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Abstrakt (Deutsch)

Einleitung: Der Abstand zwischen Modiolus und dem Elektrodenarray ist ein Faktor,
welcher im Mittelpunk vieler Diskussionen und Studien steht. Das Einbringen des
Elektrodenarrays naher zum Spiralganglion, mit dem Ziel die Stromausbreitung zu
fokussieren, konnte bessere Horergebnisse demonstrieren. Perimodiolare
Elektrodenarrays konnen durch ein dezidiertes chirurgisches Mandver, die
sogenannte “pull-back” Technik, erganzt werden. Diese Studie konzentriert sich auf
die neu entwickelte 532 slim modiolar Elektrode.

Objektiv: Die Evaluation der intracochlearen Position der 532 slim modiolar Elektrode
unter Anwendung der “pull-back” Technik.

Studiendesign: Experimentell.
Einrichtung: Krankenhaus der Maximalversorgung.

Material und Methoden: In 5 humanen Felsenbeinen wurde ein sogenanntes
Decapping-Verfahren zur Darstellung der Scala tympani durchgefuhrt. Die
Elektrodenarrays wurden eingefuihrt und die intracochlearen Positionsanderungen
wurden mikroskopisch und digital erfasst. Drei unterschiedliche Insertionskonditionen
wurden analysiert: die initiale Insertion, die Uberinsertion und die “pull-back” Position.
Die Position der drei weillen vorgegebenen Markierungen der Elektrodenarrays in
Bezug auf das runde Fenster wurde wahrend der Durchfuhrung diese drei Konditionen
untersucht.

Ergebnisse: Die initiale Insertion erreichte eine perimodiolare Position des
Elektrodenarrays. Es findet sich, jedoch eine Distanz zwischen dem mittleren Bereich
des Arrays und dem Modiolus (1. erste Markierung im runden Fenster). Die tiefere
Insertion der Elektrode fuhrt zu einer Zunahme der Distanz zwischen Modiolus und
Elektrode (2. zweite und dritte Markierung im runden Fenster). Die Anwendung der
“‘pull-back” Technik fuhrt zu einer maximalen Annaherung der Elektrode an den
Modiolus. Diese Technik fuhrte zu einer engen perimodiolaren Position (3. erste
Markierung wieder in rundem Fenster sichtbar).

Fazit: Mittels der erfolgten Felsenbeinuntersuchung konnte belegt werden, dass die
Anwendung der “pull-back” Technik fur die 532 slim modiolar Elektrode, die engste
Beziehung zum Modiolus erreichen lasst, wenn die erste weille Markierung des
Elektrodenarrays in dem runden Fenster wiederum sichtbar wird.

Abstract (English)

Introduction: The distance between the modiolus and the electrode array has become
the focus of many discussions and studies. Positioning the electrode array closer to
the spiral ganglion with the goal of reducing the current spread has been shown to
improve hearing outcomes. Perimodiolar electrode arrays can be complemented with

3



an extremely careful surgical maneuver called the pull-back technique. This study is
focused on the recently developed 532 slim modiolar electrode.

Objective: To investigate intracochlear movements and pull-back technique for the
532 slim modiolar electrode.

Study design: Experimental.
Setting: Tertiary referral center.

Material and Methods: A decapping procedure was performed on five temporal
bones. The electrode array was inserted and the intracochlear movements were
microscopically examined and digitally captured. Three situations were analyzed: the
initial insertion, over-insertion and pull-back position. The position of the three white
markers of the electrode array in relation to the round window was evaluated when
performing these three actions.

Results: The initial insertion achieved an acceptable perimodiolar position of the
electrode array, but there was still a gap between the mid-portion of the array and the
modiolus (the first white marker was visible in the round window). When we inserted
the electrode a little deeper, the mid-portion of the array was pushed away from the
modiolus (the second and third white markers were visible in the round window). After
applying the pull-back technique, the gap observed during the initial insertion
disappeared, resulting in an optimal perimodiolar position (the first white marker was
once again visible in the round window).

Conclusion: This temporal bone study demonstrated that applying the pull-back
technique for the 532 slim modiolar electrode allowed a closer proximity to the
modiolus when the first white marker of the electrode array was visible in the round
window.



