of life to assess the impact of cochlear
implantation. Quality of life can be broadly defined
as an individual’s contentment or satisfaction with
life. Numerous factors may, therefore, contribute to
this perception (sense of well-being, financial sta-
tus, spirituality, living environment). Health-related
quality of life (HRQL), on the other hand, represents
those domains of overall quality of life that are
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Fig. 1 Conceptual model of the relationship between cochlear implantation and health-related quality of life (adapted

from Spilker [47]).
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affected by one’s health, and we will focus on this
concept in our review [10].

A schematic model of the role of HRQL in eval-
uating a medical intervention is depicted in Fig. 1.
Studies of the impact of Cl have typically focused on
the *‘clinical evaluation level” and clinical mea-
sures of efficacy (auditory skills, hearing thresholds,
and speech) in order to evaluate treatment effect.
However, these measures only represent a small
portion of the effect that a cochlear implant has
on a child’s life. For instance, these tests would not
measure a child’s ability to consistently communi-
cate needs and wants or the child’s improved self-
confidence when interacting with normal-hearing
peers. Ideally, a valid HRQL measure would be able
to capture such downstream effects.

Instruments that measure HRQL are broadly
divided into two categories: health index surveys
and health utility instruments. Health index surveys
(Fig. 1) comprise batteries of items organized into
scales, each of which measures a dimension of
HRQL. In some instruments, the domains of HRQL
are strictly defined as physical, mental, and social
well being in accordance with the World Health
Organization’s definition of health [11]. Other
instruments acknowledge that perceptions of HRQL
may not be amenable to definition according to
these components. For example, the Child Health
and Illness Profile, a validated measure of child
HRQL, is comprised of domains of satisfaction, com-
fort, risk avoidance, resilience, and achievement
[12]. Within each of these domains, items query
physical, mental, and/or social components of
health. With health indices, scores are compiled
across questions querying each different domain,
and a single summary score or domain-specific score
can be reported. These metrics can be generic or
disease-specific, and they provide a rich source of
information for approaching clinical questions or
understanding the health status of patients.

Health utility metrics focus on a subject’s
broader conceptualization of HRQL through
approaches that differ from health index surveys
(Fig. 1). In trying to capture a patient’s overall
sense of well-being, patients are asked to assign a
value to their current health state. Respondents
are prompted to think about their health state
across different domains of HRQL, and the respon-
dent’s assessment of their health state is measured
on a continuum of 0—1. Health utility is most often
measured with one of three commonly used utility
metrics, the visual analog scale, time trade-off,
or standard gamble [13,14]. Although, health uti-
lity metrics do not provide detailed clinical infor-
mation, they are useful for assessing the cost-
utility of medical treatments since the scales are

universally anchored on perfect health and death
[13,15].

Measuring HRQL in children is complicated by
several conceptual, methodological, and develop-
mental issues that have been reviewed extensively
elsewhere [16—19]. With respect to pediatric Cl,
two major issues arise. First, there are challenges in
conceptualizing, in a comprehensive manner, what
the salient domains of HRQL would be for a child and
how these domains would change through develop-
ment. Domains that comprise HRQL for a 5-year-old
girl who is just beginning to start school should be
different than those for a 16-year-old boy who is just
starting to drive. A valid study would, therefore,
have to choose an appropriate instrument that
measures the domains of HRQL relevant for the
target population. Second, HRQL measures in chil-
dren are often completed by parental-proxy rather
than by the child. Previous studies have demon-
strated poor correlation between parent and child
scores for mental- and social-related domains of
HRQL and better correlation for physical-related
domains [20]. The interpretation of HRQL results
must, therefore, take into consideration the choice
of survey-respondent, and when possible, both par-
ent and child-reported scores should be used.

Given the inherent difficulties in conceptualizing
and applying HRQL measures to children, our objec-
tive was to evaluate how HRQL has been assessed in
previously published pediatric Cl studies in order to
determine whether conclusions could be drawn that
would inform future investigations. In this review,
we present a systematic review and summary of
these studies. Specifically, we address: (1) the char-
acteristics of studies using HRQL to assess outcomes
of pediatric Cl, and (2) the types of HRQL instru-
ments that have been used and the key results and
conclusions generated.

