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General introduction

Introduction

INTRODUCTION

For many decades, impaired hearing has challenged people as much as any other social
handicap that interferes with the quality of life. Sensorineural hearing impairment is the
most common form of hearing loss in the world, affecting millions of adults and children.
Profoundly deaf subjects who have some residual hearing often benefit from conventional
hearing aids and appropriate educational management. In the case of total deafness,
however, conventional hearing aids are of no use. For the latter subjects, implantable
hearing prostheses were developed which stimulate the cochlear nerve directly. These
cochlear implants are the result of three decades of intensive research at a number of centres
and despite of the variety of designs, all cochlear implants operate on the same principle.
They stimulate the cochlear nerve directly, thus without hair cell involvement, by the
application of an externally produced electric current via surgically implanted stimulation
electrodes. The resultant nerve impulses travel to the auditory cortex of the brain, resulting
in the perception of sounds.
The first attempts to provide hearing sensations by electrical stimulation of the auditory
system in profoundly deaf subjects were made in the fifties and sixties.1. In the subsequent
years, a few subjects were implanted experimentally with electrodes in the modiolus
(Simmons3) and in the scala tympani (House and Urban4). The principle of direct electrical
stimulation of the auditory nerve was applied in clinical settings in the mid-seventies.
Implantation programmes were initiated for children as an extension of adult programmes.
Since 1989, paediatric cochlear implantation has gained worldwide acceptance for the
rehabilitation of profoundly deaf children. At present, approximately 15,000 deaf children
all over the world have received a cochlear implant (CI) with varying levels of success.

Cochlear implants
Fundamentally, cochlear implants are electronic devices which pick up sounds by a
(directional) microphone placed above the ear in the fashion of a behind-the-ear hearing aid
(Figure 1).
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Fig. 1 The Melbourne/Cochlear implantable receiver-stimulator and wearable microphone, speech processor
and transmitting antenna. (Reproduced with permission, from Cochlear Corporation Surgical Manual.)

The acoustic information is transduced in the microphone into electrical signals which are
sent to the speech processor for analysis. The speech processor transforms the electrical
input into the desired pattern and shape of electrical stimuli according to the processing
strategy used. The information is then transmitted across the skin to an implanted receiverstimulator, which decodes the signal and sends patterns of stimuli to selected electrode(s)
extra- or intracochlearily.5"7 In extracochlear systems, the electrode was placed outside the
cochlea in the round window niche or on the promontory. They were applied mainly during
the eighties because of the fear of causing more damage to the cochlea. Cochlear implants
can be classified into devices with single-channel stimulation using one electrode, and multichannel stimulation using an array of electrodes. Extracochlear devices were mostly singlechannel (3M/Vienna system8), but Banfai9 developed a multi-channel system. Later,
intracochlear devices were developed. Among commercially available intracochlear
systems, a broad distinction can be made between single-channel and multi-channel systems.
12
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House ' introduced the single-channel CI (3M/House) as a therapeutic option for selected
deaf children in 1980. This system involves the insertion of a single electrode in the cochlea
and the signal is delivered through one pathway.
A disadvantage is the limited information available, leading to low levels of performance in
most subjects. Many recipients of single-channel devices are reported to have become nonusers and these systems are seldom implanted nowadays.
IntracochJear multi-channel systems have been used widely. They take advantage of the
tonotopic organization of the cochlea to provide differently processed information to
electrodes at various cochlear locations. The first commercially available multi-channel
implantable system was developed by Clark1 in 1987. These devices were first implanted
and evaluated in postlingually deaf adults before they were applied to children.
In most cochlear implants, one of two possible configurations of electrodes are used: bipolar
stimulation, in which the active and ground electrode lie close together in the electrode
array, and monopolar stimulation, in which the active electrode is remote from the referent,
often outside the cochlea. Apart from the electrode configuration used, cochlear implants
also differ regarding the way the sound signals are converted into electrical stimuli on the
electrodes. A broad distinction can be made between "analogue" and "feature extracting"
processing strategies. Analogue systems transmit the acoustic signal to the electrode array
after minimal processing, whereas feature extracting strategies only transmit perceptuallyrelevant features of speech.13 Longitudinal studies using open- and closed-set speech
perception have demonstrated better performance with intracochlear than with extracochlear
devices, and with multi-channel than with single-channel cochlear implants.14'1
In Table 1, the different types of CI are shown which have been used in the Nijmegen/St.
Michielsgestel CI programme from 1987 to 1997.

13
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Table 1. Cochlear implant devices used in the Nijmegen/ St. Michielsgestel cochlear implant
programme (1987-1999).

Type (Company
name, device
name)

3M/Vienna*

Cochlear
(Nucleus,
WSP/MSP)

Cochlear
(Nucleus,
Spectra)

Cochlear
(Nucleus,
Sprint)

ABS
(Laura)

Med El
(Combi
40+)

Advanced
Bionics
(Clarion)

No. of
electrodes

I

22

22

22+2

16

12

16

Coding
strategy

Analogue

Feature
extraction
MPEAK

SPEAK

SPEAK/
CIS

CIS

CIS

CIS/
CA

Implanted
subjects

Child/
Adult

Child/
Adult

Child/
Adult

Child/
Adult

Adult

Adult

Adult

Period of
application

1987/
1992

1989/
1996

1996

19961999

1994/
1995

1996

19971999

MSP = Mini speech processor
WSP = Wearable speech processor
* system is not in use anymore

MPEAK = Multiple peak
SPEAK = Spectral peak

CIS = Continuous interleaved sampling
CA = Compressed analogue

THE NIJMEGEN/ST. MICHIELSGESTEL PAEDIATRIC COCHLEAR IMPLANT
PROGRAMME

In the Netherlands, the paediatric CI programme initially started as a pilot project in 1990
as a logical extension of the CI programme for deaf adults.16 Between 1992 and 1994, 20
children were implanted as part of a research project supported by the Fund for
Investigative Medicine. Significant improvements were observed in speech perception
abilities, communication skills and language development,17 comparable with those reported
in the literature by other groups.18"20 So far, 62 children have been implanted: 46 with the
Nucleus 22-channel CI system (Figure 2) and 16 with the Nucleus-24 CI system, a newer
version of the previous device.
Despite the good results, cochlear implantation in children has not yet become a regular
health provision that is covered by Dutch National Health Insurance. This new technology is
being employed in selective cases by special funding at two CI centres.
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Fig. 2 Nucleus 22-channel cochlear implant system. The external parts
(microphone, spectra-22 speech processor and transmitting coil) and the
implantable part (receiver-stimulator). (Reproduced with permission.)

Selection procedure and selection criteria
Children are selected by a multidisciplinary team with members from the University
Hospital Nijmegen and the Institute for the Deaf in St. Michielsgestel. It is important to
make realistic recommendations to the parents and child regarding candidature and potential
benefits of the implant. Most of the principles for selecting children are the same as those
for adults;21 however, an important issue is assessing whether there is any residual hearing
in children. Preoperative assessment starts with recording the clinical history and
performing a routine ENT examination.
The next phase of the programme involves audiological assessment, which is considered to
be the major determining factor in the selection procedure. Firstly, it must be confirmed
that the child has profound bilateral sensorineural hearing loss without any useful residual
hearing. This can be accomplished by play audiometry or visual reinforcement audiometry.
15
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If residual hearing is found it is important to ensure that the child's hearing aid is fitted
optimally. For this purpose, the child can receive structured auditory training and progress
can be evaluated by speech perception tests.
If standard audiometry cannot conclusively rule out the presence of useful residual hearing,
objective electrophysiological tests, such as auditory brainstem response (ABR) and
electrocochleography (ECOG) measurements, can be used. Radiological assessment of a
child includes high resolution computed tomography (CT) scanning of the inner ear, to
assess the condition of the cochlea as well as to establish anatomical landmarks. Children
also undergo psychological investigation to rule out problems in that field.
Candidature requires that the child is medically fit for surgery, has an implantable cochlea
and has no other medical contraindications. In 1993, the audiological criteria were defined
as total deafness (e.g. average hearing levels exceeding 110 dB HL bilaterally) and absence
of any speech discrimination. The results of the first implanted children demonstrated the
high potential of cochlear implants above hearing aids in children whose unaided hearing
loss exceeded 90-100 dB HL. Nowadays, the criteria are somewhat broader: children are
considered for CI if they have unaided hearing levels of 100 dB HL or more and limited
speech discrimination (<15%) with their optimally fitted hearing aids. At several other
implantation centres, children are also considered for CI if they have unaided hearing levels
of 90 dB HL or more (aided hearing levels near 60 dB HL) and speech discrimination
scores of 30% with conventional hearing aids.1
At the start of our CI programme, the lower age limit in children was 4 years of age. This
has steadily shifted to the age of 2 years as a result of advances in diagnostic and surgical
techniques. Concern surrounds the issue of the oldest age at which it is beneficial to implant
children who were either born profoundly deaf or who became profoundly deaf before the
age of two years. In our programme, we prefer not to implant these children after the age
of 10 years.22
There is no clear lower age limit for children who become deaf after approximately 2 years
of age. Encouraging results were achieved by implanting congenitally and prelingually deaf
children at as young an age as possible, " whereas disappointing outcomes were observed
16
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after implanting congenitally deaf children in adolescence. Generally, in congenital and
acquired cases, the shorter the duration of deafness,
r

the better the auditory

18,22,24-27

performance.
Figure 3 shows the etiologies of deafness of the children implanted up to the end of October
1998. Approximately 56% of the children became deaf after meningitis.

Congenital 25%
Trauma 2 %
Unknown 7%

Progressive 4%
Mondlnl 2%
Usher
Syndrome 4%

Meningitis 56%

Fig. 3 Etiologies of deafness of the children implanted in
Nijmegen up to the end of November 1998.

Figure 4 and 5 show the distribution of the ages at which the children became deaf and at
which children were implanted. Figure 6 shows the distribution of the duration of deafness
in years of the children implanted.
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Fig, 6 Distribution of the duration of deafness
in years of the children implanted.

Surgical procedure
The surgical procedure for cochlear implantation in children is very similar to that in adults.
Especially in small children, careful planning of the incision is of great importance to
prevent complications related to wound breakdown, implant exposure and infection. The
position of the implant is marked on the skin with a fine syringe and needle containing
methylene blue; the incision line is drawn at least 1 cm peripheral to the position of the
implant. A single flap is created containing skin as well as superficial and deep fascia.
When the landmarks of the mastoid bone are exposed, a well is drilled for placing the
receiver-stimulator. Mastoidectomy and the facial recess approach are used to gain access to
the middle ear and cochlea (Figure 7a and 7b).
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Fig. 7a The mastoidectomy. The course of the
facial nerve is shown by the dotted line.
(Reproduced with permission, from Cochlear
Corporation Surgical Manual.)

Fig. 7b The posterior tympanotomy (facial
recess approach). (Reproduced with permission,
from Cochlear Corporation Surgical Manual.)

A cochleostomy is made just anterior to the round window to allow insertion of the
electrode array into the scala tympani (Figure 8). If the scala tympani is affected by new
bone formation due to labyrinthitis, limited drilling is performed in the case of moderate
neo-ossification. In the case of severe ossification, extensive drilling is necessary to create a
new channel and make partial insertion possible. To prevent extrusion of the electrode array
from the cochlea during growth, it is fixed in the fossa incudis, because the distance from
there to the round window does not change after birth.
Children are normally discharged from hospital 3 days after surgery. Complications of
cochlear implant surgery are rare. They can be divided into major and minor complications.
Flap problems, receiver-stimulator migration, perilymph gusher and facial nerve palsies are
major complications. Minor complications are wound infection and haematoma.28

20
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Fig. 8 The cochleostomy. The electrode array is inserted in the scala tympani of the basal turn. (Reproduced
with permission, from Cochlear Corporation Surgical Manual.)

In children it is important that the device does not affect head growth, does not predispose
to middle ear infections and can easily be explanted if necessary. Studies performed at the
University of Melbourne showed that implantation did not affect head growth, and that
electrical stimulation of the young cochlea did not have any significant effect on the spiral
20

ganglion cell population.

Furthermore, it was found that in cases of acute otitis media,

implantation did not involve any greater chance of spread of the infection to the inner ear.
In our implant group a few minor medical complications occurred. One child had wound
infection, another child developed acute otitis media; both responded well to antibiotics.
Another child had a surgical haematoma which needed to be aspirated.
Electrophysiological measurements
As it is often difficult to adjust the speech processor to the child's dynamic range for
electrical stimulation, evoked potential measurements may be helpful, especially in very
21
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young children. For this purpose, objective thresholds and saturation levels derived
intraoperatively by electrically evoked brainstem response (EABR) measurements and
electrically evoked stapedius muscle reflex (ESR) measurements, have been advocated. It is
hypothesised that such objective measurements are related to behavioural elements, but the
results of studies in this field are ambiguous.29"32

Rehabilitation
Rehabilitation begins 4 weeks postoperatively at the Institute for the Deaf in St.
Michielsgestel. Then a start is made with programming the speech processor. This is
followed by an intensive rehabilitation programme, consisting of the guided training
programme as described by Vermeulen.33
The aim of the auditory rehabilitation programme is to derive optimal benefit from the CI.
After the initial rehabilitation programme, it is intended that the children continue to learn at
home and at school with guidance from the CI team.

Results
The overall outcomes from the Nijmegen/St. Michielsgestel paediatric cochlear implantation
programme are encouraging.17 The majority of children are full-time CI users. In one child
with partial electrode insertion, cochlear implantation was a failure; he stopped using his
device after one year because electrical stimulation was no longer effective. All the children
demonstrated significantly increasing auditory abilities with time after implantation, despite
wide variation in the results.17-34 Their linguistic abilities improved at a much faster rate
than before surgery, particularly regarding spoken language.35
Owing to their greatly improved auditory and linguistic abilities, several of the children
have been mainstreamed; 10 out of the first 20 children who have been using their CI for
more than 4 years have been mainstreamed.

22
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The aim of this thesis

Cochlear implantation aims to provide useful forms of auditory sensation to adults and
children who are profoundly deaf and gain little or no benefit from conventional hearing
aids. In this thesis, specific aspects of cochlear implantation in children are addressed with
special reference to postmeningitic deafness.

Bacterial meningitis is an important cause of hearing impairment in children. Approximately
20% of children who have profound bilateral sensorineural hearing loss at the age of 3 years
have an acquired cause of deafness; 90% of these cases are due to bacterial meningitis.36
The participation of paediatricians in the early diagnostic phase is essential. In this way
bacterial meningitis can be detected and managed promptly with the aim of preventing any
form of hearing impairment which may have implications regarding speech and language
development. The introduction of the Haemophilus influenzae type b vaccine and the
increasing use of steroids adjunctive to antibiotic therapy have become important in the
management of bacterial meningitis and change the characteristics in affected children.37 In
Chapter 2, an overview is given of the major papers and reports published on bacterial
meningitis and postmeningitic deafness in children.

Chapter 3 deals with hearing aid fitting in profoundly hearing impaired children. The
performance of a hearing impaired child with his or her hearing aid is the major criterion in
the selection procedure for cochlear implantation. Methods which prescribe hearing aid gain
in profoundly deaf subjects are evaluated to determine which hearing aid fitting rule is the
most optimal. Three methods which prescribe hearing aid gain were evaluated in a selected
group of profoundly hearing impaired children who were successful users of hearing aids.
In recent years, several studies have been published on the performance of profoundly deaf
children with a CI compared to that of children fitted with conventional hearing aids. In
these studies, relatively complex auditory functions (e.g. speech perception) were evaluated

23
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and it was generally found that in the long-term, the performance of the implanted children
surpassed that of the profoundly deaf hearing aid users.

ЪІА1

Speech perception testing in young, preverbally deaf children can be difficult or even
impossible. Evaluation of more basal auditory functions and structured observations of
verbal communication abilities, can be an alternative. In Chapter 4, a comparison is made
between basal sound identification skills and communication abilities in young, profoundly
deaf children fitted with hearing aids or a CI.

Partial or total ossification of the cochlea can cause both diagnostic and therapeutic
problems.
At most centres, preoperative CT scanning is used to investigate the patency of the cochlea.
Several studies have reported that the CT findings do not always match the surgical
findings.43"45 In Chapter 5, auditory thresholds and speech perception performance are
assessed in a group of 25 postmeningitic profoundly deaf children with a CI. Results are
considered in relation to the degree of cochlear ossification. Speech perception performance
is evaluated by means of the concept of "equivalent hearing loss" (described by Snik et
al. 46 ). In addition, the degree of ossification encountered at surgery is compared to that
visible on preoperative high-resolution CT scans.

The auditory performance of children with partial electrode insertion is generally poorer
than that with full electrode insertion.47'48 Some studies,49'50 however, reported similar
improvements in children with partial and full electrode insertion. In Chapter 6, the
performance of five children with partial electrode insertion is compared to that of a control
group with full electrode insertion, selected according to age at implantation and etiology.
Meningitis was the cause of deafness in all cases. Basal auditory skills, speech perception
skills, verbal communication abilities and speech production were examined in a long-term
study.

24
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Fitting stimulation levels to the individual dynamic range is essential to the successful
application of a CI. This can be very difficult in young children, due to unreliable auditory
feedback from the child. It has been hypothesised that objective measurements may be
helpful in the assessment process of threshold and comfortable levels. Several studies have
been performed in which electrical auditory brainstem responses (EABR) and electrical
stapedius reflex (ESR) thresholds were compared to behavioural thresholds and comfortable
loudness levels in cooperative CI users.29"32 This was done to establish a relation between
objective measurements and behavioural measurements.
In Chapter 7, evoked auditory brainstem responses and stapedius reflex thresholds are
examined in cooperative postlingually deaf adult CI users. The objective thresholds obtained
were compared to behavioural thresholds and comfortable loudness levels to establish a
relation between objective and subjective behavioural measurements.
To study the relation between the ESR and the comfortable loudness level in children,
stapedius reflex measurements were performed at the end of implant surgery (Chapter 8).
Intraoperative ESR thresholds were compared to the children's long-term behavioural most
comfortable loudness levels (C-levels) and to postoperative ESR thresholds obtained after
fitting the speech processor (only in cooperative children).
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Bacterial meningitis and deafness

INTRODUCTION

Bacterial meningitis is an acute infectious disease of the central nervous system caused by a
variety of micro-organisms. Unless effectively treated, bacterial meningitis often results in
mortality or irreversible brain damage. Deafness or some degree of hearing impairment is
the most common serious sequela of bacterial meningitis in children.
A large meta-analysis of outcomes of childhood meningitis in almost 5000 cases suggested
an overall rate of 10.5% for hearing loss of any degree;1 this included conductive and sensorineural hearing loss or both. Some children show transient loss of hearing (often
conductive hearing loss).

In a multicentre longitudinal study on 124 children with bacte2

rial meningitis, Richardson found that 10% of the children had rapidly reversible hearing
loss, which resolved within 5 days of diagnosis. In most studies, however, cases were
described with hearing impairment which improved within a few weeks or months.4-6
Some of the documented improvements may be due to increasing sophistication of testing as
the child grows older, or to resolution of the conductive losses.4 In developed countries,
postmeningitic sensorineural hearing loss is permanent in approximately 5.1%.'
This paper presents an overview of the different aspects of postmeningitic sensorineural
hearing loss in children.

