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Editorial

Cochlear implantation has significantly 
positively, impacted the lives of deaf indi-
viduals internationally. The device that 
converts acoustic energy into electrical 
stimulation bypassing endogenously dys-
functional cochlear structures has gained 
widespread popularity in the aural reha-
bilitation of patients with severe to pro-
found sensorineural hearing loss. The 
performance of patients following coch-
lear implantation can be broadly variable, 
dependent on a number of factors, includ-
ing age of onset of deafness, duration of 
deafness, age of implantation, etiology of 
deafness, use of hearing aids, mode of com-
munication, cognitive ability, motivation 
and psychosocial support system to name 
a few [1–4].

With regard to cochlear implant candi-
dacy, it is widely accepted that individu-
als with congenital deafness implanted 
in early childhood and individuals 
with acquired deafness of a short dura-
tion have the best potential for cochlear 
implant performance in terms of speech 
recognition and word discrimination. 
However, controversy remains surround-
ing the utility of later cochlear implan-
tation in congenitally deaf individuals, 
namely cochlear implantation in late 
childhood and adolescence. Is there, in 
fact, a well-defined window of opportu-
nity for implantation of congenitally deaf 

children, or can congenitally deaf children 
obtain benefit from cochlear implantation 
if implanted at an older age?

There have been numerous studies that 
have revealed that early cochlear implan-
tation in prelingually deaf children is 
advantageous for a number of reasons. 
Cochlear implantation has been found to 
be safe and efficacious in children below 
the age of 12 months, and rates of major 
and minor complications are equivalent to 
older children and adults [5,6]. In addition, 
these early implanted children have been 
shown to develop age-appropriate audi-
tory perception and oral language skills 
[5]. When comparing children implanted 
between 12 and 36 months of age, children 
who received implants at a younger age 
have been found to acquire auditory skills 
nearer to those of their peers with normal 
hearing at a younger age [7]. Adolescents 
who had undergone cochlear implanta-
tion in early childhood have been found 
to report strong social skills and high self-
esteem on analysis [8]. The vast majority 
also report strong identification with the 
hearing community or mixed identifica-
tion with both the deaf and hearing com-
munity [8]. In addition, in a similar study, 
the overwhelming preponderance of ado-
lescents implanted in early childhood was 
reported to be completely mainstreamed 
by high school [9].
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“Although the associated performance may not parallel  
‘normal’ hearing age-matched individuals or those implanted  
at a younger age, late cochlear implantation in prelingually  
deaf individuals provides a communication benefit, which  

should not be negated.”
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There remains some controversy within the literature regarding 
a sensitive period for cochlear implantation in congenitally and 
prelingually deaf children. During the first years of life, external 
stimulation is critical for the normal neurological development 
of critical functional networks and neural connections, which 
support behavioral learning [10,11]. Although there is a high degree of 
neuroplasticity resulting in later synaptogenesis, auditory deprivation 
has been found to result in abnormal or delayed maturation within 
the auditory cortex [12,13]. Although studies have revealed no age of 
implantation-dependent difference in electrically evoked compound 
action potential of the auditory nerve and brainstem following 
cochlear implantation [14], differences have been reported in higher 
order function along the auditory pathway. Studies of cortical 
auditory-evoked potential P1 peak latency time reveal critical 
differences dependent on the age of implantation. In normal hearing 
individuals, with age the latency between presentation of auditory 
stimulus and cortical auditory-evoked peak potential P1 decreases 
with time, indicating a shorter time period necessary for cortical 
response to auditory stimulus. Prelingually deaf children implanted 
before the age of 3.5 years exhibit normal cortical P1 latencies within 
6 months of implant use [10]. Alternatively, children implanted 
above the age of 7 years exhibit abnormal P1 latency, which does 
not reach normal latencies following implant use, and it has been 
suggested that these differences may be critical for optimal speech 
and language development [10]. Additional studies have investigated 
this concept of a critical point as represented by performance on 
speech perception testing. Harrison et al. investigated the impact of 
age of implantation on cochlear implant performance in an attempt 
to identify a critical point for implantation in prelingually deaf 
children [15]. In this study of 82 children implanted between 2 years 
and 13 years of age, cochlear implant performance was assessed 
as a function of age [15]. Children implanted at 5 years of age and 
younger were found to outperform their older peers in all phoneme 
and word speech perception tasks with children implanted at 2 years 
of age exceeding all other groups [15]. When corrected for duration 
of deafness, the optimal split was found to be at age 4.4 or 5.6 years 
based on Glendonald Auditory Screening Procedure word and Test 
of Auditory Comprehension scores, respectively [15]. Although these 
findings support the assertion that early cochlear implantation yields 
the best cochlear implant performance, they also show benefit in 
those implanted at a later age.

