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ABBREVIATIONS

AHL asymmetric hearing loss

AOS advanced off stylet

AP anterior-posterior projection

ASSR auditory steady state response

BERA brainstem evoked response audiometry
CG common ground

Cl cochlear implant

CT computer tomography

cu current unit

CS cochleostomy

dB decibel

dB(HL) decibel hearing level

DPOAE distortion product otoacoustic emission
EAS electric-acoustic stimulation

E-BERA electrically evoked brainstem responses
ECAP electrically evoked compound action potentials
ERW extended round window

ESRT electrical stapedius reflex threshold
HA hearing aid

HP hearing preserved

MRI magnetic resonance imaging

NRT neural response telemetry

RW round window

SIT standard insertion technique

SNHL sensorineural hearing loss

SP sound processor

SPE slim perimodiolar electrode

SSD single side deafness

THL total hearing loss

T-NRT neural response telemetry threshold



INTRODUCTION

Hearing loss

Hearing loss affects about 1.33 billion people (Global Burden of Disease) with around 466
million people (World Health Organization) worldwide with disabling hearing loss, and 124
million of these have moderate to severe disability [1]. Hungarian Central Statistical Office
results (2020) show that 71600 people in Hungary live with severe hearing loss, 2000 are under
the age of 14. Hearing loss is assessed at different frequencies (from 0.5kHz to 4kHz) and
decibels (dB(HL)) (Table 1) using pure tone audiometry.

Table 1. The scale of hearing loss severity

Degrees Range [dB(HL)]

Total Hearing Loss (Deafness) N/A

Profound Hearing Loss (Residual Hearing) >90

Severe Hearing Loss 81-90

Moderately Severe Hearing Loss 61-80

Moderate Hearing Loss 41-60

Mild Hearing Loss 26-40

Minimal Hearing Loss >25

Severe hearing loss before the age of 3 can delay or even inhibit speech development and
language acquisition. This may also lead to issues in learning, have a severe effect on classroom
learning and socialisation [2]. Meanwhile, in adults disabled hearing can also have an impact
on employment, confidence and it can also be linked to an increased risk of dementia [3]. It is

also a potential cause for cognitive impairment and decline in socially isolated elderly patients

[4].
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Figure 1. The type of hearing loss a person has depends on where the problem is located
within the auditory pathway. Hearing loss is classified as conductive if the problem is
somewhere in the outer or middle ear pathway. If the problem is in the inner ear or affects the
retrocochlear neuronal pathways, the hearing loss is classified as sensorineural. In some cases,
problems may exist in both the outer/middle and inner ear pathways. This is called mixed
hearing loss [5].

There are three main causes of hearing loss: sensorineural, conductive and mixed (Figure
1.). Mixed hearing loss is the combination of sensorineural and conductive hearing loss where
the bone conduction threshold is more than 20dB in hearing level and the air bone gap is >10dB.
Conductive hearing loss is usually associated with issues in areas of sound conduction such as:
the external auditory canal, the ear drum or the ossicles. This will lead to a decrease in the
conduction of sound via air conduction, but bone conduction remains normal. This can be due
to a hereditary or acquired occlusion of the external auditory canal (e.g. atresia, tumour),
trauma, various types of middle ear infections or ossification of middle ear bones. Sensorineural
hearing loss appears when the cochlear or retrocochlear neuronal structures have deteriorated.
In sensorineural hearing loss the processing of the cochlear signal is impaired due to the
reduction in cochlear receptor cells. This can be due to inner hair cell, outer hair cells or neural

damage of the cochlear nerve. Consequently, the frequency processing capacity and auditory



mechanism are lessened. Sensorineural hearing loss can be due to aging, ototoxic medication,
trauma, loud noise exposure, genetic diseases and cochlear malformations. In all three types of
hearing loss the ear loses its normal sound sensing ability and can only detect sounds at a higher
intensity level. Abnormalities which mainly affect the outer and middle ear; can be rehabilitated

effectively with the use of hearing aids. For typical audiograms see Figure 2.
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Figure 2. Pure tone audiometry of the different types of hearing loss. a. A SNHL is present
if there is less than a 15 dB(HL) difference between the air and bone conduction thresholds of
a given ear, and the air and bone conduction thresholds are worse than 15 dB(HL). b. A
conductive hearing loss is defined by bone conduction thresholds being 15 dB(HL) or better
than the air conduction thresholds, and the bone conduction thresholds are 15 dB(HL) or less.
c. Mixed loss will have both conductive and sensorineural components in the loss.

Hearing loss rehabilitation using implantable hearing devices

The most common form of treatment for hearing loss is to provide the ear with a hearing aid.
Hearing aids can be used in cases from minor hearing loss to the utilization of hearing loss. A
special variant of hearing aids is the group of implantable hearing aids, in which the functional

unit is implanted by a surgical procedure. The three groups of these implantable hearing aids



are middle ear implants (for moderate SNHL), bone conduction implants (for conductive

hearing loss), and cochlear implants (CI) (for severe SNHL).

The first cochlear implant system was the House single-channel 3M device (USA) [6], to
which the first speech processor appeared in 1972. From 1972 to the mid-80s, more than 1000
people with deaf and severe hearing loss (including hundreds of children) were implanted with
this device. In many cases, it significantly improved lip-reading, and there were people who
also understood words and sentences with the help of it.

Graeme Clark et al. created the first multi-channel implant (Nucleus Multi-Channel Cochlear
Implant) in Australia, which became widely used clinically in 1984 [7]. These results were
better and more encouraging than ever before. The first child was implanted with the device in
1989.

In the 1980s, the preconditions for cochlear implantation were also established at the
Department of Oto-Rhino- Laryngology in Szeged. The first operation in Hungary was
performed by Professor Ottd Ribari in 1985 in Budapest. In our clinic, the first cochlear

implantation took place on September 29, 1995 [8].

A cochlear implant is an electronic medical device that replaces the function of the damaged

inner ear [9].

Unlike hearing aids, which make sounds louder, cochlear implants replace the function of
damaged parts in the inner ear (cochlea) to provide sound signals to the brain. The cochlea is
the part of the inner ear that converts sound waves into nerve signals, which the brain processes
as hearing. The apical region of the cochlea is responsible for detecting low-pitched sounds,
while the basal region is responsible for detecting high-pithed sounds. The cochlea is lined with
thousands of sensory cells, known as hair cells, which detect sound waves and send sound
information as nerve signals through the auditory nerve to the brain. CI provides rehabilitation
for individuals with severe to profound hearing loss in a uni, — or bilateral way. For people with
this level of disability, most of their hair cells do not function normally and are not able to send
the nerve signals properly. The CI (Figure 3.) system bypasses these non-functioning hair cells

by using electrical pulses to send sound signals directly to the auditory nerve.
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Figure 3. Structure of a cochlear implant (Source: Cochlear database)

A Cl implant system has two parts: the sound processor and an implanted part. The external
sound processor (SP) is worn behind the ear, the implant is surgically placed under the skin and
attached to a flexible electrode array that is inserted into the cochlea. The sound processor
detects environmental sounds and digitally converts them into coded electrical signals. A
transmitter coil transfers these signals through the skin to the implant. The implant translates
these coded signals into electrical pulses, which are transmitted along the electrode array to
stimulate specific locations of the cochlea responsible for specific pitches. This targeted
stimulation across the whole cochlea provides a more accurate pitch perception for better sound
quality. By mimicking the natural function of hair cells, these pulses can deliver sound signals
directly to the auditory nerve. Then these signals are transmitted by the auditory nerve to the
brain, where they are interpreted as sound.

Every CI hardware and software components are subjects of continuous development over
time to provide good speech perception. On the other hand, the applied surgical approach and

technique may also substantially interfere with the functional outcome.

Different companies (Advanced Bionics, Cochlear, Med-El and Oticon, etc.) provide
different types of receiver-stimulators, implant electrodes and speech processors. Multiple
factors influence the postoperative outcome of the CI [10-13]. The various physical/technical
parameters, surgical approaches and recipient-dependent factors may simultaneously affect the
patients’ quality of life [6]. There are several pros and cons when opting for an electrode profile
(straight or perimodiolar), cochlear coverage (total or partial), receiver-stimulator (physical
attributes) and speech processor (electric or electroacoustic stimulation), that meet the

individual needs. There are other important factors of implant design such as: proximity to the




modiolus [14, 15], electrical current requirements [16], energy consumption, trauma to the
cochlea [17] and combined electro-acoustic stimulation [18, 19]). One of the primary aims of
cochlear implant system engineering is to promote atraumatic electrode insertion to maintain
optimal postoperative hearing sensitivity by protecting and preserving the delicate inner ear

structures.