Pathophysiology
Bacterial meningitis develops when the pathogen invades and colonizes mucosal epithelium,
enters the blood stream, crosses the blood-brain barrier and reaches the cerebrospinal fluid
(CSF). The infection might pass from the CSF through the cribóse areas of the internal
auditory canal or the cochlear aqueduct and infect the inner ear. Hearing loss occurs if
bacteria invade the cochlea and suppurative labyrinthitis develops. There is also evidence
that lesions of the brainstem or higher centres are responsible for postmeningitic hearing
loss. ' Richardson et al. stated that the cochlea is the site of the lesion in postmeningitic
deafness, because all the children in their study failed to produce otoacoustic emissions
(OAEs). Generally, the production of these OAEs is independent of the nervous system.8
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Postmortem reports '

also support the theory of Richardson et al. Labyrinthitis may

damage the cochlea, ranging from destruction of sensorineural elements to fibrosis or partial
to almost complete ossification of the cochlea. Initially there is an inflammatory stage with
bacteria and leucocytes in the perilymph. This is followed by a fibrotic stage, beginning as
early as 2 weeks after the initial infection. An ossification phase follows that is characterized by new bone formation. Neo-ossification is most marked in the basal turn of the
cochlea close to the round window, whereas the more apical turns are often less affected. In
regions of ossification, there is severe damage to the organ of Corti.11
Until recently, cochlear ossification was considered to affect ganglion cell survival.
However, Hinojosa et al.11 showed that cochlear labyrinthitis ossificans is not related with
ganglion cell survival. They suggested that in most cases, labyrinthine inflammation is
limited to the perilymphatic spaces without entering Rosenthal's canal.
In animal experiments,12 preservation of the auditory nerve fibres was observed, despite
intense labyrinthitis and profound hearing loss.
The spread of infection from the meninges to the inner ear through the cochlear aqueduct
and internal auditory canal was described by Perlman and Lindsay.10 Ossification in the
scala tympani of the basal turn of the cochlea near the origin of the cochlear aqueduct is
consistent with this route of spread. Ossification in the apical and middle turns of the
cochlea may be a result of the spread of infection through the internal auditory canal into
the modiolus.
Some degree of cochlear ossification was found in as many as 70% of the cases with bacterial meningitis and severe profound hearing loss.13 The frequency and severity of ossification varied according to the offending organism. Eisenberg14 and Becker13 showed a
statistically significant relationship between extensive ossification and Streptococcus
pneumoniae. Five out of the six subjects with complete cochlear ossification (82.5%)
became deaf after Streptococcus pneumoniae. Neisseria meningitidis and Haemophilus
influenzae type b caused different degrees of ossification.
Ossification sometimes develops during the course of one year after meningitis, although the
hearing loss resulting from meningitis may occur within 6-48 hours after the diagnosis.2'11
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Radiographic evidence of ossification has been found as early as 2 months after the acute
infection,15 which suggests that intracochlear ossification probably begins within the first 4
to 8 weeks after the acute infection

Etiology and incidence
A review of some major studies showed that Haemophilus influenzae type b (Hib) was the
most frequent cause of bacterial meningitis ' After the introduction of Hib vaccination,
which is discussed below, this form of meningitis is now rare Other causes are Neisseria
meningitidis (meningococcus), Streptococcus pneumoniae (pneumococcus) and Group В
streptococcus Before Hib vaccination, 3 organisms accounted for 88% of the cases of
bacterial meningitis in the Netherlands Neisseria Meningitidis caused about 47% of the
cases, Haemophilus influenzae 24% and Streptococcus pneumoniae \1% ' Thus Neisseria
Meningitidis was the most frequent cause of bacterial meningitis in the Netherlands
In newborns, the most common causes of bacterial meningitis are Group В streptococci,
acquired mostly by contact and aspiration of genital tract secretions at delivery
Streptococcus pneumoniae causes the highest incidence of severe hearing loss after bacterial
meningitis in humans ' 4

'

Postmeningitic hearing loss ranges from 31% to 50% for Streptococcus pneumoniae, 10 5%
for Neisseria meningitidis and 3 to 16% for Haemophilus influenzae ' However, Fortnum
et a l 1 9 did not find any differential mcreased risk for different causative pathogens
In the Netherlands, 458 deaf children (hearing loss exceeding 90 dB HL) attended the
Institute for the Deaf in St Michielsgestel m the period 1991-1992 (Admiraal, unpublished
results) Bacterial meningitis was the cause of deafness in 13% Streptococcus pneumoniae
caused about 42% of the cases, Neisseria Meningitidis 7%, Haemophilus influenzae 4% and
Escherichia Coll 4% In 43% of the cases, the cause was unknown

Skull fracture and associated CSF leakage can be a predisposing factor in the development
of pneumococcal meningitis, this is particularly the case in people with impaired
immunity °
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Meningitis developing per continuitatem, e.g. from mastoiditis or otitis media, is rare.
Although acute otitis media and upper-respiratory-tract infections are commonly associated
with meningitis, it is currently believed that meningitis mostly occurs secondary to
bacteraemia.
Multivariate analysis on children with meningitis, undertaken by Fortnum and Davis,19
showed that hydrocephalus and season (winter months) were significant risk factors for
developing any degree of hearing impairment.

The incidence of bacterial meningitis varies in different countries. Direct comparisons of
published data are not possible, as different authors have covered different periods and age
groups. The annual incidence of bacterial meningitis below 16 years of age is
15-25/100,000 in most western countries.17'19,21 Generally, there is a slightly higher incidence in males than in females.20 In the Netherlands, the incidence is about 10/100,000.22
Table 1 shows the number of cases of bacterial meningitis in children of up to 9 years of
age admitted to hospital in the period 1992-1996 in the Netherlands (population of about 15
million people). The cases are subdivided over the three main etiological pathogens.

Table 1. Number of children of up to 9 years of age with bacterial meningitis admitted to hospital
in the period 1992-1996

Number of cases
1992

1993

1994

1995

1996

Haemophilus influenzae

221

207

115

34

21

Streptococcus pneumoniae

66

75

74

93

87

Neisseria Meningitidis

319

324

301

294

342

Total number

606

606

490

421

450
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The figures for bacterial meningitis were obtained from the Dutch Institute of Public Health
and the Environment (RIVM).16-22 This centre receives data through main laboratories all
over the Netherlands (Netherlands Reference Laboratory for Bacterial Meningitis, RBM). In
April 1993, Hib vaccination became part of the national vaccination programme in the
Netherlands. The preliminary rate of Hib vaccination coverage was 95.5% per 1 January
1997.
The incidence of Haemophilus influenzae meningitis decreased rapidly after 1993 (Table 1).
The number of cases of pneumococcal meningitis increased slightly in the period 19801996, which seems to be the result of a decline in incidence of Haemophilus influenzae
meningitis. Over the past 5 years, the number of cases of meningococcal meningitis has
stabilised.
The incidence of hearing impairment following meningitis is reported to be 10.5% (range:
8.6-12.7%).' Fortnum reported percentages of between 6.3 and 11.7%.3
Approximately 20% of children with profound bilateral sensorineural hearing loss at the age
of 3 years have an acquired cause of deafness; bacterial meningitis is responsible in 90% of
them.23 The majority of these cases are children of younger than 5 years: 72% are younger
than 3 years; ' 85.5% are younger than 5 years. 4 The highest incidence is observed in
children of younger than one year of age, with a peak incidence at the age of five months.
In the Netherlands, 56 children were registered to have a postmeningitic sensorineural
hearing loss (exceeding 80 dB HL) in the period 1992-1995 (Doesborgh, unpublished
results). This implicated that about 5% of all postmeningitic children showed a permanent
sensorineural hearing loss.

Symptoms and complications
Well-known general symptoms of bacterial meningitis are headaches, fever, depression,
vomiting and nuchal rigidity. Less frequent signs are hypersensitivity to light, noise or
touch, agitation, lowered consciousness. Symptoms such as petechial rash, purpura and
herpes eruptions are less common in pneumococcal and Haemophilus influenzae meningitis
than in meningococcal meningitis. If bacterial meningitis is untreated, it usually has a fatal
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outcome. Mortality rates of 11.6%19 and 4.8%' have been reported in the literature.
Neurological complications include perceptual deafness, mental retardation, epilepsy and
hydrocephalus. The complication rate is influenced by the age distribution: hydrocephalus
and seizures occur frequently in young children.19 In a recent study, Grimwood

reported

on the late sequelae of bacterial meningitis. It was concluded that one in four postmeningitic
school-age children have serious and disabling sequelae, or a functionally important
behaviour disorder, or neuropsychological or auditory dysfunction that adversely affects
their learning abilities. The average duration of symptoms before admission to hospital
varied between one and two days.19,26 Most previous reports do not mention a significantly
higher rate of hearing loss in children with long histories.4 Larger studies, however,
demonstrated a statistically significant relationship between the duration of symptoms and
the development of hearing loss.2,27 Therefore, early diagnosis and management may help to
avoid complications after bacterial meningitis.

Therapy and prevention
Antimicrobial agents were introduced during the Second World-War and drastically lowered
the complication rate of bacterial meningitis. The sulphonamides and streptomycin were
replaced by chloramphenicol during the fifties. After I960, mainly ampicillin was used and
later on also amoxycillin.20 Antibiotic therapy is hindered by the progressive development
of resistance against ampicillin and chloramphenicol. Ceftriaxone and cefotaxime, third
generation cephalosporins, are now the preferred initial treatment for bacterial meningitis in
infants and children of older than 3 months of age.'
The aim of dexamethasone adjunctive therapy is to decrease the risk of moderate to severe
meningogenic hearing loss. The effect of this therapy has been studied in humans with
Haemophilus influenzae meningitis, '

pneumococcal meningitis '

and meningococcal

26

meningitis. It was concluded that adjunctive dexamethasone therapy minimizes the degree
of meningogenic hearing loss and diminishes the total rate of neurological sequelae in cases
of Haemophilus influenzae meningitis and pneumococcal meningitis. Dexamethasone
probably prevents mild hearing loss from deteriorating. However, Wald et al.,26 did not
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observe any significant reduction in the frequency of bilateral hearing deficits in children
with meningitis caused by Streptococcus pneumoniae and Neisseria meningitidis
The Infectious Diseases Committee of the American Academy of Pediatrics32 recommends
using steroids to treat Haemophilus influenzae type b meningitis Similarly, if meningitis is
caused by Streptococcus pneumoniae or Neisseria meningitidis, the committee recommends
considering the use of steroids

Nowadays, vaccination at an early age is the most efficient weapon against Haemophilus
influenzae type b infection In the seventies, vaccines consisted of purified type b capsule
polysaccharides However, this vaccine only induced protection in persons over the age of
18 months Protection against Hib infection in the first few months of life is provided by
placentally-transmitted polynbosyl-nbitol phosphate (PRP) antibody by the mother The
protective role of these antibodies begins to wane at 4 to 6 months of age 18
In order to protect children under the age of 18 months, a new generation of vaccines has
been developed

Vaccination with a conjugated vaccine (polynbosylnbitolphosphate

conjugated to tetanus toxoid, PRP-T vaccine) protects children of 6 months and older In the
Netherlands, this vaccine was licensed m April 1993 for all children older than 3 months of
age
Most cases of bacterial meningitis are treated by paediatricians Their participation in the
early diagnosis is essential, because bacterial meningitis has to be detected and managed
without delay to prevent hearing impairment After the illness, children should undergo
audiological assessment by trained personnel

Assessment of hearing impairment is

important for appropriate speech and language therapy and to facilitate optimal
development, it should take place either before discharge or soon afterwards By using a
combination of behavioural audiometry, OAEs, auditory brainstem responses, acoustic
reflex audiometry and tympanometry, the differences between cochlear, neural and conductive defects can be distinguished
Simple bedside tests are not sufficiently sensitive and are therefore no substitute for formal
audiometry 4
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In the literature, about 70%33 to 77%19 of postmeningitic children were referred for hearing
assessment. Fortnum et al.19 showed that 22% of children did not undergo formal hearing
assessment, which may implicate that minor impairments and/or unilateral losses may be
missed until the child attends school.
Some paediatricians only refer certain groups of children, such as those younger than 3
years, or only those infected by certain organisms. Fortnum et al.34 stated that all
paediatricians should be encouraged to refer all their postmeningitic children.

DISCUSSION AND CONCLUSIONS

In children, bacterial meningitis of any type is a serious illness which can have serious
neurological and audiological sequelae. Improved antimicrobial therapy and the use of
corticosteroids have resulted in major reductions in mortality and hearing loss as sequelae of
bacterial meningitis.18'21
New antimicrobial agents need to be developed to deal with the emerging problem of
resistant bacterial pathogens. The greatest potential for future reductions in the morbidity of
bacterial meningitis is the expansion of immunization programmes against the most
common pathogens. The introduction of Haemophilus influenzae type b vaccine has resulted
in a large decrease in meningitis in the United States35 and is also showing its effects on the
incidence of meningitis in the Netherlands (Table 1). Vaccines against Streptococcus
pneumoniae and Neisseria meningitidis are being developed and hopefully can soon be
included in the immunization programmes.
Despite improvements in the management of bacterial meningitis, sensorineural hearing loss
is still a serious complication, because it can develop during the earliest stages of the illness.
Therefore, every postmeningitic child should undergo hearing assessment by experienced
personnel. Fortnum

recommended that assessment should take place 4-6 weeks after

discharge from hospital, to allow the child to fully recover from the illness. If permanent
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impairments are identified, rehabilitation needs to begin as soon as possible. This includes
fitting a conventional hearing aid and appropriate speech and language therapy.
Over the past 15 years, cochlear implants have become an accepted therapeutic means of
enabling adults and children to receive auditory information if they are so profoundly deaf
that they do not benefit from amplification with a hearing aid.36 Children affected by
postmeningitic total hearing loss are potential cochlear implant candidates if they do not
benefit from adequate amplification by hearing aids and if there is little chance of hearing
improvement. Owing to the risk of postmeningitic cochlear ossification, the timing of
cochlear implantation becomes an important factor. Some authors suggest that cochlear
implantation should be delayed for at least 6 months after the development of acquired
deafness in case hearing recovery occurs.5,37 However, from a rehabilitation point of view,
coupled with the fact that cochlear neo-ossification can continue, any delay in implantation
is undesirable.
Speech perception and production abilities have been studied extensively in postmeningitic
profoundly deaf children who received a cochlear implant.38,39 Significant improvements in
all areas of speech perception and production were found compared to their preoperative
performance with conventional hearing aids. However, if only partial insertion of the
electrode array is possible due to extensive cochlear ossification, the results are less
favourable.40
In summary, postmeniningitic sensorineural hearing loss can occur very quickly after the
acute infection. It is therefore important that paediatricians refer every child with bacterial
meningitis to the ENT/Audiology department for audiological assessment.
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Hearing aids and profound deafness

ABSTRACT

Generally, the performance of a hearing impaired child with his or her hearing aids is the
major criterion in selection programmes for cochlear implantation. Thereto, it has to be
considered whether the hearing aid fitting is optimal. For this purpose, methods which
prescribe hearing aid gain are valuable, especially in young preverbal children. Three of these
methods were evaluated by comparing the calculated and measured gain as a function of
frequency in a selected group of profoundly hearing impaired children (n=16), all of whom
were successful users of hearing aids. Fair agreement was found for the modified NAL rule
applicable in profoundly hearing impaired subjects and the DSL method (desired sensation
level method).

INTRODUCTION

In most paediatric cochlear implant (CI) selection procedures, the absence of functional
hearing with hearing aids is the most important criterion for CI candidacy. However, it is
difficult to be sure that the hearing aid fitting is optimal or, more specifically, whether the
gain and maximum output of the hearing aid are adequate. It is necessary to find out whether
the hearing aid provides the child with appropriate information to derive meaning from
acoustic events and this can be a great problem in young children. It is well known that for
profoundly hearing impaired children (hearing loss exceeding 90 dB HL) with appropriate
hearing aid fitting and training, residual hearing can play a significant role, or even a primary
role, in language acquisition.2,3 Erber & Alencewicz4 showed that functional hearing can be
assumed if the hearing loss was no worse than 90 dB HL, whereas functional hearing can be
assumed to be absent if the hearing loss exceeds 110 dB HL. In between, a large spread in
speech recognition abilities was found ranging from chance to almost 100% scores. Therefore,
evaluating the hearing aid fitting in profoundly hearing impaired children, before considering
them as CI candidates, needs an aggressive approach.
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Unfortunately, it is generally the rule with young children that only limited audiological data
are available at the time of the initial fitting. Therefore the selection of hearing aids is often a
"trial and error" process. As soon as hearing aids are fitted, the preverbal child needs
structured training to become accustomed to hearing and listening, and basic auditory skills
have to be developed. Repeated observations of the child's responses to sounds are used to
evaluate his or her functional use of hearing with the hearing aids. It is necessary to evaluate
whether or not amplified speech is audible, while avoiding discomfort levels and ensuring that
the hearing aid is functioning optimally without any distortion due to saturation of the hearing
aid amplifier. For this purpose, methods which calculate the desired gain and maximum output
of the hearing aid (target formulae) are a great help.3-5 The desired, calculated gain can be
verified with real ear measurements which are nowadays considered to be indispensable for
fitting hearing aids to young children. -6
Several prescription rules have been described in the literature, but only a few of them have
been developed or adapted for application to patients with profound hearing loss. TOGO
(Prescription Of Gain and Output, McCandless & Lyregaard7) and NAL (National Acoustics
Laboratories' procedure, Byrne & Dillon ) are examples of such rales. The reasoning behind
these rules is that the frequency-insertion gain characteristics can be predicted from hearing
threshold levels and the rules are based on research into adults.
POGO and NAL have been adapted for application to severely and profoundly hearing
impaired patients. POGO prescribes additional gain for all frequencies if the hearing threshold
exceeds 65 dB HL (Schwartz et al.9); this revision of POGO was called POGO-Π. From a
study on the applicability of the NAL rule to severely and profoundly hearing impaired adults,
it was proposed to decrease the low frequency slope of the prescribed frequency-gain curve by
4 dB/octave if the hearing threshold at 2 kHz was between 95 and 110 dB HL and by 8
dB/octave if the threshold exceeded 110 dB HL. 10 Furthermore, the desired overall gain
should be 10 dB above that calculated with the original NAL rule. In the present article, the
modified NAL rule is referred to as the NAL-PD rule.
Although the desired gain of a hearing aid is of great importance, the desired maximum output
is at least as important. If a patient's loudness discomfort levels (LDLs) are known, which is
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not usually the case in young children, both rules provide information on the desired
maximum output of the hearing aids.
A more sophisticated method, originally developed for the electroacoustic selection of hearing
aids for young children, is the DSL method (Desired Sensation Level method6'11'12). DSL is
based on studies in which hearing thresholds, most comfortable loudness levels and LDLs
were obtained from adults. It outlines the residual auditory area and provides the so-called
desired sensation levels for the amplified speech spectrum. From the desired sensation levels,
e.g. the desired real ear gain and/or the desired electro-acoustical (i.e. 2 cm3 coupler) gain can
be calculated. Desired electroacoustical maximum output levels are also calculated and most
importantly, corrections are applied for age-related variables, such as the size of the ear
canal.11'12 Therefore, this method is especially suitable for children. An important advantage
of DSL is that if real ear measurements are unsuccessful, DSL allows evaluation on the 2 cm
coupler, without the participation of the child.
Dyrlund13 used POGO-II in (21) children with profound hearing loss which ranged from 90 to
more than 120 dB HL. They studied hearing in the frequency range of up to 1 kHz. At the
time of the initial fitting, the measured and calculated gains with POGO-Π at 250 and 500 Hz
were in good agreement. However, at 1 kHz the measured insertion gain was more than 10 dB
below the calculated value. The authors reported that at follow-up visits the children had
reduced the volume by an average of 10 dB.
The NAL-PD is a direct consequence of applying the NAL rule to severely and profoundly
hearing impaired adults. Modifications of the NAL rule were introduced to minimize
discrepancies between calculated and measured insertion gain values.' No evaluation studies
by other groups applying NAL-PD are known. Studies on the use of DSL in profoundly
hearing impaired patients are unknown too.
This article presents a retrospective comparison between the measured and calculated insertion
gain using POGO-Π, DSL and NAL-PD in a selected group of children with profound hearing
loss who were successful hearing aid users. The children were selected from our database on
the following criteria: early onset of deafness (before age 2 years), born between 1975 and
1986, at least 6 years of hearing aid use and attending a normal school. In the Netherlands, the
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majority of profoundly hearing impaired children attend special schools for the hearing
impaired. Most of the children in the present study were initially placed at such special
schools, but owing to adequate oral-aural communication skills, special education was no
longer needed, or was even contraindicated because of the higher verbal demands at regular
schools.
In this investigation on successful prelingually hearing impaired hearing aid users, conclusions
will be derived concerning the desired gain and the maximum output levels of hearing aids for
profoundly hearing impaired children who are candidates for cochlear implantation.

