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Summary
Background: Hearing impairment that is too severe to be adequately treated with conventional hearing aids can lead, in children, 
to severe developmental disturbances of hearing and language, and, in adults, to communicative and social deprivation. Recent 
advances in medical device technology and in microsurgical techniques have led to an expansion of the indications for cochlear 
implantation (CI) for adults with progressive hearing loss in older age, and to a restructuring of the process of care for these pa-
tients in Germany. 

Methods: This review is based on pertinent publications retrieved by a selective search in PubMed, as well as on the CI guide-
lines and CI “white book” of the German Society of Otolaryngology and Head and Neck Surgery. 

Results: Early and accurate diagnosis is crucial for the successful auditory rehabilitation of high-grade hearing impairment. In 
children, a key role is played by newborn auditory screening, which is mandatory in Germany and enables the provision of a CI 
in the first year of life when necessary. 86% of the children receiving a CI achieve linguistic comprehension of fluently spoken 
sentences. For adults, positive prognostic factors for hearing after the provision of a CI include a highly motivated patient, “post-
lingual” onset of the hearing impairment (i.e., after the acquisition of language), and a brief duration of deafness. Auditory reha-
bilitation is associated with significant improvement, not just of hearing and of the comprehension of spoken language, but also 
of quality of life, particularly in elderly patients. For patients of any age with bilateral hearing loss, CIs should be provided on 
both sides, if possible. The more common complications of the procedure, with a probability of 2–4% each, are technical implant 
defects, dizziness, and wound-healing disturbances. 

Conclusion: Cochlear implantation, performed in specialized centers, is a safe and reliable technique and regularly enables the 
successful rehabilitation of hearing in both children and adults.
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T he data in the literature on the prevalence of hearing 
disorders in Germany in children and adults is scant 
and inconsistent. Two new systematic reviews have 

undertaken a detailed and critical analysis of this topic (1, 
2). According to these reviews, hearing disorders in adults 
are reported to have a prevalence of 16–25%. There are 
currently no reliable data on the number adults with pro-
found hearing impairment/deafness that could require 
cochlear implantation (1). The prevalence of hearing dis-
orders in childhood and adolescence is 1–4%, with the 
prevalence of profound hearing loss (defined as deafness) 
being estimated at 0.01% (2).
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The impact of impaired hearing, in particular 
profound hearing loss requiring cochlear implan-
tation, is significantly underestimated in the popu-
lation. In children, adequate hearing is an import-
ant prerequisite for age-appropriate social and lan-
guage development (e1). Hearing forms the crucial 
basis of verbal communication and significantly 
contributes to social well-being. Hearing disorders 
can impair cognitive performance and promote 
 social isolation, as well as the development of 
 depressive and dementia-related disorders (3, 4). 
Particularly in elderly individuals, hearing impairments 

Epidemiology 
Hearing disorders in adults are reported to have a prevalence 
of 16–25%. The prevalence of hearing disorders in childhood 
and adolescence is 1–4%, with the prevalence of profound 
hearing loss (defined as deafness) being estimated at 0.01%.

Effects of hearing loss
Hearing forms the crucial basis of verbal communication and 
significantly contributes to social well-being.
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hamper spatial orientation and increase the risk of 
falls  (e2).

Thus, cochlear implant (CI) treatment not only 
compensates hearing loss, but is of crucial importance 
to the health integrity, social participation, and in-
creased quality of life of hearing-impaired individuals 
(5). The longer hearing loss remains untreated, the 
lower the likelihood of treatment success. Research is 
currently underway to determine the extent to which 
early auditory rehabilitation in elderly individuals 
with profound hearing loss can affect the course of 
neurodegenerative processes such as dementia.

Therefore, prompt diagnosis of hearing loss is of 
great importance at any age. Much like newborn 
screening, there are currently screening processes for 
older adults under development that could be 
 routinely used by, e.g., by general practitioners or 
geriatric specialists  (6).

General aspects of 
cochlear implant treatment
A cochlear implant is an electronic inner ear prosthetic 
device with an electrode array that is surgically inserted 
in the cochlea. In the case of inner ear damage, the in-
tact auditory nerve is electrically stimulated and an 
auditory impression transmitted to the brain (Figure 1). 
The indication is made on the basis of a thorough ear, 
nose, and throat (ENT) and interdisciplinary pre-
 diagnostic work-up, which takes into consideration the 
patient‘s audiological, anatomical, and psychosocial con-
ditions and is carried out in specialized centers  (1, 7, 8).

The process of CI treatment includes implantation 
and the subsequent auditory rehabilitation phase, fol-
lowed by lifelong annual follow-up care. The entire 
CI treatment process is set out in the CI White Book 
(7) and the CI guideline (8) and is the lifelong respon-
sibility of the implanting center.

