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IMPORTANCE Cochlear implantation is highly effective at improving hearing outcomes,
but results have been limited to groupwise analysis. That is, limited data are available for
individual patients that report comparisons of preoperative aided speech recognition and
postimplantation speech recognition.

OBJECTIVE To assess changes in preoperative aided vs postoperative speech recognition
scores for individual patients receiving cochlear implants when considering the measurement
error for each speech recognition test.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used a prospectively
maintained database of patients who received cochlear implants between January 1, 2012,
and December 31, 2017, at a tertiary, university-based referral center. Adults with bilateral
sensorineural hearing loss undergoing cochlear implantation with 6- or 12-month
postoperative measures using 1 or more speech recognition tests were studied.

EXPOSURES Cochlear implantation.

MAIN OUTCOMES AND MEASURES Postoperative word recognition (consonant-nucleus-
consonant word test), sentence recognition (AzBio sentences in quiet), and sentence
recognition in noise (AzBio sentences in +10-dB signal-to-noise ratio) scores, and association
of each speech recognition score change with aided preoperative score to each test’s
measurement error.

RESULTS Analysis of data from a total of 470 implants from 323 patients included 253 male
(53.8%) patients; the mean (SD) age was 61.2 (18.3) years. Most patients had statistically
significant improvement in all speech recognition tests postoperatively beyond measurement
error, including 262 (84.8%) for word recognition, 226 (87.6%) for sentence recognition,
and 33 (78.6%) for sentence recognition in noise. A small number of patients had equivalent
preoperative and postoperative scores, including 45 (14.5%) for word recognition, 28
(10.9%) for sentence recognition, and 9 (21.4%) for sentence recognition in noise. Four
patients (1.6%) had significantly poorer scores in sentence recognition after implantation.
The associations between age at implantation and change in speech recognition scores
were –0.12 (95% CI, –0.23 to –0.01) for word recognition, –0.22 (95% CI, –0.34 to –0.10) for
sentence recognition, and –0.10 (95% CI, –0.39 to 0.21) for sentence recognition in noise.
Patients with no significant improvement were similarly distributed between all preoperative
aided speech scores for word recognition (range, 0%-58%) and sentence recognition
(range, 0%-56%) testing.

CONCLUSIONS AND RELEVANCE In this cross-sectional study, with respect to preoperative
aided speech recognition, postoperative cochlear implant outcomes for individual patients
were largely encouraging. However, improvements in scores for individual patients remained
highly variable, which may not be adequately represented in groupwise analyses and
reporting of mean scores. Presenting individual patient data from a large sample of
individuals with cochlear implants provides a better understanding of individual differences
in speech recognition outcomes and contributes to more complete interpretations of
successful outcomes after cochlear implantation.
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C ochlear implantation has become the standard of care
for patients with moderate to profound sensorineural
hearing loss.1,2 When this technology was first

approved by the US Food and Drug Administration in 1985,
cochlear implants were reserved for those patients with 0%
speech recognition ability and no residual hearing at any test
threshold.3,4 Since then, patients with varying degrees of
residual hearing have had improvement in speech recogni-
tion ability and quality of life after implantation.5-12 As
a result, candidacy criteria for conventional cochlear implan-
tation, not including electric acoustic stimulation or hybrid
devices, have continued to expand, and the current criteria
require 60% or less open-set sentence recognition with prop-
erly fitted hearing aids.13 This requirement has resulted
in an increased number of patients who are now eligible
for implantation.

