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         Objectives/Hypothesis: To determine the improvement in word recognition score (WRS 65    ) after cochlear implant
                 (CI) surgery in hearing aid (HA) users with preoperative hearing threshold 80 dB HL and inadequate speech recognition≤

         scores with HA. Secondarily, to identify predictive factors for WRS 65    with a CI (WRS 65      [CI]) 6 months after surgery, derived
      from the standard German CI preoperative assessment.

    Study Design: Retrospective chart review.
                  Methods: Retrospective review of all adult patients who received a Nucleus cochlear implant in the ear, nose, and throat

                  department of the University Hospital of Erlangen between January 2010 and April 2019. The inclusion criteria were a preop-
                    erative hearing threshold 80 dB HL in the ear to receive the implantation, German as the native language, and at least≤

      6 months postimplantation care at our center.
                 Results: The inclusion criteria were met by 128 patients. All but two patients (98.4%) showed a signi cant improvement,

WRS65   (CI) versus WRS 65    with an (HA) (WRS 65            [HA]), of at least 15 percentage points (pp). The median improvement was
     55 pp with a median WRS 65             (CI) of 70%. Three preoperative audiometric measures, the maximum word recognition score, age

   at implantation, and WRS65        (HA) were identi ed as predictive factors for WRS 65        (CI). For three-quarters of the CI recipients, the
          score was not poorer than 12 pp below the predicted WRS 65(CI).

                 Conclusions: For patients with a hearing loss 80 dB HL, cochlear implantation should be considered when speech per-≤

               ception with an HA is insuf cient. The prediction model can support counseling in this patient group.
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INTRODUCTION

      Cochlear implantation is an established treatment of

       patients with severe to profound deafness. In recent

       years, more and more people with considerable preopera-

       tive speech understanding have been provided with a

  cochlear implant (CI). 1 5–      From the clinical point of view,

        this population requires particular attention, as there is a

       risk that cochlear implantation may lead to decreased

      auditory abilities. Additionally, the identi cation of pre-

       dictive factors for individual results of cochlear implanta-

   tion remains a challenge.

        In this context, we and others have investigated the

     relationships between basic audiometric measures, including

       pure-tone audiogram (PTA), hearing aid (HA) scores, and

       the maximum word recognition score (WRS) for phonemi-

    cally balanced monosyllabic words (WRSmax   ; also often

   referred to as PB max).5–9       There is a group of patients with

  large speech- perception gaps.5,6,8–10      This gap is dened a s a

     difference between aided sco re and WRS max
5,6   or a clinically

 comparable measure.8–10      Such HA users represent a popula-

        tion where a reliable individual outcome predicti on is most

 desirable. Recently,5 WRSmax     was found useful for individ-

        ual minimum prediction. In 96% of the cases, postoperative

   WRS w ith CI (WR 65        [CI]) was found to be greater than or

  equal to WRS max      . Nevertheless, this approach is clinically

       meaningful only for CI candidates with preo perative WRS

         above 0%. A dditionally, as is inevitable for a minimum pr e-

         dictor, an adequate predictio n of the specic need for preop-

      erative counseling of patients is still unavailable.

        T h e r e f o r e , t  h e a i m o f t h e p  r e s e n t s t u d y w a s t o

      i n v e s t i g a t e t h e p r o g n o s t i c v a l u e o f s t a n d a r d a u d i o m e t -

         r i c m e a s u r e s i n H A e v a l u a t i o n a s a p a r t o f d i a g n o s t i c

     a s s e s s m e n t b e f o r e c o c h l e a r i m p l a n t a t i o n . T h e i n c l u s i o n

       c r i t e r i a a i m  e d a t p a t i e n t s w i t h p r  e o p e r a t i v e P T A ≤8 0

       d B H L b u t w i t h s u f c i e n t l y p o o r s p e e c h c o m p r e h e n s i o n
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      a s a b o r d e r l i n e c o n d i t i o n f o r c o  c h l e a r i m p l a n t a t i o n .

