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Background: Hearing Preservation is becoming increasingly important in cochlear implantation as there is growing evi-
dence that preserving the residual hearing, especially in the low frequencies in combination with the electric stimulation can
significantly improve hearing and speech outcomes in noise. Besides the ongoing development of atraumatic implant electro-
des and insertion techniques, the implementation of pharmacologic hair cell protection is thought to increase hearing preser-
vation. This study investigates the effects of preoperative intratympanic glucocorticoid application on hearing preservation
rates in cochlear implantation.

Study Design: Prospective interventional study.
Setting: Tertiary neurotology referral center.
Patients: Patients undergoing cochlear implantation with measurable preoperative hearing thresholds using either a

Flex soft electrode or a Flex EAS electrode depending on the degree of residual low frequency hearing.
Intervention: Preoperative intratympanic steroid application during cochlear implantation via round window insertion.
Main Outcome Measures: Level of hearing preservation after cochlear implantation; electrode- and frequency-specific

hearing preservation rates.
Results: Preoperative hearing thresholds were comparable in the control group and the interventional Flex soft group

(70.5 db 6 12.5 dB vs. 73.5 dB 6 10.5 dB, P ¼ .27). As per selection criteria the low-frequency hearing thresholds were sig-
nificantly lower in interventional Flex EAS groups when compared to the control group. Hearing preservation was signifi-
cantly better in the interventional group with no case of complete hearing loss in this group (11 dB 6 2.5 dB vs. 19.5 dB 3.5
dB, P < .05). The interventional group displayed a higher stability of hearing preservation after implantation (r ¼ .8, P ¼ .03).
Level of hearing preservation was higher when a specific hearing preservation electrode was used (r ¼ .85, P < .05). Hearing
preservation in the low frequencies was significantly higher than in the high frequencies.

Conclusions: Our study suggests that the additional preoperative use of intratympanic glucocorticoids improves and sta-
bilizes hearing preservations rates in round window cochlear implantation for adults and children with residual hearing.
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INTRODUCTION
Recent years have shown an increasing interest in

preserving residual hearing in cochlear implantation
with the aim of combining the benefits of the electric
and acoustic stimulation (EAS) of the inner ear. Several
authors have reported on EAS in adults, demonstrating
significant improvement of speech in quiet (SPIQ) and
speech in noise (SPIN) perception as well as improve-
ment in temporal and spectral sound resolution, music
perception, and sound localization.1–3 This has led to a
growing interest in understanding the importance of
residual hearing especially in the low frequencies with

regard to overall hearing performance. It is known that
low frequencies from 125 to 500 Hz or the first and sec-
ond phormants are crucial for speech in noise perception,
sound localization, and music perception.4,5 Loss of the
mid- to high frequencies in these patients means the
inability to hear consonants and fricative sounds.5

Recent advances in cochlear implant technology
have led to the development of a new generation of hear-
ing preserving cochlear implants with less traumatic
electrodes with the aim to minimize inner ear trauma
during electrode insertion. In addition, glucocorticoids,
because of their hair cell protecting properties, are used
in various application forms in conjunction with atrau-
matic implant surgical techniques in order to reduce the
acute insertion trauma as well as the postimplantation
inflammation, which is held responsible for the short- to
midterm hearing loss encountered after implantation.6

There is much debate on how to use steroids, questions
such as inner ear penetration, type of steroid used, and
timing of steroid application are widely discussed.7–9

Chang et al.10 demonstrated in the guinea pig model
that the time interval between steroid application
and actual electrode insertion is important to increase
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hearing preservation rates during and after cochlear
implantation and to maintain stability of hearing over
time after implantation. This concerts with the pharma-
cology of glucocorticoids which act as DNA transcription
factors inducing the hair cell protection against apopto-
sis.11–13 These transcription processes take several hours
to become active, which is reflected in the observation of
Chang et al.10–12 Several studies have shown that intra-
tympanic glucocorticoid application leads to much higher
steroid concentrations in the perilymph when compared
to intravenous application.7 It is unclear on how the
steroids penetrate the inner ear; some authors advocate
passive diffusion alone, others raise the possibility
of various pathways via local blood circulation or
transosseous penetration.9,14 Pyykko et al.15 recently
investigated distribution patterns using intratympanic
and intravenous gadolinium, which demonstrated that
the combination resulted in penetration of all the coch-
lear turns and compartments.