Today, the surgical techniques of cochlear implan-
tation are considered to have few complications and 
are even possible in infants under the age of 12 
months. A study of 219 children under the age of 3 
years showed a low surgical complication rate (for 
example, wound infection) of 2% and an anesthesia 
complication rate (for example postoperative nausea) 
of 4.8%  (9).

Learning objectives
The reader of this article should:
● Gain an overview of the prevalence, incidence, 

and diagnosis of severe hearing impairments in 
children and adults

● Become familiar with the different indications for 
cochlear implantation, the surgical principle, and 
the lifelong treatment process

● Understand the importance of early cochlear im-
plantation for auditory and speech rehabilitation as 
well as for the improvement of cognitive perform-
ance and quality of life. 

Indications for CI treatment
Cochlear implantation is indicated (Table 1) in pro-
found hearing loss (bordering on deafness) that cannot 
be adequately treated through other auditory rehabili-
tation measures. One should expect to achieve better 
hearing and speech intelligibility with CI than with 
hearing aids (7). Therefore, before the decision for 
 implantation is taken, appropriate treatment with (high-
gain) air conduction hearing aids is required in the case 
of residual hearing that could potentially still be used 
for speech intelligibility. The definitive indication is 
then made by an ENT specialist on the basis of an 
 extensive interdisciplinary clinical, audiological, radio-
logical, and psychological diagnostic work-up.

Due to the differing diagnostic possibilities in 
children and adults, a distinction is made between 
these two groups.

Indication
Cochlear implantation is indicated in profound hearing loss or 
hearing loss bordering on deafness that cannot be adequately 
treated by means of other auditory rehabilitation measures.

Definition
A cochlear implant is an electronic inner ear prosthetic device, 
the electrodes of which are surgically inserted in the cochlea 
and stimulate the auditory nerve.

FIGURE 

Principle of a cochlear implant
The sound waves are picked up by a microphone in the audio proces-
sor (1), converted into electrical signals, and transmitted via the trans-
mitter coil (2) to the receiver implant located beneath the skin (3). The 
electrical signals then stimulate—in a frequency-specific manner via 
the electrodes arranged on the electrode carrier (4)—the auditory 
nerve fibers (5).
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In children with congenital prelingual profound 
hearing loss, as well as perilingual deafness, the indi-
cation is primarily made on the basis of the audiologi-
cal threshold, which is objectively determined using 
frequency-specific BERA (brainstem evoked 
 response audiometry). The limit for CI indication 
today is considered to be an averaged audiological 
threshold of > 70 dB HL (10, 11), since it is generally 
no longer possible to achieve sufficient speech intel-
ligibility with conventional hearing aids above this 
threshold. In addition to assessing the audiological 
threshold, one needs to take into consideration the 
level of language development, communication skills, 
general level of development, and socio-family as-
pects when determining indications as part of the in-
terdisciplinary pre-diagnostic work-up (8). In the case 
of congenitally deaf children, implantation should be 
performed as early as possible in the first year of life 
once confirmatory diagnostics have been reliably 
completed  (8, 12).

In children or adolescents and adults with postlin-
gually acquired deafness, the assessment of maxi-
mum speech intelligibility in quiet at 65 dB sound 
pressure level (SPL), corresponding to the sound level 
of normal conversational speech, plays a central role 

in establishing the indication. In Germany, the Frei-
burg speech test is the standard method used to this 
end. When applied under free-field conditions, mono-
syllablic word intelligibility is evaluated unilaterally 
on each side. The indication limit for cochlear 
 implantation is a maximum monosyllabic score with 
optimal hearing aid gain in quiet of 60% (7, 8). The 
following rule of thumb applies: if a patient can no 
longer make telephone calls with their hearing aid, the 
indication for CI should be reviewed.

In patients with postlingually acquired deafness, CI 
treatment should improve their monosyllabic score by 
at least 20 percentage points by the end of follow-up 
therapy, which is completed approximately 1 year 
after cochlear implantation in adults and after 3 years 
in children (7). In contrast to complete deafness, par-
ameters that have a positive effect on the individually 
attainable speech intelligibility with CI include the 
presence of residual hearing that can still be measured 
preoperatively (13, 14) and a short duration of hearing 
loss in the ear to be implanted (15). However, the tim-
ing of CI treatment in adults with postlingual deafness 
is not limited by the time of onset of hearing loss, 
since successful implantation can still be achieved 
decades after deafness. On the other hand, the timing 
of cochlear implantation is critical in the case of deaf-
ness following meningitis, labyrinthitis, or trauma 
(for example, temporal bone fracture). Since there is a 
risk in such cases of early-onset inflammatory coch-
lear obliteration, which can prevent insertion of the CI 
electrode array, implantation should be performed as 
promptly as possible (4–6 weeks).

In individual selected cases of prelingually deaf 
adults, an indication for CI treatment can be consid -
ered if there is at least some level of receptive 
 language ability  (8, 16, 17).