Introduction

Cochlear implants are electronical stimulus protheses for the functional
replacement of the inner ear. Thanks to the positive results of technical advances,
cochlear implants have been established as the standard therapy for sensory
deafness. The intracochlear position of the electrode allows for differentiated
stimulation of the hearing nerves and thus the transmission of various perceptions of
pitches. The stimulation of the frequency organization of the inner ear leads to complex
sound signals, such as speech, being transformed into a differentiated neuronal
stimulation pattern of the hearing nerve, which is the basis for speech understanding
with a cochlear implant. Today, the indications for cochlear implantation are bilateral
sensory hearing loss and deafness in children as well as adults, single-sided deafness
and high-frequency hearing loss'. In 1963, Zoliner and Keidel formulated the basic
principles of intracochlear multichannel stimulation, which is the basis of today’s
cochlear implant systems, with up to 20 electrode contacts in the scala tympani for
simulation of the tonotopy by use of various stimulus modalities?. The first clinically
applicable systems were developed by House and Urban; Hochmair and Hochmair
desgined later systems, as well as Clark and Patrick, Merzenich in the USA and
Chouard in Paris3. Since the initial introduction, there have been more than 500,000
implantations worldwide*. The electrode array in a cochlear implant system is the
central factor of hearing performance, as it is the interface between the device and the
auditory pathway of the recipient®. Specially designed thin electrodes are used for
cochlear implant surgery intended to preserve hearing, being most frequently placed
on the lateral wall and advanced depending on hearing loss. Preformed, perimodiolar
electrodes are inserted with the aim of achieving selective stimulation with low
stimulation current, but generally, this approach is less likely to preserve residual
hearing®. Currently, there are the two commercially available electrode arrays (Fig. 1)8.
Apart from electrical current requirements, energy consumption, trauma to the cochlea,
combined electro-acoustic stimulation, preservation of the cochlear structures with
low-trauma surgical techniques and hearing preservation, proximity to the modiolus is
one aspect that has gained recent attention among researchers’.

Slim Straight Contour Advance® g >
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Slim Straight Contour Advance®

Fig. 1. Slim straight and Contour Advance electrodes. Bone histology courtesy of The
HEARing CRC, Melbourne®.

Positioning the electrode array closer to the spiral ganglion with the goal of
reducing the current spread during electrical stimulation has been shown to improve
hearing outcomes*. Sheperd established the scientific foundations of perimodiolar
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placement in 1993, demonstrating reduced electrical auditory brainstem response
thresholds while positioning the electrode array closer to the modiolus. The closer the
stimulated electrode was to the nerve terminals, the lower the current levels needed to
elicit a stimulus®. Further clinical studies have proven that the perimodiolar electrode
position decreases channel interactions and neural response telemetry thresholds and
leads to better speech understanding. The distance to the modiolus can also influence
comfort levels and dynamic range®'°. The comfort levels among users implanted with
a perimodiolar electrode array seem to be higher than among users implanted with a
straight lateral wall array''. Another benefit of this array is lower power consumption’?.
Perimodiolar proximity is an important consideration, as Holden et al. concluded that
the total insertion depth was not associated with better speech discrimination
outcomes; however, the distance from the electrodes to the modiolus did indicate a
significant influence™3.

However, perimodiolar electrode arrays also have disadvantages, as they are
much more traumatic and tend to deviate into the scala vestibuli more often than lateral
wall arrays. The trauma to the cochlea produced by perimodiolar arrays led to the
development of specific insertion techniques and tools to minimize it, such as the
development of the advance off-stylet system'*. Those with profound sensorineural
hearing loss make up the largest group of candidates for cochlear implants. This group
requires optimal electrical stimulation, which is best provided by perimodiolar
electrodes. Therefore, any surgery technique or strategy that prompts better
perimodiolar positioning with reduced insertion trauma of the electrode array could lead
to better hearing outcomes®.

Intraoperative interventions regarding the position of perimodiolar electrodes
can further reduce the distance between the electrode contacts and modiolus. The
perimodiolar position of the array inside the cochlea can be complemented with a
surgical maneuver called the pull-back technique. This technique was first described
by Todt in 2005 and combines a deep insertion of the electrode with a subsequent
pulling back until the first white marker of the array becomes microscopically visible
within the cochleostomy opening. This maneuver allows for a better perimodiolar
position of the electrode’®, bears no serious risks to the cochlear microstructures and
has shown to be reliable and reproducible’®.

Electrophysiological changes have also been reported in other studies applying
this intervention. In one study with the Nucleus-24 Contour Advance array, the spread
of excitation was significantly reduced at basal, middle and apical electrodes in the
electrode pull-back group'’. Another study with the same electrode demonstrated a
significant decrease of the spread of excitation at stimuli electrodes 5, 10 and 15
compared to recordings after the primary normal insertion procedure'. The array
inside the scala tympani is invisible to the surgeon, so the proximity of the electrode
array to the modiolar wall is generally unknown during surgery*. Because the pull-back
technique can be performed in various ways (e.g., modifications in insertion depth and
amount of pull-back) and the size of the human cochlea varies, surgical guidelines are
required for each electrode array'®. Clear surgical guidelines have been published for
the Nucleus-24 Contour Advance electrode and the Advanced Bionics Helix
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electrode’?%, Therefore, the purpose of this research is to determine that, after
applying the pull-back technique for the 532 slim modiolar electrode in temporal bones,
the distance (measured in mm), between the modiolus and contact eleven of the
electrode, is less than the distance generated after a regular insertion, as well as after
an over insertion. Various scientific studies, as mentioned above, have shown that the
shorter the distance between the modiolus and the electrode, the better the hearing
outcomes in terms of speech understanding.

Materials and Methods

In our hospital (Klinikum Bielefeld Mitte), we are lucky to have a temporal bone
laboratory. Each doctor has the option of drilling temporal bones in their free time. From
time to time, we receive new temporal bones from unknown donors. Five random
temporal (three left and two right) bones treated in formaldehyde were assigned to
conduct this investigation as approved by the hospital’s ethic commission.