For patients with severe to profound sensorineural hear-
ing loss and very poor aided speech recognition ability, the
decision to pursue implantation is straightforward. However,
for patients with more residual hearing and aided speech rec-
ognition ability at or near the upper limit of candidacy, this
decision is more complex. Patients and physicians must con-
sider the potential outcomes from cochlear implantation
against current and future hearing aid benefit. Studies6-8

have found that patients have higher mean postoperative
word recognition and sentence recognition scores compared
with preoperative aided scores. Although important, differ-
ences between preoperative aided and postoperative scores
for individual patients are less well known because they
are rarely reported. Gifford et al,6 Hughes et al,7 and Zhang
and Coelho8 reported that individual patients with aided
preoperative speech recognition scores at or near the
expanded criteria limit nevertheless had improvements in
speech recognition with their cochlear implants. However,
each study had a small sample size (22-60 patients) and
none considered the inherent statistical limitations (95%
CIs) of percent-correct speech recognition scores when
reporting outcomes.

Given that a patient’s response to each item in a speech
recognition task is a binomial outcome (correct or incor-
rect), results are typically presented as a percentage correct
score. Because of this, measurement error should be consid-
ered in the same way as any outcome that follows the bino-
mial model.14 Interpretations of score changes (eg, preop-
erative aided vs postoperative) need to account for this
inherent measurement error, which determines whether the
change in score was caused by chance or can be interpreted
as a meaningful improvement after implantation. The pur-
pose of the current study was to assess differences in preop-
erative aided vs postoperative speech recognition scores for
a large sample of patients while considering each assess-
ment’s measurement error. We investigated the number
of patients whose preoperative aided speech recognition
scores showed statistically significant improvement, had
no significant change, or significantly decreased after coch-
lear implantation, with respect to the inherent statistical
limitations of each measure and the degree of change for
each patient.

Methods

Patients
This cross-sectional study retrospectively reviewed data from
a prospectively maintained database for adult patients under-
going cochlear implantation for bilateral sensorineural hear-
ing loss between January 1, 2012, and December 31, 2017. Evalu-
ation for candidacy and surgery was performed at a tertiary,
university-based otology practice. Inclusion criteria were docu-
mented history of postlingual onset of hearing loss, age of
18 years or older at the time of implantation, and preopera-
tive aided and 6-month or greater postoperative scores in at
least 1 of 3 speech recognition measures described in the Data
Acquisition section. Exclusion criteria were revision and im-
plantation for single-sided deafness. For 147 patients under-
going bilateral cochlear implantation, each ear was treated as
an independent outcome. Table 1 includes the demographics
of the 323 patients (470 implants) who met the inclusion and
exclusion criteria. Preoperative hearing aid use was defined as
the patient’s self-reported active hearing aid use at the time
of the cochlear implantation evaluation (yes/no). Duration of
hearing loss before cochlear implantation was defined by self-
reported number of years with hearing loss before implanta-
tion. This study was approved by the Medical University of
South Carolina Institutional Review Board, and informed con-
sent was not required. The study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Data Acquisition
The following data were obtained from our adult cochlear
implantation patient database: age at implantation, sex,
active hearing aid use before implantation, duration of hear-
ing loss before implantation, and duration of follow-up after
activation (6 or 12 months). Also obtained from the database
were speech recognition scores measured separately for
each ear in the best aided condition before implantation and
with their cochlear implant 6 months (26.8%) or 12 months

Key Points
Question What are the differences between preoperative aided
and postoperative speech recognition scores for individual
patients undergoing cochlear implantation with respect to each
measure’s established 95% CIs?

Findings In this cross-sectional study, most patients had
statistically significant postoperative improvements in word
recognition, sentence recognition, and sentence recognition
in noise testing. Preoperative and postoperative scores were
equivalent for a small percentage of patients, and there was
substantial variability in postoperative speech recognition
outcomes for individual patients and a lack of association with
preoperative aided scores.