Type of electrodes

CI512 (CA)

Although the height of the lateral aspect of scala tympani reduces significantly beyond 360° to
450°, the height of the medial aspect of scala tympani remains relatively consistent and up to
twice the height of the lateral aspect [20, 21]. The insertion depth and diameter of the tip of
perimodiolar electrodes are therefore not constrained as much by the reducing height of scala

tympani, as is the case with lateral wall electrodes.

The difference in heights of the medial and lateral aspects of the scala tympani and the effect
of the slope of the lateral wall on the rising force with the resulting proximity of a lateral wall
electrode to the basilar membrane. In contrast, the perimodiolar electrode has much greater
clearance in terms of the medial scala tympani height and much greater proximity to the spiral
ganglion, as well as being much further from the functional structures of the basilar membrane

and the organ of Corti.

The apical electrode diameter of current stylet-based perimodiolar electrodes is 0.5 mm
(Contour Advance from Cochlear Ltd), which is a technical constraint created by the
requirement of an internal stylet (Figure 4). Although a 0.5 mm apical electrode dimension is
not dissimilar to the dimensions of contemporary lateral wall electrodes, space within the
narrowing scala tympani is not the concern, but rather the ability to insert via round window.
So, a separate cochleostomy has typically been required, which then exposes the risk of
incorrect cochleostomy placement [22] and in many cases an anterior cochleostomy directly
into scala vestibule or contributing to early translocation from scala tympani to scala vestibule
[23].



Figure 4. Contour Advance electrode array Nucleus Contour technology provides
extensive evidence of the efficacy and reliability of these electrodes which aim to bring the
electrode contacts closer to the neural elements of the cochlea (Source: Cochlear database).

Cl1532

The Slim Modiolar Electrode (C1532 implant) from Cochlear Ltd. introduced a new concept of
a “sheath-based” perimodiolar electrode, as opposed to “stylet-based”. This difference in
approach to straighten and insert a pre-curved electrode is a significant advancement that
addresses the two main challenges identified as contributing to the higher rates of trauma with
stylet-based perimodiolar electrodes, being 1) variability or compliance with the AOS insertion
technique, and 2) the ability to insert via the round window. The sheath-based design also
allows for ease of reloading the electrode if required.

The sheath design ensures that the insertion technique results in the electrode being inserted
only 5.5 mm into the basal turn initially, with no possibility of inserting further as with the
standard insertion technique. This ensures that when the pre-curved electrode is advanced
through the sheath, it avoids contact and trauma to lateral wall structures. When the sheath is

removed, the electrode contacts remain in close proximity to the modiolus.

Hearing preservation following ClI

Hearing preservation following ClI particularly at the low frequencies can significantly improve
hearing, speech reception, speech comprehension, accuracy in melody recognition, frequency
discrimination and the localization of tone in patients in particularly challenging environments

(e.g. prominent background noise) [24-27]. Therefore, preservation of endocochlear
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microstructure during Cl is one of the most significant goals for both the low-frequency hearing

preservation and optimized electrical stimulation.

The physical parameters (curved vs. straight; short vs. long; with rounded vs. smoothened
tip; with or without stylet, etc.), and the intrascalar position of the electrode configuration
(perimodiolar, mid-scala, lateral wall) are well-known to have an impact on post-implant
performance [14]. For example, imaging techniques (CT, X-ray) demonstrate an increased
susceptibility of suboptimal intracochlear CI electrode array placement (i.e. the dislocations
from scala tympani to the scala vestibuli) with the Contour than with the Contour Advance
array (Figure 3.). The dislocation was significantly associated with lower speech recognition
score for those individuals with the Contour array [15]. The applied surgical approach (Round
Window (RW), Extended Round Window (ERW), Cochleostomy (CS)) and the implanted
electrode profile mainly lead to immediate or short-term damage, while delayed alteration in
cochlear function usually derives from the fibrous or bony remodelling of the endocochlear
compartments. latrogenic intracochlear trauma during CI surgery is highly dependent on the
type of fenestration (RW, ERW, CS) and the method of electrode insertion (standard vs. “soft”)
[28, 29]. Further support could be provided through the administration of lubricants or drugs
(e.g. intravenous or intrascalar corticosteroids) [30, 31]. The beneficial effects of
glucocorticoids are thought to be mediated through several different pathways: the anti-
inflammatory effects; the down-regulation of production of inducible nitric-oxide synthase; and
direct inhibition of the MAP/JNK cell death signal cascade [32-35].

Furthermore, the possible disproportion between the physical dimensions of the electrode
profile and the endocochlear compartments (diameter, shape, length of scala tympani) play a

significant role in preserving inner ear structures and functions.

Bimodal, electric-acoustic stimulation (EAS) was one of the first concepts, where hearing
preservation was crucial [18]. Multicentre clinical trials have proved EAS to be a safe and
effective treatment option for adults with normal hearing to moderate SNHL. Additionally, EAS
is also useful for patients who have severe-to-profound SNHL in the high frequencies, who

otherwise do not benefit from conventional amplification [36-38].

As a consequence of EAS system’s implantation, the most prevalent adverse events are
profound to total loss of residual hearing. Rates vary from 8/78 (11.0%) to 17/50 (34.0%) in
different study populations with implanted EAS systems from two leading manufacturers

11



(MED-EL GmbH, Innsbruck, Austria and Cochlear Ltd., Sydney, Australia). Based on these
multicentre studies [36, 37], those who did not have functional post-implant acoustic hearing a
very small number of patients (0-5 subjects) chose to have revision surgery and re-implantation

with full-length electrode array.

There are two typical electrode positions — Figure 5. — within the scala tympani: (1)
perimodiolar, and (2) lateral wall, defined as the relative distance from the modiolus increases

respectively.

ELECTRODE POSITIONING

PERIMODIOLAR ELECTRODE LATERAL WALLELECTRODE

Figure 5. Lateral wall straight vs perimodiolar electrode positioning. Perimodiolar
placement of the electrode means better stimulation — closer to the spiral ganglion cells.
(Source: Cochlear database)

The effect of electrode design on hearing preservation still may appear puzzled. In a study
by Mandy et al, the lateral wall electrode design was associated with short-term hearing
preservation, while other factors, including age, were relevant for maintaining residual hearing
in the long term [39]. On the other hand, our first results with the full-length Nucleus CI532
(Slim Modiolar®) electrode array were promising in terms of residual hearing preservation over

a 1-year long follow-up period [33, 40].

Recent evidence suggests that speech discrimination is not improved by deep insertion, but
it is significantly improved by perimodiolar position of the electrode [24]. With the
perimodiolar electrode position, plenty of advantages are realized. As the distance from the
modiolus is minimized and consistent modiolar proximity is maintained, limited adjacent

current spread could be achieved with narrower stimulation width and reduced current demand,

12



that finally could relate to improved speech recognition. Applying this electrode profile residual
hearing could be preserved on the long run [40] when it is inserted via ‘soft surgery’ [41]
including ERW approach [42—44]. To incorporate the virtue of perimodiolar stimulation with
reduced insertion trauma, a slim, pre-curved electrode profile (C1532) was recently released by
Cochlear Ltd. (Sydney, Australia). This electrode array is held straight prior to insertion by an
external polymer reloadable sheath that is removed after full electrode insertion [45].

However, by the broader application of perimodiolar electrodes various challenges have
been brought to light [46]. One infrequent issue is that these thin and flexible electrode arrays
are potentially more susceptible to tip fold-over, where the tip of the electrode is folding on
itself as a ‘hairpin curve’ [47]. Various surgical complications (gusher, oozing, etc.), or
anamnesis of previous diseases (meningitis, sclerosis of the cochlea) increase the risk of tip
fold-over. We have detected three tip fold-over phenomena of the 143 cases (approx. 2%). This

incidence corresponds to the published international data [48-51].