With newborn screening programs becoming more prevalent, 
it is often possible to identify children with congenital deafness 
early, allowing for cochlear implantation within the first year 
of life. However, newborn hearing screening programs are not 
universal. Within the USA alone, the vast majority of states have 
newborn hearing screening programs, although certain states 

allow parents to opt out of hearing screening [101]. As such, many 
children with congenital deafness may not be identified. In areas 
with recently implemented screening programs, later diagnosis 
may occur in children born prior to implementation. In addition, 
children may be lost to follow-up, lack resources/social support 
for intervention or present with acquired prelingual deafness, 
which may lead to later diagnosis. The question arises, “How 
should these children be managed?” There is a window of time 
documented wherein cochlear implantation is of increased benefit 
in children with prelingual deafness. However, is there a win-
dow after which cochlear implantation is of negligible benefit in 
the congenitally or prelingually deaf individuals? The literature 
appears to support increased auditory and linguistic benefit fol-
lowing early implantation but does not support a total lack of 
benefit following cochlear implantation at a later age.

There are emerging data supporting the benefit of late cochlear 
implantation in individuals with prelingual deafness. In recent 
data from the University of Iowa comparing children implanted 
before the age of 2 years with children implanted from age 2 to 
4 years, children within the older group perform equally to their 
early implantation counterparts by >3 years of cochlear implant 
use [16]. Caprosecco et al. presented cochlear implant outcomes of 
38 individuals with bilateral sensorineural hearing loss diagnosed 
before the age of 3 years who underwent cochlear implantation 
at 14 years of age or older [17]. Within their review, the major-
ity of patients had a confirmed diagnosis of severe to profound 
prelingual deafness (prior to age 3 years). Ten patients had a 
diagnosis of sensorineural hearing loss prior to the age of 3 years 
with progression (severe to profound sensorineural hearing loss) 
thereafter. Within this study, all patients improved beyond sound 
detection. A total of 53% of patients attained open set speech 
recognition with scores of >30% on City University of New York 
Sentences and Central Institute for the Deaf Everyday Sentence 
Lists testing. Of these patients, 21% attained scores of greater 
than 90% on both City University of New York Sentences and 
Central Institute for the Deaf Everyday Sentence Lists testing. 
In addition, 90% of patients reported that their ability to under-
stand speech with visual cues was ‘much improved’ following 
cochlear implantation, and 85% of patients felt that the implant 
had a positive or somewhat positive effect on their employment. 
Furthermore, 70% of patients reported use of the telephone fol-
lowing implantation. A total of 81% reported using their cochlear 
implant for greater than 8 h per day. Three factors were found to 
have a significant impact on cochlear implant performance within 
this population: mode of communication in childhood (oral vs 
total communication or American Sign Language), stable versus 
progressive hearing loss and time without use of a hearing aid on 
the implanted ear. Patients who used oral communication, had 
progressive hearing loss and wore a hearing aid on the implanted 
ear were more likely to obtain better speech perception outcomes.

