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Introduction

Hearing impairment takes various forms and can be due to a 
number of causes. Individuals with hearing impairment have 
greater levels of anxiety and depression than the general pop-
ulation, which reflects the important role of hearing in quality 
of life [1]. Diverse methods have been developed to overcome 
hearing impairment, ranging from conventional hearing aids 
to surgical approaches such as ossiculoplasty and cochlear im-
plantation (CI) for patients with impaired conductive and sen-
sorineural hearing, respectively. Moreover, newly developed 
techniques have increased the possibility for rehabilitation 
using implantable bone conduction hearing aids, middle ear 
implantation, or auditory brainstem implantation and are pro-
ducing good results [2-4]. On the other hand, these techniques 
target different steps in the auditory pathway, and thus their 
applicable indications and target sound frequencies are var-
ied and limited. 

Here, we present a case of hearing rehabilitation performed 

by combining electroacoustic stimulation (EAS) and ossicu-
loplasty to maximize hearing gain. This study was approved 
by the Institutional Review Board of the Yonsei University 
College of Medicine (4-2020-0509). To the best of our knowl-
edge, this is the first report of this strategy. Thus, the case pre-
sented here should be of clinical importance for otologists. 

Case Report

A 71-year-old female visited our clinic presenting with bi-
lateral hearing loss. Her medical history included chronic oti-
tis media in both ears since childhood. The left ear was treat-
ed surgically 30 years prior, and her hearing on that side had 
been absent since then. Conversely, the patient’s right side was 
treated surgically 20 years prior, and she had not had a relapse 
in hearing loss until the current episode. Specifically, follow-
ing surgery on her right ear for chronic otitis media, she had 
depended on her right ear for hearing with a conventional hear-
ing aid, but her hearing had recently progressively decreased. 

Both eardrums had well tympanized tympanic membranes 
and canal wall down mastoidectomy status (Fig. 1A). Pure-
tone average (PTA) revealed profound hearing loss in the left 
ear, and the speech test could not be conducted. PTA revealed 
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mixed hearing loss in the right ear, with an average air-bone 
gap of 25 dB and an average air conduction threshold of over 
80 dB. The word recognition score (WRS) was 45% at the 
most comfortable level (MCL) of 98 dB. PTA with a hearing aid 
was 51 dB, and low frequencies from 250 hertz (Hz) to 1,000 
Hz showed a serviceable hearing threshold specifically (Fig. 
1B). The WRS also increased to 68% with the MCL of 60 dB. 
The computed tomography scan indicated canal wall down 
mastoidectomy status on both sides. The ossicles were absent, 
but the oval window was patent in the right ear (Fig. 1C). The 
middle ear cavity was well aerated through a widely opened 
Eustachian tube (Fig. 1D). Based on these findings, the patient 
was scheduled to undergo combined CI and ossiculoplasty for 
both sensorineural and conductive components.

Under general anesthesia, the mastoid cavity was exposed 

via a previous retroauricular incision. The canal wall downed 
mastoid cavity was trimmed to expose the round window, and 
the bony overhang of the round window was drilled to pro-
vide a better approach. A Bony bed was drilled at the tempo-
ral area, and the receiver-stimulator was inserted and suffi-
ciently anchored with an overtie. Then, the oval window and 
stapes foot plate were identified. The stapes footplate was 
found to be well mobilized, and a total ossicular replacement 
prosthesis (TORP) was placed on the stapes footplate. Before 
creating the opening to the round window, systemic steroid 
was intravenously injected and the facial recess was also filled 
with a topical steroid. An electrode (Flex 24, MED-EL, Inns-
bruck, Austria) was then inserted into the scala tympani via 
the round window. This procedure was performed carefully 
and slowly so as not to damage the cochlea. Harvested tragal 
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Fig. 1. Initial findings of the right ear. (A) The mastoid cavity was canal wall downed, and the tympanic membrane was well tympanized. 
(B) Pure-tone average showed mixed hearing loss in the right ear, with an average air-bone gap of 25 dB and an average air conduction 
threshold higher than 80 dB. Low frequencies from 250 hertz (Hz) to 1,000 Hz showed a serviceable hearing threshold with a hearing aid. 
(C) Computed tomography scan showing canal wall downed mastoidectomy status. The oval window was well opened (arrow), but the os-
sicles were not apparent. (D) The middle ear cavity was well aerated through a widely opened Eustachian tube (arrow). 
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cartilage was interpositioned between the TORP and tympan-
ic membrane (Fig. 2), and the remaining electrode was cov-
ered with bone dust as a precaution against unintended expo-
sure of the middle ear cavity. The ear canal was not closed so 
as to preserve the air conduction. The patient was discharged 
on the second postoperative day without any complications. 