13



AIMS OF STUDY

Studies in implanted recipient groups using multiple implant types make it difficult to
compare the influence of the implant electrode characteristics on outcomes in the presence of
additional variables such as implant electronics, sound processors and speech coding
paradigms. Hence, to reduce the number of variables, comparison of the influence of electrode
designs on outcomes could be interpreted more effectively if a consistent receiver-stimulator
design and a common sound processor are used. Recent publications [45, 47, 48, 51, 52]

represent imaging and electrophysiological results with CI1532.

Our centre’s postoperative radiological comparative study demonstrated that the Slim
Modiolar electrode array took a closer position to the modiolus than the Contour Advance
electrode array [53].

We aimed to study long-term hearing preservation in a non-randomized, prospective clinical
cohort with cochlear implant systems, limited to ones produced by Australian and Austrian

leader companies, provided and fully financed by the Hungarian National Health Insurance.

Thus, here we report our subsequent results with a 3-year-long follow-up to investigate possible

changes in residual hearing over time with Slim Modiolar electrode profile.
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Study cohort

SUBJECTS AND METHODS

Out of the total number of cochlear implantees with slim perimodiolar implant system

(n=143) — at the University of Szeged — our study population was recruited on the basis of the

following criteria: (1) patient with good compliance; (2) measureable preoperative hearing

threshold; (3) slim perimodiolar electrode array implant system; (4) minimum one-year follow-

up period. Thirty consecutive subjects were enrolled into this prospective, non-randomized

clinical study. Twenty females and ten males with mean age at implantation of 43.32 years,

ranged between 10 years to 77 years. All subjects were implanted at the University of Szeged

from 2015 until 2020. The postoperative follow-up duration lasted 1.72 years at average (ranged

between 1.1 and 2.55 years). All subjects met the official indication criteria of CI. Anatomical

/ structural malformation was not revealed by the preoperative radiological examinations. For

detailed patient data you can see Table 2.

Table 2. Population of patients with 1-year-follow up time.
Implanted Total Hearing Loss
No. Gender | Age (year) car _(TH L) af'ger
implantation
1 Male 55 Left No
2 Male 59 Left Yes
3 Male 16 Right No
4 Male 24 Right No
5 Male 15 Left Yes
6 Male 72 Right No
7 Female 70 Right No
8 Female 71 Left No
9 Female 10 Right Yes
10 Male 11 Right No
11 Female 43 Left Yes
12 Female 28 Right No
13 Female 28 Left No
14 Female 11 Right No
15 Female 70 Right No
16 Female 24 Right No
17 Male 62 Right No
18 Female 77 Right No
19 Female 42 Right No
20 Female 48 Right Yes
21 Female 71 Left No

15



22 Female 53 Right Yes
23 Female 59 Right No
24 Male 13 Right No
25 Female 27 Right No
26 Female 35 Left Yes
27 Female 59 Left No
28 Female 30 Right No
29 Male 53 Right No
30 Male 69 Right Yes
Average Fl;/ln?:jg:lgo 4332 +24 R'L%r]ltggl THL=7

Firstly 30 consecutive subjects were enrolled into a prospective, non-randomized clinical study,

based on similar inclusion criteria detailed below [33]. From that results cohort 9 patients

(9/30=30%) showed up with total loss of residual hearing at every measured frequency

following surgery. From patients who had preserved hearing (21/30=70%) we recruited those

ones with 3-years long follow-up period into this present study. Finally, 11 patients with 13

implanted ears were subjects to this analysis (Table 3).

Table 3. Demographics of patients in the study.
No. Gender Etiology | Age (year) Side Apfhroa Corrlg;arli?qtgral
1 Male SNHL 55 left RW none
2 Female SNHL 5 left RW Cl
3 Male SNHL 16 right RW HA
4 Male SNHL 23 right RW HA
5 Male SSD 72 right RW natural
6 Female SNHL 70 left RW none
7 Female SNHL 10 right RW HA
8 Male SNHL 11 right RW HA
9 Female SNHL 28 right RW Cl
10 Female SNHL 28 left RW Cl
11 Female SNHL 43 left RW none
12 Female AHL 69 right RW none
13 Female SNHL 70 left RW Cl
SNHL=11 .
Mean| A1 | ssD=1 | 3gas=24 | RIS | Rw=13
AHL=1
SNHL: progressive sensorineural hearing loss of unknown origin; AHL: asymmetric
hearing loss; SSD: single side deafness; CI: cochlear implant; HA: hearing aid; RW: round
window approach.
No. 9&10: simultaneous bilateral CI.
No. 2&13: sequential bilateral CI.
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Inclusion criteria were as follows: (1) Nucleus CI 532 (Slim Perimodiolar®); (2) postlingual
uni-, or bilateral SNHL; (3) normal middle ear function; (4) normal anatomy of the inner ear;

(5) full-length electrode insertion.

All implantations were performed by two skilled surgeons (Professor Laszlo Rovo and Jozsef
Jori). The approach of “soft surgery” was applied. Round window insertions were performed

in all cases.

Implant configuration

The studied cochlear implant system provides full-length cochlear coverage with slim,
perimodiolarly positioned electrode array (Figure 6. - Nucleus CI1532 Slim Modiolar electrode
(Cochlear Ltd., Sydney, Australia)). The thin implant body has no pedestal and it is designed
to minimize bone excavation and skin protrusion. The side-by-side symmetrical shape makes
the implantation easier for the surgeon. The titanium casing has been used for high impact
resistance, and the smooth external geometry to minimize biofilm formation, that reduces the
risk of infection. The total length of the electrode array is 98 mm, while the diameter is 0.35 %
0.4 mm at the tip and 0.45 x 0.5 mm at the base. At the last edge of the electrode array there
are three white marker rings for controlling the insertion depth that are followed by 22 half-
banded platinum electrode contacts. The insertion assistant reloadable sheath platform [54] and
the physical attributes of the electrode array facilitate to proximate the modiolus and thus
prevent the electrode from dislocation into the scalae media or vestibuli. These properties make
this implant configuration easier to use with short incision and surgery time. [45, 51, 55]

A B

Figure 6. a. Atraumatic electrode insertion in optimal position with the reloadable sheath.
b. Slim, perimodiolar electrode configuration with total cochlear coverage.

17



Soft surgery

The term soft surgery was introduced by Lehnhardt in 1993 and it provided basis for

numerous publications [56, 57].

Preserving the residual hearing requires minimally invasive techniques of (1) cochlear
fenestration, (2) management of endocochlear fluid compartments and (3) atraumatic electrode
insertion, known as soft surgery. Thinner and atraumatic electrode arrays are also designed to
accomplish these aims, as postoperative hearing performance can be maximized by minimizing
the insertion trauma [33, 55, 56, 58, 59].

Several important factors contribute to intracochlear damage during implantation: (1) direct
physical trauma, (2) pressure wave propagation in the perilymphatic fluid, (3) vibration and/ or
heat trauma from drilling, (4) loss of perilymph, (5) changes in homeostasis/hydrodynamics of
the endocochlear fluid compartments, (6) delayed fibrotic alteration and new bone formation
within the cochlear lumen [28, 29, 33, 60-62].

The physical attributes (length and diameter) of the electrode array may each limit the

postoperatively achieved residual hearing [63].

Comprehensive analysis of imaging diagnostics of the middle and inner ear provide
indispensable information for planning the proper surgical access route and electrode [63, 64].

Our routinely applied minimally invasive surgical technique involved electrode insertion via
the Round Window (RW). In order to reduce bleeding and to prevent blood from accessing the
cochlea, we filled the tympanic cavity with adrenaline solution after having the posterior
tympanotomy been completed. To prevent bone fragments entering the cochlea, the tympanic
and mastoid cavity were flushed with abundant amount of saline. To remove the bony overhang
of the round window, we used a 1 mm diamond burr at low speed (max. 350 rpm) in order to
avoid noise and heat injury. We opened the RW membrane with a microscopic needle or hook.
After opening the inner ear, suction was applied with care in order to avoid reducing the amount
of perilymph. Furthermore, the scala tympani was left open for the shortest possible period, to
prevent bone fragments, blood or other substances entering the inner ear, which might have
been sources of primary and/or secondary injuries that finally would lead to loss of residual
hearing. As a sort of prevention, after having opened the RW, we placed a piece of gel-foam

soaked in corticosteroid solution into the RW niche.