2. Methods
2.1. Search strategy

Our search strategy was based on a focused clinical
question of ““How has HRQL been measured in chil-
dren with cochlear implants?”’ To identify all eligible
studies, we searched PubMed (1953—2005), EMBASE
(1974—2005), CINAHL (1982—2005), Psycholnfo
(1887—2005), and Web of Science (1945—2005) from
June 20 to July 7, 2005. We attempted to capture all
relevant studies by searching databases that
included biomedical journals (PubMed and EMBASE),
journals relevant to audiology and the communica-
tion sciences (CINAHL), and psychology journals
(Psychinfo and Web of Science). We used variations
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of the following search string for all databases:
**(Cochlear implant’) AND (quality of life OR effec-
tiveness OR cost utility OR cost effectiveness OR
psychology OR health status OR program evaluation
OR parent’) AND (pediatric OR child” OR infant OR
toddler)”. We also hand-searched personal litera-
ture files and the reference lists of all articles found
to be eligible for our systematic review [21—30].

2.2. Study selection

Potential studies were reviewed in two stages by a
single investigator. In the first stage, titles and
abstracts of all retrieved citations were reviewed
for eligibility. Citations were selected if they met all
the following inclusion criteria: (1) original peer-
reviewed research article; (2) enrolled subjects <18
years; (3) children had cochlear implants; (4) study
used a patient or proxy measure of multidimensional
functional status, HRQL, or health status; and (5) in
English. In the second stage, full-length articles of
selected citations were reviewed. Articles were
accepted for inclusion in our study if they met
the previous inclusion criteria in addition to all of
the following: (1) separated HRQL results for Cl and
non-Cl children if both groups were included in the
study; (2) used a HRQL instrument that incorporated
components of physical, mental, and social health;
and (3) the HRQL instrument was published with the
article if an ad hoc instrument was used.

2.3. Data extraction

For each eligible article, data were extracted using
custom-designed forms by a single investigator.

Collected data included: study demographics
(including age at time of Cl and at study), study
purpose, HRQL instrument used and method of
administration, and qualitative/quantitative HRQL
results.

3. Results

3.1. Search results and study
characteristics

Our search query of five databases yielded 667
retrieved citations (Fig. 2). An additional four,
non-duplicate, citations were found from hand-
searching personal literature files and the reference
lists of relevant articles. The initial primary screen
that consisted of reviewing titles and abstracts and
eliminating duplicate articles yielded 31 potentially
relevant citations. The secondary screen involved
reviewing the full-length articles of these 31 cita-
tions of which 21 were excluded. The most common
reason for exclusion was that a HRQL instrument
incorporating components of physical, mental, and
social health was not used. Our search strategy
yielded 10 articles that were found to be eligible
for inclusion in our systematic review (Table 1).
All studies used a cross-sectional design to cap-
ture HRQL data, and, therefore, no studies captured
longitudinal changes in HRQL. Kelsay and Tyler [21]
attempted to document changes in HRQL at sequen-
tial cross-sectional time points after Cl (1—3 years
after Cl). However, different subjects were enrolled
at each time point. Cheng et al. [22] measured HRQL
by having parents rate their child’s HRQL an average

331 from PubMed
145 from EMBASE
96 from CINAHL
33 from Psychinfo

Literature
Search

671 Potentially Relevant Citations Identified:

62 from Web of Science
4 from hand-searching

Primary Screening

640 citations are ineligible based on
title/abstract review or are duplicates

31 Citations Eligible for Full-length Article Review

Secondary Screening

v

—
2

21 articles ineligible:
2 No enrolled children
Cl vs. non-Cl HRQL data not separated
15 HRQL instrument not used
2 Ad hoc HRQL instrument not published

10 Articles Included for Final Review

Fig. 2 Screening and selection process of retrieved citations.



Table 1 Evidence table of reviewed articles

Author N Prelingually Age at CI? Years from Age of Respondent  Main points
deaf or deaf Cl to study®  subjects
<age 3 (%) at study®
Generic
Cheng 78 93 5.7 (4.2) 1.9 (2.0) 7.5 (4.5) Parent Objective: to determine the QoL and
et al. [22] cost-consequences for deaf children

who receive a Cl
(1) Used generic health utility metrics (VAS, TTO, HUI)®
(2) Change in health utility from immediately

before to after Cl: VAS 0.59 — 0.86; TTO 0.75 — 0.97;