MATERIALS AND METHODS

Subjects
From our records, 16 children with profound sensorineural hearing loss, i.e. a pure tone
average (PTA) at 0.5, 1, 2 and 4 kHz of at least 90 dB HL, fulfilled the criteria. The age at
the first hearing aid fitting ranged from 0.3 to 3.8 years (mean 2.2 years); the duration of
hearing aid use varied from 6 to 16 years (mean 10 years). After kindergarten for hearing
impaired children, 7 of the children went directly to regular schools. The other 9 children
were initially referred to special schools for the deaf, but were transferred to regular schools
later on when they were on average 8.6 years of age (range 6-12 years). The children
underwent regular psychological and educational assessments. Thirteen out of the 16 children
had normal non-verbal intelligence, while 3 children were above average (exceeding 120 IQ
points).
All the children were fitted binaurally with linear behind-the-ear hearing aids with peak
clipping to limit the maximum output. In the classroom they all used additional personal FM
systems.
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Fitting procedure
In Nijmegen, the initial hearing aid fitting was done while the children were attending a
therapeutic kindergarten for hearing impaired children. In longitudinal evaluative studies,
functional hearing with the hearing aids was assessed. The results were discussed regularly
with the teacher, audiologist, psychologist and the parents. If necessary, the volume setting
and/or control settings of the hearing aids were changed or other hearing aids were tried.
Special attention was paid to the maximum output (quantified by the saturated sound pressure
level or SSPL) of the hearing aids. As a rule, the SSPL was initially set at 110 dB SPL. It was
gradually increased (steps of 5 dB) during successive observations until discomfort was noted.
After the child had become accustomed to the hearing aids and, according to the
multidisciplinary team supervising the child, was found to be progressing well with the
auditory training programme, the trial period with hearing aids was ended. The trial period
lasted an average of 20 weeks. Afterwards, the training continued and the child's hearing and
the hearing aids were monitored at longer intervals, at least twice a year.
After about 5 years, the children were refitted with new hearing aids. After pure tone and
speech audiometry, hearing aids were tried in a test session using the child's own ear moulds.
(Hearing aids were selected by experience, and, as a standard, ear moulds with horn-borings
were prescribed.) Speech recognition was tested and had to be equal to or better than that
obtained with earphones. The child's opinion was noted. Based on the first results, hearing
aids were selected for the trial period, which lasted for at least 6 weeks. After the trial period
an evaluation was made which included speech recognition tests. If the result was not
satisfactory according to the child, the parents or the audiologist, a second trial period was
started with other hearing aids, or the same hearing aids were used with different control
settings, depending on the type of complaints.

Measurements
Audiometry was performed using standard procedures and equipment (Interacoustics AC-5,
calibrated according to ISO 389). Thresholds were obtained at the frequencies 0.25, 0.5, 1, 2
and 4 kHz. For all of the children, audiograms were available which were considered to be
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reliable. Insertion gain measurements were performed with the CAS system (Danavox); the
measurement protocol and results of a reproducibility study have been described in more detail
elsewhere.5 The electroacoustical characteristics of the hearing aids were measured with a 2
cm3 coupler incorporated into the CAS system, according to IEC 118.
The aided articulation index was used to select the child's best aided ear (Snik &
Hombergen5). The results of this ear were used in the analysis.
To make a comparison with the calculated values, the difference score viz. the measured
minus the calculated insertion gain (MIG-CIG) at 0.25, 0.5, 1, 2 and 4 kHz, was calculated
for each child. The difference scores of the children were averaged and are presented as a
function of frequency. This was done to derive general conclusions on too much or too little
calculated gain as a function of frequency. Individual differences were studied by taking each
child's RMS (root-mean-square) difference between the MIG and CIG values; RMS was used
to prevent cancelling too much calculated gain in one frequency region and too little in
another.
In some children, high target values for the insertion gain were calculated, even in excess of
80 dB HL (with POGO-Π). As such high target values cannot be achieved with contemporary
hearing aids, we reduced all the calculated values which exceeded 70 dB to 70 dB in the
evaluations.
Aided speech recognition tests were administered by live voice presentation without
lipreading. The tests were presented with a slightly raised voice volume so that the level at the
child's ear was approximately 70 dB SPL. An open set spondee recognition test (20 items)
was used in 14 of the 16 children (standard test for children older than 6 years). The Dutch
4

version of the picture identification test described by Erber & Alencewicz (24 items) was
used in 6 children; normative values for this test were available (Coninx et al.14). Results from
speech recognition tests, insertion gain and SSPL measurements, as obtained at the last
hearing aid evaluation, were used. At that moment, the children were 8.8 years of age on the
average (range 5 to 14 years).
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RESULTS

Fig. 1 presents the average pure tone hearing thresholds and aided thresholds, calculated by
subtracting the insertion gain from the unaided thresholds, as a function of frequency. It
should be mentioned that all the children had measurable hearing thresholds from 0.25 to 4
kHz; remarkably, thresholds of worse than 115 dB HL were not found in any of the children,
at any of the frequencies.
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Fig. 1 Mean pure-tone hearing thresholds (·) and mean aided free-field thresholds (•)
of the children as a function of frequency. The bars indicate ± 1 SD.

In Fig. 2, the children's aided speech recognition scores are presented as a function of their
average hearing loss. Six of the children who were tested with the picture identification test
had scores which were clearly above average. The same figure shows that the majority of the
children had open-set scores which were above or near to the mean normative score for the
picture identification test. This means that these children had favourable speech recognition
scores with their hearing aids.
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Fig. 2 Individual aided speech recognition scores (% correct) as a function of the average
hearing loss at 0.5, 1 and 2 kHz. Symbol ( · ) refers to scores on an open set spondee recognition
test, symbol (•) refers to scores on the (closed-set) picture identification test. Four children
had scores on either test (indicated by dotted lines, connecting the scores). The broken line
presents the average recognition score as a function of hearing loss on the picture identification
test as derived from a previous normative study (Coninx et al., 1994).

Fig. 3 presents the average measured insertion gain minus the calculated insertion gain (MIGCIG) using POGO-Π, DSL and NAL-PD. Poor agreement was seen at 4 kHz (sudden
decrease in the curves). This has also been reported by others 5 ' 1015 and can be ascribed to the
15

fact that most high-power hearing aids have insufficient gain in this frequency region. The
large tubing length in the relatively long ear moulds might also have played a part.5 Therefore,
the insertion gain results at 4 kHz will not be considered in further interpretations and
discussions.
Fig. 3 shows that most of the data points obtained with the DSL and NAL-PD methods were
between +5 dB and -5 dB, while only one of the data points obtained with POGO-Π was
within this range. Therefore, POGO-Π is the rule with the most deviation. At 0.25, 1 and 2
kHz, a discrepancy of more than 10 dB was found between the CIG and MIG.
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Fig. 3 The measured minus calculated insertion gain (MIG-CIG) as a function of frequency
obtained with the POGO-II, DSL and NAL-PD methods. Standard deviations (not indicated)
ranged from 4.5 dB to 10.6 dB, 4.8 dB to 9.5 dB and 4.0 dB to 7.0 dB for POGO-II, DSL
and NAL-PD respectively.
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Fig. 4 depicts the RMS difference between the MIG and CIG of each child, in histogram
form. It can be seen that the smallest difference between MIG and GIG were found for NALPD followed by DSL and POGO-Π. Averaged over all the children, RMS difference values
were found of 5.6, 8.1 and 12.0 dB, respectively. Pearson's correlational analysis showed that
the RMS difference values for the three prescription methods were nonsignificantly related to
the PTA (tested at the 5% level), which suggests that the level of agreement between the
measured and calculated insertion gain values did not depend on the size of the hearing loss.

Compared to the NAL-PD and POGO rules, DSL has the advantage of giving a prescription
of the maximum output characteristics.

D POGO-II • DSL • NAL-PD

2

6

10

14

18

RMS (MIG - CIG) (dB)
Fig. 4 Individual RMS difference between the measured and calculated insertion gain with
the POGO-II, DSL and NAL-PD's methods, respectively, in histogram form.

The age-corrected SSPL values as prescribed by DSL compared to the measured values are
depicted in Fig. 5 as a function of frequency. When the average value per child is considered,
12 out of the 16 average values deviated by 3 dB or less from zero. Only in two of the
remaining children were the calculated SSPL values higher than the measured ones by 4 and 6
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dB, respectively. On average, the SSPL values calculated by DSL can be considered as
adequate.
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Fig. 5 The measured minus the calculated saturated sound pressure level (MSSPL-CSSPL)
by DSL as a function of frequency for the whole group. Standard deviations (not indicated)
ranged from 3.6 dB at 1 kHz to 6.4 dB at 0.25 kHz.

DISCUSSION AND CONCLUSIONS

The children in this study were selected on their well-developed aural-oral communication
skills, which were clearly above average and had resulted in mainstreaming. It was assumed
that hearing aid fitting in these children was probably close to optimal.
Although the hearing aids were not directly optimized for speech recognition, recognition
scores as presented in Fig. 2 proved to be favourable compared to those obtained in a
normalization study on an unselected group of profoundly hearing impaired children in the
same age range. Nevertheless, it cannot be excluded that further optimalization with speech
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recognition tests might have been beneficial to some of the children.
Comparing retrospectively measured hearing aid characteristics with those calculated by three
different prescription methods showed that POGO-II gave the most deviation in results (see
Figs. 3 and 4). At 1 and 2 kHz, a discrepancy of 12 dB or more was found between the
calculated and measured insertion gain (Fig. 3), which is in agreement with the observations
reported by Dyrlund & Lundh.16 Compared to the higher frequencies, POGO-Π prescribed
little gain at 0.25 and 0.5 kHz. This was caused by the prescribed reductions in the gain in this
frequency range, to minimize upward spread of masking. Although such reductions are
beneficial in patients with mild to moderate hearing loss, research has shown that for patients
with a severe or profound hearing loss amplification in the low frequency region is of great
importance for speech recognition13'17 and it has been suggested that the corrections in the low
frequency region may be superfluous for these patients.5'10
The (adequate) prescription of maximum output characteristics (Fig. 5) is an advantage of
DSL over the other two rules. A further advantage of DSL is that desired electroacoustical
gain and maximum output characteristics can be obtained, which are very useful for the
preselection of hearing aids and for evaluation purposes if the child rejects the probe for realear measurements.
Although the number of patients in this study was limited and only the results of a very select
group of children were included, some conclusions can be drawn. Prescription rules may be
very helpful in fitting profoundly hearing impaired children with hearing aids. NAL-PD
proved to be the most adequate rule for obtaining the desired insertion gain, immediately
followed by the DSL method. DSL is the most practical rale because it supplies adequate
target values for both gain and maximum output. Therefore, it is concluded that the DSL
values seem to be a good place to begin when fitting children. However, prescription methods
cannot substitute for behaviourial evaluations by an experienced staff. In preverbal profoundly
hearing impaired children, repeated structured long-term observations and training of auditory
functions are of primary importance in documenting the child's progress with hearing aids and
to assess his or her suitability for cochlear implantation.
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Hearing aids versus a cochlear implant

ABSTRACT

Basal auditory functions and early verbal communication skills were examined in young,
profoundly deaf children with hearing aids or a cochlear implant. The hearing aid users
(n=23) were subdivided on the basis of their (unaided) hearing thresholds into: group A
(pure tone average (PTA) at 0.5, 1 and 2 kHz: 90-100 dB HL), group В (PTA: 100-110 dB
HL) and group С (PTA > 110 dB HL). All the children with a cochlear implant (n=20)
had a profound sensorineural hearing loss with a PTA that exceeded 120 dB HL.
Functional hearing was evaluated by means of basal sound identification. The child's
communication abilities with hearing aids or a cochlear implant were assessed using
structured observations on the "Scales of Early Communication Skills for Hearing Impaired
Children".
The basal auditory functions on a sound identification level improved over time in the
cochlear implant users and group A and B. Hardly any improvement was seen in
group C.
The performance of all the groups (either hearing aid or cochlear implant) on the "Scales of
Early Communication Skills for Hearing Impaired Children" at 6 months follow-up and at
later evaluations, was close to the average level for their age.

INTRODUCTION

In recent years, a number of studies have been published on the results of children with a
cochlear implant (CI) compared to those of profoundly deaf children with conventional
hearing aids. 1 5
In these studies, relatively complex auditory functions (e.g. speech perception) were
evaluated and it was generally found that in the long-term the performance of the implanted
children surpassed that of profoundly deaf hearing aid users. Unfortunately, speech
perception testing is often difficult in young children. Progress has been made in the
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development of speech perception tests for children with low verbal abilities (ESP test,
Geers and Moog6). Nevertheless speech perception testing remains troublesome in young
profoundly deaf children. Evaluation of more basal auditory functions (e.g. sound
identification) and verbal communication abilities are an alternative. Only a few studies
have been published in this field. Berliner used the Discrimination After Training (DAT)
test for children with a CI and concluded that the scores on this test were significantly
higher post-implant than in the pre-implant condition (no comparison was made with
children using hearing aids). Tait analysed video recordings of interactions with a familiar
adult and concluded that children with a CI developed their early communication behaviour
along similar lines to those of proficient hearing aid users, but more rapidly and more
strongly in the vocal/auditory direction.
As part of our paediatric CI programme, the basal auditory functions and communication
abilities of young, profoundly deaf children were evaluated as a means of selecting
candidates for implantation and also for monitoring the progress of children who had
received a CI.
In our programme and in most other paediatric CI programmes, it is not the (average)
hearing loss that is a major selection criterion, but the patient's ability to use his or her
residual hearing with a hearing aid. This is based on studies9'10 which showed that there are
large interindividual variations in functional hearing in profoundly deaf patients irrespective
of the level of hearing. So, prior to cochlear implantation, hearing aid fitting has to be
evaluated thoroughly and appropriate auditory training has to be given. Auditory testing and
training are only useful if the hearing aid fitting is appropriate. In a previous paper, we
concluded that the target gain and maximum output levels prescribed by the Desired
Sensation Level method (or DSL, Seewald") could be used as such for prelingual
profoundly deaf children.1 This prescriptive method was used as the standard for the
children in the present study.
To assess a child's basal auditory abilities, the following procedure was followed. Firstly,
aided thresholds were determined in the acoustic free field. Then the child's performance
was assessed on the suprathreshold tasks (sound identification).
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It was of the utmost importance that not only the gain, but also the maximum output of the
hearing aids were at appropriate levels (up to 135 dB SPL, according to the DSL) so that
the child's residual auditory area was fully used. If sounds were detected consistently, sound
identification tests were performed with everyday sounds with differences in spectral and
temporal characteristics and intensities, in a measurement paradigm. Regarding the child's
use of sounds for communication with their hearing device, discrepancies sometimes existed
between the child's behaviour on structured tests and his or her listening behaviour in
everyday situations. Therefore, observations were made of the child's use of sounds in
everyday situations during spontaneous and semi-structured situations. The "Scales of Early
Communication Skills for Hearing Impaired Children", developed by Moog and Geers,13
were applied.
The present paper deals with the results of these assessments of young, profoundly deaf
children who were using either a hearing aid or a CI.

SUBJECTS AND METHODS

Subjects
Two groups of children participated in this study. The first group comprised 22 children
with a profound bilateral sensorineural hearing loss, i.e. a pure tone average (PTA) at 0.5,
1 and 2 kHz that exceeded 110 dB HL, who were referred to our centre as candidates for
cochlear implantation. All these children had become deaf prelingually, were using hearing
aids and had participated in some form of auditory training as part of their education. Ten
of these children were being educated oral-aurally, while the others were using total
communication. Two of these children were rejected for a CI during the selection procedure
because the evaluations indicated functional residual hearing. The remaining 20 children
were implanted with the Nucleus multichannel CI. These children were divided into two
subgroups according to the onset of deafness, as shown in Table 1.
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Table 1. Characteristics of the children who were using a cochlear implant

Con

Pre

Total

number of children

5

15

20

mean age at implantation
(yr;mth)
range (yr;mth)

6;5

5;7

5;9

4;6-8;2

3;3-9;3

3;3-9;3

mean age at onset deafness
(yr;mth)
range (yr;mth)

0

2;1

1;4

0;3-3;2

0-3 ;2

years deaf (mean)**
range (yr;mth)

6;5
4;6-8;2

4;8
l;5-8;6

5;9
l;5-8;6

years of implant use
range (yrjmth)

2;8
2;4-3;6

3;8
l;7-6

3;4
l;7-6

etiology of deafness
* meningitis
* unknown
* Mondini dysplasia

15
4
1

15
4
1

Con: congenitally deaf cochlear implant users; Pre: prelingually deaf cochlear implant users; Total: total group
of cochlear implant users; yr: years; mth: months. ** difference between age at onset of deafness and age at
implantation

Their age ranged from 3 years and 3 months to 9 years and 3 months at the time of
implantation. The duration of implant use varied between 1 year 7 months and 6 years.
Evaluations at 2 years after implantation were available for all children and at 3 years after
implantation for 13 children. The control group (n=23) comprised profoundly deaf, young
children who were using hearing aids. These children were divided into 3 subgroups based
on their (unaided) PTA at 0.5, 1 and 2 kHz, according to Osberger.2 Group A (n=7) had a
PTA of 90-100 dB HL, group В (n=4) had a PTA of 101-110 dB HL and group С (n=12)
had a PTA that exceeded 110 dB HL. Because of the small numbers, the results of group A
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and В were pooled (group А/В). Some characteristics of these subgroups are presented in
Table 2.

Table 2. Characteristics of the children who were using hearing aids

Group A/B

Group С

number of children

11

12

mean age at fitting
(yr;mth)
range (yr;mth)

i;3

1;4

0;3-2;7

0;3-2;6

mean age at onset
deafness (yr;mth)
range (yr;mth)

0

0;4

years of hearing aid
use
range (yr;mth)

1;7

2;7

0;9-t

0;8-4;6

etiology hearing loss
* meningitis
* hereditary
* unknown

3
8

4
2
6

0-1 ;6

The hearing aid users were participating in a regular auditory training programme at our
clinic. The training was started immediately after the hearing aids were fitted and continued
for at least the first 2 years of device use. Prior to implantation, all the children had been
fitted with either binaural superpower behind-the-ear hearing aids with peak clipping to
limit the maximum output, or a bodyworn aid with peak clipping. Comparing Tables 1 and
2 it can be seen that the mean age of the children in the two hearing aid groups was
considerably lower than that of the children in the CI group.
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MEASUREMENTS

Audiometry was performed using standard procedures and equipment (Interacoustics AC-5,
calibrated according to ISO 389). The maximum output of the audiometer was 130 dB HL.
Profound sensorineural deafness was confirmed with electrocochleography.
An essential part of the hearing aid fittings were real ear measurements and
electroacoustical measurements, as described in a previous paper.12 If the insertion gain
and/or maximum output was below the target values, adjustments were made and the child's
behaviour with the new settings was evaluated.
Aided thresholds were measured in the sound-field using warble tones (with a frequency
modulation of 5%) generated by the audiometer and presented by loudspeakers placed 1 m
from the patient at +90° and -90°. Visual reinforcement techniques were used. The
soundfield set-up was calibrated according to Stream and Dirks.14

Procedures
The child's basal auditory abilities with hearing aids were evaluated with a structured test
using a variety of everyday sounds. Firstly, the child's detection of sounds was observed.
Afterwards the ability to derive meaning from the sounds presented was assessed by testing
whether the child could associate sounds with their sources (sound identification task). The
type of sounds used, the test conditions and scoring are described in more detail in the
appendix. All the testing was done by professionals who were experienced in assessing
profoundly deaf children. The CI children were tested in the pre-implant condition (with
hearing aids) and at 6, 12, 24 and 36 months after the initial fitting of the speech processor.
The hearing aid users were tested at 6, 12, 18 and 24 months after the initial fitting. In the
hearing aid users, initial testing was not typically performed prior to hearing aid fitting, but
shortly afterwards (within 3 months). This measurement was considered as the t=0
measurement.
The "Scales of Early Communication Skills for Hearing Impaired Children" have been
designed to evaluate speech and language development of hearing impaired children
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between the age of 2 and 9 years.

The test was not administered to children older than 9

years and consists of four subscales: verbal receptive language skills, verbal expressive
language skills, nonverbal receptive skills and nonverbal expressive skills. In this study, we
only used the verbal receptive language skills. Within the scales for receptive language
skills, the developmental levels are evaluated both in semistructured teaching situations
("A" items) and in spontaneous situations ("B" items). The raw scores for both items were
averaged and converted into standard scores.13 American normative data were used for the
Dutch children because no Dutch normative values were available. However, the average
converted score for the whole hearing aid user group was 52.7 with a standard deviation
(sd) of 9.3, which did not deviate from the standard score for the American normative study
of 50±10. Therefore, the American normative data were considered adequate.
In the analysis, the Wilcoxon signed rank test was used to compare the results of the
different groups.