       T h e i n c l u s i o n c r i t e r i o n w i t h r e g a r d t o t h e p r e o p e r a t i v e

        P T A d o e s n o t a l  l o w t h e d e t e r m i n a t i o n o f o n e o u t c o m e -

       p r e d i c t i n g f a c t o r i n t h e e s t a b l i s h e d p o p u l a t i o n o f C I

     r e c i p i e n t s , n a m e l y , t h e d u r a t i o n o f s e v e  r e - t o - p r o f o u n d
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         s t u d y w a s t o d e r i v e a p r e d i c t i v e m o d e l f o r t h i s p o p u l a -

       t i o n i n w h i c h t h e d u r  a t i o n c a n n o t b e d e  n e d .

  MATERIALS AND METHODS

Subjects
         We reviewed patient les from all adults who received a

       Nucleus cochlear implant (CI24RE, CI512, CI532, CI422, CI522)

          in the ear, nose, and throat (ENT) department of the University

        Hospital of Erlangen between January 2010 and April 2019.

       Inclusion criteria were preoperative hearing threshold 80 dB≤

           HL in the ear to receive the implant, German as native language,

         sensorineural hearing loss, and at least 6 months CI rehabilita-

        tion at our center. The University of Erlangen Institutional

        Review Board approved this study. The study was registered

       under DRKS00018110 with the German register of clinical

studies.

 Audiometric Measures
     In German-speaking countries, the Freiburg Monosyllable

          Test, a phonemically balanced test, is widely used. It consists of

        20 phonemically balanced lists with 20 items each. Normal-

            hearing listeners achieve 50% and 100% at 30 dB SPL and 50 dB

      SPL, respectively (DIN 45621). Hearing-impaired subjects with

        mild or moderate hearing losses typically require higher presen-

    tation levels to achieve WRS max      scores of 100%. For severe and

         profound hearing losses, scores of 100% are usually not achieved

          by all subjects, even at levels near their level of discomfort.14,15

WRSmax      was determined with air-conduction headphones (DT48;

       Beyerdynamic, Heilbronn, Germany) in combination with a stan-

          dard audiometer. One test list was presented initially at 65 dB

          SPL, and the correct word score in percentage was recorded. The

           presentation level was then increased in steps of 10 to 15 dB

           until a maximum score of 100% was achieved. In cases of scores

        below 100%, the measurement was continued at increased levels

        until the subject indicated that the loudness was uncomfortable.

   In such cases, WRS max       refers to the score with the last

         completely measured test list below the individual s level of dis-’

        comfort. The audiometric limit for the speech presentation level

           was 120 dB SPL. Typically, for our group of CI candidates, the

WRSmax         was measured at presentation levels of <100 dB SPL

              (in 19% of the cases), 105 to 115 dB SPL (71%), or 120 dB SPL

  (10%). The WRS 65    with an HA (WRS 65    [HA]) was measured in

           free eld in an anechoic booth. The loudspeaker was placed 1.5 m

     in front of the patient (0      azimuth). In all measurements, each ear

        was tested separately. The contralateral ear was masked appro-

       priately by using headphones (DT48; Beyerdynamic). The pure-

           tone average threshold for the frequencies 0.5, 1, 2, and 4 kHz

      (four-frequency pure-tone average [4FPTA]) was evaluated for

    each e ar for a ir c ondu ctio n.

          All CI candidates had at least 3 months of HA experience.

         The last tting process, including veri cation of HA tting, was  

         within the 3 months before the audiometric assessment of CI

        candidacy at local HA centers. Before measurements, HA func-

       tion was checked technically by quali ed staff. Appropriate

          ampli cation was checked by using a coupler or by in situ

measurements.

 Postoperative Audiometry
       Postoperative scores with CI for the Freiburg monosyllabic

     words at 65 dB SPL (WRS65      [CI]), were measured 6 months after

        implantation. The same audiometric setup as for the preopera-

 tive WRS 65        (HA) was used, including appropriate masking of the

 nontest ear.