HUI 0.25 — 0.64
Huber [23] 29 90 Children: >3 8-16 Parent and Objective: to obtain initial, fundamental information
4.3 (2.0) Child on HRQL of children with a ClI with reference to
their hearing counterparts
Adolescent: (1) Used KINDLr generic HRQL survey
7.6 (1.8) (2) For Cl children (8—12): self-ratings of HRQL were

significantly lower than hearing children scores.
Parent-proxy ratings of HRQL were significantly
higher than their child’s self-ratings

(3) For female Cl adolescents (13—16): self-ratings,
parent-proxy ratings, and normal hearing scores
were not significantly different from each other

Ad hoc
Kelsay and <25°¢ 100 2—-16 1-3 2—13 Parent Objective: to document advantages and disadvantages
Tyler [21] that parents associated with their children’s use of

a multichannel CI

(1) Used an ad hoc open-format, qualitative
questionnaire asking parents to list benefits/
disadvantages of Cl for their child

(2) At 1-3 years post-Cl, the most common
benefits to Cl children were awareness of
environmental sounds, speech perception/
production, lifestyle (activities, independence,
friendships)

(3) Psychological benefits (increased self-confidence
and self-esteem) only identified by 10% parents
at 3 years post-Cl
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Table 1 (Continued)

Author N Prelingually
deaf or deaf

<age 3 (%)

Years from
Cl to study?®

Age of
subjects
at study?®

Respondent

Main points

Beadle 17 N.S.
et al. [25]

Archbold 30 100
et al. [24]

Vlahovic and 11 N.S. 2—6
Sindija [26]

Parents views and experiences with pediatric Cl (PVEIQ)
Incesulu 27 100 N.S.
et al. [29]

>0.5

1-5

1-3

N.S.

Parent

Parent

Parent

Parent

Objective: to examine the relationship between QoL
of the child as reported by parental proxy and
parental perceptions about the process of implantation,
outcomes, and support received
(1) Used an ad hoc, quantitative 10-point HRQL scale
(2) Mean HRQL score on 10-pt scale: 7.9 (range 2—10)
(3) HRQL scores correlated with parental assessment
of outcome as measured by ad hoc 46-item survey
(r=0.77, p < 0.001)

Objective: to explore the perceptions of parents

without limiting them to prescribed issues

(1) Used an ad hoc open-format, qualitative
questionnaire with 17 prompt headings

(2) Major themes throughout all
responses: (a) improvement in child’s confidence
and communication ability; (b) increasing
dependency on technology and need for long-term
educational/implant center support

(3) Results formed basis of developing closed-format

questionnaire

Objective: to assess the influence of potentially

limiting factors on post-implant outcome

(1) Used an ad hoc, quantitative 13-item closed-
format questionnaire with children with
“potentially limiting factors” (additional disabilities,
cochlear malformation/ossification, reimplantation,
or cochlear nerve pathology)

(2) “Benefit” seen for all children with limiting factors
except for child with cochlear nerve pathology

Objective: to evaluate parental perspectives regarding

Cl and the child’s progress after a minimum of 1 year

after Cl

(1) Authors adapted the PVEIQ to include 11 domains
and 58 items

001
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Nicholas and 181 100 <5
Geers [28]

O’Neill 17 100 N.S.
et al. [27]

Nunes 61 N.S. N.S.
et al. [30]

(2) Parents reported improvements in communication
skills, social relationships, and self-confidence

Objective: to document the psychosocial adjustment

of a representative sample of school-aged deaf

children who have had a Cl since their preschool years

(1) Authors used 46-items of the PVEIQ, rescaled items
to same scale (negative to positive), and scored
surveys as percent of potential maximal agreement.
HRQL scores correlated with speech perception/
production, oral/total language, and reading

(2) Parents expressed “a generally positive view of CI”’

Objective: to test the reliability of a validated

closed-format questionnaire assessing parental views

following CI of the child

(1) The authors assessed the test-retest reliability of
the 107-item questionnaire

(2) 35 of the 40 items in HRQL-related domains had
Pearson correlations >0.5

Objective: to carry out an independent assessment of

a parent outcome questionnaire for pediatric Cl

designed by Archbold et al.

(1) The authors’ objective was to assess the validity of
the 74-item questionnaire

(2) Content validity was adequate. The authors also
identified missing themes

(3) Criterion validity was acceptable. For 8 of 10 themes,
extreme questionnaire scores converged with
semistructured interview results. Only four themes
were suitable for correlation against interview
scores of which two had acceptable correlation

(4) The scaling properties of the items/domains and
internal construct validity were not assessed with a
factor analysis

N.S.: not stated in article.
2 In years: range, mean (standard deviation), or no. of years.