The electrode we used was the new slim pre-curved perimodiolar electrode
(CI532) developed by Cochlear Ltd. (Fig. 2). This electrode is held straight prior to
insertion by an external polymer sheath, which is removed after full insertion of the
array. This is intended to allow closer placement to the modiolus by eliminating the
internal stylet and surrounding silicone rubber, reducing the electrode volume by 60%
compared to with the previous perimodiolar CI512 device. This results in the CI532
being equivalent in dimension to the CI522, a lateral wall electrode that has
demonstrated useful low-frequency hearing preservation. The C1532 has 22 platinum
electrode contacts spread over 14 mm of active length. The distance from electrode
tip to the most proximal electrode contact is 14.4 mm with a dimension at the basal
end of 0.475 mm X 0.5 mm and at the apical end of 0.35 mm X 0.4 mm?"22, This
electrode also has a higher degree of curvature in comparison to the Nucleus Contour
Advance electrode and has three white markers for its insertion, as the human cochlea
varies in size.

e

e
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Fig. 2. The CI532 Slim Modiolar Electrode. Courtesy of Cochlear Ltd. (Sydney).

The temporal bones were freshly harvested and subsequently worked up. A
conventional mastoidectomy with a posterior tympanotomy was performed first,
followed by a decapping procedure of the cochlea. This procedure consisted of
removing the roof of the scala vestibuli to allow a full visual assessment of the basilar
membrane. The basilar membrane was also removed to obtain a panoramic view of
the intrascalar position of the array in the scala tympani. A modified round window
approach was performed for the insertion of the electrode array; this approach
consisted of removing the promontory’s lip, preparing the round window membrane,
opening it and performing an inferior enlargement of the window. All of these
procedures were carried out under moisturized conditions (0.9% NaCl) and
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microscopic control to simulate a real-life situation. The microscope used was the Zeiss
OPMI Pentero 900 and the drilling system was the Micro Drill- and Shaver System
(DT55) from Spiggle & Theis. The distance from the round window to the furthest part
from the lateral wall of the cochlea was measured using a paper wound ruler (Distance
A). These procedures and measurements were done on different days, since the
drilling of the temporal bones lasted several weeks. The same surgeon performed all
of the drilling work.

Because the human cochlea varies in size, the 532 slim modiolar electrode has
three white markers to guide its insertion. The marker closest to the round window is
called number one, the following number two and the final marker number three. The
maximal recommended insertion depth for this electrode is reached when the third
white marker is visible in the round window?3. The electrode array was inserted
following the surgical guidelines published by Cochlear Ltd. as follows: The white
sheath handle must be aligned such that it is oriented toward the modiolus (in the plane
of the basal turn). This ensures that, as the electrode advances, it follows the curvature
of the cochlea. Guide the loaded sheath into the cochlea until the sheath stopper
reaches the opening of the cochleostomy or round window. Insert and stabilize the
sheath handle using straight forceps until the sheath stopper is against or flush with
the opening. With the sheath stopper resting against or flush with the opening, slowly
advance the electrode with forceps. The first white marker on the electrode will
approach the white marker on the sheath. When the two white markers align, the
electrode is fully inserted. After the electrode is inserted smoothly, grasp the white
sheath handle firmly with straight forceps and slide the sheath straight back along the
axis of the electrode until it is completely removed?*.

Three situations for the five temporal bones were analyzed and microscopically
digitally captured. These were the initial insertion (insertion to the first white marker),
over-insertion (insertion up to the third white marker) and pull-back position (pull-back
to the first white marker once again). The position of the three white markers in relation
to the round window was also evaluated when performing these three actions. The
changes in distance between the center of the modiolus and contact eleven were
measured based on the digitally captured images; contact eleven was appropriate
because it is the middle of the electrode array. The images were captured using Karl
Storz’s AIDA documentation system connected to the microscope. The same
experienced surgeon performed the insertion, over-insertion and pull-back for the five
temporal bones on the same day. Fifteen insertions were performed—three for each
temporal bone. The electrode array employed in this study was provided by the
manufacturer.

It is a pilot experimental biometric laboratory study. The null hypothesis and the
alternative hypothesis are as follows:

e HO: The distance between the modiolus and contact 11 of the electrode is equal
or greater after performing the pull-back technique.

e H1: The distance between the modiolus and contact 11 of the electrode is less
after performing the pull-back technique.



As this is a pilot study, since it is the first time that the pull-back technique has
been applied in the new 532 slim modiolar electrode, no previous information was
found for the estimation of the sample size. Thus, the number of samples for pilot
studies is based on the experience and assessment of the tester. The sample size
estimation follows the standard recommendations of using at least five samples, each
analyzed in the three different situations, giving a total of fifteen analyzes. The
differences among the distances of the three scenarios were calculated and
statistically analyzed using a paired t-Test with a significance level < 0.05 (p-value).
An experiment of this type in people was unethical, due to the risk of damaging the
microstructures of the patient's cochleas.

Results
The average size of the temporal bones/cochleas was 8.64 mm. The longest
Distance (A) was 9.5 mm, and the shortest was 8 mm (SD 0.5) (Fig. 3).

Fig. 3. Sizes of all five temporl bones.

