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Objectives/Hypothesis: This study documents the
importance of preserving residual low-frequency
acoustic hearing as those with more residual hearing
are selected for cochlear implantation. Surgical strat-
egies used for hearing preservation with a short hy-
brid cochlear implant are outlined. The benefits of
preserved residual low-frequency hearing, improved
word understanding in noise, and music appreciation
are described. Study Design: Multicenter, prospec-
tive, single-subject design. Methods: Records were re-
viewed of 21 individuals participating in an Food and
Drug Administration (FDA) feasibility clinical trial
who have received an Iowa/Nucleus 10 mm electrode.
A second group of subjects receiving implants at the
University of Iowa that have used the 10 mm device
between 2 years and 6 months were also reviewed.
Outcome measures included standardized tests of
monosyllabic word understanding, spondees in noise,
and common melody recognition. Results: Low-
frequency hearing was maintained in all individuals
immediately postoperative. One subject lost hearing
at 2.5 months postoperative after a viral infection.
The group has averaged a loss of �9 dB low-frequency
acoustic hearing between 125 and 1,000 Hz. Monosyl-
labic word understanding scores at 6 months for a
group being followed for an FDA clinical trial using
the implant plus hearing aids was 69% correct. For
the long-term group receiving implants at Iowa,

monosyllabic word understanding in those who have
used the device between 6 months and 2 years is 79%.
Other important findings include improved recogni-
tion of speech in noise (9 dB improvement) as com-
pared with standard cochlear implant recipients who
were matched for speech recognition in quiet and
near normal recognition of common melodies. Con-
clusion: The surgical strategies outlined have been
successful in preservation of low-frequency hearing
in 96% of individuals. Combined electrical and acous-
tical speech processing has enabled this group of vol-
unteers to gain improved word understanding as
compared with their preoperative hearing with bilat-
eral hearing aids and a group of individuals receiving
a standard cochlear implant with similar experience
with their device. The improvement of speech in noise
and melody recognition is attributed to the ability to
distinguish fine pitch differences as the result of pre-
served residual low-frequency acoustic hearing. Pres-
ervation of low-frequency acoustic hearing is impor-
tant for improving speech in noise and music
appreciation for the hearing impaired, both of which
are important in real-life situations. Key Words: Hear-
ing Preservation, cochlear implant, hybrid cochlear
implant, hearing in noise.
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INTRODUCTION
The cochlear implant (CI) has been able to restore

substantial hearing in profound prelingually deafened
children and profound postlingually deafened adults and
children. The remarkable word understanding scores ob-
tained by these groups of individuals has enabled those
with less than profound deafness to be considered for
implantation. Expansion of the selection criteria for im-
plantation to those with more residual hearing is sup-
ported by data that residual hearing is one of the few
variables identified that directly impacts speech percep-
tion results.1

In this article, we describe a somewhat different ra-
tionale for considering the patients’ residual hearing in
cochlear implantation. The decision to undergo traditional
implantation surgery will usually mean that patients’ re-
sidual acoustic hearing is usually no longer available.
However, the residual low-frequency acoustic hearing,
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when it can be used by the patient in addition to electrical
stimulation, has some important advantages compared
with traditional “electric only” CIs. Therefore, there are a
number of disadvantages that should be considered before
the decision to destroy residual acoustic hearing is under-
taken. The electrical signal-processing algorithm and
stimulation of the auditory nerve that provides important
information for speech perception in quiet is reported by
users of CIs as “mechanical” or “raspy” when compared
with their memories of acoustic hearing. In addition, the
loss of pitch perception, which is primarily a consequence
of the limited spectral resolution of current CI speech
processing, has unfortunate consequences for the percep-
tion of speech in noise and for the accurate perception and
enjoyment of music.

Although poor pitch resolution does not appear to be
a limitation for understanding speech in quiet for the most
successful implant users,2 understanding speech in back-
ground noise requires spectral resolution even finer than
that required for understanding speech in quiet.3 Even
the most successful implant users only realize perhaps 6
to 8 channels of distinct “place-frequency” information
across the entire spectral range, and this deficit in spec-
tral resolution has a direct negative consequence on the
implant user’s ability to understand speech in background
noise.4 Thus, although traditional CIs are quite successful
for many, if not most, patients in restoring excellent
speech recognition in quiet, even the most successful im-
plant patients suffer from significant problems under-
standing speech in background noise.5,6 Previous results
from our clinic have shown that preservation of residual
low-frequency acoustic hearing can improve speech recog-
nition in noise for implant patients.5

