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Introduction

Pediatric cochlear implantation

> positive effect on auditory development

> facilitated ability to pick up language in everyday life

> positive effect on language development

large variability in language outcomes
(Niparko et al. 2010; Peterson et al. 2010)
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predictors of language outcomes
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Introduction

 evolution of impact of predictors

?

multidimensional assessment
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! !predictors of language outcomes

Pediatric cochlear implantation

 sufficiently large sample size
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Methods – Retrospective study

Participants

 prelingually deaf

 first CI < 5 y

 no intellectual disability

 2 years – 8 years

 n = 288
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Methods – Retrospective study

Outcome measures

test 1y post-CI 2y post-CI 3y post-CI

Reynell Developmental Language Scales (RDLS) n = 140 n = 159 n = 154

Schlichting Expressive Language Test
- word development (SELT-word)

n = 97 n = 134 n = 138

Schlichting Expressive Language Test
- sentence development (SELT-sentence)

n = 79 n = 131 n = 139

 language quotient = language age / chronological age

? ? ? ? ?
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Methods – Retrospective study

Predictors 

auditory factors

 age at diagnosis mean = 0;09y SD = 0;08y

 age at cochlear implantation (initial stimulation) mean = 2;02y SD = 1;01y

 hearing aid prior to cochlear implantation yes: 87% (n = 250)

no: 13% (n = 38)
 contralateral auditory stimulation

RDLS 1y post-CI 2y post-CI 3y post-CI
n = 140 n = 159 n = 154

CI - / 63 (45%) 85 (54%) 84 (54%)
CI - HA 62 (44%) 45 (28%) 41 (27%)
CI - CI 15 (11%) 29 (18%) 29 (19%)

environmental factors

socioeconomic status

family size

communication mode

. . .

child related factors

gender

additional disabilities

etiology of deafness

. . .

auditory factors

age @ diagnosis

age @ hearing aid

age @ cochlear implant

. . .
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Methods – Retrospective study

Predictors 

child related factors

 gender 53% boys (n = 152) 

47% girls (n = 136)

 etiology of deafness 19% genetic (not connexine) (n = 56)

5% connexine 26 (n = 13)

30% infection (CMV, meningitis) (n = 86)

7% cochlear malformation  (EVA) (n = 21)

4% prematurity (n = 12)

35% unknown (n = 100)

environmental factors

socioeconomic status

family size

communication mode

. . .

child related factors

gender

additional disabilities

etiology of deafness

. . .

auditory factors

age @ diagnosis

age @ hearing aid

age @ cochlear implant

. . .

 etiology of deafness

 additional disabilities 6% balance / motor (n = 16) 

5% behavior (e.g. ADHD, ASS) (n = 15)

7% learning disability (dyslexia) (n = 20)

2% auditory neuropathy (n = 5)

3% multiple disabilities (n = 8)

77% no additional disabilities (n = 224)
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Methods – Retrospective study
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Predictors 

environmental factors

 oral multilingualism yes: 17% (n = 49)
no: 83% (n = 239)

 communication mode oral: 35% (n = 102)
total: 58% (n = 166)
bilingual: 7% (n = 20)

 parental involvement sufficient: 96% (n = 277)
insufficient: 4% (n = 11)

 educational setting RDLS 1y post-CI 2y post-CI 3y post-CI
n = 140 n = 159 n = 154

regular 6 (4%) 30 (19%) 43 (28%)
special 79 (57%) 115 (72%) 111 (72%)

no school 55 (39%) 14 (9%) 0 (0%)

environmental factors

socioeconomic status

family size

communication mode

. . .

child related factors

gender

additional disabilities

etiology of deafness

. . .

auditory factors

age @ diagnosis

age @ hearing aid

age @ cochlear implant

. . .
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Results – Retrospective study

RDLS 1y post-CI 2y post-CI 3y post-CI

Auditory factors

Age at first mapping R²=.261 (p<.001) R²=.322 (p<.001) R²=.322 (p<.001)

Contralateral stimulation R²=.059 (p=.021) R²=.057 (p=.005) R²=.066 (p=.005)

HA pre-CI not sign. not sign. not sign.
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Results – Retrospective study
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Results – Retrospective study

Factors Bilateral CI’s (n = 25) Unilateral CI  (n = 25) p-value
Auditory factors

Age at first fitting M = 1;06y (SD = 0;05y) M = 1;08y (SD = 0;05y) p = .08
Age at diagnosis M = 0;08y (SD = 0;06y) M = 0;08y (SD = 0;06y) p = .95
Hearing aid pre-CI Yes: n = 18  No: n = 7 Yes: n = 22 No: n = 3 p = .16

Child factors
Gender ♂: n = 19 ♀: n = 6 ♂: n = 14 ♀: n = 11 p = .14
Etiology Genetic: n = 6