The same pattern was observed in all five temporal bones when analyzing the
three situations, as previously described. The initial insertion achieved an acceptable
perimodiolar position of the electrode array, but a gap was still visible between the mid-
portion of the array and the modiolus (Fig. 4). In this scenario, only the first white
marker was visible in the round window.

Fig. 4. Initial insertion of the electrode u to the ﬁrst marker (yellow arrow) with distance
of the electrode from the modiolus (red arrow). The black line indicates the distance

between the modiolus and contact eleven.



When the array was inserted more deeply, the mid-portion of the array was
pushed away from the modiolus, resulting in an unfavorable perimodiolar position (Fig.
5). In this case, the third white marker was visible in the round window.

Fig. 5. The over-insertion of the electrodé up to tﬁe third white marker (yellow arrow)
with distance of the electrode from the modiolus (red arrow). The black line indicates
the distance between the modiolus and contact eleven.

Finally, the pull-back technique was applied, resulting in an optimal perimodiolar
position of the electrode array. When applying this technique, we found that the gap
observed during the initial insertion disappeared, and the first marker of the electrode
array was already visible in the round window. No electrode tip movements were
detected during this procedure. There was a good correlation between the visually
controlled and performed pull-back and the known electrode marker distances. The
same situation repeated while applying this technique to each of the five temporal
bones. We did not find a correlation between the size or side (left or right temporal
bone) of the cochlea and the amount of pull-back applied. Considering the given data,
the videos were reevaluated in all cases to increase the sensitivity of the method.
Figures 4 to 6 show typical calculations. Analysis of the cochlear microstructures
revealed no major changes or damage in any of the temporal bones, particularly at or
around the modiolar wall.
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Fig. 6. The pull-back position of the electrode up to the first white marker (yellow arrow).
The gap observed during the initial and over-insertion disappeared (red arrow). The
black line indicates the distance between the modiolus and contact eleven.

The mean initial distance between the center of the modiolus and contact eleven
was 1.9 mm (SD 0.2 mm). The over-insertion resulted in a distance of 2.5 mm (SD 0.4
mm), and the pull-back technique resulted in a distance of 1.5 mm (SD 0.2 mm). Table
1 shows results for each temporal bone.

inmm TB1 B2 B3 B4 85 | 2 sD
Initial Insertion 2 1,9 2 1,5 2,1 1,9 0,2
Overinsertion 3,1 2,5 2,4 2,1 2,4 2,5 0,4
Pull back 1,4 1,5 1,5 1,2 1,8 1,5 0,2

Table 1. Distance in mm between the center of the modiolus and contact eleven, after
applying each insertion in the five temporal bones.

When comparing the initial insertion with the pull-back position the p-value was
0.002. In the remaining two scenarios (initial insertion/over-insertion and over-
insertion/pull-back position) the p-values were 0.01 and 0.005, respectively. These
results demonstrate that the HO (null hypothesis) is rejected with a significance level <
0.05.

Discussion

Since its introduction, each component of cochlear implants has been the
subject of continual research and innovation to achieve the best performance in
speech perception and production. In particular, special attention has been paid to
electrode placement and design.

Another important feature is atraumatic insertion. To limit trauma during
electrode insertion, the array should be positioned entirely within the scala tympani?®.
Advantages and disadvantages have been described for each type of electrode array.
One disadvantage—and perhaps the most important of the straight electrodes—is their
final position, as they lay at the lateral wall of the cochlea, which is far away from the
neural elements in the modiolar area. In contrast, preformed electrode arrays are
fabricated in a spiral configuration and adjusted to the cochlea’s modiolar area. These
electrode arrays were designed for intracochlear placement next to the modiolus?“.
This position leads to a narrower electric stimulation, a lower current spread to the
adjacent neural population, lower channel interaction and a reduced risk of facial nerve
stimulation. As a consequence, the behavioral and electrically evoked compound
action potential thresholds are reduced, with a wider dynamic range?®. For example,
Esquia Medina found a statistical correlation between monosyllabic word scores and
electrode contacts being closer to the center of the modiolus—higher scores were
demonstrated when the contacts were closer to the modiolus?®. However, these
perimodiolar designs also have disadvantages; until recent redesigns, these
electrodes had a larger diameter and were associated with a higher risk of insertion
trauma. Although Ramos-Macias stated that the 532 slim modiolar electrode seems to
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be reliable for atraumatic intracochlear placement, a certain degree of trauma is to be
expected with all of the currently available electrode designs?*. Another problem with
perimodiolar electrodes to date is that, with these pre-curved arrays, dislocation occurs
in up to 26% of the cases. Dislocation in to the scala vestibuli is associated with poorer
hearing outcomes. With straight flexible electrode arrays, the incidence of dislocation
has been found to be lower?®24. Additionally, tip fold-overs can occur. In a study by
Zuniga, tip fold-overs occurred in 8% of the patients implanted with the 532 slim
modiolar electrode?’.