With regard to music, implant recipients using con-
ventional long electrode implants have shown poorer per-
formance than normal hearing persons on several pitch-
related tasks, including detecting pitch change (frequency
difference limens), perception of direction of pitch change
(higher or lower), and discrimination of brief pitch pat-
terns.7,8 CI recipients using conventional long electrodes
almost always require considerably larger frequency dif-
ferences than normal-hearing adults for detecting pitch
change (frequency difference limens) as well as the direc-
tion of a pitch change (i.e., whether the second pitch of a
pair of notes is higher or lower than the first).7

Poor pitch resolution has a detrimental effect on the
esthetic quality of musical sounds, and it also impedes the
CI user’s ability to perform a very basic listening task that
normal hearing people tend to take for granted: the ability
to recognize familiar melodies such as “Happy Birthday,”
“The Star Spangled Banner,” holiday songs, and
spiritually-significant songs when no lyrics are provided.
Melody recognition requires the listener to hear a se-
quence of pitches and accurately perceive the direction of
pitch change (higher or lower) as well as the magnitude of
each pitch change. Because melodies are made up of se-
quential pitch patterns, poor perception of pitch, as is
common for CI recipients who use the conventional long
electrode, has negative implications for this perceptual
task.7,9 In short, because acoustic hearing has an impor-
tant role in pitch resolution and those hearing tasks facil-

itated by pitch, the loss of residual hearing is an important
clinical consideration when determining the most appro-
priate options for patients with severe hearing losses.

The loss of residual acoustic hearing during implan-
tation is the result of a combination of factors including
the technique used to create the cochleostomy as well as
the size of cochleostomy performed. In addition, the diam-
eter, stiffness, and length of standard intracochlear elec-
trodes may induce substantial intracochlear damage to
the basilar membrane and cochlear hair cells as they
advance around the upper basilar turn during insertion.
This damage is likely caused by forces against the outer
cochlear wall during the insertion (Tom Roland, personal
communication, submitted for publication).

In an attempt to limit the intracochlear damage and
to preserve residual low-frequency hearing in individuals
with poor word understanding (less than 50% CNC word
understanding), a short 10 � 0.4 � 0.2 mm electrode
(Iowa/Nucleus Hybrid Cochlear Implant) has been devel-
oped.10,11 Volunteers receiving an implant with this de-
vice have usable acoustic hearing up to 1,000 Hz. Electri-
cal speech processing stimulation provides the patient
with high-frequency speech information (usually 1,500–
6,000 Hz). Thus, these subjects perceive sound by way of a
“combined acoustic and electric” (A � E) mode. They re-
port that the esthetic qualities of sound are preserved,
that they enjoy listening to music, and that they exhibit
better speech recognition in background noise.5

This report describes the unique aspects of the tech-
nique that have been used for implantation of the Iowa/
Nucleus Hybrid Implant. In addition, we discuss long-
term results, preliminary results of an ongoing Food and
Drug Administration (FDA) trial to support the concept
that low-frequency hearing can be preserved, and expand
on the rational for preservation of residual hearing.

MATERIALS AND METHODS

Surgical Technique
The Iowa/Nucleus Hybrid Implant was designed to limit

damage to the scala media. The intracochlear electrode has a
reduced diameter of 0.2 � 0.4 mm. Unique features of the elec-
trode include a Dacron collar to limit the intracochlear placement
to 10 mm and a titanium marker to orient the electrode contacts,
thus ensuring the correct alignment of the electrodes adjacent to
the modiolus. The length of the electrode was limited to 10 mm to
prevent injury to the ascending basal turn of the cochlea and
prevent the electrode from curling on itself on insertion.

A mastoidectomy, the creation of the bony seat for the
electronic package, and the facial recess is opened similarly to
implantation of a standard CI. The bony overhang of the round
window niche is removed with a 1.8 mm diamond burr to expose
the round window membrane.