Similarly, in a review by Zeitler et al. of 67 patients with 
prelingual deafness, post-operative cochlear implant performance 
was retrospectively studied [18]. The mean age at cochlear 
implantation was 12.9 years with an associated mean duration 
of deafness of 11.5  years, representing 61% of patients with 
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congenital sensorineural hearing loss. Within this series, significant 
improvement in speech perception scores for both Hearing in Noise 
sentence test and Consonant-Nucleus-Consonant monosyllabic 
word test scores were noted at 12  months post-operatively 
with mean score changes of 51.1 and 32.2%, respectively  
(p < 0.001). The mean changes in Hearing in Noise sentence 
test and Consonant-Nucleus-Consonant monosyllabic word test 
scores at the end of study were 60% and 38.7%, respectively  
(p < 0.001), indicating that the majority of improvement in 
performance occurs within the first year of cochlear implant use. 
Like the study by Caprosecco et al., adolescents with progressive 
deafness and those using oral communication have significantly 
better cochlear implant performance than age-matched peers [17].

In a review by Santarelli et al. of 18 prelingually deaf-implanted 
adolescents and young adults (age 13–30 years), cochlear implant 
performance at 6 months, and 1, 2 and 3 years was reported [19]. 
Although cochlear implant performance was found to be lower 
than previously published data within the literature obtained from 
early implanted congenitally deaf patients, phoneme identification, 
word and sentence identification scores improved significantly 
following cochlear implantation in these late implanted patients. 
In this study, word and sentence recognition scores continued to 
reveal significant improvement beyond the 1 year postimplantation 
interval. Mean values of approximately 10% preoperatively 
improved to 38.7, 51.6 and 65.6% postoperatively for disyllabic, 
trisyllabic and sentence scores, respectively.

Similar findings have been reported in cochlear implantation 
of prelingually deaf adults. Prelingually deaf adults who under-
went cochlear implantation exhibited significant improvement in 

open set speech perception (sentence) scores following implanta-
tion with a mean score change from 7.0 to 46.7 (p < 0.05) [20]. 
Improved performance in this population was found to positively 
correlate with higher preimplantation thresholds and negatively 
correlate with the primary use of sign language for communica-
tion preimplantation [20].

According to current definitions of success and metrics utilized 
to assess success, late cochlear implantation in prelingually deaf 
individuals has been demonstrated to be of benefit. However, one 
may argue that within this population a more muted definition 
of benefit should be utilized. In the study by Caprosecco et al., 
although open set speech recognition of >90% was not attained in 
the vast majority of patients, >90% of patients reported improve-
ment in communication ability [17]. The main benefits of cochlear 
implantation in this population may be to aid sound awareness, 
lip reading and overall communication ability as well as the pos-
sibility of speech understanding as shown in several published 
articles. Although the associated performance may not parallel 
‘normal’ hearing age-matched individuals or those implanted at a 
younger age, late cochlear implantation in prelingually deaf indi-
viduals provides a communication benefit, which should not be 
negated. Given that these recipients report that implantation posi-
tively impacts their lives, ability to communicate, opportunities 
for employment and thus quality of life, cochlear implantation in 
this population should be considered a viable option for patients 
with preoperative counseling, realistic expectations and positive 
motivation.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involvement with any 
organization or entity with a financial interest in or financial conflict with 
the subject matter or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or options, expert 
testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

References

1	 Davidson LS, Geers AE, Blamey PJ, Tobey 
EA, Brenner CA. Factors contributing 
to speech perception scores in long-term 
pediatric cochlear implant users. Ear Hear. 
32(Suppl. 1), 19S–26S (2011).

2	 Geers AE, Strube MJ, Tobey EA, Pisoni DB, 
Moog JS. Epilogue: factors contributing to 
long-term outcomes of cochlear implanta-
tion in early childhood. Ear Hear.  
32(Suppl. 1), 84S–92S (2011).

3	 Moon IJ, Kim EY, Jeong JO, Chung WH, 
Cho YS, Hong SH. The influence of various 
factors on the performance of repetition tests 
in adults with cochlear implants. Eur. Arch. 
Otorhinolaryngol. 269(3), 739–745 (2012).

4	 Wang NM, Liu CJ, Liu SY, Huang KY, Kuo 
YC. Predicted factors related to auditory 
performance of school-aged children with 

cochlear implants. Cochlear Implants Int. 
12(Suppl. 1), S92–S95 (2011).

5	 Waltzman SB, Roland JT Jr. Cochlear 
implantation in children younger than 
12 months. Pediatrics 116(4), e487–e493 
(2005).