 Data Anal ysis
      The MathWorks (Natick, MA) MATLAB software version

         R2018a was used for all calculations and gures. Spearman rank

       correlation analysis was performed for identi cation of suitable

         input variables for a prediction model. A general linearized logis-

          tic regression model was applied to the data to predict the

WRS65         (CI). The Kolmogorov-Smirnov test was applied to test for

      standard normal distribution. Signi cant differences were deter-

        mined according to the characteristics of the Freiburg monosylla-

 ble test. 16

RESULTS

Subjects

        From January 2010 to April 2019, 926 adult patients

        received a Nucleus cochlear implant system. In this popu-

        lation, we identi ed 128 cases who met the inclusion

         criteria. The vast majority (n = 126) received a modiolus-

       hugging electrode. All subjects used sound processors of

         the series CP8, CP9, or CP10. Table I summarizes the

    patients demographic characteristics, including preopera-’

       tive ndings. Patients are grouped according to their

   4FPTA with 10-dB segmentation.

  Preoperative Audiological Assess ment
    The relation between 4FPTA, WRSmax  , and

WRS65          (HA) is shown in Figure 1. To facilitate the refer-

        ence of this population to a speech-related cutoff criterion

  for CI candidacy, 1,6,17      subjects scoring more than 30% are

highlighted.

         Figure 1A and B show that the majority of the

   patients exhibited a WRS 65   (HA) and WRS max  below the

   average of a population 6,18       of HA users typical for a ENT

       department. Figure 1C shows that the already low

WRSmax        (with headphones) did not re ect, and was less

  than, the WRS 65        (HA) in 85% of the cases, yielding a

        median speech perception gap of 25 percentage points (pp).

  Postoperative CI Evaluation
      T h e 6 - m o n t h r e s u l t s o f c o c h l e a r i m p l a n t a t i o n i n

       p a t i e n t s w i t h a p r e o p e r a t i v e 4 F P T A b e t t e r t h a n o r

            e q u a l t o 8 0 d B H L i s s h o w n i n F i g u r e 2 . F i g u r e 2 A , B ,

    a n d C r e l a t e t h e W R S 6 5     ( C I ) t o t h e t h r e e p r e o p e r a t i v e

    b a s i c a u d i o m e t r i c m e a s u r e s 4 F P T A , W R S 6 5  ( H A ) , a n d

W R S m a x        , r e s p e c t i v e l y . T h e m e d i a n s c o r e w a s 7 0 % , w i t h

 TABLE I.

 Patient Characteristics.

No.
4FPTA,

 dB HL
Median

 Age, yr

Median
WRS max ,
%

Median
WRS 65(HA),
%

    7 55.8 59.8 54 40 5–

    43 61.0 70.0 65 45 10–

    78 70.2 80.0 65 35 0–

     4FPTA = four-frequency pure-tone average; WRS 65    (HA) = word recog-

     nition score with hearing aid; WRS max      = maximum word recogni tion scor e for
   phonemically balanced monosyllabic words.
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        r s t a n d t h i r d q u a r t i l e s a t 5 5 % a  n d 8 1 . 2 5 % , r e s p e c -

       t i v e l y . T h e c o m p a r i s o n o f t h e p r e - a n d p o s t o p e r a t i v e

W R S 6 5         i n F i g u r e 2 B s h o w s t h a t 9 8 . 4 % o f t h e r e c i p i e n t s

        i m p r o v e d b y a t l e a s t 1  5 p p . T h e m e d i a n i m p r o v e m e n t

      w a s 5  5 p p . T h e c o m p a r i s o n o f W R S 6 5   ( C I ) a n d W R S m a x

         s h o w s t h a t f o  u r C I r e c i p i e n t s ( 3 %  ) h a d a s c o r e t h a t

     w a s s i g n ic a n t l y l o w e r t h an t h e i r p r e o p e r a t i v e

W R S m a x .