It is technically challenging to develop an electrode array that lies close to the
modiolus, can be inserted with minimal trauma to the delicate cochlear structures and
stays within the scala tympani''. To achieve these objectives, a thin, pre-curved
electrode was recently developed by Cochlear Ltd. and approved for clinical use in
2016%°%8, The 532 slim modiolar electrode is held straight prior to insertion by an
external polymer sheath, which is removed after full insertion of the array. This new
kind of electrode can be placed even closer to the modiolus. The elimination of the
internal stylet and surrounding silicone rubber reduces the electrode volume by up to
75%, resulting in dimensions equivalent to that of the current lateral wall electrodes?>.
In comparison to the Nucleus Contour Advance, the new 532 slim modiolar electrode
has a diameter of 0.5 mm at the position of the most basal electrode, decreasing to 0.4
mm at the apex (the corresponding dimensions of the Nucleus Contour Advance are
0.8 mm and 0.5 mm). This gives the 532 slim modiolar electrode a cross-sectional area
of about 40% of that of the Nucleus Contour Advance?3. Potential advantages of this
new design include minimal insertion trauma and consistent perimodiolar location
within the scala tympani?®. A study by Aschendorff found that the 532 slim modiolar
electrode achieved the design goal of producing no trauma, as indicated by 100%
scala tympani placement, while achieving consistent close modiolar proximity?3.
However, McJunkin reported that 13% of 532 slim modiolar implants dislocated into
the scala vestibuli?®. The dislocation rates of the 532 slim modiolar electrode are lower
than those reported for the previous Nucleus Contour Advance.

An intraoperative intervention regarding the position of perimodiolar electrodes
can further reduce the distance between the electrode contacts and modiolus'’. This
intervention, called the pull-back technique, has shown favorable results for the
Nucleus Contour Advance and the Advanced Bionics Helix electrode’®. The pull-back
technique seems to encourage a better perimodiolar position of the electrode arrays'®.
Basta proved that the excitation spread was significantly reduced at basal, middle and
apical electrodes in the electrode pull-back group using the Nucleus Contour Advance,
while a significantly smaller frequency difference limen was observed with 4 kHz. This
means that the pull-back technique has the greatest effect in the basal region of the
cochlea'. The optimum pull-back distance for the Nucleus Contour Advance is
between 1.37 and 1.5 mm'°,

Another study using the Advanced Bionics Helix electrode showed similar
results in applying the pull-back technique. The excitation spread showed a significant
decrease in the intracochlear field in all three contacts (basal, middle and apical). The
recommended pull-back for the Advanced Bionics Helix electrode was about 1 mm?°.

12



As the pull-back technique can be performed in various ways (insertion depth, amount
of pull-back and variability of human cochleas), surgical guidelines are required for
each electrode array’®.

Therefore, it was the goal of the present study to estimate the change in position
of the 532 slim modiolar electrode while being pulled back in a series of temporal bones
with the aim of establishing clear surgical guidelines. The best pull-back distance is
defined as the point where the tip is in an unchanged apical position and the middle
part of the electrode is maximally approximated to the modiolus?°. We observed and
digitally captured this situation in all of the temporal bones in which we performed the
procedure, and we did not see any tip fold-over. This was not the case in another study,
in which tip fold-overs occurred at a noteworthy rate of 1 to 8% in 532 slim modiolar
implants?82°,

Direct measures of electrode-to-modiolus distance, even from the best-quality
CT imaging available, are problematic due to residual electrode artefacts blurring the
boundary between the electrode and the medial wall of the modiolus?3. This is why
studies on temporal bones, such as ours, provide the best way to assess the electrode-
to-modiolus distance. Aschendorff came to similar conclusions; in her study, the
electrode-to-modiolus distance was evaluated using computed tomography. As in our
study, advancing the 532 slim modiolar electrode array past the first white marker
position into the cochlea opening was undesirable, as it does not result in greater total
insertion depths and only serves to increase the insertion depth of the first electrode
contact and move basal electrodes away from the modiolus?®. Ramos-Macias also
evaluated the distance between the electrode and modiolus using computed
tomography and demonstrated that it was constant in all electrode arrays at less than
0.3 mm?4. Unfortunately, the pull-back technique was not performed in either of the
studies.

The 532 slim modiolar electrode combines important electrode characteristics:
a position closest to the modiolus, limited insertion trauma and positioning within the
scala tympani?®®>. Adding a surgical technique modification called the pull-back
technique to this array could be of interest in terms of frequency discrimination and
number of virtual channels'”2°,

Conclusion

This temporal bone study demonstrated that applying the pull-back technique
for the 532 slim modiolar electrode allowed closer proximity to the modiolus, indicated
when the first white marker of the electrode array was visible in the round window. Our
results show that this novel surgical technique, first described by Todt in 2005, is
reproducible with the new 532 slim modiolar electrode. This technique places the
electrode in a better perimodiolar position, and we can assume that when used in
patients, hearing outcomes (in terms of speech understanding) will be better. We
assume this because favorable results have been published for the Nucleus Contour
Advance and Advanced Bionics Helix electrode when applying this technique in
patients. As not all surgeons use this technique (sometimes due to unfamiliarity or fear
of damaging the cochlear structures) and it is not applicable to all electrodes, clinical
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results are insufficient. In future work, we aim to make measurements in patients
implanted with the 532 slim modiolar electrode using this technique. This will take a
couple of years, since not all patients are eligible to receive 532 slim modiolar
electrodes, and hearing outcomes are first evaluated at least 6 months after surgery.