RESULTS

Figures la-c presents the average unaided pure tone hearing thresholds in the better ear as a
function of frequency for the CI group, group С and group A/B, respectively. Pure tone
hearing thresholds that exceeded 130 dB HL were plotted at 130 dB HL. The average aided
free-field thresholds with conventional hearing aids and for the CI group also with their
implant, are also presented in the figures.
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Fig. 1a Results of the cochlear implant group. Average unaided pure tone
hearing thresholds ( · ) and average aided free-field thresholds with
conventional hearing aids obtained preoperatively (•) and with the cochlear
implant 6 months after fitting (A) as a function of frequency.
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Fig. 1b Results of group C. Average unaided pure tone hearing thresholds ( · )
and average aided free-field thresholds (•) as a function of frequency.

68

Hearing aids versus a cochlear implant

dB HL

.
-•-aided (HA)
-•-unaided

\
τ
250

1
500

.

. —
г
1000

2000

4000

Hz

Fig. 1c Results of group А/В. Average unaided pure tone hearing thresholds ( · )
and average aided free-field thresholds (•) as a function of frequency.

Basal sound identification
The results of the sound identification test showed considerable differences between the
three subgroups at the various measurements, as indicated in Fig. 2a.
Hearing aid users - Group A/B showed significant improvement over time after 12 months
follow-up, no improvement at all was seen for group C. At 24 months follow-up, the
performance of group С was poor; their median score was between level 0 and 1.
Cochlear implant users - Improvement over time was seen for the CI group. At 24 months
follow-up, 16 children scored at level 4, while 4 children scored at level 3.
The result of the CI group differed significantly from that of group С (z= 2.68;p<0.05) at
24 months follow-up. No significant difference was found between group A/B and the CI
group.
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Fig. 2a Basal sound identification scores 0evel) for group C, group A/B and the
cochlear implant group at the various follow-up intervals,
(pre) refers to the pre-implant condition in the cochlear implant group and to the
condition at or soon after the initial hearing aid fitting in the hearing aid groups.

Scales of early communication skills
Fig. 2b shows the mean standard scores on the receptive scales of early communication
skills for all three groups at the various follow-up intervals.
Hearing aid users - At each evaluation, group С and group A/B performed within one
standard deviation (±10) of the average level (standard score 50). At 18 months follow-up,
clear improvement was seen only in group A/B.
Cochlear implant users - Initially, the scores for the CI group were lower than those for
the hearing aid groups. At 12 months follow-up, the performance of the CI group was close
to the standard score of 50 (47.8; range 45.7 - 50.6) but still significantly poorer than that
of the hearing aid users (compared to group C: z=3.01; p<0.05; compared to group A/B:
z=2.06; ρ < 0.05). At 24 months follow-up, there was further improvement, but the score
was lower than the results of the hearing aid groups.
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Fig. 2b Mean standard scores on the receptive "Scales of Early Communication
Skills for Hearing Impaired Children" for group C, group A/B and the cochlear
implant group at the various follow-up intervals. The standard score of 50
(average normative value) is indicated as a continuous line.

Results of the cochlear implant subgroups
Figure 3a presents the scores for the two CI subgroups (congenitally and prelingually deaf
children) on the sound identification test at the various follow-up intervals. The median
levels achieved by group С and group A/B at 12 and 24 months follow-up are also
indicated. Surprisingly, the performance of the congenitally deaf subgroup was significantly
better

at 12 months

follow-up

than that

of the prelingually

deaf

subgroup

(z=2.37;p<0.05). Nevertheless, at 24 months follow-up, the two subgroups achieved a
median score of 4 (maximum score).
Figure 3b shows the mean standard scores on the receptive "Scales of Early Communication
Skills for Hearing Impaired Children" at the various follow-up intervals for the two sub
groups. The scores achieved by group С and group A/B at 12 and 24 months follow-up are
also indicated. At 12 months after implantation the congenitally and prelingually deaf
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subgroups scored just below the standard score of 50. In both subgroups, the scores
improved over time. On this test, no significant difference was found between the two
subgroups at any follow-up evaluation.

pre

6

12

24

36

Follow-up (months)
Fig. 3a Sound identification scores (level) for the congenitally and prelingually deaf
cochlear implant users at the various follow-up intervals. The mean scores for group
С and group A/B at 12 and 24 months follow-up are also presented as continuous lines.
Con: congenitally deaf cochlear implant users; Pre: prelingually deaf cochlear implant users.
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Fig. 3b Mean standard scores on the receptive "Scales of Early Communication Skills
for Hearing Impaired Children" for the congenitally and prelingually deaf cochlear
implant users at the various follow-up intervals. The mean standard scores for group
С and group A/B at 12 and 24 months follow-up are also presented as continuous lines.
Con: congenitally deaf cochlear implant users; Pre: prelingually deaf cochlear implant users.

DISCUSSION AND CONCLUSIONS

Figure la shows that the children in the CI group had much better aided pure tone hearing
thresholds with their implant (measured 6 months after the device had been fitted) than with
their preoperative hearing aids. The aided pure tone hearing thresholds (with CI) in the CI
group were also better than those (with a hearing aid) in group С (Figure lb) and about the
same as those in group A/B (Figure lc).
The results of the basal sound identification test showed that on average, a CI provided most
of the children with sufficient information to detect and identify the everyday sounds
presented to them. This was also valid for the children in group A/B, but not for those in
group С
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The poorer performance of the children in group С compared to the children in the other
hearing aid groups, suggests that these children might gain more benefit from a CI than
from their hearing aids.
One factor that has to be considered is the mismatch in age between the hearing aid users
and the CI users. The poor performance of group С and group A/B at t = 0 and at 6 months
follow-up, was almost certainly due to the very young age of these children. The test
probably was too difficult for them to perform. The score of group A/B at 18 months
follow-up indicates that at this age, the test was easy to perform.
It was not possible to match the length of time that the children were without appropriate
amplification in the hearing aid groups and the CI group, because the children were fitted
with their aids immediately after their hearing loss had been diagnosed, whereas the implant
children did not receive an implant until after they had been referred and it had been
determined that they had too limited benefit from conventional hearing aids.
The CI group showed a high median score on the sound identification test after 24 months
of implant use.
The congenitally deaf subgroup achieved higher scores on this test than the prelingually deaf
subgroup at 12 months follow-up. This is remarkable because, in contrast to the children
who became deaf due to meningitis, these children had no previous auditory experience.
This is in accordance with Bertram15 who found that the performance of congenitally deaf
children with an implant was better on an auditory speech perception test battery than that
of postmeningitic prelinguistically deaf children of equal age. They stated that the parts of
the auditory system responsible for the detection of speech might have been damaged to
different extents after meningitis and thus have influenced performance.

Scales of Early Communication Skills for Hearing Impaired Children
The results of this part of the study revealed that this test is not very sensitive, because
nearly all the mean values were less than 1 sd from the standard value. All the groups
performed near to or above the standard score of 50 at 24 months follow-up and no
significant difference was found between group С and the CI group. This indicates that on
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average, the children in group С and the CI group were performing at an average level for
their age (compared to the group of American children for whom the test was validated). An
explanation for the poor performance of the children in the CI group compared to the
children in the two hearing aid groups, might be their older age and consequently, a much
shorter duration of training.
It can be concluded that the basal sound identification task is useful for evaluation purposes
and as part of the selection procedure for a CI.
The "Scales of Early Communication Skills for Hearing Impaired Children" (receptive
verbal language skills) are probably too insensitive to be useful for the selection of
candidates for a CI or for evaluation purposes.
Nevertheless, speech perception testing remains the first option.
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APPENDIX

Basal auditory tests
While the child was playing, a number of everyday sounds (e.g. musical instruments,
environmental sounds, animal sounds) were presented at random by the person
administering the test. Observations were made to determine whether or not the child
responded in any way. Afterwards the child was instructed about the basal sound
identification test. This test, on a symbolic nonverbal level, was performed to assess basal
auditory perception. The spectral and temporal characteristics of the sounds differed.
Continuous as well as discontinuous sounds (e.g. a car horn, a drum and animal sounds)
were used. Presentation levels measured at the child's ear, varied between 70 and 85 dB
SPL. The characteristic stimulus frequencies ranged between 125 and 2000 Hz. The test
was a picture identification test with sounds on tape. Depending on the age of the child and
his/her developmental/educational level, the test could be applied with objects or pictures.
Discrimination between two sounds was the most simple level (2 AFC, level 1). The highest
level consisted of making at least four correct identifications in a list with five different
items (5 AFC, level 4). The test was scored in levels: level 0: no consistent identification;
level 1: 100% score in a 2 AFC set-up; level 2: 100% score in a 3 AFC set-up; level 3: at
least 75% score in a 4 AFC set-up; level 4: at least 80% score in a 5 AFC set-up. The
therapist was experienced in teaching auditory skills to deaf and hearing impaired children.
When the sounds were presented, the child was sitting faced away of the therapist.
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ABSTRACT

This study reviewed a series of 25 postmeningitic profoundly deaf children who were
implanted with a Nucleus 22-channel cochlear implant. Labyrinthine ossification occurs
after bacterial meningitis in a significant percentage of children and causes profound
sensorineural deafness. Streptococcus pneumoniae is frequently responsible for cochlear
ossification after bacterial meningitis.
In 5 of our children, only partial electrode insertion was achieved, due to extensive cochlear
ossification. The degree of cochlear ossification observed at surgery was compared to that
visible on a preoperative high-resolution computed tomography (CT) scan. CT scanning
accurately predicted cochlear patency in 64% of the cases. Auditory thresholds and speech
perception were analysed as a function of follow-up. The children were divided into three
groups according to the degree of ossification found during surgery. Results showed that
cochlear implantation led to improvements in speech perception in all three groups.
However, the children with partial electrode insertion had less favourable results.

INTRODUCTION

Hearing loss is a frequent complication of bacterial meningitis. The incidence of hearing
loss as a sequelae of bacterial meningitis is 10.5% for hearing loss of any degree.1
Approximately 5% of survivors are left with permanent sensorineural hearing loss.1
In a review of some major studies2 on bacterial meningitis that caused bilateral deafness, the
main causative organisms were Streptococcus pneumoniae (31 to 50%), Neisseria
meningitidis (10.5%) and Haemophilus influenzae type b (3 to 16%). The infection might
pass from the cerebrospinal fluid through the cribóse areas of the internal auditory canal or
the cochlear aqueduct and infect the inner ear. Labyrinthitis damages the organ of Corti and
may lead to neo-ossification. Neo-ossification is most marked in the basal turn of the
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cochlea, close to the round window, while there is often less ossification more apically.
Some degree of cochlear ossification was found in as many as 70% of post-bacterial
meningitis cases with profound hearing loss.4 The frequency and severity of ossification
vary according to the offending organism; the order of highest-to-lowest incidence of
ossification after meningitis is (1) Streptococcus pneumoniae, (2) Neisseria meningitidis, (3)
Haemophilus influenzae type b and others.**
Ossification has been noted to occur within a year after meningitis, while the hearing loss
resulting from meningitis may occur very soon (48 hours) after infection.7 Early radiographic evidence of ossification has been found as early as 2 months postmeningitis.
Profoundly deaf postmeningitic children who do not benefit from sound amplification with
conventional hearing aids may respond to electrical stimulation of the auditory system using
cochlear implants (CI).
Ossification of the cochlea is an important clinical consideration in cochlear implantation,
because it may preclude complete insertion of the stimulating electrode array and result in
only partial insertion.
Until recently, cochlear ossification was considered to affect ganglion cell survival.
However, Hinojosa8 showed that cochlear labyrinthitis ossificans is not related to
ganglion cell survival and should not be considered as a contraindication for cochlear
implantation. In a series of 12 temporal bones in patients with different degrees of ossification, there was no correlation between the degree of ossification and the ganglion cell count.
The number of ganglion cells and peripheral auditory elements necessary for successful
electrical stimulation of the cochlea have not yet been defined. Otte9 stated that at least
10,000 ganglion cells are necessary for good speech discrimination.
Speech production and speech perception abilities have been studied extensively in the past
ten years in postmeningitic profoundly deaf children who received a CI. Significant
improvements were found in all areas of speech perception and speech production compared
to the preoperative performance with hearing aids.1011
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This study reviewed the pre- and postoperative results of a series of 25 consecutive postmeningitic profoundly deaf children who were implanted with the Nucleus 22-channel CI.
Auditory thresholds and speech perception performance were assessed as a function of the
degree of ossification found at surgery. The degree of ossification observed at surgery was
compared to that visible on preoperative high-resolution computed tomography (CT) scans.

SUBJECTS AND METHODS

A series of 25 children who became profoundly deaf after meningitis and received a
Nucleus 22-channel CI between 1990 and 1996 formed the basis of this retrospective study.
The causative micro-organisms were Streptococcus pneumoniae (n=18), Haemophilus
influenzae type b (n=5) and Neisseria meningitidis (n=2).
The age of the children at the time of surgery ranged from 2.9 years to 12.4 years (average
6.3 years). The age at the onset of deafness ranged from 3 months to 6.8 years, with an
average of 2.4 years. The duration of deafness ranged from 1.4 years to 8.6 years, with an
average of 3.9 years.

The children had profound bilateral sensorineural hearing loss, i.e. a pure tone average
(PTA) at 0.5, 1 and 2 kHz that exceeded 110 dB HL. Audiometry was performed using
standard procedures and equipment (Interacoustics AC-5, calibrated according to ISO 389).
The maximum output of the audiometer was 130 dB HL. In 24 children, preoperative
audiograms (with and without amplification) and postoperative audiograms (24 months postimplantation) were available that were considered as reliable. None of the children in the
meningitis group obtained significant benefit from amplification with conventional hearing
aids after a trial period of at least 6 months.

High-resolution CT scanning was performed in all children preoperatively to assess cochlear
patency. All CT scans were performed under sedation or general anesthesia and interpreted
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by an experienced otoradiologist. Contiguous 2 mm axial and coronal slices were made
through both temporal bones in the first 13 children implanted in our study group. One mm
slices were made in the other children. All the CT scans, except for one (11 months), were
performed within 1 to 6 years after meningitis. A comparison was made between the ossifi
cation found with preoperative imaging and the degree of ossification found by the surgeon
intraoperatively. Based on the extent of cochlear ossification observed peroperatively, the
children were placed into 1 of 5 categories (according to Parisier12): class I: no ossification
present; class II: round window membrane ossified; class III: ossification at the round
window extending 0-2 mm into the scala tympani but coils patent; class IV: ossification at
the round window and extending 3-8 mm into the scala tympani but coils patent; class V:
cochlea diffusely ossified with lumen obstruction. The children were then subdivided into 3
groups: group 1: 10 children without cochlear ossification (class I); group 2: 10 children
with partial ossification (classes II, ΙΠ and IV); group 3: 5 children with total ossification
(class V). Characteristics of the 3 subgroups are given in Table 1. Table 1 also shows the
method of communication used by each subject.

Table 1. Characteristics of the 3 subgroups

Group

1
2
(n=10)

Mean
age
deafness
(years)

3

3

Mean
duration
deafness
(years)

8

Mean
age at
implantation
(years)

Ossification
(class)

60

I

Mean
electrodes
inserted

OA

TC

22

5

5

4

6

2
(n=10)

28

37

6.6

П.Ш.Г

22

3
(n=5)

19

44

63

V

11

TC: total communication; OA: oral-aural communication
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Surgery included canal wall-up mastoidectomy using the extended facial recess approach to
give access to the middle ear. A cochleostomy was created just anterior to the round
window and the electrode array was inserted into the scala tympani. In the five children
with class V ossification, limited drilling of 6 to 8 mm was performed in the basal turn of
the scala tympani, to enable partial electrode insertion.
A few minor postoperative complications were observed. In one child, wound infection
occurred postoperatively, and another child developed acute otitis media within 1-2 weeks
postoperatively. Both children responded well to antibiotics. No other complications
occurred in our study group.
Speech perception performance was evaluated by means of the concept of "equivalent
hearing loss" (described by Snik et al.13). This concept implies the matching of individual
speech perception scores with reference data from a group of severely or profoundly deaf
children using hearing aids. This results in the expression of the speech perception
performance in an "overall equivalent hearing loss" value. Assessment was performed in
the pre-implant condition (with hearing aids) and after 6, 12, 24 and 36 months of implant
use. Results were compared between the 3 groups.

RESULTS

All the children, except for one, had been using their CI on a daily basis for at least 2 years.
One child stopped using his CI after 12 months of use because electrical stimulation of the
implanted ear was no longer effective. Thus, cochlear implantation in this child was a
failure.
Figures la and lb present the average aided free-field hearing thresholds with conventional
hearing aids and the CI (after 24 months of use) as a function of frequency in the three
groups, respectively. In the post-implant condition all the children demonstrated a
significantly improved response across the frequency range compared to the pre-implant
situation in which they were fitted with conventional hearing aids.
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Fig. 1a Average aided (hearing aid) pure tone hearing thresholds as a
function of frequency of the 3 groups respectively.

dBHL

-*- Group 1
-•-Group 2
-»-Group 3

2000

4000

Hz

Fig. 1b Average aided (cochlear implant) free-field thresholds as a
function of frequency of the 3 groups respectively.
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Bilateral vestibular areflexia was found in 24 children preoperatively; one child showed nor
mal vestibular function.

Amount of ossification
In 10 children (group 1) no signs of neo-ossification were found and the scala tympani was
patent; CT scans demonstrated normal cochleas. The overall true negative rate (i.e. the CT
scan showed a patent cochlea and this was confirmed at surgery) was 100% (Table 2).
Ten children (group 2) showed classes II, ΙΠ and IV ossification peroperatively. In these
cases, it was possible to drill through the area of neo-ossification into an intact scala
tympani and insert all 22 electrodes. Neo-ossification was correctly diagnosed on the CT
scans in only 2 out of these 10 children. Complete cochlear ossification (class V) was found
in 5 children (group 3). In 4 out of these five children, neo-ossification was correctly
identified on the preoperative CT scans. Only partial electrode insertion was possible in
these 5 children.

Table 2. CT scan results related with surgical findings

Group 1

Group 2

Group 3

Trae positives

0

2

4

True negatives

10

0

0

False positives

0

0

0

False negatives

0

8

1

Thus, 6 out of the 15 children with various degrees of cochlear ossification were correctly
diagnosed radiographically (true positive rate of 40%). There were 9 cases of false negative
results (the cochlea appeared to be patent on the CT scan but was, in fact, at least partially
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obstructed). Therefore, the false negative rate was 60%. Table 3 lists the causative
organisms of the meningitis in the three groups. Ossification of the cochlea (groups 2 and 3)
was present in 67% of the cases of pneumococcal meningitis and in 60% of the cases of
meningitis caused by Haemophilus influenzae type b. The two children with meningococcal
meningitis did not show any signs of cochlear ossification during surgery. All the children
in group 3 became deaf after pneumococcal meningitis.

Table 3. Relationship of causative organism to different groups

Group 1

Group 2

Group 3

6

7

5

Haemophilus
influenzae

2

3

Meningococcus

2

Streptococcus
pneumoniae

Speech perception
Fig. 2 shows the mean "overall equivalent hearing loss" values for the 3 groups, plotted as
a function of follow-up.
Before implantation, while using conventional hearing aids, the "overall equivalent hearing
loss" values were above 125 dB HL in all 3 groups. This indicated that on average, all the
children were performing as poorly as the children in the reference group with hearing loss
of above 125 dB HL.

86

Cochlear implantation in children with meningitis

-*-Group 1
-•-Group 2
-•-Group 3

-i—ι—i-T—ι—r
pre
6 12

Follow-up (months)

Fig. 2 Mean "overall equivalent hearing loss" values of the 3 groups plotted as a
function of the follow-up. pre: ρ re-implantation.