As a result of the recent developments, in January
2007, our unit decided to implemented a hearing pres-
ervation approach in every cochlear implant patient
with a preoperative measurable hearing. The protocol
included the use of preoperative intratympanic and
intravenous glucocorticoids in combination with the
round window electrode insertion. Prior to 2007, coch-
lear implantation at our unit was performed using the
round window insertion technique in conjunction with
preoperative use of intravenous steroids. As an ongoing
prospective study, we wanted to investigate the effects
of intratympanic glucocorticoids on hearing preserva-
tion rates in cochlear implantation.

PATIENTS AND METHODS

Setting
All patients were referred to, assessed, and managed at a

tertiary care referral center. Patients were enrolled in the unit’s
cochlear implant program and were assessed by the multidiscipli-
nary implant team consisting of audiologists, otolaryngologist,
speech pathologists, rehabilitionists, and paediatricians.

Study
The study is an ongoing prospective study approved and

registered by the institutional ethics committee (registration
number 26/08).

Patients
All 22 patients in the interventional group had measura-

ble hearing preoperatively, 9 met the criteria for EAS (Fig. 1)
and were looked at as a separate interventional EAS group.
The interventional EAS group was again separated into adult
and pediatric patients. The remainder of the interventional
group (13 patients) received a Flex soft electrode. This interven-
tional Flex soft group (Flex soft þIT) had similar preoperative
hearing levels when compared with the control group which
consisted of 12 patients (Fig. 3A). All the patients in the control
group were out of the criteria for EAS and were implanted prior
to January 2007. For patient demographics and causes of hear-
ing loss in the various groups see Table 1.

Methods
All patients had standardized hearing assessments pre- and

postinterventionally. The audiologic test battery consisted of rou-
tine pure-tone audiometry to assess hearing preservation rates as
well as tympanometry and speech perception in quiet and in
noise. The tests were repeated 1, 3, 6, 9, and 12 months after im-
plantation. In patients who met the criteria for EAS, the MedEl
Flex EAS (24 mm) (Fig. 2) electrode was used. All other patients
with residual or measurable hearing received the MedEl Flex soft
(31 mm) (Fig. 2) electrode. Low-frequency hearing preservation
was defined as difference between pre- and postoperative bone
conduction thresholds 125 to 750 Hz, upper frequency hearing
preservation was defined as difference of the pre- and postopera-
tive bone conduction thresholds at 1,000, 3,000, and 4,000 Hz and
stratified as by our proposed classification system (Table II).
Stability of hearing preservation was defined as changes in post-
operative low-frequency bone conduction thresholds over time.

Implantation Technique
All implantations were performed by the same surgeon

(G.P.R.).

Fig. 1. Pure tone thresholds selection criteria for electroacoustic
stimulation (EAS). In dark gray the initial indication range, light
gray shows the nowadays extended indication range. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

TABLE I.
Causes of Hearing Loss in the Control Group and the

Interventional Patient Groups.

Flex Soft
(n ¼ 13)

Flex Soft þIT
(n ¼ 12)

Flex EAS
Adult
(n ¼ 4)

Flex EAS
Pediatric
(n ¼ 5)

Degenerative
progressive
(presbyacusis)

11 12 — —

Congenital — — 2 4

Chronic noise
trauma

2 — — —

Ototoxicity — — 2 1
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Control Group
1) Administration of intravenous dexamethasone 4 mg

prior to intubation as part of the routine anaesthetic protocol.
2) Postauricular approach and cortical mastoidectomy. 3) Pos-
terior tympanotomy. 4) identification of the round window
niche and membrane. 5) drill out of the receiver bed. 6) Inser-
tion and fixation of the receiver coil. 7) Slow electrode
insertion via round window insertion. 8) Muscle plug seal
around electrode.