   Generalized Linear Regressi on Model
       Before the model tting was performed, a correlation

        analysis was run across the results of routine measures

      in HA and CI evaluation: 4FPTA, WRSmax  , presentation

  level of WRS max  , WRS65       (HA), and age. Three of these ve

     variables correlated signi cantly with the WRS 65  (CI) and

        were therefore included in the model. The linear regres-

          sion model can be arranged to give an equation for a

WRS65 (CI):

WRS65 CIð Þ %½  =
100

1 + e  − β0  + β1WRSmax  + β2   age + β3WRS65 HAð Þð Þ
ð Þ1

        The summary of the model regression is shown in

 Table II.

          Figure 3A illustrates the t of the model to the study

      population. The differences between predicted and mea-

 sured WRS 65         (CI) as shown in Figure 3B are not normally

  distributed (P < 1 0 −29        ). They range from 58 to +29 pp.−

        The median absolute error was 13.5 pp. Among the

      33 subjects scoring signi cantly below the prediction,

          31 subjects improved at least by 15 pp and the median

   improvement was 40 pp.

                   Fig. 1. Overview of preoperative audiometric measures. (A, B) Word recognition score (WRS). (A) WRS with hearing aid (HA) (WRS65[HA]).
 (B) WRS max         with headphones to the pure-tone loss. (C) Correlates WRSmax  with WRS 65        (HA). The rhombs highlight recipients with a preopera-

 tive WRS 65                         (HA) above 30%. The dark solid lines in (A) and (B) refer to the average performance of HA users from an earlier study.17 The gray
             line shown in (C) represents the bisecting line. 4FPTA = four-frequency pure-tone average; WRS max      = maximum word recognition score for

   phonemically balanced monosyllabic words.

                Fig. 2. Relationship between pre- and postoperative audiometric measures. (A) Preoperative 4FPTA. (B) Preoperative 4FPTA. Word recognition
 score (WRS 65      ) with hearing aid (HA) (WRS 65    [HA]). (C) Preoperative WRS max    to the postoperative WRS 65    with cochlear implant (WRS 65 [CI]).

WRS 65               (CI) was measured 6 months after implantation. The rhombs highlight recipients with a preoperative WRS 65    (HA) above 30%. The
               boxplot on the right refers to median, rst, and third quartile; minimum and maximum of WRS 65      (CI). 4FPTA = four-frequency pure-tone aver-

 age; WRS max          = maximum word recognition score for phonemically balanced monosyllabic words.

 TABLE II.

      Parameters of the Generalized Linear Regression Model.

       Estimate Standard Error Statistics Value [ ]t P β

β0      0.84 0.18 4.59 4 10×
−6

β1      0.012 0.0015 8.07 7 10×
−16 1/%

β2      − −0.0094 0.0025 3.72 2 10×
−4 1/year

β3      0.0059 0.0026 2.30 2 10×
−2 1/%

       Includes 5,12 0 observation s, 5,116 error degrees of freedom.

χ2           statistic versus constant model: 157, value = 9 10P ×
−34 .
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DISCUSSION

      This study shows that cochlear implantation should

       be considered as a treatment option for moderate-to-severe

       sensorineural hearing loss for HA users with insuf cient

        speech recognition. In the study population of HA users/CI

     recipients, 98.4% showed signi cantly improved ipsilateral

     speech recognition, with a median WRS 65    (CI) of 70%. An

        HA provision is the rst-choice treatment in patients with

     moderate-to-severe hearing loss. However, when an

esta blis hed 1,6,17     WRS -rela ted c utof f c riteri on w as app li ed

           to the data from a recent study in a larger population of

 HA users,19       it was found that a considerable percentage

        scored <30% in the monosyllable test. According to the

       indication criteria applied in most countries in recent

         decades, only a limited number of subjects received a CI

         when residual hearing was present to such a degree. The

        present study provides data that allow one to estimate

WRS65        (CI) in CI candidates with a preoperative 4FPTA

  ≤80 dB HL.