This experimental research was conceptualized by Ingo Todt. My job was to drill
and measure the temporal bones as well as finding and analyzing the few published
articles about the relatively new 532 slim modiolar electrode. | made adjustments to
perform the insertions consisting of preparing the microscope and AIDA documentation
system. The electrode insertion and the pull-back technique require a lot of expertise,
which is why this part was the only aspect of the study in which | did not take part.
Because Ingo Todt is an experienced surgeon and the creator of the pull-back
technique, he performed the insertions. While he was performing the insertions, my
duty was to manage the microscope, focus the image and record the procedures.
Afterwards, | measured the distances between the center of the modiolus and contact
eleven during the three actions previously described. | also completed all of the writing.
Holger Sudhoff and Ingo Todt provided support of the conceptual discussion and
certain corrections.
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Introduction. The distance between the modiolus and the electrode array is one factor that has become the focus of many discussions
and studies. Positioning the electrode array closer to the spiral ganglion with the goal of reducing the current spread has been shown
to improve hearing outcomes. The perimodiolar electrode arrays can be complemented with a surgical manoeuvre called the pull-
back technique. This study focuses its attention on the recently developed 532 slim modiolar electrode. Objective. To investigate
the intracochlear movements and pull-back technique for the 532 slim modiolar electrode. Material and Methods. A decapping
procedure of the cochlea was performed on 5 temporal bones. The electrode array was inserted, and the intracochlear movements
were microscopically examined and digitally captured. Three situations were analysed: the initial insertion, the overinsertion, and
the pull-back position. The position of the three white markers of the electrode array in relation to the round window (RW) was
evaluated while performing these three actions. Results. The initial insertion achieved an acceptable perimodiolar position of the
electrode array, but a gap was still observed between the mid-portion of the array and the modiolus (the first white marker was
seen in the RW). When we inserted the electrode more deeply, the mid-portion of the array was pushed away from the modiolus
(the second and third white markers were seen in the RW). After applying the pull-back technique, the gap observed during the
initial insertion disappeared, resulting in an optimal perimodiolar position (the first white marker was once again visible in the
RW). Conclusion. This temporal bone study demonstrated that when applying the pull-back technique for the 532 slim modiolar
electrode, a closer proximity to the modiolus was achieved when the first white marker of the electrode array was visible in the

round window.

1. Introduction

Cochlear implantation is the treatment of choice for severe
to profound hearing loss. Since the first nonexperimental
cochlear implantations, there have been more than 500,000
implantations worldwide. In recent years, the design of
cochlear implant arrays has changed [1]. One notable inno-
vation was the introduction of perimodiolar electrodes in the
late 1990s. The electrode in a cochlear implant system is the
central factor for hearing performance, as it is the interface
between the device and the auditory pathway of the recipient
[2]. Current commercially available electrode arrays can be
divided into two classes: straight lateral wall electrode arrays
and precurved perimodiolar or midmodiolar electrode arrays
[3]. The distance between the modiolus and the electrode
array has become the focus of many discussions and studies
for a variety of reasons.

Positioning the electrodes closer to the spiral ganglion
with the goal of reducing the current spread during electrical
stimulation has been shown to improve hearing outcomes
[1]. An electrophysiological effect was demonstrated for
the first time by Shepherd, who reported reduced electric
auditory brainstem response thresholds while positioning
the electrode array closer to the modiolus [4]. Further
studies have proven that the perimodiolar electrode position
decreases channel interactions and neural response telemetry
thresholds and leads to better speech understanding [5, 6].
Some other benefits, like a decrease power consumption
and an increase in the dynamic range, have also been
reported [5, 7]. The comfort level among users implanted
with a perimodiolar electrode array seems to be higher than
among users implanted with a straight lateral wall array
[8]. Holden et al. concluded that total insertion depth was
not associated with better speech discrimination outcomes;
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TaBLE 1: Temporal bone specific effect of insertion, over insertion and pull back on distance between modiolus center and contact 11.

in mm TBI TB2 TB 3 TB 4 TB 5

Initial Insertion 2 19 2 15 2,1

Over Insertion 3,1 25 2,4 2,1 24

Pull back 1,4 1,5 1,5 1,2 1,8

however, the distance from the electrodes to the modiolus did
indicate a significant influence [9]. Any surgery technique or
strategy that prompts a better perimodiolar positioning of the
electrode array could therefore lead to an increase in hearing
outcomes.