6	 Roland JT Jr, Cosetti M, Wang KH, 
Immerman S, Waltzman SB. Cochlear 
implantation in the very young child: 
Long-term safety and efficacy. Laryngoscope 
119(11), 2205–2210 (2009).

7	 McConkey Robbins A, Koch DB, Osberger 
MJ, Zimmerman-Phillips S, Kishon-Rabin 
L. Effect of age at cochlear implantation on 
auditory skill development in infants and 
toddlers. Arch. Otolaryngol. Head Neck Surg. 
130(5), 570–574 (2004).

8	 Moog JS, Geers AE, Gustus CH, Brenner 
CA. Psychosocial adjustment in adolescents 
who have used cochlear implants since 

preschool. Ear Hear. 32(Suppl. 1), 75S–83S 
(2011).

9	 Geers AE, Brenner CA, Tobey EA. Long-
term outcomes of cochlear implantation in 
early childhood: sample characteristics and 
data collection methods. Ear Hear.  
32(Suppl. 1), 2S–12S (2011).

10	 Sharma A, Campbell J. A sensitive period 
for cochlear implantation in deaf children. 
J. Matern. Fetal. Neonatal Med.  
24(Suppl. 1), 151–153 (2011).

11	 Pallas SL. Intrinsic and extrinsic factors 
that shape neocortical specification. Trends 
Neurosci. 24(7), 417–423 (2001).

12	 Kral A, Hartmann R, Tillein J, Heid S, 
Klinke R. Congenital auditory deprivation 
reduces synaptic activity within the  
auditory cortex in a layer-specific  
manner. Cereb. Cortex 10(7), 714–726 
(2000).

“Although these findings support the assertion 
that early cochlear implantation yields the best 
cochlear implant performance, they also show 

benefit in those implanted at a later age.”

Cochlear implantation in late childhood and adolescence



204 Expert Rev. Med. Devices 9(3), (2012)

Editorial

13	 Kral A, Hartmann R, Tillein J, Heid S, 
Klinke R. Delayed maturation and sensitive 
periods in the auditory cortex. Audiol. 
Neurootol. 6(6), 346–362 (2001).

14	 Gordon KA, Papsin BC, Harrison RV. 
Activity-dependent developmental plasticity 
of the auditory brain stem in children who 
use cochlear implants. Ear Hear. 24(6), 
485–500 (2003).

15	 Harrison RV, Gordon KA, Mount RJ. 
Is there a critical period for cochlear 
implantation in congenitally deaf  
children? Analyses of hearing and  
speech perception performance after 
implantation. Dev. Psychobiol. 46(3), 
252–261 (2005).

16	 Walker E, Etler C, Kenworthy M et al.  
Long-term speech and language performance 
for children with cochlear implants. Presented 
at: 13th Symposium on Cochlear Implantation 
in Children. IL, USA, 14 July 2011.

17	 Caposecco A, Hickson L, Pedley K. Cochlear 
implant outcomes in adults and adolescents 
with early-onset hearing loss. Ear Hear. 
32(2), 209–220 (2012).

18	 Zeitler DM, Anwar A, Green JE et al. 
Cochlear implantation in prelingually 
deafened adolescents. Arch. Pediatr. Adolesc. 
Med. 166(1), 35–41 (2012).

19	 Santarelli R, De Filippi R, Genovese E, 
Arslan E. Cochlear implantation outcome in 
prelingually deafened young adults. A speech 

perception study. Audiol. Neurootol. 13(4), 
257–265 (2008).

20	 Yang WS, Moon IS, Kim HN, Lee WS, Lee 
SE, Choi JY. Delayed cochlear implantation 
in adults with prelingual severe-to-profound 
hearing loss. Otol. Neurotol. 32(2), 223–228 
(2011).

Website

101	 Newborn Hearing Screening Laws. National 
Conference of State Legislatures.  
www.ncsl.org/issues-research/health/
newborn-hearing-screening-state-laws.aspx 
(Accessed 3 March 2012)

Heman-Ackah, Roland & Waltzman