 Pure-Tone A udiogram
    A c o r r e l a t i o n b e t w e e n t h e W R S6 5   ( C I ) a n d p r e o p e r a -

        t i v e 4 F P T A w a s n o t o b s e r v e d . I n p r e v i o u s s t u d i e s , t h e

       P T A w a s f o u n d t o h a v e s o m e p r e d i c t i v e v a l u e . 1 1 T h i s

         m a y b e e x p l a i n e d b y t h e r e s t r i c t i o n o f t h e c u r r e n t s t u d y

        to sub jec ts wi th 4F PTA < 80 dB H L. Thi s pop ula tion

     i n e v i t a b l y c o n s i s t s o f s u b j e c t s w i t h b e l o w - a v e r a g e

       s p e e c h r e c o g n i t i o n r e l a t e d t o t h e 4 F P T A . A n a v e r a g e

           HA use r wi th a 4FP TA o f 80 dB H L shou ld h a ve a

WRS 6 5           ( H A ) s c o r e o f 2 0 % , w  h e r e a s a 4 F P T A o f 6 0 d B H L

   i s a s s o c i a t e d w i t h 5 0 % .6 , 1 9      A s s h o w n i n F i g u r e . 1 A , t h e

        l o w e r t h e 4 F P T A , t h e h i g h e r t h e p r o p o r t i o n o f u n d e r -

      p e r f o r m i n g H A u s e r s . C o n s e q u e n t l y , i n o u r p o p u l a t i o n ,

       i n t r i n s i c f a c t o r s l i m i t i n g H A p e r f o r m a n c e m a y b e m o r e

          s t r o n g l y p r e s e n t a r o u n d 6 0 d B H L t h a n a t 8 0 d B H L

       a n d t h u s i m p e d e a c o r r e l a t i o n b e t w e e n 4 F P T A a n d

WRS 6 5        ( C I ) . S u c h i n t r i n s i c f a c t o r s , i f r e l a t e d t o e t i o l o g y ,

         c o u l d n o t b e c o n s i d e r e d , a s t h e s t u d y p o p u l a t i o n w a s t o o

         s m a l l t o a l l o w a c c o u n t t o b e t a k e n o f e x p e c t e d p r e v a -

   lenc e an d ef fec t si ze. 1 1

     Maximum Word Recognition Score, Aided Word

    Recognition Score, and Speech-Perception Gap
  The pre oper at ive WRSmax     was found to have the

      strongest correlation with, and predictive value for,

WRS65    (CI). As already discussed, 5     this nding is limited to

        the group of CI candidates and recipients with nonzero

      preoperative speech perception. Beside the contribution to

    the predictive model, the WRS max     allows a quick check for

  the minimum WRS 65      (CI). Only four recipients scored sig-

     nicantly lower than their preoperative WRS max, meaning

       that in 97% of the cases the WRS max   was r eached or

  exce eded. The WRS 65       (HA) has the smallest effect on out-

        come prediction according to Equation 1. However, it is

WRS65      (HA) together with the speech-perception gap 8,9

         that helps to identify patients with a high likelihood of

       beneting from a CI. The effect of WRS 65   (HA) might be

       interpreted as a tolerance of acoustic amplication (loud

        sounds), which might be considered a good precondition for

   acceptance of electrical stimulation.

Age

          A higher age at implantation was found to have a det-

   rimental effect on WRS 65      (CI), which is in accordance with

   resu lts of pre viou s stu dies . 12,20   However, these ndings

         were derived from results in a population that did not

      exhibit considerable preoperative WRS. Although the det-

        rime ntal ef fect of a ge its elf is rec onrmed, no correlation

        between age and improvement was found. This does not

   contradict the previous studies, 12,20   because the WRSmax—

      as the strongest prognostic factor for WRS 65  (CI)—is nega-

        tively correlated with age, even if corrected for 4FPTA.18

      Furthermore, for the second speech-related prognostic fac-

 tor WRS 65      (HA), signi cant age effects were found.
21

      Predictive Model and Counseling of CI Recipients
       The unexplained variability in Figure 2A is evident.