The perimodiolar electrode arrays can be complemented
with a surgical manoeuvre called the pull-back technique.
This technique consists of a normal insertion of the electrode
with a subsequent pulling back until the first white marker
of the electrode array becomes microscopically visible in
the round window (RW). A better perimodiolar position
of the electrode is achieved by this manoeuvre. The pull-
back technique is assumed to bear no serious risks to the
cochlear microstructures and has shown to be reliable and
reproducible [10]. Electrophysiological changes have also
been reported in different studies applying this intervention.
In one study, the spread of excitation decreased significantly
in the medial and basal part of the cochlea after the pull-
back technique was applied [11]. Another study demonstrated
that electrically evoked action potential amplitudes at a fixed
stimulus level increased after implementing this procedure
[12]. The array inside the scala tympani is invisible to the
surgeon, so the proximity of the electrode array to the
modiolar wall is generally unknown [1]. The variable amount
of pull-back and the variability of sizes of the human cochlea
make this procedure different for each electrode array [13].
Clear surgical guidelines have been published for the Nucleus
Advance electrode and the Advanced Bionics Helix electrode
[14, 15]. This study focuses its attention on the recently
developed 532 slim modiolar electrode.

The 532 slim modiolar electrode allows closer placement
to the modiolus due to a higher degree of precurvation
in comparison to the Nucleus Contour Advance Electrode
[16]. Therefore, the goal of this work is to investigate the
intracochlear movements and pull-back technique for the 532
slim modiolar electrode.

2. Material and Methods

A decapping procedure of the cochlea was performed on
5 randomly chosen human formaldehyde treated temporal
bones (3 left and 2 right). This consisted of removing the
roof of the scala vestibuli until a full visual assessment of the
basilar membrane was possible. The basilar membrane was
also removed to obtain a panoramic view of the intrascalar
position of the array in the scala tympani. A RW approach
was performed for the insertion of the electrode array.
This procedure was made under moisturized conditions and
microscopic control to simulate an authentic situation. The
sizes of the 5 temporal bones/cochleas (distance from the
RW to the furthest part from the lateral wall of the cochlea,

FIGURE I: Initial insertion of the electrode up to the first marker (red
arrow) with distance of the electrode at the modiolus (blue arrow).
Black line indicates distance between modiolus and contact 11.

Distance A) were measured. Because human cochleae vary in
size, the 532 slim modiolar electrode has three white markers
for insertion. The marker closest to the RW is called number
1, the following number 2, and the final marker number
3. The electrode array was inserted with the recommended
sheath insertion and removal technique. The intracochlear
movements were microscopically examined and digitally
captured (Zeiss OPMI Pentero 900). Three situations for the
5 temporal bones were analysed and digitally captured: initial
insertion (to the first marker), overinsertion (up to the third
marker), and the pull-pack position (to the first marker). The
position of the three white markers of the electrode array in
relation to the RW was also evaluated when performing these
three actions. The change in distance between the center of
the modiolus and the contact 11 was measured based on the
digital capturing (Table 1).

3. Results

The mean size of the temporal bones/cochleas was 8.64mm,
the longest Distance A was 9.5mm, and the shortest was
8mm. For all 5 temporal bones, the same pattern was
observed when analysing the three situations, as previously
described. The initial insertion achieved an acceptable per-
imodiolar position of the electrode array, but a gap was
still observed between the mid-portion of the array and
the modiolus (Figure 1). In this scenario, only the first
white marker was observed in the RW. When the array
was inserted more deeply, the mid-portion of the array was
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FIGURE 2: Overinsertion of the electrode up to the third marker (red
arrow) with distance of the electrode at the modiolus (blue arrow).
Black line indicates distance between modiolus and contact 11.

F1GURE 3: Pull back of the electrode up to the first marker (red arrow)
with close position of the electrode at the modiolus (blue arrow).
Black line indicates distance between modiolus and contact 11.

pushed away from the modiolus, resulting in an unfavourable
perimodiolar position (Figure 2). In this case, the third white
marker was seen in the RW. Finally, the pull-pack technique
was applied, resulting in an optimal perimodiolar position of
the electrode array. When applying this technique, we found
that the gap observed during the initial insertion disappeared
and that the first white marker of the electrode array was
already visible in the RW. No tip movements were detected
during this procedure. The same situation repeated itself
while applying this technique to the 5 different temporal
bones. We did not find a correlation between the size or side
(left or right temporal bone) of the cochlea and the amount
of pull-back applied. The closest perimodiolar position for all
5 temporal bones was attained when the first white marker
of the electrode array was visible in the RW after applying
the pull-back technique (Figure 3). Measurement showed a
mean initial distance between modiolus center and contact 11

of 1,9 mm (SD 0,2mm). Overinsertion resulted in a distance
of 2,5mm (SD 0,4mm). The pull-back finally resulted in a
distance of 1,5 mm (SD 0,2 mm).

4, Discussion

Since its introduction, each component of the cochlear
implant has been the subject of continual research and inno-
vation to achieve the best performance in speech perception
and production. In particular, special attention has been paid
to electrode placement and design. Another important fea-
ture is atraumatic insertion. To limit trauma during electrode
insertion, the array should be positioned entirely within the
scala tympani [17]. Advantages and disadvantages have been
described for each type of electrode array. One disadvantage
of the straight electrodes is their final position, as they lay
at the lateral wall of the cochlea, which is far away from the
neural elements in the modiolar area. By contrast, preformed
electrode arrays are fabricated in a spiral configuration and
adjusted to the human cochlea’s modiolar area. These elec-
trode arrays were designed for intracochlear placement next
to the modiolus [18]. This position leads to a narrower electric
stimulation, a lower current spread to the adjacent neural
population, a lower channel interaction, and a reduced risk of
facial nerve stimulation. As a consequence, the behavioural
and electrically evoked compound action potential thresh-
olds are reduced with a wider dynamic range [17]. However,
these perimodiolar designs also have disadvantages, as these
electrodes, until recent redesigns, have had a larger diameter
and were associated with a higher risk of insertion trauma.
Another problem with perimodiolar electrodes until now is
that, with these precurved arrays, dislocation occurs in up to
26% of the cases, which is associated with poorer outcomes
[16]. Additionally tip foldovers can occur [19]. With straight
flexible electrode arrays, the incidence of dislocation has been
found to be lower [18].