The speech processor (Sonnet, MED-EL, Innsbruck, Aus-
tria) was turned on four weeks after surgery, and post-opera-
tive evaluation was performed after two months. Postopera-
tive bone conduction was well preserved with decreased air-
bone gap. The patient was capable of serviceable hearing via 
acoustic stimulus with frequencies less than 500 Hz and elec-
trical stimulus at higher frequencies (Fig. 3). Lastly, speech 
comprehension tests indicated that the patient’s ability to 
comprehend sentences had increased from 48% to 88%. The 
patient was satisfied with the results of combined EAS and 
ossiculoplasty, and a hearing test conducted 2 year after sur-
gery showed no decline of hearing.

Discussion

This is the first case report of hearing rehabilitation using 
combined EAS and ossiculoplasty in patients with severe mixed 
hearing loss. For the patients with mixed hearing loss, various 
methods can be applied; bone-anchored hearing devices, con-
ventional hearing aid after ossiculoplasty or Vibrant Sound-
bridge (VSB), the active middle ear implant devices. In this 
case, bone-anchored hearing device was not indicated since 
the bone conduction hearing thresholds were hardly service-
able, and the patient had no hearing in the opposite ear. Wear-
ing a conventional hearing aid after ossiculoplasty was consid-
ered to be not as effective as using VSB. While ossiculoplasty 
mainly improves hearing in low to mid-range frequencies, VSB 
is effective for improving hearing in mid to high-frequencies 
which enables better comprehension in daily conversation [5]. 
A previous report compared the hearing outcome between 
conventional hearing aids after ossiculoplasty and vibroplasty 
in patients with mixed hearing loss, and vibroplasty showed 
superior results over conventional hearing aids after ossiculo-
plasty [6]. For patients with conductive or mixed hearing loss, 
the bone conduction should not be better than 45-65 dB with-
in the frequencies 500 to 4,000 Hz as recommended by the 
company. There is not a speech discrimination criterion for the 
VSB implantation, but the outcome depends on this parameter. 
Although patients with a poor preoperative discrimination score 
of less than 40% (unaided) may show improvement with VSB, 
patients with discrimination score of 50-70% and higher are 

Fig. 2. Electrode inserted through the round window. The total 
ossicular replacement prosthesis was placed on the stapes foot-
plate. 

Fig. 3. Postoperative two-month pure-tone average. Bone conduc-
tion hearing was well preserved, and the air-bone conduction gap 
was decreased after combined electroacoustic stimulation and os-
siculoplasty. The patient was capable of perceiving acoustic stimuli 
at frequencies lower than 500 Hz and electrical stimuli greater than 
500 Hz, demonstraing serviceable hearing.

0

20

40

60

80

100

120

125             250            500            1 K             2 K             4 K              8 K

Frequency in hertz (Hz)

Acoustic stimuli Electrical stimuli

He
ar

in
g 

th
re

sh
ol

d
 le

ve
l in

 d
ec

ib
el

s (
d

B)



www.ejao.org 113

Lee JM, et al.

likely better candidates and long-term performance is likely 
to be better [7]. Therefore, considering the patient’s preopera-
tive hearing ability and the characteristics of each hearing re-
habilitation methods, combined EAS and ossiculoplasty was 
the method of choice in this case, rather than the other meth-
ods available.

Electric acoustic stimulation (EAS) is the combination of 
acoustic stimulation via hearing aid and electrical stimulation 
via CI in the implanted ear. EAS is indicated for patients with 
residual hearing at low frequencies and severe or profound 
hearing loss at high frequencies. EAS recipients experience 
several benefits in hearing performance compared to recipi-
ents who rely on electrical stimulation alone with regard to 
pitch perception, speech perception, background noise, and 
music appreciation; however, the specific interactions be-
tween electrical and acoustic stimuli have not yet been clearly 
identified. Many attempts have been made to determine clini-
cal information such as the proper range of spectral overlap of 
two stimuli and the minimum qualification for hearing ability. 
Although limited in its findings, a study by Ting Zhang [8] 
reported that the ability to comprehend acoustic information 
below 250 Hz significantly improves performance in EAS 
recipients, even though it affords little to no improvement in 
speech intelligibility on its own. The mechanism of this syn-
ergy is unknown; however, electrode stimulation is known to 
discern differences in pitch for frequencies up to about 300 
Hz. Because 300 Hz represents the upper boundary of the 
temporal code, the synergism might be due to the temporal 
coding system [9]. Consistently, adding acoustic information 
above 250 Hz does not provide significant clinical benefits 
[8]. Therefore, hearing preservation, especially below 250 
Hz, is an aspect of EAS that can be considered during reha-
bilitation. In the present case, the acoustic energy below 250 
Hz improved as compared to that before the surgery by per-
forming combined ossiculoplasty in rehabilitating the hear-
ing using EAS. This improved acoustic energy is expected to 
enhance the performance in EAS recipients.