The slim modiolar electrode of the CI532 implant was soaked into methylprednisolone solution

(40 mg powder dissolved in 10 ml saline) and it was retracted into the insertion sheath. The
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insertion sheath together with the electrode array was inserted into the scala tympani with the
lowest possible force. Any minute resistance felt by the surgeon would have indicated physical
contact of the electrode array to the basilar membrane or the lateral wall of the scala tympani

or stria vascularis and possible injury of these structures. After the electrode had been inserted

in full length, indicated by the 1% marker ring, the RW was immediately sealed with an

autologous tissue (e.g. fascia or muscle) in order to prevent loss of perilymph [56].

Radiological validation

Radiography (skull AP and Stenver’s view) was performed on the first postoperative day to
confirm successful insertion of the active electrode into the cochlea (Figure 7.) and to rule out

possible misplacement and tip fold-over [54].

Figure 7. Skull AP on the first postoperative day that confirms the proper in situ electrode
position. The depicted subject (not included into the present study due to completely missing
preoperative hearing) was chosen to interpret the differences between sequentially implanted
systems (a. right ear: CI512 Contour Advanced; b. left ear: C1532 Slim Perimodiolar). A
decreased electrode array curvature is seen with the slim perimodiolar system.

Audiometric testing

Unaided pure-tone air-conduction thresholds were evaluated at frequencies ranging from 125
to 8000Hz preoperatively and at 1-year, 2-years and 3-years follow-up visits, by skilled
audiologists using the Hughson-Westlake method. The audiometer (GSI 61 Clinical
Audiometer; GrasonStadler, MN USA) was calibrated according to the standards of the
International Organization for Standardization (ISO 389-1:2017). THD-50P (Telephonics
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Corporation/Griffon Company, NY USA) headphone was used for air conduction hearing

measurements.

Electrophysiological testing

Impedance

The evaluation of CI functioning is facilitated by various analysis tools, one of the most
important is the electric impedance measurement. While it is impossible to directly assess
impedance, its values can be obtained by measuring voltage, as provided by Ohm’s law. In ClIs,

this measurement is performed by using a protocol known as “voltage telemetry” [65, 66].
Electrical stapedius reflex threshold (ESRT)

ESRTs are measured using the pod and Nucleus Custom Sound programming software.
Stapedius muscle contractions are observed through the operating microscope after an adequate
exposure has been achieved. The ESRT measurements are performed using the 22th, 18th, 14th,
12th, 8th and 4th electrodes of the Cochlear device. The charges on these electrodes are
increased in 15% increments until a reflex is elicited. Thresholds are established by decreasing
and increasing the charge levels in 3% increments around this level. The burst duration of the

stimulus is set at 300 ms, with 1000-ms gaps between bursts [67].
Neural response telemetry (NRT)

The threshold levels in cochlear implant patients are well correlated to electrically
evoked brainstem responses (E-BERA). The electrically evoked compound action potentials
(ECAP) which are closely related to the E-BERA, would also show a similar correlation with
behavioural threshold. In the modern cochlear implant systems bidirectional information flow
is available. This creates the right conditions for not only stimulating in the cochlea but
detecting different signals there. Using this telemetry system, we can perform impedance
telemetry, compliance telemetry and neural response telemetry (NRT). The NRT system makes
the measurement of compound action potential possible inside of the cochlea [68]. The ECAP
from the auditory nerve is characterised by a large negative peak (N1) with a very short latency
(within a fraction of a millisecond), followed by a positive peak (P1) as described by Killian et
al. 1994 [69]. The peak-to-peak amplitude value (P1-N1) is usually measured.
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The SP sets the appropriate electrode pair into action and stimulates the close spiral
ganglion cells and generates action potentials in them. Then the summation action potential can
be measured with another electrode pair. The signal returns to the SP and it can be averaged
and analysed. With the adequate selection of electrodes the condition of neurons nearby each
electrode can be mapped. The parameters of registered potentials can help in specifying the

right programming modes in device fitting.

Impedance was measured for each electrode, the ESRT with 25 us pulse width for every second
electrode contact (No. 2, 4, 6 etc.) and neural response telemetry threshold (T-NRT) for 6 (No.
2, 6, 10, 14, 18 and 22) electrode contacts. A common sound processor (Nucleus CP910) was
used.

The first fitting was performed 4 weeks after surgery in each case. In order to determine the
electric threshold (T-levels), and comfort threshold (C-levels), the subjective fitting method
was used in adults and the semi-objective NRT based fitting (based on the intraoperative T-
NRT results) was applied in children [70, 71]. Default MAP parameters (25 us pulse width, 900

Hz stimulation rate and 8 maxima) were used.

Statistical analysis

Statistical analysis with the Student’s t-test (P < 0.05) and one-way repeated measures ANOVA
test were performed with 95% confidence interval (p < 0.05). Before the calculation, tests for
normality of data distribution were performed. Bonferroni correction was used as needed to
consider multiple variables (e.g. comparison of all three implant groups). The comparison was
made on each electrode and all of the electrodes (Grand average). The tests were performed
with Microsoft Excel 2016 and SPSS for Windows.
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RESULTS

Hearing preservation

Pre- and postoperative pure tone hearing threshold measurements were completed for all the
30 recruited subjects. Figure 8 frequency-dependently illustrates the number of patients pre-
and postoperatively, where hearing sensitivity was measurable. It is well demonstrated that
hearing is the most stable within the 250 to 1000 Hz range, and the least is beyond 4 kHz. This

statement is true either pre-, or postoperatively.
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Figure 8. Number of implantees with measurable hearing threshold at different

frequencies. Preoperative (striped pattern columns); postoperative (checked pattern columns).
On the top horizontal axis, the frequency-specific success rate of hearing preservation is
showed in percentages.

The average preoperative thresholds of the hearing within the lower frequency range were
61.75 dB(HL) at 125 Hz (no response from 10 patients); 78.52 dB(HL) at 250 Hz (no response
from 3 patients). At the middle frequency range, mean values were 88.67 dB(HL) at 500 Hz
(response from all patients); 97.07 dB(HL) at 1 kHz (no response from 1 patient) and 100.50
dB(HL) at 2 kHz (no response from 10 patients). At the higher frequencies, the average values
were 91.36 dB(HL) at 4 kHz (no response from 19 patients) and 84.00 dB(HL) at 8 kHz (no

response from 25 patients).

The difference in height between the striped and checked pattern columns represents the

percentage of successful hearing preservation at specific frequencies.
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One year postoperatively the average values of the hearing thresholds at the lower frequency
range were: 93.89 dB(HL) at 125 Hz (no response from 17 patients); 87.86 dB(HL) at 250 Hz
(no response from 10 patients). At the middle frequencies mean values were 102.86 dB(HL) at
500 Hz (no response from 10 patients); 111.61 dB(HL) at 1 kHz (no response from 14 patients)
and 113.75 dB(HL) at 2 kHz (no response from 21 patients). At the higher frequencies, average
values were 115.18 dB(HL) at 4 kHz (no response from 24 patients) and 99.29 dB(HL) at 8

kHz (no response from 29 patients).

Figure 9 illustrates the preoperative (striped pattern columns) and the postoperative (dotted
pattern columns) hearing thresholds in dB(HL) at the measured frequencies. Decrease was
detected at each examined frequency but the grade of it varied. The highest decrease was
measured at 500 Hz with an average decrease of 14.19 dB(HL) and at 1000 Hz with an average
decrease of 13.77 dB(HL). At the lower frequency range, hearing remained substantially stable.
At 125 Hz only 3.06 dB(HL), while at 250 Hz only 7.19 dB(HL) loss was detected. At the high
frequencies, from 2 to 8 kHz preoperative hearing sensitivity had been already proved to be
rather poor, thus further loss had just little consequences.
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Figure 9. Preoperative (striped pattern columns) and postoperative (dotted pattern
columns) hearing thresholds in dB(HL) at the measured frequencies (*p<0.05).

Figure 10 frequency-specifically demonstrates the degree of loss of acoustic sensitivity

grouped into dB(HL) ranges, while exhibiting the number of implantees. It is clearly shown

23



that only minute threshold decay with less than 5 dB(HL) loss is the most frequently found one,

while prominent postoperative loss of hearing appears less often.
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Figure 10. Loss of acoustic sensitivity interpreted in dB(HL) ranges, while exhibiting the
number of implantees frequency-specifically (with different patterns of columns).