Interventional Group
Intravenous dexamethasone administration 4 mg prior to

intubation as part of the routine anaesthetic protocol. After
intubation, immediate transtympanic injection of 0.6 mL of
methylprednisolone in depot form (40 mg/mL) into the middle
ear. Surgery is then performed using the same steps as
described above. In addition to these steps, methylprednisolon
is injected into the middle ear via the antrotomy and the poste-
rior tympanotomy in the latter part of the drilling. This is done
during every change of instruments to make sure that the mid-
dle ear cavity stays filled with the steroid solution during the
entire procedure. Slow electrode insertion via round window
insertion. After sealing the electrode insertion site with a mus-
cle plug, the middle ear is filled with a final load of depot-
methylprednisolone via the posterior tympanotomy.

Data Analysis
The levels of hearing preservation, as per our classifica-

tion categories, between the different patient groups and
frequency groups were compared using the Friedman test in
order to accommodate for the sample size and distribution of
the EAS subgroups. The actual hearing preservation rates and
the stability of hearing threshold over time between the differ-
ent patient groups were compared using analysis of variance
(ANOVA), P < .05 was regarded as significant.

RESULTS
Average follow-up is 48 months (36–60 months) in the

control group and 20 months in the interventional group
(8–35 months). We differentiated between the patients who
met the EAS criteria and the remainder of the patients
with measurable hearing. Preoperative low frequency
hearing thresholds were comparable in the control group
and the interventional Flex soft group (70.5 db 6 12.5 dB
vs. 73.5 dB 6 10.5 dB, P ¼ .27) (Table III and Fig. 3A). In
the two Flex EAS groups preoperative low frequency hear-
ing thresholds were similar and not significantly different

(P ¼ .11) (Table IV). As per the selection criteria the preop-
erative low frequency hearing thresholds were
significantly lower in the Flex EAS patient groups when
compared to the control group (31.5 dB [69.5 Db] vs. 20.4
[65.2 dB] vs. 70.5 dB [612.5 dB], P < .05).

The hearing preservation rates were higher in the
interventional groups when compared to the control
group (r ¼ .8, P ¼ .03) (Table III and Fig. 4). The overall
levels of hearing preservation of the patients with Flex
EAS electrode was higher than in the interventional
Flex soft electrode patient group (r ¼ .85, P < .05)
(Figs. 5 and 6). In the interventional group hearing was
preserved in all cases (see Fig. 5). Low-frequency hear-
ing preservation was better than hearing preservation in
the upper frequencies (P < .05) (Fig. 6). Mean steroid
exposure time (time between transtympanic instillation
and electrode insertion) was 80 6 10 minutes (62 SD) in
the adults and 60 6 5 minutes in children, which was
significant (P < .05). There were no complications follow-
ing surgery, especially no infection or perilymph fistula
formation in the interventional group.

DISCUSSION
Hearing preservation in cochlear implantation is

the key to utilize the residual hearing and facilitate elec-
tric acoustic stimulation. There are a number of issues
related to hearing preservation that need to be clarified
and investigated. These include electrode type, the use
of hair cell protection, electrode insertion depth, and the
method of electrode insertion, which should be as atrau-
matic as possible. Our results suggest that the use of
intratympanic steroids before, during, and after

Fig. 2. The upper electrode is the Flex EAS electrode (MedEL, Innsbruck), which is a specifically designed electrode for hearing preservation.
The lower electrode Flex soft electrode (MedEL, Innsbruck) which is designed to be atraumatic and provide complete cochlear coverage.

TABLE II.
Our Proposed Classification System to Categorize Postoperative

Hearing Preservation Rates for Comparison.