Obvious improvement over time was seen in groups 1 and 2. During the first 2 years, the
children in these groups showed a 20 to 50 dB HL improvement in their "overall equivalent
hearing loss" value. At 3 years follow-up, the scores of groups 1 and 2 were as good as
those of the children in the reference group with a hearing loss of 72 and 76 dB HL,
respectively.
Slight progress was seen in group 3, but their performance was poor. After 36 months of
implant use they had an "overall equivalent hearing loss" value of 121 dB HL.
To determine the effect of the variables age at onset of deafness, duration of deafness,
communication mode and insertion depth, the "overall equivalent hearing loss" values of 19
children at 3 years follow-up were used in repeated regression analysis to obtain quantitative
data. Multiple regression analysis showed that the variables age at onset of deafness,
insertion depth (partial or full insertion) and communication mode (oral-aural or total)
together accounted for 85% of the variance in "equivalent hearing loss" value at 3 years
follow-up. Straight forward correlation analysis (Pearson) did not show significant
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correlation with the duration of deafness during all follow-up intervals (rho=0.09; ρ > 0.05
at 3 years follow-up), whereas significant correlation was found with age at onset of
deafness (rho=-0.38; p=0.05), insertion depth (rho=0.78; p<0.01) and communication
mode (rho=0.64; ρ < 0.01) at 3 years follow-up. Significant correlation for these variables
was already found at 6 months follow-up. The regression analysis also showed that the
children with full electrode insertion who were using the oral-aural communication mode
achieved an "overall equivalent hearing loss" value of -4.1 χ (age at onset of deafness) +
83 dB (sd=8.5 dB) at 3 years follow-up. For children who use total communication, the
"overall equivalent hearing loss" value at 3 years follow-up was an average of 13 dB HL
poorer than that of the children with oral-aural communication.
In the children with partially inserted electrode arrays, the "overall equivalent hearing loss"
value was an average of 36 dB HL poorer than that of the children with full insertion.
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DISCUSSION AND CONCLUSIONS

In this group of postmeningitic profoundly deaf children, the main causative organism was
Streptococcus pneumoniae (72%). The latter was also responsible for the meningitis in all 5
children in group 3 with total ossification. Despite the small numbers in our study group, it
would appear that Streptococcus pneumoniae is the most aggressive organism, causing a
higher degree of cochlear damage and labyrinthine ossification. This is in agreement with
Gibbin.6
No obvious differences were found in the aided (either with hearing aids or CI) thresholds
between the 3 groups. This suggests that all the children, including those with partial
insertion, showed greatly improved auditory thresholds with a CI compared to the preimplant situation.
Preoperatively, 96% of the children showed bilateral vestibular areflexia, which generally
occurs in patients with bilateral deafness following meningitis.1 If, however, normal
vestibular function exists preoperatively, the risk of losing vestibular function through intracochlear implantation is between 20 and 30%.15
On the basis of the comparison between CI users and hearing aid users, we observed that
the children in groups 1 and 2 (full insertion) reached an "overall equivalent hearing loss"
value of about 75 dB HL (range 65-94 dB HL) after 36 months of implant use. Groups 1
and 2 show improvement during each follow-up interval, in contrast to group 3 who seemed
to have reached a plateau in performance already after 24 months of implant use.
The scores of the children with only partial insertion due to extensive ossification (group 3)
were about 36 dB HL poorer at 3 years follow-up. Poor speech perception results were also
found by Cohen16 in children with partial insertion. Kirk,17 however, found similar speech
perception results in children with full and partial electrode insertion.

Partial or total ossification of the cochlea can cause problems both from a diagnostic and a
therapeutic point of view. Generally, preoperative CT scanning is used to investigate the
patency of the cochlea. The accuracy of CT scan diagnoses were assessed in our study
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group. As indicated in Table 2, there was poor correlation between the CT findings and the
peroperatively assessed patency of the cochlea: the overall false negative rate was 36%.
Several other groups found that CT scans do not always reflect the findings during
surgery.618'19 Cochlear patency was predicted accurately by CT scanning in 53% to 90% of
the patients. In our study, CT scanning accurately predicted the condition of the cochlea in
64% of the children with postmeningitic deafness.
20

It was suggested by Phelps that 1 mm slices provide the best images of the relevant
structures in the temporal bones. In this study, CT scans with 2 mm high-resolution axial
slices had been performed in 13 children, so this might have been a contributing factor.
Another factor is the interval between CT scanning and operation. In our study group, 20
children were implanted within 5.5 months after the CT scan (average: 4 months). Five
children were implanted at 7, 8, 11, 12 and 22 months after the CT scan, respectively.
Nevertheless, in children with profound hearing loss caused by meningitis, the otologist
should expect to encounter some degree of ossification within the basal turn of the cochlea,
even when the CT scan is normal.
Silberman21 reported that magnetic resonance imaging (MRI) scanning appears to be more
sensitive for imaging inner ear fluid spaces and thus advocated that this imaging technology
should be used in combination with CT scanning for assessing cochlear patency in postmeningitic children who are being evaluated for cochlear implantation. A practical problem
is that these children would then need to undergo two sessions under anesthesia in their
selection procedure.
In cases of partially or totally obliterated cochleas, special surgical techniques have been
described to manage this problem.22,23 Auditory performance of CI users with postmeningitic deafness and partially inserted arrays is on average poorer than that of users with
complete insertion according to Cohen16 and Van den Borne.24 Therefore, early diagnosis
and management of postmeningitic deafness are important. Then cochlear implantation can
be performed at the right time while full insertion is still possible; this will lead to better
performance. How long should one wait before implanting a totally deaf child ?
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Novak suggested that intracochlear osteoneogenesis can begin within the first 4 to 8 weeks
after the acute phase. Green

found evidence of ongoing ossification in a temporal bone

study up to 30 years after meningitis. Novak 5 advocated that all children with severe profound bilateral hearing loss following meningitis should undergo high-resolution CT scanning of the cochleae within 1 to 2 months.
If signs of ossification are suspected, scans should be repeated after 1 to 2 months. Cochlear
implantation should be undertaken as soon as possible if there is radiographic evidence of
bilateral cochlear ossification.
Another aspect is the fact that auditory deprivation has been shown to result in anatomical
and metabolic changes in some brainstem auditory nuclei. In children with normal hearing,
maturation of the peripheral auditory neural system takes place during the first few years of
life. So the absence of coherent neural activity in the sensory pathways of a young child
who is profoundly deaf may permanently limit the capabilities of the brain to respond to
prosthetically introduced auditory information. This consideration would appear to introduce a certain urgency into the decision of whether to undertake cochlear implantation. On
the one hand, the auditory system may retain enough developmental capability throughout
life to handle the crude information that can be provided by an auditory prosthesis. At the
very least, electrical stimulation may prevent some atrophic changes resulting from disuse.27
In our study group, however, no significant relationship was found between the "overall
equivalent hearing loss" value at 3 years follow-up and the duration of deafness. This
suggests that auditory deprivation prior to implantation has a negligible effect on auditory
capabilities in the long run after implantation.
After reviewing the literature and data from 25 postmeningitic profoundly deaf children who
were implanted with a Nucleus 22-channel CI at our centre, we can conclude the following:

1. High-resolution CT scanning often underestimates the amount of cochlear ossification
that will be encountered during surgery. In cases with postmeningitic hearing loss, CT
scanning failed to detect ossification in 36%. MRI scanning may be useful in combination
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with CT scanning (using 1 mm contiguous slices) in hearing impaired children with a
history of meningitis.
2. Significant improvement in speech perception results was seen in children with mil
electrode insertion; the performance of children with partial insertion was poorer. Overall,
cochlear implantation seems very usefull for improving auditory function and speech
perception.
3. The incidence of cochlear ossification seems greater after pneumococcal meningitis.
Postmeningitic cochlear ossification can develop very rapidly (4 to 8 weeks) after the acute
infection. Therefore, CT scanning of the cochleae should be performed 1 to 2 months after
the acute infection in the case of severe profound bilateral hearing loss. If there is
radiographic evidence of ossification and no usable residual hearing, cochlear implantation
should be undertaken as soon as possible.

REFERENCES
1.
2.
3.
4.
5.
6.

7.
8.
9.

92

Baraff LJ, Lee SI, Schriger DL. Outcomes of bacterial meningitis in children: a metaanalysis. Pediatr Infect Dis /1993; 12: 389-394.
Stein LK, Boyer KM. Progress in the prevention of hearing loss in infants. Ear Hear 1994;
15: 116-125.
Eisenberg LS, Luxford WM, Becker TS, House WF. Electrical stimulation of the auditory
system in children deafened by meningitis. Otolaryngol Head Neck Surg 1984; 92: 700-705.
Becker TS, Eisenberg LS, Luxford WM, House WF. Labyrinthine ossification secondary to
childhood bacterial meningitis: Implications for cochlear implant surgery. Am J Neuroradiol
1984;5:739-741.
Dodge PR, Davis H, Feigin RD, Holmes SJ, Kaplan SL, Jubelirer DP, Stechenberg BW,
Hirsch SK. Prospective evaluation of hearing impairment as a sequela of acute bacterial
meningitis. N EnglJ Med 1984; 311: 869-874.
Gibbin KP, Bath AP, O'Donoghue GM, Holland IM. Paediatric cochlear implantation:
Accuracy of computed tomography in Paediatric cochlear implantation: Correlation of
causative organism of bacterial meningitis against labyrinthine ossification. In: HochmairDesoyer II & Hochmair ES, eds. Advances in cochlear implants. Wien: Manz 1994: 97-100.
Kaplan SL, Catlin FI, Weaver T, Feigin RD. Onset of hearing loss in children with bacterial
meningitis. Pediatrics 1974; 73: 575-586.
Hinojosa R, Redleaf MI, Green JD, Blough RR. Spiral ganglion cell survival in labyrinthitis
ossificans: computerized image analysis. Ann Otol Rhinol Laryngol 1995; 103(suppl): 51-54.
Otte J, Schuknecht HF, Kerr AG. Ganglion cell populations in normal and pathological
human cochleae: implications for cochlear implantation. Laryngoscope 1978; 88: 1231-1246.

Cochlear implantation in children with meningitis

10

11
12

13

14

15
16
17
18
19
20
21

22
23
24

25
26
27

Osberger MJ, Miyamoto RT, Zimmerman-Phillips S, Kemink J, Stroer B, Firszt JB, Novak
MA Independent evaluation of the speech perception abilities of children with the Nucleus
22-channel cochlear implant system Ear Hear 1991, 12(SuppI 4) 66-80
Tobey EA, Hasenstab MS Effects of a nucleus multichannel cochlear implant upon speech
production in children Ear Hear 1991, 12(Suppl 4) 48-54
Pansier SC, Chute PM Multichannel implants in post-meningitic ossified cochleas In
Fraysse B, Deguine O, eds Cochlear implants new perspectives Adv Otorhinolaryngol
Basel Karger 1993, 48 49-58
Snik AFM, Vermeulen AM, Brokx JPL, Beijk С, Van den Broek Ρ Speech perception
performance of children with a cochlear implant compared to that of children with
conventional hearing aids The "equivalent hearing loss" concept Acta Otolaryngol (Stockh)
1997, 117 750-754
Huygen PLM, Van Rijn PM, Cremers CWRJ, Theumssen EJJM1 The vestibulo-ocular reflex
in pupils at a Dutch school for the hearing impaired, findings relating to acquired causes Int J
Pediatr Otorhinolaryngol 1993, 25 39-47
Huygen PLM, Van den Broek Ρ Letter to the editor Vestibular function pre- and postcochlear implantation J Otolaryngol 1995, 24 262
Cohen NL, Waltzman SB Partial insertion of the Nucleus multichannel cochlear implant
technique and results Am J Otol 1993, 14 357-361
Kirk KI, Sehgal M, Miyamoto RT Speech perception performance of Nucleus multichannel
cochlear implant users with partial electrode insertions Ear Hear 1997,18 456-471
Jackler R, Luxford W, Schindler R, McKerrow WS Cochlear patency problems in cochlear
implantation Laryngoscope 1987, 97 801-805
Wiet RJ, Pyle GM, O'Connor CA, Russell E, Schramm DR Computed tomography How
accurate a predictor for cochlear implantation7 Laryngoscope 1990, 100 687-692
Phelps PD, Annis JAD, Robinson PJ Imaging for cochlear implants Br J Radiol 1990, 63
512-516
Silberman B, Garabedian EN, Denoyelle F, Moatti L, Roger G Role of modern imaging
technology in the implementation of pediatric cochlear implants Ann Otol Rhinol Laryngol
1995, 104 42^6
Gantz BJ, McGabe BF, Tyler RS Use of multichannel cochlear implants in obstructed and
obliterated cochleas Otolaryngol Head Neck Surg 1988, 98 72-81
Lehnhardt E, Ramsden RT, Fraysse B, Deguine O, Manrique M Multilingual surgeon's
manual for cochlear implants Nienburg Hoffmann, 1992
Van den Bome S, Snik AFM, Van den Broek Ρ, Brokx JPL Performance of children with a
multichannel cochlear implant and partial insertion of the electrode array Am J Otol In
press
Novak MA, Fifer RC, Barkmeier JC, Firszt JB Labyrinthine ossification after meningitis its
implications for cochlear implantation Otolaryngol Head Neck Surg 1990, 103 351-356
Green JD, Mitchell SM, Hinojosa R Labyrinthitis ossificans Histopathologic consideration
for cochlear implantation Otolaryngol Head Neck Surg 1991, 104 320-326
Chouard CH, Meyer B, Josset P, Buche JF The effect of the acoustic nerve chronic electrical
stimulation upon the guinea pig cochlear nucleus development Acta Otolaryngol (Stockh)
1983,95(5-6) 639-645

93

Chapter 6

Performance of postmeningitic deaf children with a multichannel
cochlear implant and partial insertion of the electrode array
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Partial electrode insertion in children with cochlear implants

ABSTRACT

The long-term performance, as a function of follow-up, of five postmeningitic deaf children
with ossified cochleae and partial insertion of a Nucleus multichannel electrode array
(partial insertion group) was compared to that of ten selected postmeningitic deaf children
(control group) who had full insertion of all 22 electrodes. An auditory test battery was used
for the assessment of basal auditory skills, including sound detection and identification.
Speech perception skills were evaluated by means of a test battery, including closed- and
open-set speech perception tests. The child's communicative abilities were assessed using
structured observations with the "Scales of Early Communication Skills". Speech
production was assessed by a Dutch articulation test.
The speech perception skills of the five children with partial electrode insertion were poorer
than that of the control group 3 years after the device had been fitted and their progress was
much slower. Increased speech production performance was found in 2 children with partial
insertion and all the children in the control group.

INTRODUCTION

In Nijmegen, 46 children have been implanted with the Nucleus 22-channel cochlear
implant (CI). Deafness was caused by meningitis in 67% of these cases.
Meningitis often results in labyrinthitis ossificans, i.e. the formation of fibrous tissue and
new bone within the labyrinthine spaces. Accurate information about cochlear patency is
helpful in the preoperative assessment process. Computerized tomography (CT) imaging of
the inner ear can be used for this purpose. If there is severe ossification, insertion of an
electrode array into the cochlea will be difficult or impossible and, until recently, was
considered to be a contra-indication for intracochlear implantation. Drilling into the ossified
cochlea has been proposed by Gantz et al.1 to achieve at least partial insertion of the
multichannel electrode array. He reported that the performance of one of the two patients
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implanted with the Nucleus CI was similar to that of patients without bony obstruction and
full insertion. The performance of patients with cochlear ossification and partial electrode
array insertion has been investigated by a small number of other groups. Kemink et al.2 did
not find any obvious differences in selected speech perception tests over a 6 to 18-month
follow-up period between 5 children with partial insertion and matched controls with full
insertion. Kirk et al.3 drew a similar conclusion after comparing the results of 5 children
with partial insertion to age-matched control subjects who had full electrode array insertion,
18 months after the device had been fitted.
In contrast, Cohen et al.4 found poor speech perception results in most of their cases (adults
and children), while Beiter et al.3 concluded from their experiments that the patients (adults
and children) with partially inserted electrode arrays benefited from a CI, although not to
the same degree as the patients with complete insertion. Nevertheless, some of their patients
with partial insertion demonstrated open-set word recognition after 2 years of implant use.
Increased speech production performance in children with a CI has been observed in several
studies.6,7 However, there are no papers on the speech production performance of children
with partial electrode insertion.
We present the results of five children whose deafness was caused by meningitis. They had
undergone implantation of a multi-channel CI with partial electrode insertion. Their
performance was compared to that of a control group with full insertion. Basal auditory
skills, speech perception skills, verbal communication abilities and speech production were
examined in a long-term study.

SUBJECTS AND METHODS

Subjects
Fifteen children with bilateral profound sensorineural hearing loss due to meningitis were
examined. Evaluation for selection as an implant candidate included audiological
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assessment, thorough evaluation of their hearing aid fitting, CT scanning and psychological
investigation.
All the children had hearing loss that exceeded 110 dB HL and were being educated at
special schools for the hearing impaired or deaf. There were no additional handicaps or
other medical problems and all children had average intelligence. They received the Nucleus
22-channel CI and had been using their device for at least 3 years.
The results of the 5 children with partial insertion were compared to those of the 10
children in the control group who had complete insertion of all 22 electrodes.
The partial insertion group consisted of five prelingually deaf children; there were four girls
and one boy. The mean age at implantation was 6 years and 2 months, the mean onset of
deafness was 1 year and 10 months and the mean duration of deafness was 4 years and 4
months. Some demographic data on the 15 children are listed in Table 1.

Table 1. Demographic data on the children in the partial insertion group and control group.

Subject

Onset
Duration
deafness deafness
(yr;mon) (yr;mon)

Hearing
aid use
(yr;mon)

Aided
Age at
threshold
implantation
hearing aid (yr;mon)
(FI.dBHL)

Number
inserted
electrodes

SI
S2
S3
S4
S5

2;8
2;7
0;8
0;5
2;7

CI
C2
C3
C4
C5
C6
C7
C8
C9
CIO

2;9
2;9
2;2
2;11
2;4
2;2
3
2;8
0;3
0;11

Com.
mode

3;6
3;10
8;7
3;3
3

2;8
2;5
6;4
2;1
2;2

95
95
100
100
95

6;2
6;5
9;3
3;8
5;7

8
11
10
13
13

TC
TC
OA
TC
TC

2;6
2;7
4
2;5
3;3
4;9
i;5
3;11
6
2

2
2;1
3;2
1;9
2;6
4;3
i;i
3;3
5;4
1;5

95
95
95
95
90
100
95
100
95
95

5;3
5;4
6;1
5;4
5;8
6;ll
4;5
6;5
6;3
2;ll

22
22
22
22
22
22
22
22
22
22

OA
OA
TC
OA
TC
OA
OA
TC
TC
TC

S: children in the partial insertion group; C: children in the control group; FI: detener index
(average 500, 1000 and 2000 Hz.); Com. mode: communication mode; TC: total communication;
OA: oral-aural communication; yr;mon: years;months
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The control group consisted of 10 children whose age at onset of deafness was in the same
range as that of the children of the partial insertion group. Because of the limited number of
children in that age range no further matching was performed. Their mean age at
implantation was 5 years and 5 months, the mean onset of deafness was 2 years and 2
months and the mean duration of deafness was 3 years and 3 months. The number of active
electrodes ranged between 18 and 22 electrodes (mean: 20 electrodes).

The surgical technique used for partial implantation in an ossified cochlea comprised limited
drilling of 6 to 8 mm in the obliterated basal turn of the scala tympani, to create a new
channel for the electrode array.
Approximately 4 to 6 weeks after surgery, the speech processors were programmed initially
in common ground or the monopolar mode. An intensive rehabilitation programme followed
at the Institute for the Deaf, which consisted of the guided training programme as described
by Vermeulen et al.8
During the rehabilitation period, readjustments were made to the programming parameters
to improve each child's performance.
Because of insufficient stimulation levels, in three children in the partial insertion group, the
programming mode was changed from common ground to monopolar mode.