Nine implantees (9/30=30%) showed up with total loss of residual hearing at every measured
frequency following surgery. Their preoperative hearing sensitivity is presented in Figure 11.
It is clearly seen that within this subgroup of this cohort the measured average hearing threshold
have been already poorer prior to surgery compared to those with preserved hearing. Genetic
screening of the 30 recruited subjects revealed mutations in three cases in the background of
hearing loss. All of these subjects suffered complete hearing loss postoperatively (3/3=100%),
that genetic alteration may serve as a predictor when opting for an electro-acoustic/hybrid

device, should be taken into consideration when indicating these systems [72].
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Figure 11. Preoperative threshold of HP (striped pattern columns, n=number of patients)
and THL (squared pattern columns, m=number of patients) patients (Continuous line
measureable threshold level).

Initial sound processor programming and activation was performed approximately one month

after surgery.

The demographics of 11 patients with 13 implanted ears are summarised in Table 3 and show
that the hearing loss is a result of: SNHL, single-sided deafness (SSD) or asymmetric hearing
loss (AHL). The surgeries on all the 11 patients’ 13 ears were performed using the principle of
soft surgery applied to the RW method. All but one patient had damaged or no hearing on the

contralateral ear.

Preoperative and 1-year, 2-year and 3-year post-operative pure tone hearing threshold

measurements were completed for all patients (Figure 12 and 13).
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Average preoperative pure tone hearing thresholds for the 13 ears were 60—74.6-81.5-92.1—
99.5-97.5-85.0 dB(HL) at the seven measured audiometric frequencies between 125 and 8000
Hz respectively.

The overall average change of 9.73 dB(HL) was recorded during pre and first year postoperative
audiological examinations. The greatest change was observed in the mid frequency range with
16.64 dB(HL) at 500 Hz whilst 14.17 dB(HL) was recorded at 1 kHz. In the low (e.g. 125Hz —
250Hz) frequency range an average decrease of 6.5 dB(HL), while in the high (e.g. 2kHz —
4kHz) frequency range an average progression of 7.3 dB(HL) occurred. At the highest recorded
frequency measured in this study (8 kHz) we only recorded in a single patient 85dB(HL) which
was not observed at the measurement range in postoperative examinations. The second and
third year postoperative data (9.5 and 10.2 dB(HL) respectively) showed were not statistically

significant difference from the first year data.

The contralateral ears were fitted or either non-fitted (i.e. due to patient refusal) in a routine

shown in Table 3.

Complications

Ninety-four (94) CI recipients with pre- and postoperative CT scans and detailed operative
reports were available for review for the period from November 2015 to July 2018. Out of these
94 cases, the active electrode was inserted into the cochlea via the extended round window
approach in 91 ears. Three electrodes were inserted via cochleostomy because the round
window could not be identified. Fifty-seven percent of the cases — 54 out of 94 — were right-
sided CI.

Tip fold-over was noted in three cases (3.19%) (Table 4) on radiography and will be discussed
in more detail in the present study. Table 4 summarizes the demographic and clinical

characteristics of these subjects.
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Table 4. Tip fold-over patients and electrode characteristics

Patient Age Sex Side of Approach Company Cl  Type of I(‘)?(I::agig? Follow-
# Cl System  array over up (m)

1 60 female right  ERW  Cochlear 532  SPE i'SeC”Ode 12

2 2 female right CS Cochlear 532 SPE ?;Ctmde 13

3 4 male  left  ERW  Cochlear 532  SPE El"gec”‘)de 6

Figure 14.  Radiography of the three cases. a. Subject #1, postoperative radiography,
Stenvers view. b. Subject #2, posteoperative radiography, Stenvers view. c. Subject #3,
postoperative fluoroscopy, cochlear view, d. Subject #1, postoperative radiography after
revision surgery, Stenvers view. e. Subject #2, postoperative radiography after revision
surgery, Stenvers view. f. Subject #3, postoperative radiography after revision surgery,
Stenvers view.
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Subject#1

A 60-year-old female subject with severe bilateral SNHL was referred for cochlear implantation
of the right ear. The preoperative high-resolution CT scan and MRI revealed normal anatomy
and no evidence of cochlear ossification or fibrosis. She had no history of meningitis. The round
window niche was widened by drilling the bony rim over the round window to ensure good
exposure of the membrane. There was no physical evidence during surgery to suggest the
potential for intra-cochlear malposition of the electrode array and the intraoperative tests
(impedance, ESRT and NRT examinations) did not show any abnormality (Figurel5a, b). On
the day after the implantation, a postoperative X-ray scan was performed (Figure 14a). With
the help of the X-ray image, tip fold-over of the 18th electrode was detected. Unlike our
standard protocol, the sound processor was programmed to the patient that day. The four apical
electrodes that curved back were switched off so that the patient reported hearing sensations
and the frequency discrimination was appropriate. The processor was programmed four weeks
after the surgery again. At that time, the subject only reported whistling and beeping, but was
unable to discriminate various frequencies. During the next two months, we were unable to
produce a hearing experience for the patient. Hence, we decided to reimplant the patient with a

contour advanced (C1512) electrode from the same implant family.

Subject#2

A 21-month-old girl with severe hair cell impairment - detected by brainstem evoked response
audiometry (BERA), Auditory Steady State Response (ASSR) and distortion product
otoacoustic emissions (DPOAEs), - was referred for bilateral cochlear implantation in June
2017. Genetic testing revealed mutation of the connexin 26 gene. Preoperative radiography and
MRI scans revealed normal anatomy of the middle and inner ear. She had no history of bacterial
meningitis. The round window was not detected on the right side; thus, cochleostomy insertion
was performed. Unexpected oozing of the perilymph was noted. Accordingly, lower impedance
(Figure 15c) and higher NRT values were measured during the intraoperative evaluations
(Figure 15d). The ESRT, with the exception of electrode 5, could not be triggered. On the
following day, a postoperative X-ray imaging (Figure 14b) revealed tip fold-over at the 18th

electrode. Our team decided to perform a revision surgery.
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Subject#3

A four-year-old male patient with severe bilateral SNHL was referred for sequential bilateral
implantation. The first Cl on the right side was performed without complication in September
2017; the surgery of the left side was performed in January 2018. Preoperative high-resolution
CT and MRI scans showed regular anatomy of the middle and inner ear. He had no history of
meningitis. The smooth contralateral insertion suggested the potential for a successful surgical
insertion. The electrode array was gently inserted via the provided sheath through the round
window using a soft-surgery technique. The surgeon reported some unusual resistance during
the electrode insertion. The intraoperative tests did not show any abnormalities (Figure 15e, f).

The following day, a tip fold-over was detected with X-ray imaging (Figure 14b).
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Intraoperative impedance (CG) in case #1 Intraoperative ESRT, T-NRT in case #1
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Figure 15.  Intraoperative tests. a. Intraoperative impedance telemetry in CG stimulation
mode in Subject#1. b. Results of intraoperative stapedius reflex and nerve response telemetry
in Subject#1. Based on clinical experience, none of the intraoperative studies showed any
irregularities. c. Intraoperative impedance telemetry in CG stimulation mode in Subject#2. d.
Results of intraoperative stapedius reflex and nerve response telemetry in Subject#2. With the
exception of the fifth electrode, intraoperative stapedius reflex was not detected. NRT threshold
(T-NRT) values were increased due to loss of the perilymph. e. Intraoperative impedance
telemetry in CG stimulation mode in Subject#3. f. Results of intraoperative stapedius reflex and
nerve response telemetry in Subject#3. Clinical results of intraoperative measurements showed
no irregularities.
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Solutions

In the case of Subject #1, our team decided to implant a new device (CI1512) with a more rigid
and thicker electrode (Figure 14d) because tip fold-over of the slim perimodiolar electrode may
have indicated an obstruction in the membranous labyrinth - which the preoperative CT scan
did not reveal. The speech processor was reprogrammed four weeks after the reimplantation
(Figure 16a). Instead of the whistling and unpleasant sounds, the patient reported a good sound
experience. As of this report, she successfully differentiates the sound spectrum and hears

sounds in a corresponding tone (Figure 16b).
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Figure 16. Reimplantation results. a. First fitting comfort (black line) and threshold (grey
line) levels. b. Free-field sound measurement results.