The development of an electrode array that lies close to
the modiolus, which can be inserted with minimal trauma
to the delicate cochlear structures and which stays within
the scala tympani, is technically challenging [8]. In an aim
to achieve these objectives, a thin, precurved electrode was
recently developed by Cochlear Ltd. and approved for clinical
use in 2016 [17, 20]. The CI532 is held straight prior to
insertion by an external polymer sheath, which is removed
after full insertion of the array. This new kind of electrode
is even closer to the modiolus. The elimination of the
internal stylet and surrounding silicone rubber reduces the
electrode volume by up to 75%, resulting in dimensions
equivalent to that of the current lateral wall electrodes [17]. In
comparison to the Nucleus Contour Advance, the new CI532
has a diameter of 0.5mm at the position of the most basal
electrode, reducing to 0.4 mm at the apex (the corresponding
dimensions of the Nucleus Contour Advance are 0.8 mm and
0.5mm). This gives the CI532 a cross-sectional area about
40% that of the Nucleus Contour Advance [16]. Potential
advantages of this new design include minimal insertion
trauma and consistent perimodiolar location within the scala
tympani [20]. A study by Aschendorff et al. found that the
CI532 achieved the design goal of producing no trauma, as
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indicated by 100% scala tympani placement, while achieving
consistent and close modiolar proximity [16]. However, a
study by McJunkin et al. reported that 13% of the CI532
implants dislocated into the scala vestibule [20]. These results
for the CI532 are lower than those reported for the previous
Nucleus Contour Advance.

An intraoperative intervention regarding the position of
perimodiolar electrodes can further reduce the distance of
the electrode contacts to the modiolus [11]. This intervention,
called the pull-back technique, has shown favourable results
for the Nucleus Contour Advance and the Advanced Bion-
ics Helix electrode [14]. The pull-back technique seems to
cause a better perimodiolar position of the electrode arrays
[12]. Basta et al. proved that the spread of excitation was
significantly reduced at basal, middle, and apical electrodes
in the electrode pull-back group for the Nuclear Contour
Advance, while a significantly smaller frequency difference
limen was observed with the 4 kHz. This means that the pull-
back technique has its greatest effect in the basal region of
the cochlea [11]. Another study using the Advanced Bionics
Helix electrode showed similar results after applying the pull-
back technique. The spread of excitation showed a significant
decrease of the intracochlear field in all three contacts (basal,
middle, and apical). The recommended pull-back distance
for the Advanced Bionics Helix electrode was about 1mm
[15]. As the pull-back technique can be performed in different
ways (insertion depth, amount of pull-back, and variability
of the human cochlea), surgical guidelines are required [14].
Therefore, it was the goal of the present study to estimate
the change in position of the CI532 while being pulled back
in a series of temporal bones. The best pull-back distance
is defined as the pull-back distance while the tip is still in
its unchanged apical position and the middle part of the
electrode is maximally approximated to the modiolus [15].
This situation was observed and digitally captured in all of
the temporal bones where we performed the procedure. In
our study, we did not see any tip foldover. This was not the
case in another study where tip foldovers occurred in 1% to
8% of the CI532 implants, which is noteworthy [20, 21]. Direct
measures of electrode to modiolus distance, even from the
best quality CT imaging available, are problematic due to
residual electrode artefacts blurring the boundary between
the medial and medial wall [16]. This is why cadaveric studies
like ours provide the best way to assess the electrode to
modiolus distance. The study by Aschendorff et al. came
to similar conclusions as ours. In their study, the electrode
to modiolus distance was evaluated using CT. As in our
study, advancing the CI532 electrode array past the first white
marker position into the cochlea opening was undesirable,
as it does not result in greater total insertion depths and
only serves to increase the insertion depth of the first
electrode contact and move basal electrodes away from the
modiolus [16]. Ramos-Macias et al. also evaluated electrode
to modiolus distance using CT and demonstrated that it was
constant in all electrode arrays and less than 0.3mm [18].
Unfortunately, the pull-back technique was not performed in
either of the studies.

The CI532 combines important electrode characteristics:
a position closest to the modiolus, limited insertion trauma,

BioMed Research International

and positioning within the scala tympani [17]. Adding a
surgical technique modification called the pulled-back to this
array could be of promising interest in frequency discrimina-
tion and number of virtual channels [11, 15].

5. Conclusion

This temporal bone study demonstrated that when applying
the pull-back technique for the 532 slim modiolar electrode, a
closer proximity to the modiolus was achieved when the first
white marker of the electrode array was visible in the RW.
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