CMV: n = 1
Meningitis: n = 9
Prematurity: n = 2
Unknown: n = 7

Genetic: n = 5
CMV: n = 2
Meningitis: n = 9
Prematurity: n = 2
Unknown: n = 7

p = .98

Additional disabilities Learning disorder: n = 2
Motor/balance disorder: n = 2

Learning disorder: n = 3
Motor/balance disorder: n = 2

p = .89

Environmental factors
School Special: n = 14

Regular: n = 11
Special: n = 16
Regular: n = 9

p = .56

Parental hearing Normal Normal
Multilingualism No No
Parental involvement Sufficient Sufficient
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Results – Retrospective study

52% 12% 44% 12% 60% 28%
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RDLS 1y post-CI 2y post-CI 3y post-CI

Auditory factors

Age at first mapping R²=.261 (p<.001) R²=.322 (p<.001) R²=.322 (p<.001)

Contralateral stimulation R²=.059 (p=.021) R²=.057 (p=.005) R²=.066 (p=.005)

HA pre-CI not sign. not sign. not sign.

Child related factors

Gender not sign. not sign. not sign.

Etiology not sign. not sign. not sign.

Additional disabilities R²=.053 (p= .015) R²=.045 (p=.019) R²=.040 (p=.024)

Environmental factors

Multilingualism R²=.019 (p= .047) R²=.016 (p=.032) R²=.017 (p=.024)

Parental involvement not sign. R²=.021 (p=.010) R²=.016 (p=.017)

Communication modus not sign. not sign. R²=.044 (p=.006)

TOTAL MODEL R²=.392 (p<.001) R²=.461 (p<.001) R²=.515 (p<.001)

Results – Retrospective study
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Methods – Prospective study

Participants

- n = 70

- age between aged 5yr to 13yr 3mo

- CI before age 5yr

- 80% participated in the general newborn hearing screening

- auditory intervention at an early age (median = 9mo, IQR = 12mo)

- 39% bilateral CIs     - 28% CI-HA     - 33% CI-/

- normal intellectual abilities (PIQ ≥ 80)

- 27% additional disorders

- 63% mainstream education 

- 70% oral language     - 27% total communication     - 3% sign language (n = 2)

– children with CIs
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Participants – normal hearing children

- n = 70

- matched on - gender 

- chronological age (maximum deviation of 3 months)

- geographical area (Flanders: n = 37, the Netherlands: n = 33) 

- normal hearing (PTA at 500 Hz, 1 kHz, 2 kHz and 4 kHz not higher than 20 dB HL)

- Dutch mother tongue
- no language, speech, learning, autism, attention, motor or severe visual disorder
- monolingual family
- not adopted or in foster care

Methods – Prospective study
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Test materials

Bus Story subtest of the Renfrew Language Scales (Renfrew, 1998) = narrative task

Macro-level: 
- Plot structure:

setting, initiating, episodic, response, solution, morality elements

- Essential and subsidiary elements:
essential: e.g. The bus ran off
subsidiary: e.g. The cow said ‘Moo’ 

- Narrative efficiency:
signal elements: essential + subsidiary elements
noise elements: not part of original bus story

Methods – Prospective study

•18



Test materials

Bus Story subtest of the Renfrew Language Scales (Renfrew, 1998) = narrative task

Micro-level: 
- Narrative productivity:

MLU, subordinate clauses, number of (incorrect) utterances

- Coherence:
protagonists, number of (incorrect) referent introductions 

- Error analysis:
% semantic, % syntactical, % morphological, % other

Methods – Prospective study
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Results – Prospective study

Narrative macro-analysis Total (n=66) High Potential (n=20)
Plot structure Setting elements p=.003 NS

Initiating elements p=.017 NS

Episodic elements p<.001 NS

Response elements NS NS

Solution elements p=.020 NS

Morality elements NS NS
Essential and subsidiary elements Essential elements p<.001 NS

Subsidiary elements p=.005 NS
Narrative efficiency Signal elements p<.001 NS

Noise elements p<.001 NS
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Narrative micro-analysis Total (n=66) High Potential (n=20)
Narrative productivity MLU p=.035 NS

Subordinate clauses p=.036 NS

Number of utterances NS NS

% incorrect utterances p<.001 p=.024
Coherence Protagonists NS NS

Referent introductions NS NS

% incorrect referent introductions NS NS
Error analysis % semantic NS NS

% syntactic NS NS

% morphological NS NS

% other NS NS

Results – Prospective study
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High potential =

1. Early cochlear implantation (< 2y)

AND 2. Bilateral cochlear implantation

AND 3. One spoken language in the family

AND 4. No additional disabilities

Results – Prospective study
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Spoken language skills

~ age at implantation

~ contralateral auditory stimulation with a second CI or a hearing aid

~ additional (learning) disability

~ multilingualism

Conclusion

Age-adequate spoken language development is feasible, but not self-evident!
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