With regard to audiological diagnosis and auditory 
rehabilitation planning, each ear needs to be evaluated 
and treated separately. In the case of bilateral pro-
found hearing loss bordering on deafness, bilateral CI 
treatment is considered the standard today (18), and 
can be performed simultaneously or sequentially de-
pending on the severity of hearing loss and the age of 
the patient. If the hearing loss is asymmetrical and 
one side still has adequate usable residual hearing 
with a hearing aid, bimodal treatment is performed in 
the form of ipsilateral CI treatment and a contralateral 
hearing aid.

The maximum degree of asymmetrical hearing loss 
is unilateral deafness with normal contralateral 
 hearing (19). Cochlear implantation is now also 

Postlingually acquired hearing loss
In patients with postlingually acquired deafness, CI treatment 
should improve their monosyllabic score by at least 20 percen-
tage points by the end of follow-up therapy.

Limit for the indication of CI
The limit for CI indication today is considered to be an average 
audiological threshold of >70 dB HL, since it is generally no 
longer possible to achieve sufficient speech intelligibility with 
conventional hearing aids above this threshold.

TABLE 1

Indications for cochlear implantation

CI, cochlear implant

Hearing loss

Bilateral profound hearing 
loss (HL) bordering on 
deafness/deafness

Unilateral HL with normal 
hearing in the contralateral 
ear

Unilateral HL with impaired 
hearing in the contralateral 
ear

Congenital bilateral HL

Acquired HL

HL with usable residual 
hearing in the low frequency 
range

HL following meningitis/ 
labyrinthitis/trauma

CI treatment

Bilateral cochlear 
implantation (CI)

Unilateral cochlear 
implantation

Bimodal treatment (CI + 
hearing aid in the contra -
lateral ear)

Bilateral CI within the first 
year of life

Unilateral or bilateral CI with 
no age limit

Electric acoustic stimulation 
(EAS) CI + hearing aid on the 
affected side

Unilateral or bilateral CI 
preferably within 4–6 weeks
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 considered a desirable treatment for those patients 
with single-sided deafness wishing to receive detailed 
preoperative information, since this is the only way to 
ensure prompt rehabilitation of the damaged sensory 
organ. The treatment achieves significant improve-
ments in sound localization and speech intelligibility 
in noise (20); it can also result in the suppression of 
tinnitus  (21).

Diagnostic work-up prior to cochlear implantation
The preoperative diagnostic work-up helps establish 
the indication for cochlear implantation and verifies the 
feasibility of the surgical procedure, the subsequent 
basic and follow-up treatment, as well as aftercare, to 
restore hearing. Cochlear implantation is only indicated 
when all components are present.

The pre-diagnostic work-up involves an assess-
ment of medical, medicotechnical, developmental 
psychological, and social indication criteria. These in-
clude: diagnosis of hearing and balance, an evaluation 
of operability, personalized implant selection, deter-
mining the surgical strategy and access route, and an 
assessment of the patient’s capacity for rehabilitation 
in their social environment.

The pre-diagnostic work-up requires interdisci -
plinary and interprofessional coordination between 
the various specialist disciplines (ENT medicine, 
neuroradiology, phoniatrics, and pedaudiology, 
neuro paediatrics, anesthesiology, and speech therapy, 

among others), as well as a consultation with the pa-
tient and all those in their environment. Children, 
adolescents, and adults require different consultation 
and treatment concepts. 

Since the implanting center bears the responsibility 
for the process of lifelong CI treatment, this center 
needs to be involved in the pre-diagnostic work-up in 
all its complexity. Timely implantation is only poss-
ible if outpatient physicians and the centers providing 
CI treatment work closely together to establish the in-
dication.

Pre-diagnostic work-up in adults
Adults represent the main indication group for CI 
 treatment in Germany. These patients often have pro-
gressive age-related hearing loss that can no longer be 
adequately treated with a hearing aid; that is to say, it is 
no longer possible to achieve sufficient speech intelligi-
bility for adequate everyday communication. In addi-
tion to taking a general patient history, one needs to 
 establish the severity and duration of the hearing loss, 
as well as the patient‘s communication requirements in 
their social environment. This is followed by a com-
plete ENT examination and comprehensive diagnosis 
of hearing and balance.

The hearing diagnosis must confirm sensorineural 
hearing loss. Conductive hearing loss, hearing loss 
due to auditory neuropathy or the central auditory 
pathway do not generally represent indications for CI. 

The pre-diagnostic work-up includes:
Diagnosis of hearing and balance, an evaluation of operability, 
personalized implant selection, determining the surgical 
 strategy and access route, and an assessment of the patient‘s 
capacity for rehabilitation in his/her social environment.

Asymmetrical hearing loss
The maximum degree of asymmetrical hearing loss is unilat-
eral deafness with normal contralateral hearing.