Meaning Individual cochlear implantation outcomes with respect
to preoperative aided speech recognition appear to be largely
beneficial but subject to a large degree of variability.
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(73.2%) after cochlear implant activation. Speech recogni-
tion scores included consonant-nucleus-consonant word
test (CNC), AzBio sentences in quiet (AzBio Quiet), and
AzBio sentences in noise at a +10-dB signal-to-noise ratio
(AzBio +10). Noise was a multitalker babble.15-17 AzBio +10
was only administered to patients whose AzBio Quiet scores
were 50% or greater. These scores are referred to as word
recognition, sentence recognition, and sentence recognition
in noise, respectively. Preoperative speech recognition was
measured in the sound field with hearing aids (personal or
clinic stock aids) fitted to revised National Acoustic Labora-
tories targets.18 All speech recognition testing was per-
formed in a sound-treated room with speech presented at
60-dB sound pressure level (0° azimuth for speech and
noise, when present). Complete aided and cochlear implant
word recognition scores were available in 309 patients, sen-
tence recognition scores in 258 patients, and sentence recog-
nition in noise scores in 42 patients. All preoperative to post-
operative speech recognition score comparisons were made
within the same ear. The CNC and AzBio measures were cho-
sen because they have little to no ceiling effect for most
patients with cochlear implants in contrast to traditional
hearing-in-noise test (HINT) sentences.19

Statistical Analysis
Analyses were performed with SPSS software, version 25.0
(IBM Inc). Nominal variables (sex and hearing aid use) were
summarized by number (percentage). Continuous variables
(age at implantation, duration of hearing loss, follow-up time,
and audiologic data) were summarized by mean (SD). Scatter-
plots were created by comparing aided preoperative speech rec-
ognition scores (CNC, AzBio, and AzBio +10) with postopera-
tive scores within the same ear. Each data point was compared
to published 95% CIs for the CNC and AzBio tests.14,17 Com-
parisons of mean change in speech recognition scores based
on preoperative aided scores were performed using a 2-tailed,
unpaired t test (Table 2). Strength of association among
continuous variables was assessed by using the Pearson cor-
relation coefficient (r) or Spearman ρ, depending on the nor-
mality of the variables. A correlation coefficient of 0 to 0.3 is
considered poor, 0.31 to 0.5 is fair, 0.51 to 0.7 is moderate, and
greater than 0.7 is very strong.20 Effect sizes (Cohen d) were
used as the measure of strength of association or effect for all
statistical tests. Cohen d for the difference among continu-
ous variables was calculated by dividing the mean difference
by the pooled SD. An effect size of 0.2 to 0.49 is considered
small, 0.5 to 0.79 medium, 0.8 to 1.29 large, and greater than
1.3 very large.21 For each speech recognition measure, pa-
tients were placed into 1 of 3 groups based on change from
preoperative aided to postoperative speech recognition score
with respect to 95% CIs (Table 3). Patients who had improve-
ments in their speech recognition scores above the upper 95%
CI limit of that measure were considered to have statistically
significant improvement. Those who had changes in their score
within the two 95% CI limits were considered to have no
significant change, and those who had changes in their
score below the lower 95% CI limit were considered to have
significant decline.

Results

Data from a total of 470 implants from 323 patients included
253 male (53.8%) patients; mean (SD) age was 61.2 (18.3) years.
Patient demographics are provided in Table 1. Bilateral
implantation was performed in 147 patients. Most patients
(282 [60.0%]) reported using hearing aids at time of cochlear
implantation evaluation. Mean (SD) duration of hearing loss
before implantation was 24.3 (17.3) years. Mean speech rec-
ognition scores are given in Table 2. The mean percentage im-
provement in scores (postoperative score minus preopera-
tive score) 6 or 12 months after implantation was 33.7%
(d = 2.01; 95% CI, 1.84-2.17) for CNC, 45.6% for AzBio Quiet
(d = 2.09; 95% CI, 1.92-2.26), and 33.6% for AzBio +10 (d = 1.79;
95% CI, 1.63-1.95). In all tests, most patients have some im-
provement in score, but there is variability in the magnitude
of improvement between tests and within each test. No one
test has a true normal distribution. Although word recogni-
tion and sentence recognition had statistically significant
associations, the strength of these associations was poor,
with associations between age at implantation and change in
speech recognition scores of –0.12 (95% CI, –0.23 to –0.01) for
word recognition, –0.22 (95% CI, –0.34 to –0.10) for sentence
recognition, and –0.10 (95% CI, –0.39 to 0.21) for sentence rec-
ognition in noise.