The strategy for creating the cochleostomy and entering the
scala tympani should involve surgical detail similar to perform-
ing a “drill-out” stapes for otosclerosis. Bleeding must be con-
trolled, and suction must be avoided once the inner ear is opened.
The cochleostomy is created anterior inferiorly to the round win-
dow. To standardize the placement of the cochleostomy, it is
suggested that the cochleostomy is placed in the anterior inferior
quadrant of a box created by drawing a line at the superior
margin of the round window and one that crosses perpendicular
at the inferior aspect of the round window (Fig. 1).
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Creation of the cochleostomy is begun in the inferior portion
of the quadrant, slowly saucerizing the otic capsule bone with a 1
mm diamond bur. Approaching the scala tympani from a caudal
direction ensures that the cochleostomy will be inferior to the
equator of the scala, thus avoiding the basilar membrane and
spiral ligament (Fig. 2). It should be remembered that the basal
turn of the cochlea is oriented obliquely in the temporal bone,
with the helocotrema usually positioned deep to the tensor tym-
pani muscle, and the ascending basilar turn can be deep to the
level of the internal carotid artery. Because bone is slowly re-
moved over the scala tympani, the lumen will appear as bluish or
as a faint gray hue. If the cochleostomy is too far superior,
adjacent to the spiral ligament, a whitish color will be evident.
Drilling inferiorly will permit entrance into the scala tympani.

A 0.5 mm diamond bur is used to penetrate the final layer of
bone, but the endosteum of the scala tympani is left intact (Fig.
3). The implant is secured in the seat and sutured in place with
4–0 nylon suture. During creation of the mastoid, an overhang of
the cortex at the tegmen mastoideum is developed. One millime-
ter holes are drilled in the cortical overhang to secure the elec-
trode with a 4–0 nylon suture before it is placed in the cochlea.
This suture helps to stabilize the orientation of the electrode
contacts toward the modiolus and ensures that the electrode is
secure within the scala tympani. Before placement of the elec-
trode, 1.5 � 1.5 mm of temporalis fascia is obtained and pressed
in a fascia press. A needle is used to pierce the fascia in the
center. The electrode tip is threaded through the fascia, creating
a washer that is advanced against the Dacron cuff. The fascia
seals the cochleostomy when the electrode is inserted into the
scala tympani. The endosteum is opened using a 0.2 mm right-
angle hook. The tip of the electrode is guided into the cochleos-
tomy using a needle tipped instrument at the Dacron collar and
an electrode-guiding “claw” instrument. The electrode must be
directed parallel to the posterior canal wall to ensure the elec-
trode is directed into the basal turn of the cochlea. The electrode
is then slowly advanced into the scala tympani. A slow insertion
(over a 30–45 second period) will limit the intracochlear trauma
and allow displacement of perilymph. The electrode is positioned
with slight anterior pressure to ensure the electrode is held
tightly in the cochlea, and the tegmen mastoideum suture is
secured. The subperiosteal tissues and skin are closed in layers.

Subjects
Thirteen volunteers participated in this research at the

University of Iowa. The first three Iowa subjects received a 6 mm
electrode. Their data are used to support the preservation of
residual hearing only. Eleven additional subjects received im-
plants at participating research centers by seven different sur-
geons. The 10 mm electrode subjects (n � 21) are enrolled in an
FDA multicenter clinical trial. This investigation is controlled
under an FDA feasibility IDE #G990155 and has been approved
by the University of Iowa Human Subjects Investigational Re-
view Board. The criteria for selection include postlingual hearing
impairment CNC word understanding between 10% and 50%
with an appropriately fitted hearing aid in the worse ear, and
60% or worse in the better hearing ear. The criteria for inclusion

Fig. 1. Position of cochleostomy in the inferior-posterior quadrant of
a box created by drawing a line at the superior margin of the round
window and a perpendicular line at the inferior margin of the round
window (dashed arrow). Basilar membrane position (solid arrow),
round window membrane (star).

Fig. 2. The cochlea is oriented in the temporal bone such that the
basal turn is tipped anterior-superior with the helocotrema deep to
the tensor tympani muscle. The black vertical line indicates the
approximate position of the spiral ligament. The cochleostomy
should be placed inferior to the spiral ligament to prevent damage to
the basilar membrane.

Fig. 3. The electrode is passed through a fascia washer and is
placed against the Dacron collar (white arrow). The fascia washer
seals the cochleostomy site (dotted line box, black arrow)
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also includes pure tone audiogram thresholds conforming to the
limits shown in Figure 4.

The original 6 mm device produced an unpleasant high-
pitch percept. The electrode was lengthened to 10 mm to place the
electrode array at a more apical location, with the most apical
electrode now at approximately 2,500 to 3,000 Hz according to the
Greenwood place frequency map.12 The tip of the 10 mm electrode
curves into the ascending segment but does not extend to the
upper basal turn of the cochlea. The added electrode length has
eliminated the high-pitched percept.