Methods
Aided free-field thresholds were measured using narrow band noise (bandwidth; 1/3 octave)
with central frequencies from 0.5 to 8 kHz.
The children's basal auditory skills were assessed with a structured test using a variety of
everyday sounds. Their ability to derive meaning from the auditory events was assessed by
testing their ability to associate sounds with their sources (basal sound identification task).
The test was scored in levels: level 0: no consistent identification; level 1: 100% score in a
2 AFC set-up; level 2: 100% score in a 3 AFC set-up; level 3: at least 75% score in a 4
AFC set-up; level 4: at least 80% score in a 5 AFC set-up.
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Speech perception skills were evaluated by means of a test battery, including closed- and
open-set speech perception tests. Three tests are presented below with increasing levels of
complexity. The most basal speech perception test included a closed-set test for supra
segmental identification (according to Erber and Alencewicz10). Furthermore, a more
complex closed-set monosyllable word identification test was applied. This test was a Dutch
version of the monosyllable test of the ESP (early speech perception tests by Geers and
Moog11). In the closed-set format, children were able to respond by pointing to the relevant
picture.
The last test concerned an open-set word recognition test; this test was the most difficult and
comprised standard lists of monosyllables developed for young children.
The scores on the first two tests were adjusted for the number of items and the number of
alternatives, using the following formula:
Sad = {(C-I/(N-l))/n}xlOO, where Sad is the adjusted score, С is the number of correct
items, I is the number of incorrect items, N is the number of alternatives and η is the total
number of items.
The tests were administered live-spoken by one speech therapist at approximately 70 dB
SPL, without lip reading. All the measurements were performed in special sound-treated
rooms.
The "Scales of Eearly Communication Skills for Hearing Impaired Children" (Moog and
Geers12) were applied to assess verbal communication abilities. Only the receptive verbal
language abilities were evaluated.
All the tests were administered in the pre-implant condition and at 6, 12, 24 and 36 months
after the processor had been fitted, respectively.
Speech production performance was assessed by a short version of the "Utrecht Articulation
Test". 13 The test was used to quantify the articulation of consonants, vowels and consonants
blend. Children were requested to name a serie of 20 target words represented by pictures.
Responses were scored by a speech-language pathologist. The outcome measure is the
number of target words that were articulated completely correct. The articulation test was
administered to 12 out of the 15 children (subject 3 was not tested, nor were 2 children in
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the control group) in the pre-implant condition and at 6, 12 and 24 months after the
processor had been fitted, respectively.

RESULTS

Hearing thresholds - Figures la and lb present the average unaided hearing thresholds in
the best ear as a function of frequency in the partial insertion group and the control group,
respectively. Hearing thresholds that exceeded 130 dB HL were plotted at 130 dB HL. The
average aided free-field hearing thresholds with conventional hearing aids and the CI are
also presented in the figures. Aided thresholds with the CI were between 30 and 50 dB HL
at frequencies of 0.5 to 8 kHz. These values are in agreement with the literature.14 No
obvious difference in aided thresholds was found between the two groups. The individual
aided audiograms of all the children with partial insertion were found to be situated well
within the 2 sd region of the control group.
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Fig. 1a Average unaided pure tone hearing thresholds preoperatively ( · ) and
average aided thresholds with CI (A) and with hearing aid (•) as a function
of frequency in the partial insertion group.
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Fig. 1b Average unaided pure tone hearing thresholds preoperatively ( · ) and
average aided thresholds with CI (•) and with hearing aid (•) as a function
of frequency in the control group.
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Basal auditory skills
Fig. 2 shows the levels of sound identification in the partial insertion group and the control
group at the various follow-up intervals. Subject 2 achieved the highest score (level 3) on
the sound identification test 12 months after die device had been fitted, while subjects 1 and
3 scored level 0. The median level achieved by the control group was 2.5 (range: 2-3).

pre

6

12

24

Follow-up (months)
Fig. 2 Performance (in level) on the basal sound identification test of subjects
1 to 5 with partial insertion, and the control group (median level) at the various
follow-up intervals, pre: pre-implantation.

The control group achieved a median score of 4 (range: 3.5-4) 36 months after the device
had been fitted; progression in score was also seen in subjects 1, 4 and 5. There were no
significant differences in score between the partial insertion subjects and the control group
36 months after the device had been fitted (Wilcoxon signed rank test). Subject 3 was not
tested at 36 months, because he had stopped using his device.
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Speech perception skills
Fig. 3a shows the adjusted scores of the five children in the partial insertion group and the
average adjusted score of the control group on the suprasegmental word identification test.
Six months after the device had been fitted, none of the children in the partial insertion
group scored above the 95% significance level (>23%), while at 12 months, subjects 1, 4
and 5 scored above the significance level; further progress was seen in these children. On
average, the control group scored above the significance level 6 months after the device had
been fitted; further improvement in scores was seen in this group, who achieved the highest
score 36 months after the device had been fitted (mean: 92%; range: 81-96%).
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ü
pre

6

12

24

Follow-up (months)
Fig. 3a Adjusted scores on the suprasegmental word identification test of
subjects 1 to 5 with partial insertion and the control group (mean score and
standard deviation) at the various follow-up intervals. The 95% significance
level is shown as a continuous line, pre: pre-implantation.

Results on the more complex word identification test are shown in Fig. 3b. None of the
children in the partial insertion group scored above the significance level (> 14%) after 12
months of implant use. Subjects 1, 2, 4 and 5 scored above the significance level, but all
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below 40% after 36 months of implant use. The control group achieved a mean score of
88% (range: 83-96%).

DS1 BS2 DS3 ÜS4 BSS BCG
100
80.
о
о
à?
о¡о
8
•D
Я

60
4020
MJHLU

pre

M

Д2І
6

12

24

36

Follow-up (months)
Fig. 3b Adjusted scores on the segmental word identification test of subjects
1 to 5 with partial insertion and the control group (mean score and standard
deviation) at the various follow-up intervals. The 95% significance level is
shown as a continuous line, pre: pre-implantation.

On the most difficult open-set word recognition test, 36 months after the device had been
fitted (Fig. 3c), only subject 4 achieved word recognition, while the control group achieved
a mean score of 56% (range: 43-64%).
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Fig. 3c Raw scores on the open-set speech recognition test of subjects
1 to 5 with partial insertion and the control group (mean score and standard
deviation) at the various follow-up intervals, pre: pre-implantation.

Scales of Early Communication Skills
Fig. 4 shows the standard scores on the receptive scales in the control group and the partial
insertion group (standard score 0 is the average level for their age).
Preoperatively, almost all the children scored within the 2 sd (standard deviation) range,
except for subject 3. Gradual improvement over time was seen in most of the children.
After 24 months of implant use, all the scores were within the 1 sd range.
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Fig. 4 Standard scores on the "Scales of Early Communication Skills for
Hearing Impaired Children" of subjects 1 to S with partial insertion and
the control group (mean score and standard deviation) at the various follow-up
intervals. 0-line represents the average normative level, corrected for age.
pre: pre-implantation. SI: • ; S2: • ; S3: · ; S4: • ; SS: • ; CG: О

Speech production
The speech production scores of the 4 subjects tested with partial insertion and the control
group are shown in Figure 5.
Before implantation, all 4 subjects with partial insertion and the children in the control
group performed poorly (none of the 20 target words were correctly articulated).
A significant increase in the overall articulation score was seen in subjects 1 and 2 and in
the control group when the preoperative performance was compared to the performance
after 24 months of implant use (Wilcoxon-test; ρ <0.05). There was no significant
difference in the scores between subjects 1 and 2 and the control group after 24 months of
implant use. Subjects 4 and 5 both performed poorly after 24 months of implant use.
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Fig. 5 Speech production scores on the "Utrecht Articulation Test"
(maximum score: 20 target words correctly articulated) for subjects
1,2,4 and 5 with partial insertion and the control group (mean score
and standard deviation) at the various follow-up intervals,
pre: pre-implantation.

DISCUSSION AND CONCLUSIONS

The purpose of this study was to compare the performance of children with partial electrode
insertion to that of children with full insertion on several different outcome measures. A
comparison of 5 children with partial electrode insertion and 10 children with full insertion
did not reveal any differences in aided thresholds after the device had been fitted.
Differences were found between the partial insertion group and the control group on the
basal sound identification test. Grosly, a delay of about 1 year was seen in the development
of the children with partial insertion. Subject 3 was not tested after the 12 months postdevice fitting session, because electrical stimulation of the implanted ear was no longer
effective. So in fact, cochlear implantation in subject 3 was a failure. Already during CI
surgery, no identifiable electrically evoked auditory brainstem (EABR) responses and
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stapedius reflex (SR) thresholds were found. Six weeks after the surgery, a response to
electrical stimulation was found for 10 electrodes. Nevertheless, responses to auditory
stimuli during the rehabilitation period were inconsistent and further programming sessions
of the speech processor were troublesome. At an evaluation nine months after the surgery,
no behavioural response could be obtained on the 10 electrodes stimulated. Integrity
measurements (according to the method described by Mens et al.15) of the implant showed
no abnormalities. EABR measurements were performed under general anesthesia but again
no identifiable responses were found up to the highest stimulation levels. CT scanning
showed no extrusion of the electrode array out of the cochlea. In conclusion, the integrity
measurements showed that the implant was working. In retrospect it might be questioned
whether this subject had adequate electrical stimulation at any moment. It should be
mentioned that this child had by far the longest duration of deafness (8 years and 7 months),
while the other children in the partial insertion group had a duration of deafness between 3
and 4 years. This suggests that deprivation of the auditory system and/or more severe
ossification might have played a role.

Suprasegmental speech test scores showed gradual improvement over time in subjects 1, 4
and 5 and the control group, but not in subjects 2 and 3. The word identification scores of
the children in the partial insertion group were lower than those of the controls, see Fig. 3b.
On the basis of the open-set word recognition test results it was concluded that even after 36
months of implant use, only one subject of the partial insertion group (subject 4) reached
open-set word recognition.
The performance of all the children (partial and full insertion) on the "Scales of Early
Communication Skills for Hearing Impaired Children" after 36 months of implant use was
close to the average level for their age. Although most data points were already within the 2
sd region before cochlear implantation, an obvious improvement was seen for subjects 4 and
5.
Speech production results indicated that the articulation of subjects 1 and 2 in the partial
insertion group developed quite well and in accordance with the control group. It is not
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unlikely that the improvements in speech production were solely attributable to CI use,
because sound discrimination and speech perception performance at basal level was not so
poor in the partial insertion subjects. The results suggest that this is enough for control over
their own voice. However, it is possible that other factors, such as speech therapy in the
educational setting had an influence on speech production performance. We have no
explanation for the poor performance of subjects 4 and 5. Regarding the speech perception
tests (see Figure 3) these two children seemed to be the better performers, however, only at
the latter evaluation moments. Probably, the evaluation period of 2 years, concerning the
speech production test, was too short for these 2 children. While the limitations of this study
are acknowledged (small number of children, subjects 3 and 4 with relatively early age at
onset of deafness compared with control group and the relatively late implantation of subject
3), the speech perception data showed that the performance of the 5 children with partial
electrode insertion was poorer than that of the children with full electrode insertion. This is
in agreement with the results reported by Cohen and Beiter,1 but in disagreement with
those of Kirk,9 who reported that children with partial and full electrode insertion made
similar improvements even in closed- and open-set speech recognition.
The poor results of the children with partial electrode insertion after 36 months of implant
use on the open- and closed-set speech perception tests, suggests that just a delay in
development is not the only cause. We believe that the combination of a partially or totally
ossified cochlea, extensive drilling and a partial electrode insertion is responsible for the
poorer results.
There might be another contributing factor for the poor performance of the children in the
partial insertion group. Osberger16 and Somers17 reported that children with a CI who were
using the oral-aural mode of communication achieved better speech and language skills than
those who were using total communication. In this study five of the children in the control
group and only one child in the partial insertion group (subject 3, who stopped using his CI
after 12 months of implant use) were participating in oral-aural communication
programmes, so the mode of communication may have been a contributing factor. However,
it should be mentioned that for the open- and closed-set speech recognition test, the scores
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of the 5 children with partial electrode insertion were all poorer than that of the poorest
performer of the control group.
Another explanation for the poor results is that the number of active electrodes might affect
the postoperative results. The effects of a limited number of active electrodes have been
evaluated by several investigators. For example, Kileny18 compared closed- and open-set
speech perception scores using 10 versus 20 active electrodes in patients with full insertion.
Although there was no statistically significant difference in performance, patients did appear
to have better open-set speech perception scores when all electrodes were in use. This
suggests that the limitation of the number of active electrodes played a minor role.
In conclusion, the children with partial electrode insertion did benefit from a CI, but not to
the same degree as the children with full electrode insertion. Some of the children had poor
results. This raises questions about implantation in cases in whom CT scanning indicates
totally ossified cochleas.
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Stapedius reflex and EABR thresholds in cochlear implant users

ABSTRACT

Evoked auditory brainstem responses and stapedius reflex thresholds were established in 7
experienced users of the Nucleus cochlear implant. Even using biphasic 400 цв/рЬаве clicks
for the evoked auditory brainstem response, responses were observed in only 5 patients; no
stapedius reflex was seen in 3 patients, 2 of whom had a history of middle-ear disorder. The
evoked auditory brainstem response threshold varied widely between subjective threshold
and uncomfortable loudness level for the same stimulus. The average stapedius reflex
threshold was found somewhat more consistently at 68% of the dynamic range between
threshold and uncomfortable loudness level, but grossly overestimated the most comfortable
level in most cases. To obtain equal loudness at the same current level we suggest that
broad clicks (300 цз/рЬаве) should be used for evoked auditory brainstem response
measurements, thus compensating for the lower repetition rate of evoked auditory brainstem
response stimulus compared with the device fitting stimulus.

INTRODUCTION

Essential to successful application of a cochlear implant (CI) is the fitting of the stimulation
levels to the individual dynamic range. For this purpose, objective thresholds and saturation
levels derived from electrically evoked auditory brainstem responses (EABR) and
electrically evoked stapedius reflex (ESR) measurements measured intraoperatively were
1 4

applied. " In the present study, both EABR and ESR data were established in the same
implanted patients in order to compare the usefulness of both methods.
Seven experienced adult CI users participated in the study. Stimulus parameters were chosen
to produce a maximally effective stimulus so that responses would be elicited in as many
ears as possible. To this end, biphasic 400 цв/ріше clicks were used for the EABR; a broad
stimulation mode (bipolar + 3) was used in both methods.
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MATERIAL AND METHODS

Subjects
Patient data are given in Table 1. In all the patients, the electrode array was inserted in the
cochlea over its full length. All patients were experienced and successful users of the
implant, wearing it all day.
In patient 14, a perforated tympanic membrane was found in both ears; the patient has a
history of otorrhoea in the ear opposite to the implant.

Table 1. Summary of data from 7 experienced Nucleus implant patients participating m the experiment.
Monosyllable. 4AFC monosyllable word recognition, sound only (% correct)

Pat
No.

Age

6
13
14
15
16
19
21

57
27
44
63
38
61
51

Age
at onset

11
7
37
26
27
54
7

Middle ear
complicatone

-

perf. eardrums

-

stapes prosth.

~

Etiology

Monosyllable

EABR ESR

meningitis
meningitis
mumps
unknown
unknown
otosclerosis
meningitis

78
90
93
86
100
92
75

+
+
+
+
+

+
+
+
+

Methods
For the EABRs, biphasic pulses ("clicks") of 400 цз/ріше were used at a repetition rate of
12.5 pps. The DPI interface and MSP processor was controlled by the MINT software
(Cochlear Company). The broad bipolar + 3 stimulation mode was chosen instead of the
more commonly used but less effective bipolar + 1 mode in order to minimize the number
of instances where no EABR would be obtained due to an insufficient stimulus amplitude.
Recording electrodes were places on the mastoid ipsilateral to the stimulation (indifferent),
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contralateral mastoid (negative) and forehead (positive). The band-pass filter settings of the
registration system (Medelec ER94) were 0.1 and 3000 Hz with a 6 dB/octave cut off.
Normally, for each measurement condition, 512 averages were adequate for reproducible
EABR recordings. To minimize the effect of the stimulus artefact the recording was
obtained contralateral to the stimulation side.
To elicit the ESR, bursts of biphasic pulses of 1 s duration with a repetition rate of 250 pps
and a pulse width of 204 цз/рЬазе were presented in stimulation mode bipolar + 3. The
time between two stimulations was 3 s. A clinical impedance meter (Amplaid 702) was
used.
At the beginning of a session, behavioural threshold levels (T-levels), most comfortable
loudness levels (C-levels) and uncomfortable loudness levels (U-levels) were obtained, once
for the ESR bursts and once for the EABR clicks. Both for the ESR and the EABR
measurements three pairs of electrodes were individually selected so as to stimulate
approximately the same apical, basal and medial section of the electrode array in all
patients. For both the EABR and the ESR recording, stimulation started at C-level and the
level was varied in steps of about 10% of the dynamic range to find the response threshold.
The maximum stimulus level was limited by the U-level. Thresholds were first established
on the apical pair, then the medial pair, and finally the basal pair. The recording took about
2 h. ESR thresholds were obtained at maximal middle ear compliance in the ear
contralateral to the stimulation.

RESULTS AND DISCUSSION

Incidence of EABR and ESR thresholds and saturation
EABR responses were found in 5, and ESR responses in 4 out of 7 patients (see Table 1).
Responses were found on all three electrode pairs in these patients. The lack of an
identifiable EABR in patients 15 and 19 does not match the high proportion of successful
EABR recordings reported in other studies.2 No ESR was found in 3 patients out of 7,
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which exceeds the data of Battmer et al.1 who found no reflex in only 16%. Although
patients 15 and 19 were cooperative, it may be that electrically evoked auditory brainstem
responses can be obtained in these patients under sedation or intraoperatively. The lack of a
ESR in patient 14 can be explained by the bilateral perforations of the tympanic membrane;
patient 19 had bilateral otosclerosis. It is not clear why no ESR was found in patient 15.
Saturation of the objective response amplitude was not found on all electrodes and the
variability of the response amplitude at different stimulation levels was considerable.

EABR and ESR thresholds as predictors of behavioural loudness levels
In the following analysis, objective thresholds are compared with the behavioural loudness
levels for the bursts used for the ESR recordings, which are identical to the bursts used in
device fitting except for a longer duration (1000 ms instead of 500 ms).
An analysis of variance (procedure GLM, SAS Institute) showed no significant differences
in the EABR and ESR thresholds between the apical, medial and basal place of stimulation,
both expressed in current level and as a percentage of the dynamic range for the ESR
stimulus between threshold and C-level as well as between threshold and U-level.
Therefore, the data were pooled over place of stimulation. The same ANOVA showed no
significant difference in the EABR latency of the most prominent peak "V" between the
basal, medial and apical place of stimulation (3.9, 3.9 and 3.83 ms from the beginning of
the stimulus).
The EABR threshold varied widely in the individual dynamic range for 250 pps bursts (see
Table 2). The ESR threshold was found somewhat more consistently above C-level at 68%
of dynamic range between T-level and U-level, in agreement with earlier reports. ' As a
predictor of the C-level required for device fitting, the stimulus level at ESR threshold
clearly cannot be used. Even if a C-level was set at 50% of the dynamic range between Tlevel and ESR threshold, in some patients stimulation would be above C-level.

120

Stapedius reflex and EABR thresholds in cochlear implant users

Table 2. Position of the EABR and ESR threshold within the dynamic range for Is
2S0 pps bursts

EABR threshold
ESR threshold

Percent of dynamic range
between T- and C-level

Percent of dynamic range
between T- and U-level

Mean s.d.

Min

Max

Mean s.d.

Min

Max

69
158

-7
73

210
300

37
68

-3
45

93
92

59
81

29
18

The effect of pube width on loudness
The predicative value of EABR parameters for implant device fitting is hampered by
loudness differences between the short EABR clicks and the long device fitting bursts.
Allum at al. 4 reports a poor correlation between the average C-level for bursts at 250 pps
and for clicks at 17 pps. C-levels for clicks were on average 28 current steps higher (both
stimuli 204 μβ/ρίωβε). In the present study, an EABR click with a broad pulse width of 400
цв/ріше was used. The behavioural threshold for these clicks was actually 12 current levels
lower than for bursts (t-test, p < 0.001). This fits in rather well with data of Shannon5 who
found that, although behavioural thesholds for clicks increase about 2-3 dB for decreasing
pulse rate from 250 to 50 pps, they decrease about 3-4 dB for increasing pulse widths from
200 to 400 μβ. Fig. 1 shows that at C-level the 250 pps bursts were as effective as the 400
μβ EABR clicks. Thus, using broader pulses for the EABR can - at threshold and C-level compensate for the lower repetition rate. However, in spite of the average loudness match at
C-level, no systematic correspondence is found between the EABR threshold and loudness
levels (including the C-level).
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250

200.