Comparison of Preoperative Aided and Postoperative
Speech Recognition Scores With 95% CIs
To provide a method to determine significant change for in-
dividual patients, postoperative aided speech recognition
scores are plotted against preoperative scores in Figure 1.
Speech recognition for most patients significantly improved

Table 1. Patient Demographics

Demographic
Findinga

(N = 470 implants)
Age at implantation, mean (SD), y 61.2 (18.3)

Patient sex

Male 253 (53.8)

Female 217 (46.2)

Active hearing aid use at the time
of cochlear implant evaluation

Yes 282 (60.0)

No 174 (37.0)

Unknown 14 (3.0)

Duration of hearing loss before cochlear
implantation, mean (SD), y

24.3 (17.3)

Cochlear implant device

Med-El 138 (29.4)

Cochlear Americas 239 (50.9)

Advanced Bionics 93 (19.8)

Follow-up after activation

6 mo 126 (26.8)

12 mo 344 (73.2)

a Data are presented as number (percentage) of implants unless otherwise
indicated.
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from aided preoperative to postoperatively (Table 3 and
Figure 1), with 262 patients (84.8%) having significant im-
provement in word recognition, 226 (87.6%) in speech recog-
nition, and 33 (78.6%) in speech recognition in noise. No sta-
tistically significant differences were found between the
proportion of patients with significant improvements for word
recognition vs sentence recognition (d = 0.18; 95% CI, –0.10
to 0.46) or sentence recognition vs sentence recognition in
noise (d = 0.44; 95% CI, –0.02 to 0.90). A within-group t test
was performed to assess whether the changes in speech rec-
ognition after implantation were the same for word recogni-
tion vs sentence recognition for patients who had completed
both tests. The test demonstrated that there was a statisti-
cally significant difference between the changes in speech rec-
ognition scores (d = −1.33; 95% CI, −1.60 to −1.06; P<.001).

Substantial floor effects were observed for preoperative
word and sentence recognition scores. Across the 3 mea-
sures, 211 patients (68.3%) had preoperative word scores of less
than 10%, 160 patients (62.0%) had sentence in quiet scores
of less than 10%, and 16 patients (38.1%) had sentence in noise
scores of less than 10%. A ceiling effect (postoperative score

of 100%) for sentence testing in quiet occurred in 1 patient. No
other test demonstrated ceiling effects.

Figure 2 displays preoperative and postoperative change
in speech recognition scores plotted against preoperative aided
scores. Patients who demonstrated equivalent postoperative
scores with respect to preoperative scores had preoperative
scores of 0%-58% for word recognition and 0%-56%
sentence recognition testing. Thus, preoperative aided
scores were only fairly correlated with changes in postopera-
tive scores (r = –0.34; 95% CI, −0.43 to –0.23 for word recog-
nition, r = –0.38; 95% CI, –0.48 to –0.27 for sentence recogni-
tion, and r = –0.35; 95% CI, –0.59 to –0.06 for sentence in noise
recognition). Similarly, preoperative aided scores and postop-
erative scores were poorly to fairly correlated (r = 0.21; 95%
CI, 0.10-0.31 for word recognition, r = 0.14; 95% CI, 0.02-
0.25 for sentence recognition, and r = 0.34; 95% CI, 0.04-
0.59 for sentence in noise recognition). For word recognition,
patients with the poorest aided preoperative scores (0%-
20%) were most likely to achieve significant and large im-
provements. Many patients with somewhat better aided pre-
operative scores (20%-40%) improved significantly, but scores

Table 2. Mean Preoperative and Postoperative Speech Recognition Scores and Mean Change

Speech
recognition test

Mean (SD) % Correct
Effect size (Cohen d)
(95% CI)Aided preoperative Postoperative Change

CNC 7.4 (11.5) 41.1 (20.8) 33.7 (1.8) 2.01 (1.84-2.17)

AzBio Quiet 10.3 (14.5) 55.8 (27.1) 45.6 (3.8) 2.09 (1.92-2.26)

AzBio +10 17.5 (15.4) 51.1 (21.6) 33.6 (17.1) 1.79 (1.63-1.95)

Abbreviations: AzBio Quiet, AzBio
sentences in quiet; AzBio +10, AzBio
sentences in +10-dB signal-to-noise
ratio; CNC, consonant-nucleus-
consonant word test.