B VAS: visual analog scale; TTO: time-trade off; HUI: health utilities index mark IlI.

€ This study enrolled 25 subjects who were 1 year post-Cl, 21 subjects at 2 years post-Cl, and 22 subjects at 3 years post-Cl. Different subjects were enrolled in each time period.
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of 2 years after their child’s surgery. At this time
point, the authors also had parents retrospectively
rate what their child’s HRQL had been 1-year and
immediately before implantation. The authors
argue that this approach to measuring changes in
HRQL can be justified on the basis that parents and
children regularly revisit the state of deafness when
the implant is removed or if there are malfunctions.
They also observed that scores gathered from a
small group of parents immediately before their
child’s implantation were ‘‘nearly identical” to
the retrospectively gathered scores used in their
study.

The sample size of the 10 studies ranged from 11
to 181 subjects (Table 1). Seven of the 10 studies
explained the subject selection process and the
number of non-respondents [22—25,27,29,30].
Two studies accounted for the characteristics of
the non-respondents and addressed potential selec-
tion bias in measured HRQL scores [22,23].

There was substantial inter- and intra-study het-
erogeneity in the age of the children at time of Cl,
the duration of implant use, and the age of the
subjects at the time of survey. Several studies did
not include these descriptors of their study popula-
tion [25,27,29,30]. The greatest range in age at
implantation was seen in the Kelsay and Tyler study
[21] where the children ranged from 2 to 16 at the
time of implantation. Most studies only reported a
minimum number of years from implantation to
survey without stating an actual range. One study
[28] had a well-defined study population where all
children were implanted at <5 years, and HRQL was
measured when all children were 8—9 years old.

3.2. HRQL instruments

The HRQL metrics used in these 10 studies can be
broadly divided into three categories: generic HRQL
instruments, ad hoc instruments created specifically
for the purposes of the study, and the parents views
and experiences with pediatric Cl questionnaire
(PVEIQ) developed by Archbold et al. [24].

3.2.1. Generic

Generic HRQL instruments used included health
utility metrics and the KINDLr. Cheng et al. [22]
used three different types of health utility metrics
to measure HRQL: visual analog scale (VAS), time
trade off (TTO), and the health utilities index mark
[l (HUI). Each of these methods results in a summary
HRQL score between 0 and 1 for the subject. An
extensive discussion of these instruments is beyond
the scope of this article, but excellent reviews can
be found elsewhere [13]. Briefly, the VAS presents
the subject with a line with grid marks from 0

(*"death’) to 100 (‘‘perfect health”), and the sub-
ject is asked to draw a line corresponding to their
HRQL. The TTO [31] presents the subject with two
alternatives: living in their current state of health
for time t (remaining life expectancy) or living in
“perfect health” for time x. The duration of x is
varied until the subject is ambivalent between the
two options; the subject’s HRQL is then expressed as
x/t. Finally, the HUI was developed by Torrance and
co-workers as a population-based measure of HRQL
[32]. This instrument divides health status into eight
different attributes (e.g. hearing, mobility) with
five or six levels per attribute. Subjects specify
which attributes best describe themselves, and
the subject is then mapped onto one of 972,000
possible health states. A utility score is assigned to
the person’s health state based on a multiattribute
utility function that was derived from the prefer-
ences of a sample of adults in Ontario, Canada.

One study [23] used the KINDLr, a generic 24-item
HRQL instrument, that was developed in Germany
and that has been validated for use in 8—16 years old
children [33]. The instrument is composed of six
scales: physiological and psychological well-being,
self-esteem, family, friends, and functioning. Both
child-report and parent-proxy versions are avail-
able, and normative values have been established
for comparison.

3.2.2. Ad hoc

Ad hoc HRQL instruments that are designed for the
purposes of an individual study can be qualitative or
quantitative and were used in four reports [21,24—
26]. Ad hoc qualitative measures provide rich
detailed information and are useful to understand
the broad impact of a treatment on HRQL. These
instruments typically rely on using open-ended
questionnaires and possibly semi-structured inter-
views to clarify and focus responses. In contrast, ad
hoc quantitative instruments allow for simple
numerical summary scores but are difficult to inter-
pret since the instruments have not been validated
and normative scores are not available. Two studies
[21,24] used qualitative, open-ended question-
naires, and two studies developed and used a quan-
titative instrument [25,26].