Subjects were tested in a sound field with their implant
alone, hearing aid � implant (hybrid condition), and hearings
aids binaurally � implant (combined condition). A recorded ver-
sion of the CNC word recognition test was administered to the
Iowa and participating center subjects.13 The 10 mm Iowa Hybrid
recipients were also tested using a closed-set spondee word list
presented in multitalker background noise.5 The music percep-
tion task demonstrates the ability to recognize open set melodies
well known within American culture presented in a pitch range of
131 to 1,048 Hz. A description of this test and the outcomes for
normal-hearing adults and CI recipients of conventional long
electrodes appear in Gfeller et al.7

RESULTS
The method of performing the cochleostomy and in-

sertion of a 6 or 10 mm electrode described above has
enabled the preservation of acoustic hearing at 1 month
postoperatively in all 24 volunteers undergoing the proce-
dure by multiple surgeons. One subject developed a recur-
rent cytomegalovirus infection 2.5 months postoperative,
resulting in total loss of acoustic hearing in the implant
ear. Some acoustic hearing has returned at 6 months. A
second patient at a participating center experienced a 30
dB pure hearing drop after an episode of pneumonia 3
months postoperatively. A pure tone drop of 9.5 dB across
the frequencies between 125 and 1,000 Hz was noted for
the group presently being tracked for an FDA investiga-
tion (Fig. 5). The range of change was 0 dB to 30 dB.

Preliminary results from those reaching the 6 month
experience interval in the FDA study (n � 11) are shown
in Figure 6. Monosyllabic word understanding at 3
months and 6 months compared with the preoperative

binaural hearing aid condition demonstrate substantial
improvement in 10 of the 11 subjects. Longer-term mono-
syllabic word understanding scores for the subjects receiv-
ing implants at Iowa using the implant only, implant plus
hearing aid, and implant plus binaural hearing aids com-
pared with the preimplant scores with hearing aids are
shown in Figure 7. The average score for this group is 79%
in the best-aided condition. Some do better without a
hearing aid in the implanted ear because they believe that
the hearing aid blocks residual low-frequency hearing. It
appears that the gains in word understanding in those
that have had their devices for up to 3 years remains.

An important finding when acoustic and electrical
stimulation is combined was the improved performance
for recognizing speech in a noisy background as compared
with traditional CI patients. The background was a two-
talker babble signal. Eight of the Iowa patients receiving
implants with the 10 mm electrode have been tested to
determine the signal-to-noise (S/N) ratio required for 50%
correct recognition of spondees. For comparison purposes,
the same measure was obtained for a group of 20 tradi-
tional long-electrode patients (who were chosen so that
their group speech recognition scores in quiet matched
that of the 8 A�E patients) as well as 10 mild-to-moderate
hearing loss (HL) patients (some who wore hearing aids)
and also a group of 8 normal-hearing subjects. A lower S/N
ratio indicates better performance. The babble back-
ground is a situation that commonly yields complaints
from all hearing-impaired patients, and the data of Figure
8 indicate that normal-hearing listeners can do quite well
in this situation. It is easily seen that the A � E approach
yields an improvement over the traditional implant pa-
tients (who perform the most poorly of all groups) and that
the preservation of residual hearing can help implant
patients using A � E to nearly equal the level of perfor-
mance of mild-to-moderate HL patients.

Standard CI recipients report difficulty recognizing
music and familiar melodies.7 This group of short-
electrode implant users is substantially more accurate
than recipients of standard CIs in melody recognition,
pure tone frequency discrimination, and timbre ratings for
the low frequencies.

In the open-set test of familiar melody recognition,
normal hearing adults (n � 17) achieved a mean score of
87.1% correct, whereas the mean score for 27 recipients of
long electrodes (Nucleus 22, Nucleus 24, and Clarion us-
ers; ACE, Speak, CIS, and SAS speech processing strate-
gies) was 30.7% correct. There were no significant differ-
ences among the long-electrode recipients as a function of
either device or strategy. In contrast, the mean score for
familiar melody recognition for five short-electrode recip-
ients 1 year post hook-up was 80.1% correct. In summary,
the hybrid short electrode subjects were significantly more
accurate than traditional long-electrode implant recipi-
ents in the pitch-based task of familiar melody recogni-
tion. The A � E strategy, where residual acoustic hearing
up to 750 to 1,000 Hz is preserved, allows the fundamental
frequencies of many melodies to be perceived by way of the
residual acoustic hearing, where significant advantages in
pitch perception exist as compared with electric hearing.