In the second and third cases, early reimplantation was performed on the second postoperative
day. The electrode array was gently removed from the cochlea and reinserted into a backup
sheath (Figure 17) as used in our centre in these cases. Apart from its thin nature and proximity
to the modiolus, another advantage of the slim perimodiolar electrode is that it can be reloaded
into its external insertion sheath if necessary. Reinsertion was made in both paediatric cases.
The intraoperative test results were normal (Figure 18a, b, c¢, d). The following day's
postoperative X-ray images showed correct electrode location (Figure 14e, f). In both cases, we
fitted the speech processor four weeks after the surgery. The paediatric patients also
demonstrated good onset of speech perception with babbling and repetition of monosyllables.
Speech development in Patient #2 successfully started consciously using disyllabic words one

year later. Currently, her passive vocabulary is estimated at approximately 2-300 words. Patient
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#3 is a perilingual child. Her vocalization has started and, for the time being, she has been
producing lallation/unarticulated sounds. She uses her speech processor three hours a day on
average. She had not used a hearing aid before, which could possibly cause her dislike towards
the speech processor.

Figure 17.  Sheath re-loading in case #2 and #3 revision surgery
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Figure 18.

Revision surgery’s intraoperative tests in case #2 and case #3. a Intraoperative

impedance telemetry in CG stimulation mode in case #2. b Subject#2: Results of intraoperative
stapedius reflex and nerve response telemetry. With the exception of the 14th electrode,
intraoperative stapedius reflex could not be triggered. Increased T-NRT values could be the
result of oozing during the previous surgery. ¢ Intraoperative impedance telemetry in CG
stimulation mode in Subject#3. d Subject#3: Results of intraoperative stapedius reflex and
nerve response telemetry. No irregularities occurred during the measurements.
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DISCUSSION

Preservation of acoustic hearing associated with cochlear implantation improves the
postoperatively achievable periodicity and spectral resolution, which improves the patient's
speech comprehension and the localization of the tone in particularly difficult conditions [73—
78].

The effects of cochlear implantation on residual hearing have been discussed in several
studies in which a number of surgical and technical factors have been identified [79]. There are
some surgical techniques of approaching the scala tympani (i.e., RW, ERW, CS) with varying
risks of harming the fine structures of the cochlea with prompt or delayed onset [28]. Such late
complications, like the appearance of endocochlear connective tissue or new bone formation,
may lead to a gradual partial or complete loss of residual acoustic hearing [80]. This is most
likely to be seen when the round window is extendedly exposed, where endothelial lesions
trigger new tissue proliferation. The slightest is the tendency to harm the endocochlear

structures when minimally invasive, soft surgery is applied [28].

Physical attributes of the electrode profile may also interfere with postoperative cochlear
function. Theoretically, the endocochlear hydrodynamics may also be altered, as the vibration
of the basilar membrane is restricted due to the presence of an electrode array. At this point, as
the travelling waves to the apical region are modified, the basilar membrane would react to

sounds differently, leading to an endocochlear “conductive” hearing loss [81, 82].

The new type of thin-diameter electrode arrays close to the modiolus are expected to have a
lower hydrodynamic load, since the bony spiral lamina is attached from below, thus the basilar
membrane vibrations remain unrestricted. However, the perimodiolar position of the electrode
array allows the adjacent nerve elements of the spiral ganglion to be stimulated with a lower

electrical intensity and through a smaller surface.

Cadaver experiments demonstrated that a force, applied to the basilar membrane with an
average of 88 mN (42 mN to 122 mN) would be sufficient to accomplish the interscalar
dislocation of the electrode, of which manual perceptibility is questionable [83]. Studies with
large case numbers (n=100) have shown that the probability of the electrode line being located
in the scala vestibuli significantly increased during CS, which also manifested itself in the

absence of improvement in speech comprehension [84].

In a number of studies, intraoperatively performed electro-cochleography is used to track the
electrode insertional trauma, furthermore to postoperative residual hearing follow-ups [85-87].
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For the implementation of Electro-Acoustic (EAS) or hybrid speech processors the long-term
preservation of residual acoustic hearing is inherently inevitable, thus application of atraumatic

surgical techniques and electrode arrays is essential.

Our study cohort obviously demonstrates that by the application of appropriate soft surgery
techniques and atraumatic electrodes are able to retain residual hearing on a long run. The
positive experience gained with the new type of CI532 Slim Modiolar electrode predicts the
possibility for the preservation of structural and functional integrity of all cochlear regions.
Furthermore, a prompt, definitive solution could be provided for a possible late hearing loss

progression, where only a psychophysical reprogramming of the implant would be enough.

On the basis of our results, if the acoustic hearing loss can be preserved with the assurance and
efficacy of the initial experience, we will be able to provide sustained prominent hearing
rehabilitation even in the indication of EAS that results in significant improvement in the life

quality of many implantees.

In addition, long-term residual hearing loss may be of crucial importance in the subsequent

feasibility of regenerative procedures and medical treatments [33, 45, 88, 89].

Intracochlear trauma due to electrode insertion may be as follows: (1) the trauma to the lateral
wall tissues [17], (2) the translocation from scala tympani to scala vestibuli, (3) the basal
fracture of the osseous spiral lamina [90] , etc. As for the lateral wall electrodes, many studies
have been conducted with the stylet-based perimodiolar electrodes (e.g. Contour and Contour
Advance (Cochlear Ltd., Sydney, Australia.)) to reveal their impact on cochlear microstructure
and residual hearing [90, 91]. Lateral wall electrodes evidently contact lateral wall structures of
the scala tympani, resulting in various degree of trauma to them. On the other hand, the impact
of stylet-based perimodiolar electrodes varies, depending on the surgical technique applied
(standard insertion technique vs advanced off stylet; SIT vs AOS). Perimodiolar electrodes
implanted with SIT resulted in similar trauma profile to that with lateral wall electrodes; while
with the AOS technique the lateral wall forces were minimized or negated such that they remain
below the threshold for trauma or rupture of the intrascalar partition [92].

Up to date, only a few studies have been published with the sheath-based, slim-perimodiolar
electrode and on its impact on cochlear microstructure and hearing preservation, that is object
to this present study [33, 40].

Our results have proved the Nucleus C1532 Slim Perimodiolar® electrode array to be safe and

effective in preserving residual hearing over three-years long follow-up period. This long-term
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preservation of residual hearing refers to that the endocochlear trauma during electrode

insertion is negligible or even absent.

There is always some risk of losing residual hearing due to cochlear implantation. In this study
all of the subjects retained residual hearing within 9.73 dB(HL) in average at the measured 125-
4000 Hz frequency range. These results are similar with a previous single-centre study outcome
with the Hybrid L24 [93] where the median threshold increase was 10 dB(HL).

Electrical stimulation can be optimized by proper intrascalar positioning of the slim-
perimodiolar electrode array in proximity to the neuronal structures of the cochlea [12, 24]. Due
to this reduced distance the CI can deliver stimulation at a lower electrical intensity and through
a smaller electrode surface, that has been proved to provide greater neural specificity [94-96],
reduced stimulation levels [97-99], and improved hearing performance [24, 100].

There were no surgery-related complications, the slim perimodiolar electrode was suitable for

round window approach in all case, that would improve the compliance of many surgeons.

A wide range of cochlear implants with different electrodes are available for rehabilitation of
hearing impaired patients with severe to profound SNHL. Hearing rehabilitation outcomes may
be influenced by optimizing device and electrode choice for the individual. Several comparative
studies have been conducted including electrophysiological (ESRT, NRT) test methods to
evaluate the influence of straight and perimodiolar electrode designs and their in-situ
characteristics on clinical outcomes [14, 15, 67, 101-103]. Our study is unique in that it
measured the influence of various electrode designs combined with a common receiver
stimulator upon electrophysiological assessments for a relatively large routinely treated
multicentre study cohort. As such, it is the first study to report on the influence of electrode
design while using consistent implant receiver-stimulator electronics. The cooperation of the
two clinics was established in 2017 with the aim to compare the perimodiolar and the straight
electrode arrays. The study clinics followed a standard protocol enabled by the manufacturer’s
software, thus a conclusion from their individual results can be made. The results of Hey et al.
from their multicentre study on CI1532 are in good correlation with our results which proves that

our methodology and results are reliable [52].

The Contour Electrode was the first perimodiolar electrode from Cochlear. As reported by
researchers, some intracochlear trauma has been associated with its insertion, with a more

reliable and less traumatic insertion achieved when deployed using the recommended advance
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off-Stylet technique [14]. This is largely due to an inherent reduction in intracochlear outer wall

force generation when using this technique for this electrode [14].