и
tí,
ca
<
250
SR Burst (current level)
Fig 1. Stimulus amplitude at T-level (A), C-level (·) and U-level (•).
Clicks: 12.5 pps, 400 цс/рЬасе. Bursts: Is, 250 pps, 250 \хь /phase.
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ABSTRACT

Electrically evoked stapedius reflex measurements were obtained in 19 children during
surgery for cochlear implantation. They all received the Nucleus device. Stapedius reflexes
could be elicited in all the children with congenital deafness but not in all the children with an
etiology of meningitis. The intraoperative stapedius reflex thresholds were compared with
postoperative values obtained after fitting of the speech processor and with the children's longterm behavioural most comfortable levels (C-levels). The intraoperative reflex thresholds were
considerably higher than the postoperative reflex thresholds (44 'stimulus level steps' on the
average), which could in part be ascribed to the influence of anesthetics used during surgery.
It was concluded that, especially in children with an etiology of meningitis, the intraoperative
stapedius reflex threshold (even after corrections for the concentration of the volatile
anesthetics used) was a weak predictor of the C-level.

INTRODUCTION

An essential part of the successful application of a cochlear implant (CI) is to adjust the
stimulation levels to the patient's dynamic range. This can be a problem, especially in young
children. To overcome this, several authors have advocated the use of objective threshold
measurements during surgery, such as electrically evoked auditory brainstem response
(EABR) thresholds and electrically evoked stapedius reflex (ESR) thresholds.'"8 It has been
suggested that EABR and ESR thresholds can be used to predict the behavioural threshold and
the most comfortable level, respectively.3"8 However, postoperative measurements showed that
EABR thresholds were not specifically related to behavioural thresholds; in several patients,
they were even closer to the most comfortable levels.2-3,5,6 Although ESR thresholds were
found to be related to the most comfortable levels, they overestimated these levels in several
459

patients. '
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To date, both techniques (EABR and ESR measurement) are in use, but there are no decisive
arguments in favor of one or the other. A technical restriction of the EABR measurement is
that it is much more susceptible to noise and electrical artifacts than the ESR measurement.
Furthermore, the pulse repetition rate for EABR recordings (typically 15-40 pps) is much
lower than the rate at which the implant works. This complicates the prediction of behavioural
measures from EABR measures. For ESR measurements, there are no constraints in this
respect. On the other hand, ESR measurement requires normal middle ear function.
In a previous study, we compared the outcomes of the two techniques in the same patients.5
There was less deviation of the postoperatively determined ESR thresholds (better grouped in
the patient's dynamic range) than the EABR thresholds. Thus, there seem to be some
arguments in favor of the ESR measurement.
The value of intraoperative measurement of ESR and EABR thresholds for device fitting has
been studied by several groups. 3 · 6 " 8 ' 1011 These studies showed that if certain precautions were
taken and/or corrections were made the outcomes could be considered as suitable for device
fitting. However, the error of estimation was found to be significant in several cases. [It
should be noted that the intraoperative EABR measurement has been advocated for another
main purpose, namely for selection of the ear of implantation.12] A specific problem with
intraoperative ESR measurement is that anesthetic agents may weaken the stapedius
reflex.10'13"16 The effects of most agents are not well described except for muscle relaxants
and volatile gaseous agents.10·13·15
In the present study, we evaluated the ESR thresholds of 19 children determined during CI
surgery. The following issues were examined in retrospect: the effect of the etiology of
deafness, the effects of the anesthetic agents used during surgery (muscle relaxants, volatile
gaseous agents), and the relation between the ESR thresholds and device-fitting parameters.
The effects

of other anesthetic drugs administered intravenously

were not studied

systematically, because a great diversity of agents and combinations was applied by the
anesthetists to achieve optimal anesthesia.
The intraoperative ESR measurement was performed after insertion of the electrode array just
before closing the middle ear cavity, while the administration of relaxants was discontinued.
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In several children, the measurement was repeated at the end of surgery just before the wound
was dressed. At this time, the child was breathing on his/her own and muscle relaxants had
not been administered for at least 45 min. This additional measurement was introduced to see
whether there was any improvement at the end of surgery owing to further wash-out of muscle
relaxants or recovery from deep anesthesia. Furthermore, ESR thresholds were obtained after
the fitting of the speech processor to see whether or not the intraoperative values were close to
the real ESR thresholds (the so-called postfitting ESR thresholds). Finally, each child's
intraoperative ESR thresholds were compared to their (long-term) most comfortable levels.

MATERIALS AND METHODS

Subjects
ESR measurements were performed on 25 children during CI surgery. They all received the
Nucleus 22-electrode CI. In four of the children, the electrode array could only be inserted
partially; the results of these children were excluded. In two other children, ESR measurement
was discontinued because of the absence of the stapedius tendon in one child and thick mucosa
around the stapes in the other. Therefore, the data of 19 children were available for
evaluation.
Some biographic data are presented in Table 1. Six of the children had congenital deafness.
The cause of deafness in the others was meningitis. The age at implantation was 3.9-12.3
years. During surgery, minor ossification in the scala tympani was found in six of the
children, which needed some drilling. The integrity of all the implants was checked according
to the procedure described by Mens et al.17 All the children had been using their CI on a daily
basis for at least 10 months. Word identification testing revealed scores which were
significantly above chance in all the 19 children.
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Table 1. Mean age at implantation (Aal) and mean duration of deafness (DoD) of the children
subdivided according to etiology and the elicilability of the stapedius reflex (ESR) during surgery'

Etiology

Intraoperative ESR

η

Aal (years)

DoD (years)

Congenital

Present
Absent
Present
Absent

6
0
9
4

8.3(2.7)

8.3(2.7)

7.2(2.1)
7.9(3.3)

5.0(2.1)
4.8(1.8)

Meningitis

'standard deviations are indicated between brackets

Procedure
To elicit the ESR, biphasic pulses with variable width ("stimulus level") with a repetition rate
of 250 pps were presented for 1 s. The "common ground" stimulation mode was used (as it
was for device fitting). The stimuli were generated by the DPS software and presented via a
speech processor linked to the DPI interface.
As volatile anesthetics, Halothane was used in 13 children and Isoflurane in six children,
depending on the anesthetist's preference.
After insertion of the electrode array, before closing of the middle ear cavity, the transmitter
coil was placed in a sterile bag and positioned over the receiver. Contractions of the stapedius
muscle were monitored by means of the operation microscope and television screen.
Observations were made during stimulation; thereto, the presence of a stimulus was indicated
by an acoustic signal. Prior to testing, the administration of muscle relaxants was discontinued
and muscle activity was normal according to neuromuscular monitoring of limb muscles.16
Stimulation was started at a "stimulus level" of 100 and increased with steps of 10 levels up to
level 230, if necessary. When a response was found, the stimulus was increased once more by
10 levels to verify the presence of a stapedius reflex. Afterwards, the level was decreased by
20, and the measurement was repeated with steps of five levels. Electrodes 1, 5, 10, 15, 20,
and, in some children, also 22 were tested.
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In nine of the patients, the stapedius reflex measurement was repeated at the end of surgery.
This time, the stapedius reflex was determined at maximum compliance in the contralateral ear
using a clinical impedance meter (Amplaid 702). The stimulation procedure was identical to
that used for visual determination of the reflex.
At least 3 months after the speech processor had been fitted, ESR measurements were repeated
on 13 of the children (the so-called postfitting ESR). The remaining six children did not
participate because of various reasons. The measurement set-up and procedure were identical
to those used at the end of surgery, except that the initial stimulation level was the child's
behavioural threshold, and step size below the most comfortable level (or C-level) was five
levels and above the C-level was two levels. The maximum stimulation level was the child's
uncomfortable loudness level.
To study the value of intraoperative ESR thresholds for the prediction of C-levels, the most
recent fitting results were used, obtained at least 6 months after the initial speech processor
fitting. According to the audiologist, the C-levels could be considered reliable in all the 19
children.

RESULTS

Incidence of electrically evoked stapedius reflex
In the majority of children, ESR thresholds could be established visually. Figure 1 shows the
incidence of intraoperative ESR versus the electrode number for the children with congenital
deafness and for those children whose cause of deafness was meningitis. A clear difference
was observed between both groups. The poor result of the meningitis group compared to the
congenital group could not be ascribed to the age at implantation or the interval between the
onset of deafness and implantation as these were either statistically indistinguishable or to the
advantage of the children whose cause of deafness was meningitis (Table 1).
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Fig. 1 The incidence of electrically evoked stapedius reflex (ESR) during cochlear
implant surgery as a function of electrode number. The results of the congenital
group (n=6) and meningitis group (n= 13) are presented separately.

Comparison of the visually established ESR thresholds and the ESR thresholds obtained at the
end of surgery showed that a reflex could be elicited on both occasions in five of the nine
patients tested and could not be elicited on either occasion in three patients. In one patient, a
reflex could be established visually (although only at the extremes of the electrode array,
electrodes 1 and 20), but not at the end of surgery. The average ESR threshold established
visually was 12 levels below that established at the end of surgery (range, 30 to 5). This
means that there was no improvement in the ESR thresholds at the end of surgery.
Postfitting ESR thresholds were found in nine out of the 13 children tested (Table 2). In the
other four children, it was not possible to evoke a stapedius reflex up to the highest stimulus
level that the child could tolerate. Again, the results of the meningitis group were poorer than
those of the congenital group. In two patients whose cause of deafness was meningitis, no
reflex could be elicited during surgery, but a reflex could be elicited later on. However, in
these two children, a postfitting ESR was found at one and two electrodes, respectively, close
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to the children's uncomfortable loudness level. Furthermore, the ESR was of the diphasic, onoff type.

Table 2. Comparison between the intraoperative ESR and postfitting ESR in 13 children
Postfitting ESR
Absent

Etiology

Intraoperative ESR

Present

Congenital

Present
Absent

5
0

0
0

Meningitis

Present
Absent

2
2

2
2

Effect of volatile anesthetic agents
Comparison of the intraoperative and postfitting ESR threshold values showed that, on
average, the intraoperative ESR threshold was 44 levels higher (sd, 31; range, 2-100 levels) in
the children who displayed an ESR. This discrepancy can partly be ascribed to
anesthesiological factors, as illustrated in Fig. 2. This figure shows the relation between the
expiratory concentration of Halothane and the ESR threshold in an individual child. Initially,
the Halothane concentration was 0.6% (volume %; measurement A); then, it was increased to
2% (measurement B) and finally decreased again to 0.6% (measurement C). ESR
measurements were performed under all three conditions with a 5-min interval between the
Halothane adjustment and the ESR measurements. A significant increase in the ESR
thresholds was seen after the increase in concentration, with recovery after the Halothane
concentration had decreased. The ESR threshold increased by approximately four levels per
0.1 % Halothane between measurements A and B.
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Fig. 2 Intraoperative stapedius reflex thresholds (ESRT) from a child in whom
the concentration of Halothane was changed during the measurements from 0.6%
(measurement A) to 2.0% (B), and 0.6% (C). Results of electrodes 1, 5, 15
and 20 are presented, respectively.

Next, the relation between the individual intraoperative ESR thresholds and the percentage of
Halothane used was determined in all the children who received Halothane. As an example,
Fig. 3 shows this relation for electrode 1. The results of nine children are shown because ESR
thresholds were obtained from only nine out of the 13 children who received Halothane during
the surgery. The correlation between the ESR threshold and the percentage of Halothane was
0.85, which was significant at the 1% level. At the other electrode positions, similar results
were obtained. The dotted line represents the four-level increase per 0.1 % Halothane found in
the former experiment (Fig. 2). The slope of this line fits reasonably well with the increase in
the ESR threshold with increasing Halothane concentration.
Therefore, as a first order approximation, the intraoperative ESR thresholds were corrected
for the effect of Halothane by lowering them by a factor of four times the concentration of
Halothane expressed in multiples of 0.1 %. The average difference between the intraoperative
ESR thresholds and the postfitting ESR thresholds, which was 44 levels before correction, was
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18 levels (sd, 23; range, -18 to 55) after correction. This indicated that correction was
bénéficiai.

Next, the corrected intraoperative ESR thresholds were compared to the corresponding
C-levels. On the average, the ESR thresholds were 13 levels above the C-levels (sd, 38; 32
observations in nine children). Without the correction, the discrepancy was 46 levels. In eight
out of the nine children, the corrected ESR thresholds were close to or above the C-levels. In
one child, the ESR thresholds were found at levels clearly below the C-levels. The ESR
results in the six children who received Isoflurane are also presented in Fig. 3. The pattern
was similar to that for Halothane, but the correlation was not significant. Therefore, it was not
considered feasible to correct these ESR threshold values, as was done for Halothane.
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Fig. 3 Individual intraoperative stapedius reflex thresholds (ESRT) of
electrode 1 as a function of the concentration of Halothane (n=9) or
Isoflurane (n=6) administered during surgery. The subscript с refers
to results of children whose onset of deafness was congenital.
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DISCUSSION

During surgery, ESR thresholds were established twice in a number of children: once with, in
principle, less objective visual determination and once, at the end of surgery, with the middle
ear impedance measurement. Comparison of the results showed that there was no
improvement in the ESR thresholds at the end of surgery, which means, firstly, that the visual
determination of the stapedius reflex was adequate and, secondly, that (further) wash-out of
muscle relaxants or recovery from deep anesthesia at the end of surgery did not improve the
reflex thresholds.
An ESR could be established visually in most of the children, but the response of some of
them with an etiology of meningitis was poor. Mason et al.7 and Battmer et al.8 reported that a
stapedius reflex could be elicited intraoperatively in all of their cases, but not at all the
electrodes; in the present study, this was only found in the children with a congenital etiology.
Mason et al.7 reported that most of their 'no response' measurements concerned electrodes in
the centre of the electrode array; the present observations were in agreement with this. No
intraoperative ESR could be elicited in 30% of the children whose cause of deafness was
meningitis. Postfitting ESRs could not be obtained in as many as 50%. These differences
between the congenital group and the meningitis group could not be ascribed to age at
implantation or duration of deafness. Poor elicitability of the stapedius reflex in the meningitis
cases is in accordance with the results reported by Spivak et al.9 who found that ESR
thresholds could be determined postoperatively only in a minority of children whose etiology
was meningitis, but in the majority with a congenital etiology. This suggests that the reflex arc
may be compromised in the children whose cause of deafness is meningitis. Additional
support for this assumption is the intraoperative measurement of the compound action
potential reported by Gantz et al.18 They found that the performance of children with
congenital deafness was better than that of the children whose cause of deafness was
meningitis. They suggested that the congenital deaf children presumably had better eighth
nerve survival.
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After surgery, reflex thresholds were found at lower levels than during surgery, even after
correction had been applied for the effect of Halothane. The remaining discrepancy of 18
levels may be ascribed to the influence of other anesthetic agents or improved sensitivity of the
neural system to stimulation. In their study on the influence of anesthetic agents on the ESR,
Gnadeberg et al.10 also compared intra- and postoperative ESR thresholds. At best, they found
an average discrepancy of 10 levels; this is in fair agreement with the present results. Brown
et al.6 reported that electrically evoked ABR thresholds obtained postdevice fitting were on
average 20 levels lower than the intraoperative values. The present discrepancy of 18 levels
compares well with their value. As brainstem responses are largely unaffected by the most
commonly used anesthetic agents,19 improved sensitivity of the auditory neural system
probably caused the discrepancy, not the anesthetics.
On average, the corrected ESR thresholds were 13 levels above the C-levels, but the sd was
high. This means that the relation between the two measures was poor. A similar conclusion
can be drawn from the results presented by Mason et al.7
Diphasic reflex waveforms were found in two children in the meningitis group after the device
had been fitted. It has been reported that diphasic stapedius reflexes are fairly common in the
20

early stages of otosclerosis. During surgery, there was some ossification in the scala tympani
of both children. It is suggested that, in these two cases, the stapes might have been less
mobile than normal owing to the spread of ossification into the scala vestibuli. The most
common location for bone growth in meningitis is the basal turn region of the scala tympani,21
but the scala vestibuli may also be involved in some cases. Decreased mobility of the stapes
might have been the reason why, during surgery, no ESR was observed in these two cases. In
four other children with ossifications, normal stapedius reflex waveforms were found, which
may be ascribed to ossification restricted to the scala tympani.
To conclude, if no ESR is observed during surgery, which occurs in a number of cases with
an etiology of meningitis, no conclusions can be drawn. If an ESR is found, the results
suggest that the ESR thresholds can only be considered as weak predictors of the C-levels,
especially if meningitis was the cause of deafness. EABR measurements might be a better
choice in these patients.
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SUMMARY

Over the past IS years, cochlear implants (CI) have become an accepted therapeutic means of
enabling adults and children to receive auditory information if they are so profoundly deaf that
they do not benefit from amplification with a hearing aid.
Cochlear implants are implantable hearing prostheses which stimulate the cochlear nerve
directly by the application of an externally produced electric current. The resultant nerve
impulses travel to the auditory cortex of the brain, resulting in the perception of sounds.
As an extension of adult CI programmes, paediatric cochlear implantation has gained
worldwide acceptance for the rehabilitation of profoundly deaf children. Approximately
15,000 children all over the world have received a CI with varying levels of success. Within
the Nijmegen/St. Michielsgestel paediatric CI programme, 62 children have been implanted by
now. In this thesis, specific aspects of cochlear implantation in children are addressed with
special reference to postmeningitic deafness.

In Chapter 2, an overview is given of the different aspects of postmeningitic sensorineural
hearing loss.
In children, bacterial meningitis of any type is a serious illness which can leave children with
neurological and audiological sequelae. Postmeningitic hearing loss can occur very quickly
after the acute infection, so it is important that paediatricians refer every child with bacterial
meningitis to the ENT/Audiology department for audiological assesment.
Improved antimicrobial therapy and the use of corticosteroids have resulted in major
reductions in mortality and hearing loss as sequelae of bacterial meningitis. Haemophilus
influenzae type b (Hib) was the most frequent cause of bacterial meningitis before 1990. Due
to the introduction of Hib vaccination this form of meningitis is now rare. In the Netherlands,
Hib vaccination became part of the national vaccination programme in April 1993. The
incidence of Hib meningitis decreased rapidly after 1993. Most studies show that
Streptococcus pneumoniae causes the highest incidence of severe hearing loss after bacterial
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meningitis. Vaccines against Streptococcus pneumoniae and Neisseria meningitidis are being
developed and hopefully can soon be included in the immunization programmes.
In most paediatric CI selection procedures, the absence of functional hearing with hearing aids
is the most important criterion for CI candidacy. However, it is often difficult in young
children to find out whether the hearing aid provides the child with appropriate information to
derive meaning from acoustic events. Several prescription rules have been developed for
application to children with profound hearing loss. In Chapter 3, three methods which
prescribe hearing aid gain (POGO-Π, NAL-PD and DSL) were evaluated to determine which
hearing aid fitting rule was the most optimal. The methods were evaluated by comparing the
calculated and measured gain as a function of frequency in hearing impaired children (n=16),
all of whom were successful users of hearing aids. It was concluded that NAL-PD proved to
be the most adequate rule for obtaining the desired insertion gain, immediately followed by the
DSL-method. The POGO-Π rule gave the largest discrepancy in results between the calculated
and measured insertion gain. Furthermore, it was found that DSL was the most practical
prescription rule because it supplied adequate target values for both gain and maximum
output. Therefore, we recommend to start with the DSL presription rule in the fitting
procedure of children.

In Chapter 4, auditory thresholds (aided and unaided), basal auditory functions and early
verbal communication skills were examined in profoundly deaf children fitted with hearing
aids or a CI. The hearing aid users were divided in three groups: group A: children with a
pure tone average (PTA) between 90-100 dB HL, group В: children with a PTA between 100110 dB HL, group С: children with a PTA exceeding 110 dB HL. The children with a CI had
much better aided pure tone hearing thresholds with their implant (an average of 50 dB HL,
PTA) than with their preoperative hearing aid. The aided pure tone hearing thresholds (with
CI) in the CI group were also better than those (with a hearing aid) in group С (an average of
30 dB, PTA) and about the same as those in group A/B. It was found that the basal auditory
functions on a sound identification level improved over time for the CI users and group A/B.
Hardly any improvement was seen for group C. The results of the basal sound identification
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test showed that on average, a CI provided most of the children with sufficient information to
detect and identify the everyday sounds presented to them. This was also valid for the children
in group A/B, but not for those in group С The results suggest that children in group С might
gain more benefit from a CI than from their hearing aids.
Regarding the communication skills, the performance of all children (fitted with hearing aid or
CI) on the "Scales of Early Communication Skills for Hearing Impaired Children" at 6
months follow-up and at later evaluations, was close to the average level for their age. This
test seems to be not sensitive enough to be useful for the selection of candidates for a CI or for
evaluation purposes.