3.2.3. Parents views and experiences with
pediatric Cl questionnaire (PVEIQ)

Archbold et al. developed the PVEIQ, a closed-for-
mat questionnaire, based on qualitative research
using parental responses to an open-ended ques-
tionnaire [24]. This closed-format questionnaire
contains 10 domains that broadly capture parental
perceptions of their child and the implantation
process. Five of these domains are related to the
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HRQL of the child: communication, general func-
tioning, self-reliance, well-being and happiness,
and social relationships. The earliest reference to
this survey contained 107 items [27] but has now
been reduced to 74 items [30].

O’Neill et al. studied the test-retest reliability of
the survey and found it to be adequate with 35 of the
40 items comprising the five HRQL domains having
Pearson correlation coefficients >0.5 [27]. Nunes
etal. (25) assessed the validity of the survey. Content
validity was found to be adequate, but the authors
identify missing concepts based on their interviews
with Cl children and parents. A factor analysis was
not performed to assess the scaling properties (e.g.
unidimensionality) of the items assigned to each
domain. External construct validity of the PVEIQ
(whereby this instrument is compared to other
validated measures based on a priori hypotheses)
was not performed [34]. The authors suggest making
further refinements to the instrument.

Heterogeneity in HRQL instruments used in the 10
studies prevented a quantitative analysis (meta-
analysis) of HRQL data. The results of individual
studies are, therefore, qualitatively summarized
by type of HRQL instrument (generic HRQL instru-
ments, ad hoc survey instruments, and the PVEIQ),
and key conclusions from each study are presented
in Table 1.

4. Discussion

The necessity of studying HRQL outcomes in Cl
children is highlighted by the importance of mea-
suring patient-reported outcomes [35] and patient-
defined problems [36]. HRQL outcomes can also
inform policy, and long-standing and slow to evolve
policy regulations have had a direct effect on access
to Cl and Cl-related services [37]. In order to under-
stand the needs of deaf children and to study the
real-world impact of different treatment factors
(e.g. unilateral versus bilateral Cl, age at implanta-
tion), instruments that measure progress from the
child and family perspective are needed [38]. This
approach is also underscored by economic forces
and the requirements of health-technology assess-
ments that necessitate the collection of HRQL data
[39]. This systematic review of the pediatric Cl
literature revealed a diversity of studies, each using
heterogeneous study populations and HRQL instru-
ments. Several conclusions based on a qualitative
review of the data emerge that are informative to
future investigations.

We observed that studies that used a generic
HRQL instrument resulted in stronger conclusions
with greater scientific-validity. This is a result of the

generic instruments having had previous validation
and the availability of normative scores or a frame-
work for interpreting the scores from these instru-
ments. For example, the objective of the study by
Huber [23] was to evaluate the HRQL of Cl children
with respect to normal hearing children. By applying
the KINDLr, a generic instrument for which batteries
of age-specific normative scores were available, the
author was able to demonstrate that 8—12 years old
Cl children had lower self-rated HRQL than hearing
children and that these scores were discrepant from
parent-reported scores. In contrast, the objective
of the Vlahovic and Sindija study was to evaluate
whether children with additional disabilities (e.g.
cochlear malformation) would benefit from a Cl.
They used an ad hoc 13-item HRQL instrument,
and the authors concluded that benefit with a Cl
was observed in these children. In this case, benefit
was defined as a score that improved on their 13-
item scale. However, without prior validation, the
clinical significance of the score change and the
external validity of the 13 items in assessing benefit
are arbitrary and subject to the authors’ bias.

A similar interpretation applies to studies using
the PVEIQ. Since the PVEIQ was designed to be a
measure of parental perceptions and not a direct
measure of HRQL, only five of the instrument’s
domains are relevant to pediatric HRQL. Normative
scores or a framework for interpreting scores are
also unavailable. The result was that in studies such
as those by Incesulu et al. [29] and Nicholas and
Geers [28], authors had to choose to include only a
subset of items guided by their clinical judgment,
and they were also forced to develop ad hoc meth-
ods of interpreting scores. Incesulu et al. [29] qua-
litatively summarized results from the instrument,
while Nicholas and Geers [28] rescaled scores and
expressed total scores as a percent of maximal
agreement. The lack of availability of a well-vali-
dated HRQL instrument results in conclusions that
are subject to personal judgment about which items
to include and how to interpret scores.