Fig. 4. Audiometric profile (gray area) for Iowa/Nucleus Hybrid Food
and Drug Administration trial.
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DISCUSSION
Preservation of residual low-frequency hearing with

the addition of electrical speech processing has substan-
tially improved the speech perception abilities and hear-
ing in noise of this group of volunteers. Music appreciation
and quality of sound have also been maintained. This is
not a trivial consideration given the ubiquitous nature of
music in our society as well as the fact that implant

recipients report enjoyment of music as their most impor-
tant wish after improved speech perception.7 The impor-
tance of preserving residual low-frequency acoustic hear-
ing cannot be underestimated in view of the observation
that the added benefit of hearing in noise and quality of
music is a result of the residual acoustic hearing in this
population. This residual hearing provides finer spectral
resolution than what is possible from the present CI

Fig. 5. Mean unaided pure tone au-
diometric results for 21 subjects re-
ceiving implants with the 10 mm
electrode.

Fig. 6. Ten millimeter subjects in a
Food and Drug Administration feasi-
bility trial 3 months (black bar) and 6
months (dashed bar) compared with
their preoperative hearing with two
hearing aids (white bar). Mean scores
are found at right. Average perfor-
mance for a group of standard length
electrode subjects with the traditional
Nucleus CI-24 implant are repre-
sented by the dashed line (3 months)
and solid line (6 months).
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speech-processing algorithms. The 10 mm electrode has
been successful in preserving hearing and providing suf-
ficient additional high-frequency information to improve
speech perception. A balance between intracochlear
trauma, acoustic hearing, and delivery of electrical cur-
rent has been achieved. It could be argued that a longer
electrode may deliver more information; however, if indi-
viduals with significant residual hearing are to benefit
from this technology, preservation of residual hearing is of

paramount consideration. It is interesting that some sub-
jects achieve between 60% and 70% CNC word recognition
with a six channel 10 mm electrode using electrical speech
processing only without acoustic hearing. The risk/benefit
performance ratio of combined electrical and acoustical
stimulation is just beginning to be explored. Another con-
cern is the potential deterioration of residual low-
frequency hearing over time. In a review of our clinic’s
records for adults with severe high-frequency HL, low-
frequency (less than 2,000 Hz) thresholds remain remark-
ably constant over many years (up to 20 years) and lose
less than 0.75 dB/year on average.

A � E processing improved speech perception in
noise by a 9 dB S/N ratio (compared with long electrode
subjects). To put this improvement in S/N ratio in perspec-
tive, Eddington et al. have demonstrated that a 5 dB
improvement in S/N ratio is comparable with an approx-
imate 30% to 40% improvement in HINT sentence
scores.14 Although the improvement for speech in noise
does not bring the implant patient to normal-hearing lev-
els, it represents a large advance toward that goal. The
speech in noise results for this group of severely hearing-
impaired individuals using the A � E approach are nearly
as good as mild-to-moderate HL patients. Remember that
for these individuals, hearing aid technology was unable
to improve their speech recognition to acceptable levels in
quiet or in noise. It will be interesting to see whether those
with more moderate hearing losses can realize similar
improvements in noise using the electro-acoustical stim-
ulation paradigm.

Preservation of any residual hearing must be a goal
of all future CI surgeries. Implant surgeons should adopt
surgical strategies to limit intracochlear damage. The

Fig. 7. Long-term results on monosyllabic CNC word score test for
Iowa subjects with 10 mm electrodes. Preoperative hearing in the
implant ear (solid black bar), preoperative performance with two
hearing aids (stippled bar), performance in the implant only condi-
tion (black with white dotted bar), hearing aid plus implant (horizon-
tal bar), hearing aids binaural plus implant performance (slanted
bar).

Fig. 8. The spondee recognition
threshold (signal-to-noise [S/N] ratio
in dB required for 50% correct rec-
ognition in a multitalker background)
for four groups of patients. Error bars
represent �1 SD about the mean.
Traditional � subjects using stan-
dard length electrode; E&A � sub-
jects using electroacoustical stimula-
tion; mild to moderate loss �
subjects using hearing aids; normal
� normal hearing subjects.
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ability to enter the inner ear and place a 10 mm electrode
opens many possibilities for future therapies. CI manufac-
tures must recognize the importance of inner ear preser-
vation in all individuals undergoing cochlear implantation
and should adjust the design of intracochlear electrodes to
accommodate this concept. This research also demon-
strates the need to improve low-frequency, fine-spectral
perception to CI recipients who do not have residual
acoustic hearing to provide more enjoyment of music as
well as hearing in noise.
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