        However, from the viewpoint of a clinician counseling a

          CI candidate, it might be considered a minor issue if the

      patient exceeds the predicted score. Consequently, an

            Fig. 3. Predicted versus measured word recognition score (WRS) with cochlear implant (WRS 65       [CI]). (A) The x-axis shows the predicted
WRS 65            (CI) according to Equation 1, whereas the y-axis shows the measured WRS 65          (CI) 6 months after implantation. (B) The distribution of dif-

                  ferences between measured and predicted scores. Negative differences correspond to cases in which the recipient s scores were below the’

            predictions. The gray bisecting line indicates equality between model prediction and measured scores.
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      asymmetric view on descriptive statistics is appropriate;

           75% of the CI recipients did not have a score poorer than

     12 pp below the predicted WRS 65 (CI).

      A r e g r e s s i o n m o d e l b a s e d o n a v e r a g e c h a r a c t e r i s -

        t i c s i n a p o p ul a t i o n o f p a t i e n t s w i t h w i d e l y v a r y i n g

      c h a r a c t e r i s t i c s w i l  l i n e v i t a b l y r e s u l t i n a c o n s i  d e r a b l e

      n u m b e r o f m e a s u r e d s c o r e s b e l o  w p r e d i c t i o n . T h e

       a b o v e i n t e r p r e t a t i o n o f f  e r s a w a y o f i  n t e r p r e t i n g t h e

       r e s u l t s f o r p r a c t i c a l p u r p o s e s . O f s p e c i  a l c l i n i c  a l r e l e -

        v a n c e a r e t  h o s e c a s e s w i t h t h e l a r g e s t d i f f e r e n c e s f r o m

        t h e p r e d i  c t i o n ; 1 7 o f t h e  m m i s  s e d t  h e p r e d i  c t e d s c o r  e

         b y m o r e t h a n 2 0 p p . T h o s e c a s e s h i g h l i g h t a r e c e n t l y

        d i s c u s s e d a s p e c t o f C I p r o v i s i o n , t h e e n i g m a o f p o o r

p e r f o r m a n c e . 2 2 T h e d a t a i n F i g u r e 3 s u g g e s t a d y n a m i c

         d e  n i t i o n o f p o o r p e r f o r m a n c e . I t i s n o t j u s t t h e a b s o -

       l u t e s c o r e t h a t i n d i c a t e s a p o o r p e r f  o r m a n c e . T h e r e

      a r e t w o o b v  i o u s l y p o o r - p e r f o r m i n g C I r e c i p i e n t s w i t h

W R S 6 5        ( C I ) = 0 % . A d d i t i o n a l l y , w e c o n s i d e r t h e t w o

          s u b j e c t s w h o s c o r e d 4 2 . 5 % a n d 5 0 % ( F i g . 3 A ) t o b e p o o r

       p e r f o r m e r s , b e c a u s e t h e y f a i l e d t o m e e t t h e p r e d i c t e d

         s c o r e b y m o r e t h a n 3 0 p p . C a s e  s w i t h a p r e o p e r a t i v e

W R S 6 5         ( H A ) o f 0 % , t o  g e t h e r w i t h a r a t h e r l o w W R Sm a x ,

      w o u l d n o t n e c e s s a r i l y b e r e g a r d e d a s p o o r - p e r f o r m i n g

          r e c i p i e n t s i f t h e y h a v e a s c o r e o f 5 0 % 6 m o n t h s a f t e r

     i m p l a n t a t i o n. F u t u r e s t u d i e s o n p o o r p e r f o r ma n c e ,

        w i t h a r e f e r e n c e t o a p r e d i c t i o n m o d e l , m a y p r o v i d e

         n e w i n s i g h t s a n d m a y l e a d t o a c l i  n i c a l l y r  e l e v a n t d e  -

        n i t i o n o f p o o r p e r f o r m a n c e a n d t h u s t o o p t i m u m u t i l i -

   z a t i o n o f p r o f e s s i o n a l r  e s o u r c e s .

  Borderline CI Candidacy
        The results suggest that in some cases of under-

      performing HA users, cochlear implantation might be

         considered an alternative. HA users with HA scores up to

           50% and a 4FPTA between 60 and 80 dB HL do show

 improved WRS 65      (CI) in 98% of underperforming HA

users.