Table 3. Number (Percentage) of Patients in 3 Groups Based on Change From Preoperative Aided Speech
Recognition Scores to Postoperative Scores With Regard to Each 95% CI

Outcome

Significant improvement
(postoperative score greater
than the upper limit of 95% CI
of preoperative aided score)

No significant change
(postoperative score
within 95% CI of
preoperative aided score)

Significant decline
(postoperative score less
than the lower limit of 95% CI
of preoperative aided score)

Word recognition 262 (84.8) 45 (14.5) 2 (0.6)

Sentence recognition 226 (87.6) 28 (10.9) 4 (1.6)

Sentence recognition
in noise

33 (78.6) 9 (21.4) 0

Figure 1. Individual Postoperative Speech Recognition Scores Plotted Against Preoperative Aided Speech Recognition Scores
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The solid lines indicate the upper and lower limits of the 95% CI for the corresponding speech recognition measure.
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improved by only 20 to 40 percentage points. Fewer patients
with preoperative aided word and sentence recognition scores
greater than 40% achieved significant postoperative improve-
ment (word recognition, 14%; sentence recognition, 11%). Un-
fortunately, because of the small sample sizes for patients with
higher preoperative scores, it is difficult to make more defini-
tive statements. For sentence recognition in noise, all pa-
tients with preoperative scores of 10% or less significantly im-
proved after cochlear implantation. Similar to results for word
recognition measures, patients who obtained no significant im-
provement in sentence recognition in noise were fairly evenly
distributed along preoperative aided scores greater than 11%.
Overall, Figure 2 shows the large variability for individual pa-
tients in postoperative speech recognition outcomes and lack
of association with preoperative aided scores. For example,
patients whose preoperative aided sentence recognition was
0% achieved postoperative scores ranging from 0% to 100%.

The eTable in the Supplement reports the percentage of
patients in each of the three 95% CI groups at 6 months and
12 months after implantation. For word recognition, there was
no difference in the percentage of patients who achieved sig-
nificant improvement and no significant change (d = 0.18; 95%
CI, –0.19 to 0.54). For sentence recognition, slightly more
patients achieved significant improvement rather than no sig-
nificant change at 12 months than at 6 months after implan-
tation (d = 0.45; 95% CI, 0.01-0.89). For sentence recognition
in noise, no difference was found between the 2 time points
(d = 0.51; 95% CI, −0.34 to 1.35).

Discussion
In this cross-sectional study, data from a large number of
patients who received cochlear implants under current Food
and Drug Administration candidacy criteria were analyzed.
Using published CNC and AzBio 95% CIs,14,17 the study found
that cochlear implantation was effective for the treatment of

moderate to profound sensorineural hearing loss. Most pa-
tients had significant improvement in all speech recognition
tests postoperatively beyond measurement error: 262 (84.8%)
for word recognition, 226 (87.6%) for sentence recognition, and
33 (78.6%) for sentence recognition in noise (Table 3). How-
ever, a small but important percentage of patients (14.5% for
CNC, 10.9% for AzBio Quiet, and 21.4% for AzBio +10) had
equivalent preoperative and postoperative scores, and for these
patients, preoperative aided scores were quite variable. Four
patients (0.85%) in this sample had significantly poorer speech
recognition after implantation compared to their preopera-
tive aided scores.