The design of a clinical study with well-defined
inclusion criteria is fundamental to the validity of
the scientific results. In 9 of the 10 studies included
in this review, there was substantial heterogeneity
in the ages of the children at Cl, the duration of Cl
use, and the ages of the children at the time of the
survey. The association between speech/language
abilities and age at implantation and duration of
implant use is well-established, and therefore, het-
erogeneity in these factors could result in study
populations with widely variable language skills
[8]. Since conceptual models of HRQL posit that a
person’s functional status (i.e. language, speech
skills) will have a direct effect on perceptions of
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health and HRQL [40], heterogeneity in age and
duration of use also leads to variability in HRQL
scores. For example, in one study [22], children
were on average 5.7 + 4.2 years old at time of Cl
and the duration of implant use among subjects had
mean 1.9 + 2 years. HRQL was then reported as an
average of the group’s scores. However, this mean
score could have been higher or lower if a different
cohort of children with different ages and duration
of implant use was enrolled. The simplest approach
to dealing with this potential source of bias is to
include strict inclusion criteria in the study design.
For example, in Nicholas and Geers study, all sub-
jects were 8—9 years old and had received their
implant 4—6 years ago.

4.1. Limitations of present review

This systematic review has several limitations.
First, this review was restricted to the English lan-
guage, and it is possible that some studies were
excluded. However, this may be minimal given that
many authors from non-English language countries
still often publish in English-language journals.
Three of the studies in our review were from
groups located in non-English language countries
[23,26,29]. Our search strategy was also intention-
ally narrow in order to capture only those articles
that have specifically used a HRQL instrument to
evaluate children with cochlear implants. Other
studies that have applied HRQL instruments to deaf
children without cochlear implants were specifically
excluded since the conceptual basis of HRQL may be
different in these children. For example, since
medical versus sociological models of deafness arise
from widely different perspectives [41], families
who choose to forgo Cl may not see deafness as
being a health issue and may have a different per-
spective on HRQL than families electing for a med-
ical intervention such as Cl. Our data extraction and
screening process was also only carried out by a
single investigator, and therefore, there is a slightly
greater likelihood that a reference may been inad-
vertently excluded or data abstracted incorrectly.
This may be minimal, though, given the precise
study inclusion criteria used, the primarily qualita-
tive data extracted, and the modest scope of this
systematic review.

4.2. Future studies

Future studies investigating HRQL should use well-
validated HRQL instruments and employ strict inclu-
sion criteria in the study design. At present, well-
validated HRQL instruments are limited to generic
measures that are not deafness-specific. The PVEIQ

has the potential to be a valid, deafness-specific
questionnaire; further refinement of the content
and scaling properties and the development of nor-
mative scores will strengthen investigators’ ability
tointerpret results and formulate clinically relevant
conclusions when using this instrument. While the
future validation or development of a deafness-
specific HRQL instrument may allow for more spe-
cific clinical questions to be addressed (e.g. social
functioning specifically related to hearing), cur-
rently available generic instruments have already
demonstrated sufficient sensitivity given the broad
impact that deafness has on a child [22,23,42]. In
addition to the generic instruments discussed in this
current review, other instruments such as the Child
Health and Illness Profile [43,44], the PedsQL [45],
and the Child Health Questionnaire [46] could all be
applied to CI children. The advantages of these
three instruments are their comprehensive
approach to conceptualizing HRQL, the availability
of both parent and child-report forms, and estab-
lished normative scores. A previous population-
based study of children with congenital hearing loss
has successfully used the Child Health Questionnaire
to demonstrate HRQL decrements in 7—8 years old
deaf children relative to hearing peers [42]. Exten-
sive reviews of other validated, pediatric HRQL
instruments are also available [16—19]. In a current
multi-site cohort study of Cl outcomes being con-
ducted at our institution and five other sites
throughout the United States, we plan to explore
the use of the Child Health and Illness Profile as a
longitudinal measure of HRQL in parallel with other
speech and language measures.

Future well-conducted studies that systematically
evaluate the HRQL of cochlear-implanted children
will allow us to assess the impact of Cl during critical
phases of early development in terms that are rele-
vant to families and society. Ideally, HRQL data will
also lead to a better understanding of criteria for
selecting childhood candidates for implantation, the
rehabilitative needs of Cl children, and enable access
to services that allow deaf children to use implan-
table technologies to their fullest potential.
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