Loss of Hearing after Implantation
(Bone Conduction in dB) Level of Hearing Preservation

<10 dB Level 1 (Complete Hearing
Preservation)

10–30 dB Level 2 (Partial Hearing
Preservation)

>30 dB Level 3 (Minimal Hearing
Preservation)

Complete loss of Hearing Level 4 (Failure)
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electrode insertion in combination with a round window
approach appear to offer high hearing preservation rates
in the short to midterm. The combination of pharmaco-
logic hair cell protection induced by the glucocorticoids
together with an atraumatic electrode and insertion
technique appears to increase protection of residual
hearing levels.6,11 These clinical results correspond with
the experimental findings of Chang et al.10 The mecha-
nisms of hearing loss in cochlear implantation are
thought to be the result of first, the acute mechanical
electrode insertion trauma with immediate loss of hair
cells, and second, in the short- to midterm due to the
inflammatory responses after implantation, which may
lead to a gradual loss of hair cells.16,17 In our series
hearing preservation rates were higher in the low fre-
quencies when compared to the mid- to high frequencies.
This may be the result of the direct mechanical and
pressure-induced trauma to the hair cell populations
that are closest to the site of electrode insertion. Another
factor to consider are the potential effects of an indwell-

ing electrode on cochlear micromechanics. Little was
known with regard to these effects until recently Huber
et al.18 demonstrated that an intracochlear electrode did
not appear to alter the cochlear micromechanics
significantly.

The route of glucocorticoid administration is widely
debated. Many groups performing hearing preservation
cochlear implantation use intravenous glucocorticoids
pre- or perioperatively, which from the pharmacodynam-
ics point of view, does not give enough time for the
steroids to activate the pharmacologic hair cell protec-
tion pathway.6 This, together with the experimental
findings of Chang et al., was also our rationale to inject
the intratympanic steroids immediately after patient
intubation in order to maximize steroid contact time
with the inner ear. Looking at the current evidence, the
combination of intratympanic and intravenous steroids
seems to provide complete cochlear coverage with regard
to steroid penetration of the cochlea as shown by several
experiments.6,8,9,15 Considering the intracellular

TABLE III.
Comparison of the Pre- and Postoperative Hearing Thresholds between the Control Group and the Interventional Flex Soft Patient Group.

Flex Soft (n ¼ 12, Control Group) Flex Soft þIT (n ¼ 13) P Value

Sex 7 female, 5 male 7 female, 6 male —

Age (mean,range) 63.5 years (48–81) 61.5 years (56–84) Not significant

Preoperative low frequency PTA (6SD) 70.5 dB (612.5 dB) 73.5 dB (610.5 dB) Not significant

Postoperative low frequency PTA(6SD) 90 dB (611.5 dB) 84.5 dB (610.5 dB) P ¼ .03

Average loss of hearing (6SD) 19.5 dB (63.5 dB) 11 dB (62.5 dB) P < .05

Fig. 3. Scatter graph of the preoperative audiograms of the patients with measurable hearing (A) and the EAS patients (B). There was no
significant difference in preoperative hearing tresholds between the control Flex soft group and the interventional Flex soft group with
measurable hearing (B) (see also Table 3). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Laryngoscope 122: January 2012 Rajan et al.: Preoperative, Intratympanic Glucocorticoids for Hearing Preservation

193



pharmacodynamics of glucocorticoids, maximum steroid
effects are achieved 8 to 12 hours after application, it
would therefore appear logical to suggest that steroid
applications 8 to 12 hours prior to electrode insertion will
have the potential to further increase hair cell protection
and hearing preservation, this certainly deserves further
investigation in future interventional studies.12,19,20

As seen in other investigators, our data also show
that the electrode type has an impact on hearing preser-
vation rates.21 In our series we see a difference in
preservation rates between the specifically designed
shorter hearing preservation electrode (Flex EAS elec-
trode) and the soft complete cochlear coverage electrode
(Flex Soft electrode). However, as reported by other col-
legues, our data show that significant hearing
preservation is possible even when using a complete
cochlear coverage electrode with deep insertion.22 This is
becoming increasingly important as emerging data sug-
gests that preservation of any residual hearing might be
beneficial for the individual patient irrelevant of the
degree of hearing loss. Recent research has shed light
into the importance of the residual hearing for speech
and music perception as well sound localization.4,5 It is
apparent that the impact of partial deafness and resid-
ual hearing on speech and language depends on key
factors such as age, cause, and the tonality of the

patients spoken language.5 Currently, however, we are
not able to predict which patient will benefit from her/
his residual hearing. This is due to the fact that there is
a large interindividual variation of aided benefit in
patients with residual hearing who do not meet the cur-
rent criteria for electric acoustic stimulation.23