When patients were analyzed as a group (Table 2), large
mean increases from preoperative aided to postoperative scores
were observed for each of the 3 speech recognition tasks (34%-
46%), which is consistent with previous studies.6-8 However,
the group means presented in Table 2 are not reflective of in-
dividual patient improvements and therefore do not provide
the information needed to predict postimplantation out-
comes for individual patients. Rather, these results describe
improvements for the average patient. Figure 1 and Figure 2
show large variability in what potential cochlear implant can-
didates may expect based on their aided scores, even among
patients who have significant improvement. As shown in
Figure 2, although a large number of patients may be assured
that their speech recognition will significantly improve with
cochlear implantation, it is not possible from preoperative aided
scores to identify the magnitude of the improvement (eg, 6%-
100%). Although the overall results are extremely encourag-
ing, there was a small but important percentage of patients
(11%-15% for words and sentences in quiet and 21% for sen-
tences in noise) whose postoperative scores did not signifi-
cantly improve when considering the CIs of the 3 speech rec-
ognition measures. Importantly, results for these patients are
not typically recognized or discussed when analyzing group-
level mean outcomes. By contrasting the well-known large
mean improvements (Table 2) with large degrees of indi-

Figure 2. Change in Speech Recognition Scores Based on Preoperative Aided Scores for 3 Groups
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Preoperative and postoperative change in speech recognition score plotted against aided preoperative score for word recognition, sentence recognition, and
sentence in noise recognition.
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vidual variability in postoperative scores (Figure 2), these data
highlight the importance of patient counseling with respect to
realistic and individualized expectations for postimplanta-
tion speech recognition outcomes.

Using the 95% CIs for each speech recognition score pro-
vides a means to analyze individual outcomes while account-
ing for the inherent variability of these tests. Percent-correct
speech recognition tests are descriptors of probability, spe-
cifically the probability that a patient will correctly identify each
item in a list of words or sentences. These characteristics of
speech recognition tests were first examined in a study pub-
lished by Thornton and Raffin.14 They found that speech rec-
ognition scores were subject to 95% CIs within which changes
in score were nonsignificant or equivalent, that these CIs var-
ied for each initial score between 0% and 100% along a bi-
modal distribution curve, and that they also varied by the num-
ber of items in the list (eg, CIs widen as the number of items
in the list decreases). Scores at the extremes of the range, such
as near 0% and 100%, had smaller CIs. As a result, preopera-
tive scores of 10% or less that improve with CIs even by only
a few percentage points would be considered significant im-
provements. Clearly, such small improvements in scores, even
if significant, would not be an appropriate reflection of a true
improvement in patients’ functional abilities. Preoperative
aided scores in the middle of the distribution have larger CIs,
so only somewhat larger improvements in scores are consid-
ered significant, but again significance levels may not neces-
sarily relate to functional abilities with cochlear implants. In
both cases, as mentioned earlier, large individual differences
were seen within groups of patients whose preoperative and
postoperative changes in scores were considered significant
or nonsignificant (Figure 2). These characteristics are true of
all tests using binomial outcomes (most commonly encoun-
tered with tests scored as correct or incorrect and reported as
percentage correct) and are a first step in assessing the true
effect of interventions for individual patients.

Cochlear implantation is a safe and effective treatment for
moderate to profound sensorineural hearing loss in adults. As
candidacy criteria broaden, many patients whose speech rec-
ognition scores are at or near the upper limit of candidacy must
decide between their current and future hearing aid benefit
and the unknown benefit of cochlear implantation. There
is limited evidence that can be used to determine individual
patients’ likely benefit from cochlear implantation from their
preoperative aided speech recognition abilities or other patient-
related factors.22

The definition of success of cochlear implantation
remains ambiguous. Whereas some studies6-8,23 consider
increases in speech recognition scores after implantation to
be the goal, others24-26 have found these improvements
to be too narrow to assess all the functional abilities affected
by implantation. The current results show equivalent preop-
erative aided and postoperative cochlear implant speech
recognition scores for a small, but important, number of
patients (11%-15% of patients for words and sentences in
quiet and 21% of patients for sentences in noise). As dis-
cussed below, the definition of success after implantation
determines whether implantations in individuals with

equivalvent preoperative and postoperative scores are con-
sidered failures or successes.