The Slim Modiolar Electrode is designed for insertion with minimal cochlear trauma. It has the
advantage of taking 60% less volume in the scala tympani compared to the Contour Advance
Electrode and is therefore placed in a position close to the modiolus. Perimodiolar proximity is
an important clinical consideration as Holden et al. [24] concluded, observing that 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. The Slim
Modiolar electrode array takes a closer position to the modiolus than the Contour Advance

electrode array as confirmed by a comparative radiological evaluation [53].

In this retrospective study the data from recipients with the three main types of electrode arrays
used in each of the two author implant centres were included. Although the electrode of C1522
was known to take the lateral wall position within the cochlea, the authors’ decided to enroll
those subjects who were implanted with CI1522 to gain a more detailed overview. Although
results of two different implant centres were combined for evaluation, upon review, the authors
considered the routine clinical practices employed and device parameters used at each site as

sufficiently comparable.

Results from the objective intraoperative measurements indicated that the electrode contacts of
the C1532 array were located closer to the modiolus than those of CI512. A previous study
found that withdrawal of the stylet in the Contour Advance Electrode resulted in better NRT
and ESRT responses, than with the stylet in place. They concluded that this is most probably
due to a more favourable position of the electrode array towards the modiolus within the scala
tympani once the stylet is removed [102].

In our study, although the mean ESRT was only slightly lower with C1532, the difference was
statistically significant at the basal most electrodes tested. However, the mean T-NRT for C1532
was significantly lower than for CI512, especially in the apical-middle section, which is
considered to be indicative of closer positioning towards the modiols. An expected rate of scalar
dislocations could be 26% with precurved electrode (i.e. C1512) and 3% with straight electrode
(i.e. CI522) with round window insertion technique [104] and this dislocation should have a
significant impact on the NRT threshold in the apical part of the electrode. In order to minimize
scalar dislocation, the extended round window insertion technique was used. Although the
institutional protocols did not include postoperative computed tomography, the results from T-
NRT and ESRT, both being constantly higher for C1512 when compared with CI532 and T-
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NRT being constantly lower for CI512 when compared with C1522 are not indicative of
significant dislocations between scalae tympani and vestibuli. The sizeable reduction in both
T-NRT and ESRT observed in our study are considered sufficiently large to potentially

influence differences in clinical outcomes as observed for subjective comfort level [102, 105].

The surface area of an electrode is inversely proportional with the resistance, thus current is
proportional with the surface area. If the electrode with a smaller surface is capable of eliciting
the same response it means that it is closer to the stimulated structure. The lower objective
electrophysiological thresholds of C1532 suggest that the electrodes are capable of eliciting
reflex responses with lower stimulation intensity, resulting from closer proximity to the

modiolus.

In our experience the C1532 with its Slim Modiolar electrode profile provides a relatively easy
and low trauma insertion procedure. However, implantation of this delicate electrode array was
associated with tip fold-over at a rate of 3.19% that is comparable with the reported rates found
in the literature [47-50, 106], but immediate intraoperative identification based on tactile
feedback of the operating surgeon and standard intraoperative telemetry failed. Radiography
definitively detected tip fold-over [107]. Based on our experience and measurement results, we
are unable to determine the exact location of electrode array along its full length. International
literature provides reference to the use of Spread of Excitation measurements [108] to detect
tip-fold-over. However, our department has not had the availability to perform such

measurements yet.

Based on our clinical protocol, X-ray imaging is performed the day after surgery. If the
radiologist detects a suspected abnormality in the electrode position, fluoroscopy, cone-beam
CT or low dose CT scans can be performed. Our recommendation is revision surgery, reloading
the electrode array, if intact into a backup insertion sheath and reinsertion of the array. In an
ideal situation, abnormalities of the electrode position would be detected in real time or shortly
after insertion in order to spare a second procedure. Reliable electrophysiological methods or
real-time imaging in the operating room (cone-beam CT, fluoroscopy or X-ray imaging) are
encouraged. It is important to put special emphasis on preoperative imaging and 3D
reconstruction. The more frequent use of fine and pre-curved electrodes necessitates rigorous

routine postoperative radiological control of electrode array position.
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REVIEW OF ELECTRODE PLACEMENT
WITH THE SLIM MODIOLAR ELECTRODE:
IDENTIFICATION AND MANAGEMENT

Balazs DIMAK, Roland NAGY, Adam PERENYI, Janos Andras JARABIN, Rebeka SCHULCZ,
Miklos CSANADY, Jozsef JORI, Laszlo ROVO, Jozsef Geza KISS

University of Szeged, Department of Oto-Rhino- Laryngology, Head and Neck Surgery, Szeged

Background - Several cochlear implant recipients experi-
ence functionality loss due to electrode array mal-position-
ing. The application of delicate perimodiolar electrodes
has many electrophysiological advantages, however, these
profiles may be more susceptible to tip fold-over.

Purpose — The prompt realization of such complication
following electrode insertion would be auspicious, thus the
electrode could be possibly repositioned during the same
surgical procedure.

Methods — The authors present three tip fold-over cases,
experienced throughout their work with Slim Modiolar
Electrode implants. Implantations were performed through
the round window approach, by a skilled surgeon.
Standard infraoperative measurements (electric integrity,
neural response telemetry, and electrical stapedial reflex
threshold tests) were successfully completed. The electrode
position was controlled by conventional radiography on
the first postoperative day.

Results — Tip fold-over was not tactilely sensated by the
surgeon. Our subjects revealed normal intraoperative
telemetry measurements, only the postoperative imaging
showed the tip fold-over. Due to the emerging adverse
perception of constant beeping noise, the device was
replaced by a CI512 implant after 6 months in one case.
In the two remaining cases, the electrode array was
reloaded into a back-up sheath, and reinserted into the
scala tympani successfully through an extended round
window approach.

Discussion — Future additional studies using the spread of
excitation or electric field imaging may improve test relia-
bility. As all of these measurements are still carried out fol-
lowing electrode insertion, real-time identification, unfortu-
nately, remains questionable.

https://doi.org/10.18071/isz.73.0053

PERIMODIOLARIS TiPUSU ELEKTRODA BEHELYEZESE:
ATTEKINTES ES ESETTANULMANYOK

Dimak B; Nagy R; Perenyi A; Jarabin JA; Schulez R;
Csanady M; Jori J; Rovo L; Kiss JG

Ideggyogy Sz 2020;73(1-2):53-59.

Bevezetés — Szdmos, cochlearis implantacién atesett
beteg tapasztalhat funkciondlis veszteséget az elektrédasor
nem megfelels elhelyezkedése miatt. A perimodioldris
elektréddk haszndlata szdmos elekirofiziolégiai el8nnyel
jar, azonban ezek az elekirédatipusok hajlamosabbak
lehetnek a visszahajlésra.

CélkitGzés — Az elektrédasor behelyezését kdvetGen minél
elébb felismerni az esetlegesen felmerilé tip fold-over
jelenséget azért, hogy az elekirédasor helyzetét még
ugyanabban a m{téti eljardsban korrigélni lehessen.
Beteganyag és médszerek — Tanulmdanyunk hérom
esetet mutat be, amelyek sordn a perimodioldris tipusu
elektréda behelyezése sordn tip fold-over-t tapasztaltunk.
Az elekirédasor behelyezése minden esetben a kerek
ablakon keresztul tértént. A beavatkozds sordn protokol-
|&ris intraoperativ méréseket (elekiromos impedancia,
idegi vdlasz telemetria és elekiromos stapedius reflex
kiszdb teszt) végeztink. Az elekiréda helyzetét radiologiai
vizsgdlatokkal a m{tét uténi elsé napon ellendriztik.
Eredmények — Az elekirédasor visszaforduldsét az opera-
t8r nem érzékelte. Habdr oz intraoperativ mérések nem
mutattak rendellenes eredményt, a m{tét utdni képalkotéd
vizsgdlatok tip fold-over jelenséget tartak fel. Az elsS eset-
ben egy dllandé sipolé zaj észlelése miatt az eszkdzt hat
hénap elteltével CI512 implantdtummal helyettesitettik.
Két esetben az elekirédasort visszahelyezttk az operdciot
kévet8 napon egy Uj, steril vezet8be, és a megnagyobbi-
tott kerek ablakon keresztil korrigéltuk az elektrédasor
helyzetét a scala tympaniba.