Electric acoustic stimulation provides significant
benefits in speech perception especially in noise.1,2,24

Our current results in adults and in children reflect
these observations. Unlike common pantonal hearing
loss patterns, partial deafness poses a significant acous-
tic challenge to conventional hearing rehabilitation with
hearing aids. As a result, hearing aids for patients with
partial deafness show only a very limited benefit espe-
cially if the partial deafness is due to ototoxicity.25 These
patients display a narrow acoustic dynamic range as a
result of the ototoxicity.26 In these situations the combi-
nation of the electric dynamic range of the implant
together with the residual low-frequency hearing pro-
vides significant hearing benefits to these patients.

There are a few limitations to this study. Like any
study comparing different treatment paths, randomiza-
tion of the study population would be ideal, but very
difficult to achieve in surgery. The number of patients
implanted so far is small, but as it is an ongoing

Fig. 4. Stability of hearing preservation over time comparing the
interventional groups (Flex soft þ IT, Flex EAS pediatric, Flex EAS
adult) and the control group (Flex soft). Note the higher stability of
hearing thresholds in the interventional group as well as the higher
preservation rates in the interventional Flex soft group.

Fig. 5. Degree of hearing loss stratified according to the degree of
hearing preservation in the different patient groups. In the pediat-
ric Flex EAS group complete hearing preservation was achieved
in all the patients. There was no case of complete hearing loss in
the interventional group.

TABLE IV.
Comparison of the Pre- and Postoperative Hearing Thresholds between the Two Flex EAS Groups.

Flex EAS Adult Group (n ¼ 4) Flex EAS Pediatric Group (n ¼ 5) P Value

Sex 1 female, 3 male 4 girls, 1 boy —

Age (mean, range) 54 years (21–62) 11 years (3–15) P < .05

Preoperative low frequency PTA (6SD) 31.5 dB (69.5 dB) 20.4 dB (65.2 dB) P < .05

Postoperative low frequency PTA(6SD) 38.5 dB (67.5 dB) 23.5 dB (65 dB) P < .05

Average loss of hearing (6SD) 7 dB(62.75 dB) 3 dB (61.2 dB) P < .05

Note the higher preoperative low frequency hearing thresholds in the pediatric patients.
EAS ¼ electric and acoustic stimulation.
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prospective study we will report on evolving outcomes.
No conclusion can be drawn on long-term outcomes with
our current data. Other factors contributing to improved
hearing preservation rates such as the speed of electrode
insertion, the insertion forces used with the various
electrodes, and insertion technique, are not clearly
understood and thus have not been evaluated as part of
this study. As residual hearing thresholds can change
over time, especially in cases of ototoxicity, it is likely
that the hearing outcomes of patients after ototoxicity
will change with time and consequently affect the way
the implant is used.

CONCLUSION
Our data suggests that the preoperative use of

intratympanic glucocorticoids in combination with intra-
venous glucocorticoids and the round window electrode
insertion improves and stabilizes hearing preservations
rates in cochlear implantation for adults and children
with residual hearing. Considering the trend to preserve
any measurable hearing during cochlear implantation,
we recommend the routine use of preoperative glucocor-
ticoids in cochlear implantation.
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Fig. 6. Preservation of the low frequencies was better than preser-
vation of the upper frequencies irrelevant of the electrode used.
The average loss of hearing was significantly smaller at all
frequencies in the Flex EAS electrode group when compared to
both Flex soft electrode groups (interventional and control).
The Flex soft control group showed a significantly greater hearing
loss at all frequencies when compared to the Flex soft interven-
tional group.
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