Figure  1: Diag-
nostic imaging 
prior to cochlea 
implantation
a) Thin-slice petrous 
temporal bone 
computed 
tomography and 
 b) magnetic reso -
nance imaging 

Cochlea

Mastoid 
process

Cochlea

Labyrinth

Auditory 
nerve

a b
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One needs to compare an appropriate assessment of 
speech intelligibility using suitable hearing aids with 
the anticipated speech intelligibility following CI im-
plantation. High-resolution computed tomography 
(CT) and magnetic resonance tomography (MRI) 
 diagnosis of the petrous temporal bone are used to 
verify the presence of the cochlear nerve and the fluid 
filling the cochlea and to exclude chronic ear diseases 
or malformations (Figure 1). At the same time, this 
imaging also serves to aid surgical planning, in -
volving determination of the access route and a 
 personalized selection of electrodes based on the 
 anatomical conditions. Today, depending on the elec-
trodes selected, the length of electrodes required in 
the individual case can be determined on thin-slice 
CT of the petrous temporal bone using appropriate 
software. Since in some cases cochlear implants are 
not entirely MRI-compatible and produce an imaging 
artifact due to the magnets, follow-up diagnostics 
after implantation need to be coordinated with a 
 neuroradiologist in the case of certain pre-existing 
conditions (e.g., cerebellopontine angle tumors, cho-
lesteatoma). An important prerequisite of successful 
implantation is the patient’s capacity for rehabili-
tation, which requires relevant cognitive skills, 
 manual skills to operate the audio processor, and ap-
propriate social living conditions.

Finally, a pre-anesthetic assessment of the patient‘s 
fitness for anesthesia is performed. If fitness for gen-
eral anesthesia is low or could involve risks, cochlear 
implantation can also be performed under local 
 anesthesia in some cases.

Pre-diagnostic work-up in children
Profound hearing loss/deafness in childhood is often 
congenital or develops from progressive hearing loss in 
the first years of life. The mandatory neonatal screening 
for hearing impairment enables the earliest possible di-
agnosis in infants born deaf. Successful hearing and 
speech development is all the likelier the earlier im-
plantation is performed  (22).

In addition to a detailed patient history of hearing 
and speech development and subjective hearing tests 
adapted to the child‘s age, the child‘s pre-diagnostic 
work-up primarily focuses on objective hearing tests 
(auditory brainstem response test, otoacoustic 
emissions), as well as a determination of speech de-
velopment and communication skills. Developmen-
tal psychological tests and an assessment of the 
socio-familial situation are also carried out. Using 
MRI and, if necessary, CT diagnosis, possible 
 malformations of the inner ear and auditory nerve, 
as well as the choice of optimal electrode array, are 
assessed.

Surgical procedure for cochlear implantation
Cochlear implants are currently available as partially 
implantable hearing systems. As with hearing aids, the 
audio processor is worn behind the ear. A hearing loop 
that is magnetically attached to the scalp transmits the 
signal from the audio processor to the implant. The 
 implant with the receiver is anchored beneath the skin 
in the temporal bone. The stimulation electrodes of the 
CI are inserted into the cochlea via the mastoid process 
and middle ear (Figure 1).

Pre-diagnostic work-up in children
In addition to a detailed patient history of hearing and speech 
development and subjective hearing tests adapted to the 
child‘s age, the pre-diagnostic work-up in children focuses pri-
marily on objective hearing tests, as well as a determination of 
speech development and communication skills.

Contraindications for cochlear implantation
Conductive hearing loss, hearing loss due to auditory 
 neuropathy or the central auditory pathway do not generally 
represent indications for CI. 

Figure 2: Insertion 
of the cochlear 

implant (CI) 
electrodes

a) Intraoperative 
visualization of the 

round window 
through the mastoid 

process and 
b) insertion of the 
CI electrode array 

in the scala 
tympani via the 

round window

Round window

CI electrode array

a b

Insertion instrument
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When introducing the electrode array into the 
cochlea, it is essential to spare important inner ear 
structures such as the basilar membrane and the organ 
of Corti. The atraumatic insertion of shorter 
 electrodes via the round window helps preserve low-
frequency residual hearing (23) (Figure 2). Cochlear 

implant patients with preserved low-frequency hear-
ing (for example, patients with advanced age-related 
hearing loss) are able to achieve better hearing results, 
particularly in noise (24). These patients generally 
wear a combination of CI and hearing aid. The hear-
ing aid acoustically stimulates at low frequencies, 

Technique
Cochlear implants are currently available as partially implant-
able hearing systems. As with hearing aids, the speech 
 processor is worn behind the ear. A hearing loop that is 
 magnetically attached to the scalp transmits the signal from 
the audio processor to the implant.