Limitations
This study has limitations. First, equivalent preoperative and
postoperative scores could be considered a failure if the goal
of cochlear implantation is to improve patients’ speech
recognition relative to their preoperative aided ability. By this
definition, only scores that are higher than the upper 95% CI
would be considered successful outcomes. However, when
using 95% CIs for speech recognition measures based on the
binomial model, it is important to keep in mind that CIs vary
according to the initial score (preoperative scores in this case),
with the widest CIs for initial scores near the middle of the score
range (approximately 50%) and the narrowest CIs for initial
scores near 0% and 100%. Consider 3 patients. Patient 1’s
speech recognition improves from 0% with hearing aids to 6%
with cochlear implants, whereas scores for patient 2 improve
from 46% with hearing aids to 52% with cochlear implants.
Patient 3 improves from 0% with hearing aids to 70% with
cochlear implants. On the basis of the narrower CIs with lower
scores, patient 1 has a statistically significant improvement,
unlike patient 2. Using the first interpretation, patient 1’s out-
come is considered successful, whereas patient 2’s outcome
is considered a failure. From a practical standpoint, however,
both of these outcomes could be considered failures given the
small, and likely clinically insignificant, improvements. This
interpretation becomes even less valid if one considers that pa-
tient 1 and patient 3, whose speech recognition improves from
0% to 70%, would be defined in the same success category.

A second potential interpretation is that the extent to which
cochlear implants may preserve preoperative aided speech
recognition ability (as in the case of patient 2) can also be con-
sidered a successful outcome. Sensorineural hearing loss is
often progressive; therefore, hearing aid users can expect an
increase in hearing thresholds over time.27 Therefore, even
a nonsignificant improvement in speech recognition after coch-
lear implantation that is maintained over time would be con-
sidered a successful outcome. The primary limitation of this
interpretation is cases in which speech recognition abilities
with a cochlear implant are relatively poor and the cochlear
implant provides little functional benefit.

Clearly, determinants of success in cochlear implantation
are more complex than can be assessed by simply comparing
preoperative and postoperative speech recognition ability.
Moreover, decisions about successful outcomes with coch-
lear implants are incomplete without considering patient-
reported outcomes. Multiple authors have reported low cor-
relations between cochlear implant users’ speech recognition
scores and self-reported communication ability and quality
of life.2,28-30 Therefore, in future studies, patient-reported
outcome measures should be added to the set of criteria used
in determining the success of cochlear implantation.

In addition to patient-reported outcome measures, fu-
ture research will also include analysis of demographic and
hearing-related factors that may be associated with patients
obtaining significant improvement or no change in speech rec-
ognition ability after cochlear implantation. This study char-
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acterized benefit in cochlear implant–only settings; thus, the
benefit of cochlear implants in bilaterally aided conditions
needs further study. The current study also included many pa-
tients with very poor preoperative aided speech recognition,
which may be indicative of delayed cochlear implantation re-
ferral patterns. Inclusion of such patients limited the range of
aided scores available to assess the association between pre-
operative aided scores and postoperative scores (particularly
preoperative aided word and sentence recognition scores
>40%) (Figure 1 and Figure 2). Finally, the current results may
have been affected by limiting the postoperative follow-up
to 6 or 12 months, given evidence of continued improvement
in speech recognition up to 2 years after implantation.31

Conclusions

Postoperative speech recognition compared with preopera-
tive aided speech recognition for individual patients is largely
encouraging. However, individual preoperative aided and post-
operative scores are subject to a large degree of variability that
may not be adequately represented in groupwise analyses and
reporting of mean scores. Presenting individual patient data
from a large sample of cochlear implant users provides a bet-
ter understanding of individual differences in speech recog-
nition outcomes and contributes to more complete interpre-
tations of successful outcomes after cochlear implantation.
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