Many factors influence the results of EAS, including use of 
a flexible electrode and steroids applied either topically or sys-
temically; however, soft surgical techniques are the most im-
portant for preserving hearing. In the present case, we utilized 
gentle drilling on the bony overhang of the round window, and 
both systemic and topical steroid were applied. Trauma to 
structures of the lateral cochlear wall is one of the most com-
monly reported types of insertional damage and is a signifi-
cant type of injury related to hearing preservation [10]. For 
this reason, we slowly and gently inserted a flexible electrode 
via the round window along the lateral wall. These efforts en-
abled the complete preservation of bone conduction, which 

lead to successful hearing rehabilitation with EAS. 
In addition to the application of atraumatic surgical tech-

niques, partial electrode insertion has been suggested in the 
past for preserving hearing, and short- to medium- length 
electrodes have been used for EAS applications. On the con-
trary to this, Mick, et al. [11] reported preservation of hearing 
following full insertion of the electrode, with the idea that the 
risk of re-implantation for longer electrodes could be decreased 
in cases where hearing was not initially preserved. Although 
such full-length electrode insertion is possible, the electrode is 
typically implanted to depths ranging from 8-21 mm due to 
anatomical and design limitations, corresponding to cochlear 
frequencies no lower than 500-1,500 Hz. This limitation re-
sults in a tonotopic mismatch between the sound frequencies 
analyzed by the processor and the actual auditory nerve fibers 
stimulated electrically in the cochlea, which can either over-
lap or result in a gap in the auditory spectrum. This has been 
a significant concern since the concept of EAS was first intro-
duced. While the mechanism by which two stimuli are com-
bined has not been identified, there are some interesting re-
ports that the presence of holes in the auditory spectrum does 
not appear to change one’s ability to recognize speech [12]. 
Similarly, spectral overlap does not affect speech perception 
regardless of whether the overlapping spectrum is wide or nar-
row [8]. Nevertheless, pitch perception provided by electrical 
stimulation at a particular cochlear location can change over 
time in EAS recipients compared to an acoustic reference [13]. 
Thus, the spectral range of speech recognition maintains con-
tinuity due to adjustment to these changes. 

Based on the above discussion, one might assume that neu-
ral plasticity changes do not occur at the level of the cochlear 
organ, but rather at the level of the auditory cortex. Specifi-
cally, the auditory cortex permits early spectral mismatch and 
gradually controls the peripheral organs, allowing for tonotop-
icity of the cochlear nerve and spectrum rearrangement. This 
rearrangement takes time and is affected by variables such as 
age, frequency of hearing aid use, and adequacy of amplifica-
tion. Since pitch perception provided by electrical stimulation 
changes in order to maintain continuity, rearrangement might 
take longer when the mismatch gap is larger [13]. However, 
time to rearrangement does not mean time to adaption, as 
adaptation and permission start in the auditory cortex in early 
stages and proceed to the peripheral organs. Ultimately, further 
studies are needed to clarify the mechanisms of acoustic rear-
rangement and adaptation. 

Ossiculoplasty allows for recovery of not only the continuity 
of the ossicular chain, but also normal middle ear pressure 
gain, which can lead to significant improvements in hearing, 
especially for low to mid-range frequencies. Indeed in the pres-
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ent case, the aided hearing thresholds in frequencies less than 
500 Hz showed remarkable hearing improvement compared 
to preoperation. This can be an advantageous outcome in pa-
tients planning on undergoing EAS surgery, as it saves the low 
frequencies and stimulates only high frequencies. However, de-
spite this advantage for hearing, we considered only EAS in 
the present case at the first time because of the possibility of 
TORP extrusion. Because the patient suffered from chronic 
otitis media, there was a significant chance for retraction of the 
middle ear cavity and extrusion of the prosthesis in the middle 
ear cavity. To prevent the extrusion of the prosthesis, we per-
formed preoperative CT to confirm that the Eustachian tube 
had a normal shape, and its function was confirmed based on 
aeration of the middle ear cavity. Lastly, interpositioned carti-
lage could provide good protection from extrusion as well. 

Initially, the patient did not experience a clear benefit from 
initial use of the EAS; as a consequence did not try to use the 
implant. Nevertheless, we encouraged her to use the implant, 
to which she eventually became accustomed. While it is known 
that patients who have experienced deafness for a shorter pe-
riod of time prior to implantation exhibit better and faster re-
sults when using EAS [14], it is also more difficult for these 
patients to adapt to electrical sounds [15]. Use of implants for 
post-lingual hearing loss, mainly due to aging, is now increas-
ing. For the best implantation results, many factors in addition 
to hearing testing, including patient age, duration of deafness, 
and auditory experience prior to implantation, should be con-
sidered. Also, the encourage from the clinicians would be help-
ful for the patients to be accustomed to new conditions. 

Many strategies have been developed for hearing rehabilita-
tion, and each method has its own indications and limitations. 
Here, we presented a case of hearing rehabilitation by combin-
ing EAS and ossiculoplasty in a single stage in order to maxi-
mize hearing gain. Our experience suggests that careful evalua-
tion of the patient and consideration of available strategies can 
be used to provide personalized maximal hearing rehabilita-
tion. 
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