Diagnostic imaging
Using magnetic resonance imaging and computed to-
mography, possible malformations of the inner ear and audi-
tory nerve, as well as the choice of suitable electrode array, 
are assessed.

TABLE 2

Details of the presented studies

Bilat, bilateral CI treatment; CI, cochlear implant; MSI, monosyllabic speech intelligibility; ISCED, International Standard Classifcation of Education; 
CI, confidence interval; MC, multicenter; NH, normal hearing; OLSA, Oldenburg sentence test; QoL, quality of life; SC, single center; SMD, standardized mean difference; 
SNR, signal-to-noise ratio; SI, speech intelligibility; Unilat, unilateral CI treatment

Ref No.

(27)

(30)

(e4)

(14)

(32)

(e6)

(34)

(35)

(31)

(38)

(37)

(36)

(5)

(e8)

Author/ 
year

Zeh et al. 
2015 

Boisvert 
et al. 2020

Carlson 
2020 

Hoppe et al. 
2019

Blamey 
et al. 2015 

Häussler 
et al. 2019

Helbig et al. 
2008

Lorens 
et al. 2008 

Blamey 
et al. 2013

Gaylor  
et al. 2013 

Amin et al. 
2020

Rohloff 
et al. 2017

Völter et al. 
2018

Illg et al. 
2017

Study type

Retrospective SC 
cohort study

Scoping  
review

Retrospective SC 
cohort study

Retrospective SC 
case control study

Retrospective MC 
analysis

Retrospective SC 
cohort study

Retrospective SC 
cohort study

Retrospective SC 
cohort study

Retrospective MC 
analysis

Meta-analysis

Case control study

Case control study

Prospective SC 
study

Retrospective SC 
study

Number of studies (St)/  
patient number (N) 

N = 1 650 

Pre-CI: N = 1351/25 St 
Post-CI: N = 2798/46 St

N = 259

N = 284, three groups after 
pre-CI MSI

N = 2247,15 centers

N = 20

N = 20

N = 9

N = 11

N = 2251, 15 centers

N = na, 13 h

N1 = 47, 70–79 years
N2 = 17: ≥ 80 years

N1 = 109: 18–69 years
N2 = 53: ≥ 70 years

N = 60 

N = 174

Outcome parameters

Change in MSI at 65 dB due to 
rehabilitation

Change in MSI [%] pre-CI to 
post-CI

Change in MSI [%] 
pre-CI to post-CI

Change in MSI [%] 

Ranked SI [%] 
pre-CI to post-CI

Points in TQ 
pre-CI to post-CI

SNR OLSA in noise

MSI in noise with SNR 5 

MSI in noise with SNR 0 [%] 

Gain/time of 
ranked SI [%] 

Change in QoL 
pre- to post-CI [%] 
± SMD (95% CI)

Sentence test in quiet 
at 70 dB

Postoperative MSI in quiet

M3 test (attention) 
pre-CI to 6 months post-CI

Duration of CI use 
ISCED score CI vs. NH

Results

Average increase 22.6 %, ± 17.1 %, min/max 
−25%/85%, p < 0.0001

8.2% to 53.9%

8% (IQR 0–24) to 58% (IQR 36–72) 

Overall median increase: 65%

Unilat (quiet): 44% (± 29.0) to 58.5% 
Bilat (quiet): 42% (± 9.1) to 63% 

25.2 ± 18.7 to 17.3 ± 18.1 (p < 0.05)

Without CI 0.43 dB, with CI: −1.8 dB (p > 
0.005)

CI alone: 26%; EAS 53% (p = 0.02) 

CI alone: 18.6%; EAS 33.90% dB SNR: 
(p = 0.003)

Shortest deafness group + 17.8% 
Longest deafness group + 9.4%

General:  
I2 = 39.8%; ± 1.05 (0.91–1.19) P = 0.01
Hearing-related:  
I2 = 57.5%; ± 1.2 (1.00–1.48) P = 0.05

No significant difference  (P = 0.28)

N1: 48.7%; N2: 51.8% 
p = 0.50, 95% CI: [−12.22; −5.98]

Inverse efficiency performance:
935.73 (± 361.16) to 783.94 (± 350.67) 
P = 0.00027

86.8% CI use > 11 h/day 
2% CI nonusers 
ISCED (CI) 2.24 (± 0.59; range: 1–3) 
(t(1457) = 3723; p < 0.001)
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while the CI electrically stimulates the missing high 
frequencies (electric acoustic stimulation = EAS). 
This is indicated when the audiological threshold has 
not fallen more than 60 dB at frequencies up to 
0.5 kHz (25).