 Language-Speci c Aspects
     CI results in a German-speaking population5 using

        Freiburg monosyllables at 65 dB SPL are comparable to

 consonant-nucleus-consonant scores20    at 60 dBA. Addi-

      tionally, recent studies in Anglo-American HA users 8 10–

     found a similar relation between WRS max and

WRS65     (HA). Patients with high WRSmax  but larger

  speech perception gaps 8 10–      may be considered as CI can-

      didates in the presence of insuf cient WRS 65  (HA). Both

n o n c o r r e l a t i o n 8 , 1 0  b e t w e e n W R Sm a x  a n d W R S6 5 (HA) ,

   a n d c o r r e l a t i o n b e t w e e n W R Sm a x  a n d s p e e c h - p e r c e p t i o n

          g a p , a r e i n l i n e w i t h o u r  n d i n g s . A s d i s c u s s e d f o r t h e

       4 F P T A a n d i t s a b s e n c e o f c o r r e l a t i o n w i t h W R S 6 5 ( C I ) ,

        o n e c a n n o t e x c l u d e t h e p o s s i b i l i t y t h a t t h e s t u d y p o p u l a -

        t i o n a n d t h e p l a c e o f r e c r u i t m e n t g e n e r a t e a n e g a t i v e

        b i a s ; f o r e x a m p l e , a r e c i p i e n t w i t h a h i g h W R S m a x  a n d a

 h i g h W R S 6 5         ( H A ) i s l e s s l i k e l y t o c o n s u l t a h e a r i n g c e n -

        t e r . I n s u m m a r y , t h e n d i n g s i n G e r m a n a n d A n g l o -

    A m e r i c a n H A u s e r s r e p r e s e n t l a n g u a g e - i n d e p e n d e n t

       r e s u l t s . T h e r e f o r e , t h e m o d e l f r a m e w o r k m a y b e a p p l i c a -

   b l e t o o t h e r l a n g u a g e s .

   Study Bia s and Limits

         It is evident from Figure 1 that the study population

     consists of HA users with WRS 65    (HA) mainly below the

         average for HA users. This gives rise to a PTA-dependent

        bias. The better the 4FPTA, the further the WRS 65  (HA) is

below average. It is r easonable to assume t hat this bias is

        typical for the patient population at many CI centers,

           because a good HA user would not be regarded as a CI

       candidate. Etiology, a relevant factor, was excluded from

        the model framework. The prevalence of the most inuen-

 tial etiologies12          is too low to be included in our analysis of

 128 cases.

       The study focu sed on speech perception in quiet.

          Speech tes ting in noise is in general a valuable measure for

      characterizing a recipient’s p erformance. However, n ot a ll

        patients can undergo this testing procedure before or even

  after coch lear imp lantation. 23      There is a potential value in

        adding speech-in-noise testing to a predictive model once a

          test battery has been found to be applicable in this popula-

       tion and established in clinical routine. Objective preopera-

        tive measures may imp rove the mod el predicti on as well.

        However, clinical routine suffers from a lack of adeq uate

 preoperative mea sures.
22

   Peri- and postoperative measu res

         of compound action potential s are curren tly in th e focus of

 many stud ies. 24,25     They may p otentially exp lain the

      remaining variability, yet they apparently cannot contrib-

        ute to th e preoperative counseling of CI c andidates. To

     summarize, for recipients with considerable preoperative

      hearing, an imp roved objective ass essment before s urgery

   may improve outcome predic tion.

CONCLUSION

         For patients with a hearing loss 80 dB HL, cochlear≤

        implantation should be considered if HA use results in

     insuf cient speech recognition. Improved speech recogni-

       tion through cochlear implantation was observed in about

       98% of the cases, with a median WRS 65   (CI) of 70%

      6 months after implantation. The prediction model

       derived may contribute to the individual CI candidate s’ 

      counseling process, especially to help mold appropriate

    expectations regarding postimplant speech perception.
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