In Chapter 5, auditory thresholds and speech perception performance (expressed in
"equivalent hearing loss" value) were assessed in relation to the degree of cochlear
ossification in postmeningitic deaf children with a CI. Results showed that cochlear
implantation led to improvements in auditory thresholds and speech perception in all children,
however, children with partial electrode insertion, due to total cochlear ossification, had less
favourable results.
The degree of cochlear ossification observed at surgery was compared to that visible on a
preoperative high-resolution computed tomography (CT) scan. CT scanning accurately
predicted cochlear patency in 64% of the cases. So, in children with postmeningitic profound
hearing loss, the otologist should expect to encounter some degree of ossification within the
cochlea, even when the CT-scan seems normal.

In Chapter 6, a comparison in results was made between five children with partial electrode
insertion and a control group with full electrode insertion. Basal auditory skills, verbal
communication abilities, speech perception and speech production were examined in a longterm study, respectively. The basal auditory skills and speech perception skills of the five
children with partial electrode insertion were poorer than that of the control group after 3
years of implant use and their progress was much slower. One child was not tested after 12
months of implant use, because electrical stimulation of the implanted ear was no longer
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effective. So in fact, cochlear implantation in this child was a failure. Only one child in the
partial insertion group reached some open-set word recognition. Regarding the verbal
communication abilities, all the children (partial and full insertion) performed close to the
average level for their age. Significant increased speech production was found in 2 children
with partial electrode insertion and all the children in the control group after 2 years of
implant use. So children with partial electrode insertion do benefit from a CI, but not to the
same degree as children with full electrode insertion.

Essential to successful application of a CI is the fitting of the stimulation levels to the
individual dynamic range, which is often troublesome in young children due to lack of
cooperation. For the fitting procedure of the speech processor it is important that
psychoacoustical tasks are performed to obtain subjective behavioural threshold (T-level),
most comfortable loudness level (C-level) and uncomfortable loudness level (U-level). Young
children are often not able to perform these tasks appropriately. For this purpose, in Chapter
7, objective thresholds and saturation levels were derived from EABR and ESR thresholds in
cooperative postlingually deaf adult CI users. The idea was that such objective measures are
related to subjective measures and thus might be helpful to fit young children. A comparison
between these objective measurements and subjective behavioural thresholds showed that the
EABR threshold varied widely between subjective threshold and U-level. The average ESR
threshold was found somewhat more consistently at 68% ± 18% of the dynamic range
between threshold and U-level, but overestimated the C-level in several of the patients.
In Chapter 8, intraoperative ESR thresholds were compared to the children's long-term
behavioural C-levels and to postoperative ESR thresholds obtained after fitting the speech
processor. The main advantage of intraoperative measurements is that the child does not have
to be cooperative. It was concluded that especially in children with an etiology of meningitis,
the intraoperative stapedius reflex threshold (even after corrections for the concentration of the
volatile anesthetics used) was a weak predictor of the C-level. If no ESR was observed during
surgery, which occurred in a number of cases with an etiology of meningitis, no clinical
relevant conclusions could be drawn.
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CONCLUSIONS

• Despite improvements in the management of bacterial meningitis and the vaccination
against Haemophilus influenzae type b, sensorineural hearing loss is still a serious
complication. Therefore, every postmeningitic child should undergo hearing assessment by
experienced personnel.
• The DSL prescription rule is the most practical prescription rule in the hearing aid fitting
procedure of profoundly hearing impaired children who are candidates for cochlear
implantation because it supplies adequate target values for both gain and maximum output.
• At least hearing aid users with unaided hearing thresholds exceeding 110 dB HL might gain
more benefit from a CI than from their hearing aids.
• The basal sound identification task is useful for evaluation purposes in children with a CI
and as part of the selection procedure of candidates for a CI. The receptive verbal language
skills are probably too insensitive to be useful for these purposes.
• High-resolution CT scanning often underestimates the amount of cochlear ossification that
will be encountered during surgery.
• Cochlear implantation leads to improvements in auditory function, speech perception and
speech production. Children with partial electrode insertion do benefit from a CI, but not to
the same degree as the children with full electrode insertion. We believe that the
combination of a partially or totally ossified cochlea, extensive drilling and a partial
electrode insertion is responsible for the poorer results.
• EABR thresholds vary widely within the patient's dynamic range. The ESR thresholds are
found more consistently at 68% ± 18% of the dynamic range between threshold and Ulevel, but overestimate the C-level.
• In postmeningitic deaf children, the intraoperative stapedius reflex threshold (even after
corrections for the concentration of the volatile anesthetics used) is a weak predictor of the
C-level.
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SAMENVATTING

De toepassing van cochleaire implants (CI) bij dove kinderen is de laatste IS jaar in een
stroomversnelling gekomen. Als uitbreiding van CI-programma's voor volwassenen heeft
cochleaire implantatie bij kinderen wereldwijde acceptatie gekregen voor de rehabilitatie
van dove kinderen. Ongeveer 15.000 kinderen over de hele wereld hebben inmiddels een Cl
gekregen. Cochleaire implantatie stelt deze kinderen in staat auditieve informatie te
ontvangen in het geval zij geen gebruik kunnen maken van versterking door een hoortoestel.
Daarnaast draagt cochleaire implantatie tevens bij aan de verwerving van taal en spraak.
Cochleaire implantaten zijn implanteerbare gehoorprotheses die de gehoorzenuw via een
elektrode-systeem direct stimuleren door het gebruik van een extern geproduceerde
elektrische stroom. De daaruit resulterende zenuwimpulsen gaan naar de auditieve cortex
van de hersenen, waar de geluiden worden waargenomen.
Binnen het Cl programma van Nijmegen en Sint-Michielsgestel hebben tot nu toe 62
kinderen een cochleaire implantatie ondergaan. In dit proefschrift worden specifieke
aspecten van cochleaire implantatie bij kinderen besproken met speciale aandacht voor
kinderen die doof zijn geworden ten gevolge van meningitis.

In Hoofdstuk 2 worden verschillende aspecten van slechthorendheid ten gevolge van een
doorgemaakte bacteriële meningitis besproken.
Bacteriële meningitis kan ondanks adequate therapie neurologische en audiologische
complicaties geven. Gehoorverlies kan zeer snel optreden na de acute infectie. Het is
derhalve belangrijk dat kinderartsen ieder kind met bacteriële meningitis doorverwijzen naar
de KNO/audiologische afdeling voor audiologisch onderzoek.
Verbeterde antimicrobiële therapie en het gebruik van corticosteroïden hebben geresulteerd
in grote reducties in sterfte en gehoorverlies als gevolg van bacteriële meningitis. Voor
1990 was Haemophilus influenzae type b (Hib) de meest voorkomende oorzaak van
bacteriële meningitis. Dankzij de introductie van Hib vaccinatie is deze vorm van meningitis
nu zeldzaam. In april 1993 is Hib vaccinatie onderdeel geworden van het nationale
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vaccinatieprogramma in Nederland. Na 1993 is de incidentie van Hib meningitis snel
gedaald. De meeste studies laten zien dat Streptococcus pneumoniae de hoogste incidentie
van perceptief gehoorverlies na bacteriële meningitis veroorzaakt. Er worden momenteel
vaccins tegen Streptococcus pneumoniae en Neisseria meningitidis ontwikkeld, die hopelijk
snel kunnen worden toegevoegd aan de vaccinatieprogramma's.

De afwezigheid van functioneel gehoor met hoortoestellen is binnen de meeste Cl
selectieprocedures het belangrijkste criterium voor de kandidatuur voor een Cl. Het is
echter vaak moeilijk om bij jonge kinderen vast te stellen of er nog enige hoorresten zijn die
met een hoortoestel bruikbaar kunnen zijn.
Er zijn verschillende methoden ontwikkeld om een hoortoestel aan te passen bij kinderen
met een ernstig gehoorverlies. Met behulp van deze aanpasregels kunnen uit audiometrische
gegevens de gewenste karakteristieken van een hoortoestel worden berekend. In Hoofdstuk
3 worden drie aanpasregels (POGO-Π, NAL-PD en DSL) beschreven en vergeleken. De
aanpasregels zijn geëvalueerd door de berekende en gemeten versterking van een hoortoestel
te vergelijken als functie van de frequentie bij ernstig slechthorende kinderen (n=16), die
allemaal succesvolle gebruikers van hoortoestellen waren. De NAL-PD aanpasregel bleek
de meest adequate methode voor het verkijgen van de gewenste versterking, onmiddellijk
gevolgd door de DSL aanpasregel. De POGO-Π aanpasregel liet de grootste discrepantie in
resultaat zien tussen de berekende en gemeten versterking. De DSL aanpasregel bleek het
meest praktisch, daar deze methode adequate doelwaarden gaf voor zowel versterking als
maximale output. Derhalve raden wij aan bij de aanpassingsprocedure van een hoortoestel
bij kinderen te beginnen met de DSL aanpasregel.

In Hoofdstuk 4 worden gehoordrempels (met en zonder hoortoestel), basale luisterfuncties
en vroege verbale communicatieve vaardigheden onderzocht bij ernstig slechthorende
kinderen met een hoortoestel of Cl. Voor dit onderzoek werden de hoortoestelgebruikers
verdeeld in 3 groepen: groep A: kinderen met een gehoorverlies met fletcher index (FI:
gemiddelde 500, 1000 en 2000 Hz.) tussen 90-100 dB HL, groep B: kinderen met een FI
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tussen 100-110 dB HL, groep C: kinderen met een FI boven 110 dB HL. Uit het onderzoek
is gebleken dat kinderen met een Cl veel betere gehoorsdrempels hebben met hun implantaat
(een gemiddelde van 50 dB HL, FI) dan met hun pre-operatieve hoortoestel. De
gehoordrempels (met Cl) in de Cl groep waren ook beter dan die (met een hoortoestel) in
groep С (een gemiddelde van 30 dB, FI) en ongeveer hetzelfde als die in groep A/B.
Ondervonden werd dat de basale luisterfuncties op identificatie-niveau verbeterden bij de Cl
gebruikers en groep A/B. Er was nauwelijks verbetering te zien in groep C. De resultaten
van de basale geluidsidentificatietest lieten zien dat een Cl de meeste kinderen van
voldoende informatie voorzag om alledaagse geluiden die hen werden gepresenteerd te
onderscheiden en te identificeren. Dit gold ook voor de kinderen in groep A/B, maar niet
voor de kinderen in groep C. De resultaten suggereren dat kinderen in groep С meer
voordeel zouden hebben van een Cl dan van hun hoortoestellen.
Wat betreft de communicatieve vaardigheden waren de prestaties van alle kinderen
(voorzien van een hoortoestel of Cl) op de 'Schaal van vroege communicatieve
vaardigheden voor slechthorende kinderen' bij follow-up na 6 maanden en bij latere
evaluaties, dichtbij het gemiddelde niveau voor hun leeftijd. Deze test lijkt derhalve niet
sensitief genoeg voor de selectie van kandidaten voor Cl of voor evaluatiedoeleinden.

In Hoofdstuk 5 worden gehoordrempels en spraakperceptievaardigheden (uitgedrukt in
equivalente waarde voor gehoorverlies) getest in relatie tot de mate van ossificatie van de
cochlea bij dove kinderen met een Cl. Alle kinderen zijn doof geworden als gevolg van
meningitis. De resultaten laten zien dat implantatie leidt tot opzienbarende verbeteringen in
gehoordrempels en spraakperceptie bij alle kinderen. Kinderen met partiële electrode
insertie, te wijten aan totale ossificatie van de cochlea, hebben echter minder gunstige
resultaten.
De mate van ossificatie van de cochlea peroperatief wordt vergeleken met de mate van
ossificatie zichtbaar op een pre-operatieve hoge resolutie CT (computed tomography) scan.
De mate van ossificatie van de cochlea wordt in slechts 64% juist voorspeld. Derhalve zal
een otoloog bij kinderen met doofheid ten gevolge van meningitis enige mate van ossificatie
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in de cochlea mogen verwachten, zelfs wanneer op een pre-operatieve CT scan een normaal
doorgankelijke cochlea word gezien.

In Hoofdstuk 6 wordt een vergelijking gemaakt in resultaten tussen vijf kinderen met
partiële electrode insertie en een controlegroep met volledige electrode insertie. Basale
luisterfuncties, verbale communicatieve vaardigheden, spraakperceptie en spraakproduktie
zijn respectievelijk onderzocht in een lange-termijn onderzoek. De basale luisterfuncties en
spraakperceptievaardigheden van de vijf kinderen met partiële electrode insertie waren
beduidend minder dan die van de controlegroep na 3 jaar implantaatgebruik en ook was de
progressie veel langzamer. Slechts één kind in de partiële insertie groep bereikte enig openset spraakverstaan. Wat betreft verbale communicatieve vaardigheden presteerden alle
kinderen (partiële en volledige insertie) dichtbij het gemiddelde niveau voor hun leeftijd.
Significant verhoogde spraakproduktie werd gevonden bij twee kinderen met partiële
electrode insertie en bij alle kinderen in de controlegroep na twee jaar gebruik van het
implantaat. Derhalve hebben kinderen met partiële electrode insertie baat van een Cl, maar
niet in dezelfde mate als kinderen met volledige electrode insertie.

Essentieel voor succesvol gebruik van een Cl is het aanpassen van de stimulatieniveaus aan
het individuele dynamische bereik, wat vaak moeilijk is bij jonge kinderen wegens gebrek
aan coöperativiteit. Voor de aanpassingsprocedure van de spraakprocessor is het belangrijk
dat psycho-akoestische taken worden uitgevoerd om subjectieve gedragsdrempels (T-level),
niveau van meest comfortabele geluidssterkte (C-level) en niveau van oncomfortabele
geluidssterkte (U-level) te verkrijgen. Jonge kinderen zijn vaak niet in staat deze taken juist
uit te voeren. Voor dit doel worden in Hoofdstuk 7 objectieve drempels en saturatieniveaus
afgeleid van EABR en ESR drempels bij coöperatieve postlinguaal dove volwassen Cl
gebruikers. Deze objectieve metingen worden gerelateerd aan subjectieve metingen en
zouden op deze manier waardevol kunnen zijn om bij jonge kinderen te gebruiken. Een
vergelijking tussen deze objectieve metingen en subjectieve gedragsdrempels liet zien dat de
EABR drempel fors varieerde tussen T-level en U-level. De gemiddelde ESR drempel werd
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ietwat consistenter gevonden op 68% ± 18% van het dynamische bereik tussen T-level en
U-level, maar overschatte de C-level bij verscheidene patiënten.

In Hoofdstuk 8 worden intra-operatieve ESR drempels vergeleken met lange-termijn Clevels van de kinderen en met postoperatieve ESR drempels verkregen na het aanpassen van
de spraakprocessor. Het voornaamste voordeel van intra-operatieve metingen is dat het kind
niet hoeft mee te werken. Er werd geconcludeerd dat vooral bij kinderen met een etiologie
van meningitis, de intra-operatieve stapediusreflexdrempel (zelfs na correctie voor de
concentratie van het anestheticum dat werd gebruikt) een matige voorspeller was van de Ο
ίε vel. Wanneer er geen ESR werd geobserveerd tijdens de operatie, wat gebeurde in een
aantal gevallen met een etiologie van meningitis, dan konden er geen klinisch relevante
conclusies worden getrokken.

CONCLUSIES
• Perceptief gehoorverlies is nog steeds een belangrijke complicatie van bacteriële
meningitis ondanks verbeteringen in de behandeling en de vaccinatie voor Haemophilus
influenzae type b. Derhalve zou ieder kind wat een bacteriële meningitis heeft
doorgemaakt gehooronderzoek door ervaren personeel moeten ondergaan.
• De DSL-aanpasregel (Desired Sensation Level methode) is de meest praktische
aanpasregel in de aanpassingsprocedure van een hoortoestel bij ernstig slechthorende
kinderen die kandidaat zijn voor cochleaire implantatie omdat het voorziet in adequate
doelwaarden voor zowel versterking als maximum output.
• Gebruikers van een hoortoestel met ongeholpen drempels boven de 110 dB HL zouden
meer voordeel kunnen hebben van een Cl dan van hun hoortoestellen.
• De basale geluidsidentificatietest is nuttig voor evaluatiedoeleinden bij kinderen met een
Cl en als onderdeel van de selectieprocedure van kandidaten voor een Cl. De receptieve
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verbale taalvaardigheden zijn niet sensitief genoeg om waardevol te zijn voor deze
doeleinden.
• Een hoge resolutie CT scan geeft de mate van cochleaire ossificatie die peroperatief
wordt aangetroffen vaak onvoldoende weer.
• Cochleaire implantatie leidt tot verbeteringen in gehoorsfunctie, spraakperceptie en
spraakproduktie. Kinderen met partiële electrode insertie hebben voordeel van een Cl,
maar niet in dezelfde mate als kinderen met volledige electrode insertie. Wij menen dat
de combinatie van een partieel of volledig geossificeerde cochlea, extensief boren tijdens
de operatie en een partiële electrode insertie verantwoordelijk is voor de mindere
resultaten.
• EABR drempels variëren fors binnen het dynamisch bereik van een volwassen Cl
gebruiker. De ESR drempels worden meer consistent gevonden op 68% ± 18% van het
dynamisch bereik tussen T-level en U-level, maar overschatten de C-level.
• Bij kinderen die doof zijn geworden als gevolg van meningitis is de intra-operatieve
stapedius reflex drempel (zelfs na correctie voor de concentratie van het anestheticum
wat is gebruikt) een zwakke voorspeller van de C-level.
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Cochlear Implantation in Children
special reference to postmeningitic deafness
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1.

Ieder kind dat een bacteriële meningitis heeft doorgemaakt moet gehooronderzoek
door ervaren personeel ondergaan, (dit proefschrift)

2.

De DSL-methode (Desired Sensation Level methode) is de meest praktische
aanpasregel

in

de

aanpassingsprocedure

voor

een

hoortoestel

bij

ernstig

slechthorende kinderen die kandidaat zijn voor cochleaire implantatie omdat het
voorziet in adequate doelwaarden voor zowel versterking als maximum output.
(dit proefschrift)

3.

Hoortoestelgebruikers

met

een

gehoorverlies

boven

100

dB

HL

zouden

meer voordeel kunnen hebben van een cochleair implantaat dan van hun
hoortoestellen. (dit proefschrift)

4.

Een hoge resolutie computed tomography (CT) scan geeft de mate van cochleaire
ossificatie vaak onvoldoende weer. (dit proefschrift)

5.

Kinderen met partiële elektrode insertie hebben baat bij een cochleair implantaat,
doch in beduidend mindere mate dan kinderen met volledige elektrode insertie.
(dit proefschrift)

6.

Cochleaire implantatie moet op zo jong mogelijke leeftijd worden toegepast om een
optimaal resultaat te bereiken. Wanneer congenitaal dove mensen tijdens of na de
puberteit worden geïmplanteerd, mag slechts een beperkt resultaat worden verwacht,
(proefschrift MJ Makhdoum)

7.

MRI en MRA-onderzoek van de hersenen is thans het eerst aangewezen hulponderzoek om de diagnose sinustrombose te stellen. In twijfelgevallen is aanvullend
digitale substractie angiografie nog steeds van diagnostische waarde,
(proefschrift SFTM de Bruijn)

8.

Nederlandse gebarentaal (NGT) is een geaccepteerde en alom gerespecteerde taal.
Voor kinderen met een cochleair implantaat is het gebruik van Nederlands met
gebaren (NmG) echter een meer voor de hand liggende keuze.

9.

Een patiënt met de ziekte van Rendu-Osler zal nooit doen alsof zijn neus bloedt.

10.

Het gezegde " voor dovemansoren spreken " gaat voor iemand met een cochleair
implantaat niet meer op.

11.

Een zwangere arts-assistent geneeskunde in opleiding heet binnen het medisch
vakjargon een " ZWAGIO ".

12.

Het enige leuke aan dicteren is dat je eindelijk eens woorden kunt gebruiken die je
niet eens kan schrijven.

13.

Prettig aan een cochleair implantaat is dat je hem bij het luisteren naar muziek
van Frans Bauer kunt uitzetten.