If the anatomical conditions preclude low-risk in-
sertion (for example, risk of damage to the facial 
nerve) via the round window, the electrode can alter-
natively be inserted via a cochleostomy. Here, the 
scala typmani is accessed via the promontory. The 
electrode array and the depth of insertion in the coch-
lea are selected on the basis of individual cochlear 
anatomy and residual hearing. Using imaging and 
electrophysiological techniques, it is already possible 
today to evaluate correct electrode placement (e3). 
Furthermore, each manufacturer offers a variety of 
different electrode arrays, making it possible to indi-
vidually select electrodes in order to minimize trauma 
and optimize hearing success.

Auditory rehabilitation with cochlear implants
Successful auditory rehabilitation is defined as the pa-
tient‘s (re)gaining of hearing and speech ability. This 
involves a dynamic learning process over several 
months to years (26) and is divided into different stages 
of basic therapy, follow-up therapy and aftercare (7). 
Basic therapy (initial adjustment phase of the audio 
processor) is generally carried out by specialized 
 professionals (CI audiologists) to set the individual 
electrical stimulation current intensity and stimulation 
parameters (26). The subsequent follow-up therapy (CI 
rehabilitation) is carried out using outpatient or inpa-
tient interdisciplinary treatment concepts (teachers, 
speech therapists, audiologists, and physicians, among 
others) and is aimed at optimizing hearing and speech 
outcomes (27, 28). In a retrospective cohort study, post-
operative CI auditory rehabilitation significantly in-
creased the intelligibility of monosyllabic test words at 
a 65-dB presentation level (average 22.6%, SD 17.1%, 
N = 1 650; p < 0.001) ([27], Table 2). The lifelong after-
care that follows is aimed at ensuring long-term hearing 
and speech intelligibility as well as technical support 
with the implant. Auditory rehabilitation is accompa-
nied by social and professional (re)integration 
measures.

As an interdisciplinary task, there are numerous 
special aspects of CI auditory rehabilitation in 
children. This is particularly the case since the possi-
bility of “learning” to hear, understand speech, and 
speak are highly time-limited processes during child 
development and require particular attention (29).

Auditory rehabilitation results with CI in adults
Today, the goal of auditory rehabilitation with CI is 
speech intelligibility without the aid of lipreading, 
when telephoning, and in a noisy environment (back-
ground noise). Unilateral implants in adults achieve an 
average pre- to postoperative improvement of 44–65% 
in speech audiometry for monosyllabic test words (14, 
30, e4) (Table 2). In 96% of cases, CI achieves a better 
score in the Freiburg speech test (monosyllabic intel-
ligibility at 65 dB without background noise) than 
would have been theoretically possible in the best case 
with hearing aids at maximum acoustic amplification 
(e5). Short duration of deafness, the onset of hearing 
loss after speech acquisition, and good residual hearing 
all represent factors that can make it possible to achieve 
significantly better speech intelligibility (31). Bilateral 
cochlear implantation shows significantly better results 
compared to unilateral CI implantation, with an 11% 
increase in the median speech intelligibility score in 
quiet  (32). 
Successful auditory rehabilitation can also be achieved 
in unilateral deafness (normal hearing on the contra -
lateral side), meaning that CI treatment in the deaf ear:
●  Enables significantly better sound localization 

(improvement in angular error of 22.7 °) 
● Significantly improves speech intelligibility in 

noise (improvement in the signal-to-noise ratio 
[SNR] in the Oldenburg sentence test [OLSA] of 
2.23 dB)

●  Significantly reduces impaired hearing due to ac-
companying tinnitus (26.3% improvement).

This can be evaluated using the internationally 
standardized Tinnitus Questionnaire (TQ) (20, e6). 

Particularly in patients with relevant residual hear-
ing in the low frequency range, the combination of 
hearing aid and CI in one system (EAS) can signifi-
cantly improve speech intelligibility by 15.6–25% in 
noise (33–35). The effects of CI treatment are not 
 limited only to younger patients, given that there is no 
significant difference in speech intelligibility with CI 
in the over-70s group compared to younger patients 
(18–69 years) (36, 37). In addition to an improvement 
in hearing and speech intelligibility, CI treatment is 
associated with a significant improvement in quality 
of life, meaning that cochlear implantation signifi-
cantly improves both general (standardized mean dif-
ference [SMD]: 1.05; 95% confidence interval: (0.91; 
1.19)]) and hearing-related quality of life (SMD: 1.24 
[1.00; 1.48]) (38). Cognitive performance is also sig-
nificantly improved following CI treatment in various 
subdomains such as “attention” (5). Thus the effects 

Goal of auditory rehabilitation
Today, the goal of auditory rehabilitation with CI is speech 
comprehension without the aid of lipreading, when tele -
phoning, and in a noisy environment (background noise).

Successful auditory rehabilitation
Successful auditory rehabilitation is defined as the patient’s 
(re)gaining of hearing and speech ability. This is achieved 
through a dynamic learning process over several months to 
years.

696 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2020; 117: 690–700



M E D I C I N E

of cochlear implantation far exceed a mere improve-
ment in hearing, since they have a positive impact on 
every aspect of the affected person’s social, emo-
tional, and cognitive abilities. 

In addition to the cost of implantation (diagnosis-
related group D66Z: approximately €28 000), the 
costs of CI treatment for an adult also include other 
treatment components such as rehabilitation or after-
care, resulting in total costs of approximately 
€50,000. The lifetime costs of treatment in childhood 
can exceed more than three times that amount  (39, 
40). 

Nevertheless, cost–benefit analyses show signifi-
cant advantages for both children (40) and adults (e7) 
compared to hearing aids.

Auditory rehabilitation results with 
cochlear implants in children
The results of hearing and speech development in CI-
treated children can only be assessed over the long 
term. In all, 86% of children with CI achieve open 
speech intelligibility for everyday sentences (median 
CAP, 5.5) and 98% still use the CI 17 years after 
 implantation (e8). A total of 36% of children attended 
normal, integrated schools. These children also benefit 
from CI in long-term observations. For example, alone 
with their hearing, they are able to identify emotions 
(58%), distinguish emotions (89%), or identify the 
gender of speakers on the basis of voice (89%) (e8). 
Nevertheless, a survey using the International Standard 
Classification of Education levels (ISCED-97) shows 
that the average school-leaving qualifications of 
children with CI are significantly lower compared to 
the “normal population” (surveyed in the German Gen-
eral Social Survey [Allgemeine Bevölkerungsumfrage 
der Sozialwissenschaften], ALLBUS 2012). The aver-
age ISCED-97 level of the 174 CI-implant recipients 
surveyed was 2.24, while that of the the ALLBUS-97 
2012 respondents was on average 3.723 (t [1457] = 
3.723; p < 0.001) (e8). Given that CI treatment is now 
carried out as early on as in the first year of life, a 
further improvement in results can be expected in the 
future (29, e9, e10).

Complications
Complications are overall rare, even when taking short-
term and long-term events into account. Depending on 
the definition, rates of between 5.7% and 12.8% are re-
ported (e4, e11), with the most common being implant 
defects (1.9–3.4%), dizziness (2.2–3.9%), and wound 
infections (1.9%). Severe perioperative complications in 

the form of facial paralysis are put at 0.1–0.6% of cases, 
and at below 0.1% for meningitis (e4, e11) (Table 2).

Quality assurance in CI treatment
Since the center (otorhinolaryngology department) that 
performs cochlear implantation is considered the 
 provider of the medical device (CI), it is primarily re-
sponsible for the structuring and organization of audi-
tory rehabilitation  (7).

The basic principles of quality assurance of CI 
treatment are described in the Association of the 
Scientific Medical Societies in Germany (Arbeitsge-
meinschaft der Wissenschaftlichen Medizinischen 
Fachgesellschaften e.V., AWMF) guideline (register 
no. 017–071) (8), which is currently being revised. 
Furthermore, in 2018, the German Society of Oto-
Rhino-Laryngology, Head and Neck Surgery (Deut-
sche Gesellschaft für Hals-Nasen-Ohrenheilkunde, 
Kopf- und Halschirurgie) compiled the “White paper 
for Cochlea Implants (GERMANY)” (Weißbuch 
Cochlea-Implantat-Versorgung Deutschland) (7). In 
addition to uniform quality standards on process de-
scription, this document puts together, for the first 
time, structural recommendations (equipment, 
qualification, etc.) as well as a concept for setting up a 
nationwide CI register.

Conclusions for clinical practice
CI treatment results in significant improvements in 
speech intelligibility, cognitive performance, and 
quality of life in profoundly hearing-impaired or deaf 
children and adults. In centers specialized in CI treat-
ment, the procedure has a low complication rate and a 
high benefit–risk ratio from childhood to old age. 
 Future improvements in CI treatment as a result of 
 optimized signal resolution are expected to arise from 
research activities, for example in the field of optogen-
etics and the use of growth factors.

Further information on centers offering CI treat-
ment in Germany can be obtained from the German 
Society of Oto-Rhino-Laryngology, Head and Neck 
Surgery (www.hno.org).

Complications
Depending on the definition, rates of between 5.7% and 12.8% 
are reported, with the most common being implant defects 
(1.9–3.4%), dizziness (2.2–3.9%), and wound infections 
(1.9%).

Effects of CI treatment
The effects of cochlear implantation far exceed a mere im-
provement in hearing, since they have a positive impact on 
every aspect of the affected person’s social, emotional, and 
cognitive abilities.
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Eyelid Swelling as the Initial Manifestation of Lymphomatoid Papulosis
A 64-year-old female patient presented as an emergency 
with recurrent swelling of the upper eyelid. The patient had 
been treated 1 week previously for suspected acute 
 hordeolum. The upper eyelid swelling continued to progress 
despite systemic antibiotic therapy/steroids (cefuroxime/
prednisolone) and manifested bilaterally. After a further day, 
brownish discoloration could be seen, which resulted in 
 necrosis the following day (Figure). At the same time, multiple, 
in some cases necrotizing erythematous papules could be 

seen on the cheeks and in the chest area. Excision biopsy yielded histological confirmation of the diagnosis lymphomatoid papulosis (LP). Extra-
cutaneous manifestation could be ruled out. An improvement in the skin findings was observed under treatment (initial/current) with methotrexate 
25/7.5 mg s. c. (1 ×/week) and interferon alfa-2b (3 Mio IU 3 ×/week), and the patient has been free of recurrence for 10 months. LP, a primary CD30+ 
T-cell lymphoma, is an extremely rare disease (incidence: 1.2–1.9 cases per 1 000 000 inhabitants) with an average age at onset of 45–52 years.
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Participation is possible at cme.aerzteblatt.de. The submission deadline is 8 October 2021.
 Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1
What is the estimated prevalence of profound hearing loss 
or deafness in childhood and adolescence?
a) 0.01%
b) 0.1%
c) 0.5%
d) 1%
e) 5%

Question 2
Which constellation represents a typical indication 
for cochlear implantation?
a) Congenital unilateral inner ear hearing loss bordering on deaf-

ness in a 45-year-old man
b) Moderate congenital sensorineural hearing loss in an 8-year-

old girl
c) Slowly progressive bilateral sensorineural hearing loss 

meanwhile bordering on deafness in a 70-year-old woman 
experiencing no improvement with conventional hearing aids

d) Bilateral profound hearing loss combined with low-grade 
conduction components in a 62-year-old man 

e) Congenital bilateral sensorineural hearing loss bordering on 
deafness in a 55-year-old woman

Question 3
What is meant by a modern cochlear implant?
a) An electronic inner ear prosthetic device that electrically 

stimulates the auditory nerve
b) A hearing amplifier with stethoscope headphones and 

ring loop function
c) An inner ear prosthetic device with hearing amplifier
d) An ultrasound acoustic amplifier
e) A device worn behind the ear with adjustable noise 

suppression

Question 4
How does one objectively establish the indication for 
cochlear implantation in infants?
a) By means of head X-ray
b) By means of magnetic resonance imaging of the head
c) Using the speech intelligibility test
d) Using a conventional hearing test
e) Using BERA (brainstem evoked response audiometry)

Question 5
Which aspects are of particular relevance 
in the pre-diagnostic work-up for cochlear 
implantation in childhood?
a) Intelligence test and X-ray of the skull in two planes
b) Patient history regarding hearing and speech development, as 

well as objective hearing tests
c) Hearing history and cranial computed tomography
d) Patient social history  
e) Age-appropriate speech intelligibility test and careful inspection 

of the outer ear

Question 6
At what age is CI treatment recommended in infants born with 
bilateral hearing loss? 
a) Within the first year of life
b) Once language acquisition has completely failed (at around the 

age of 4 years)
c) At primary school age
d) When the child is able to give consent
e) Once the child has reached the age of majority

Question 7
Up to what age can auditory rehabilitation with a cochlear 
implant be beneficial?
a) Since there are no age limits, elderly patients (>85 years) can also be 

successfully treated.
b) Patients aged over 65 years should no longer be offered cochlear implant 

surgery. 
c) Auditory rehabilitation with a cochlear implant can only be carried out during 

middle age (40–65 years).
d) Cochlear implant treatment is beneficial only up to the age of around 

20 yearsl.
e) It is only beneficial in children with congenital deafness.

Question 8
When should treatment with a cochlear implant ideally be carried 
out following the diagnosis of hearing loss due to 
meningitis/labyrinthitis/trauma?
a) Immediately
b) As soon as possible within approximately 4–6 weeks
c) Upon confirmation of deafness after around 6 months
d) Upon confirmation of deafness after around 12 months
e) Cochlear implantation is contraindicated following meningitis.

Question 9
How should unilateral profound hearing loss bordering on deafness 
be treated if there is normal hearing in the contralateral ear?
a) With a bilateral cochlear implant
b) With electric acoustic stimulation
c) With a unilateral cochlear implant
d) With a middle ear implant
e) With bimodal treatment (cochlea implant + hearing aid in the 

contralateral ear)

Question 10
When establishing the indication for cochlear implant treatment, which 
audiometric parameter is usually given special consideration in open-field 
measurements using the Freiburg speech audiogram in adults with 
postlingually acquired hearing loss?
a) Speech intelligibility in noise at  75 dB
b) Syllable intelligibility in quiet at  50 dB
c) Recognition of numerals at  60 dB 
d) Monosyllable intelligibility in quiet at 65 dB
e) Speech intelligibility at 55 dB with 40-dB background noise

►Participation is only possible via: 
cme.aerzteblatt.de
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