Megbeszélés — A nemzetkdzi szakirodalom alapjén spread
of excitation vizsgdlatok elvégzését tervezzik. Mivel ezeket
a méréseket is az elekirdda behelyezése utén végzik, a
valés idejl azonositds sajnos tovébbra sem megoldott.
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Conclusion - Tip fold-over could be reliably identified by
conventional X-ray imaging. By contrast, intraoperative
electrophysiology was not sufficiently sensitive to reveal it.

Keywords: cochlear implantation,
cochlear implantation revision,
perimodiolar electrode profile, tip fold-over

Cochlear implant (CI) provides rehabilitation for
uni- or bilateral severe to profound sensorineu-
ral hearing loss. Every CI hardware and software
components are subjects of continuous develop-
ment over time to provide good speech perception.
On the other hand, the applied surgical approach
and technique may also substantially interfere with
the functional outcome.

In order to restore the best hearing functionality,
different factors are needed to be considered, as fol-
lows: 1. electrode insertion depth and cochlear cov-
erage, 2. matching neuro-tonotopicity, 3. atraumat-
ic electrode insertion, and 4. applying the proper
electrode array that matches the recipient’s individ-
ual cochlear anatomy'. Therefore, several electrode
concepts exist today that could represent some
alternative solutions for successful implantation.

Serving as an ‘interface’, the electrode array is
that the electric stimuli are transmitted to the neural
structures through, thus its intra scalar-position has
a fundamental influence on all aspects of stimula-
tion. There are three typical electrode positions
within the scala tympani: 1. perimodiolar, 2. mid-
scala and 3. lateral wall, defined as the relative dis-
tance from the modiolus increases respectively.

With the perimodiolar electrode position, plenty
of advantages are realized. As the distance from the
modiolus is minimized and consistent modiolar
proximity is maintained, limited adjacent current
spread could be achieved with narrower stimulation
width and reduced current demand, that finally could
relate to improved speech recognition. Applying this
electrode profile residual hearing could be preserved
on the long run® when it is inserted via ‘soft surgery’?
including extended round window (ERW)
approach*®. To incorporate the virtue of perimodio-
lar stimulation with reduced insertion trauma, a slim,
pre-curved electrode profile (CI532) was recently
released by Cochlear Ltd. (Sydney, AUS). This elec-
trode array is held straight prior to insertion by an
external polymer reloadable sheath that is removed
after full electrode insertion’.

Konkl0zié - A tip fold-over megbizhatéan azonosithaté
hagyoményos réntgenfelvétel segitségével. Ezzel szemben
az intraoperativ elekirofiziolégiai mérések nem bizonyul-
nak hatékony médszernek.

Kulcsszavak: cochlearis implantdcid,
a cochlearis implantécié revizidja,
perimodioldris elektrédaprofil, tip fold-over

ABBREVIATIONS

ASSR: auditory steady-state response

BERA: brainstem evoked response audiometry

CG: common ground

CI: cochlear implant

CS: cochleostomy

CT: computer tomography

DPOAE:s: distortion product otoacoustic emissions

eCAP: electrically-evoked compound action poten-
tial

ERW: extended round window

ESRT: electrically evoked stapedius reflex threshold

m: months

MRI: Magnetic Resonance Imaging

NRT: neural response telemetry

P: patient

SPE: slim perimodiolar electrode

T-NRT: neural response telemetry threshold

However, by the broader application of peri-
modiolar electrodes various challenges have been
brought to light®. One infrequent issue is that these
thin and flexible electrode arrays are potentially
more susceptible to tip fold-over, where the tip of
the electrode is folding on itself as a ‘hairpin
curve’®.

Various surgical complications (gusher, oozing,
etc.), or anamnesis of previous diseases (meningi-
tis, sclerosis of the cochlea) increase the risk of tip
fold-over.

In total, 94 slim perimodiolar electrode profile
have been implanted in our tertiary referral center
since November 2015. We detected three tip fold-
over phenomena since then (approx. 3%). This inci-
dence corresponds to the published international
data'®"s.

This retrospective study aimed to unfold the
challenging intra- and postoperative identification
of tip fold-over and the possible management
through three independent cases.
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Table 1. Tip fold-over patients and electrode characteristics
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Patient # Age Sex Side of CI Approach  Company Cl Type Location of Follow-
System of array  Fold-over up (m)

1 60 female  right ERW Cochlear 532 SPE electrode 18 12

2 2 female  right CS Cochlear 532 SPE electrode 18 13

3 4 male left ERW Cochlear 532 SPE electrode 18 6

ERW: extended round window, CS: cochleostomy, SPE: slim perimodiolar electrode; (m) months

Material and methods

In accordance with our clinical protocol, all
patients undergo neuroimaging assessment prior to
surgery'®. In standard cases, high-resolution (0.8 to
1.25 mm slice thickness) Computer Tomography
(CT) scan of the temporal bone is applied, while in
special cases, Magnetic Resonance Imaging (MRI
)is performed'. If the history is indicative of bac-
terial meningitis or auditory nerve aplasia, MRI is
the test of choice. Thus the course of the surgery
could be planned in advance to get the most suit-
able electrode profile for the patient!®.

In our practice the primary aim is to preserve
residual hearing by minimal invasive electrode
insertion'’, using the thinnest electrode possible
with an atraumatic electrode profile'. Standard
posterior tympanotomy approach is applied for all
cases. Intraoperative data is registered for imped-
ance, electrically evoked stapedius reflex threshold
(ESRT) level and neural response telemetry (NRT)
values, with the software provided by the manufac-
turer (Custom Sound 5.0). The impedance level is
measured in three stimulation modes [monopolar,
bipolar, common ground (CG)]; thereafter, the
stapedius reflex threshold on every fourth electrode

Figure 1. Radiography of the three cases. A Subject #1, postoperative radiography, Stenvers view. B Subject #2, pos-
teoperative radiography, Stenvers view. C Subject #3, postoperative fluoroscopy, cochlear view, D Subject #1, posto-
perative radiography after revision surgery, Stenvers view. E Subject #2, postoperative radiography after revision
surgery, Stenvers view. F Subject #3, postoperative radiography after revision surgery, Stenvers view
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Figure 2. Intraoperative tests. A Intraoperative impedance tele-
metry in CG stimulation mode in Subject#1. B Results of intra-
operative stapedius reflex and nerve response telemetry in
Subject#l. Based on clinical experience, none of the intraopera-
tive studies showed any irregularities. C Intraoperative impe-
dance telemetry in CG stimulation mode in Subject#2. D Results
of intraoperative stapedius reflex and nerve response telemetry
in Subject#2. With the exception of the fifth electrode, intraope-
rative stapedius reflex was not detected. NRT threshold (T-NRT)
values were increased due to loss of the perilymph. E Intra-
operative impedance telemetry in CG stimulation mode in
Subject#3. F Results of intraoperative stapedial reflex and nerve
response telemetry in Subject#3. Clinical results of intraoperati-
ve measurements showed no irregularities

is tested. In this way, a properly sized current pulse
strongly elicits the reflex. Following that, the cur-
rent is reduced by 5 units until the stapedius reflex
disappears. The threshold value is the last value
where stapedius muscle contraction can still be
visualized. The NRT is determined intraoperatively
following insertion of the electrode array. To regis-
ter the NRT values, the AutoNRT function of the
software is used. The software sets — after manual-
ly entering patient-specific parameters — a start-up
pulse level, raises it by 6 current units, triggers a
clear nerve response and then decreases it automat-
ically as long as the response is still a detectable
electrically-evoked compound action potential
(eCAP). Finally, on the first postoperative day, a

standard radiographic examination of the head
(antero-posterior and Stenvers view or fluoroscopy)
is performed to document the electrode position.

Results

Ninety-four (94) Cl recipients with pre- and postop-
erative CT scans and detailed operative reports
were available for review for the period from
November 2015 to July 2018. Out of these 94 cases,
the active electrode was inserted into the cochlea
via the extended round window approach in 91 ears.
Three electrodes were inserted via cochleostomy
because the round window could not be identified.
Fifty-seven percent of the cases — 54 out of 94 —
were right-sided CIL.

Tip fold-over was noted in three cases (3.19%)
(Table 1) on radiography, and will be discussed in
more detail in the present study. Table 1 summa-
rizes the demographic and clinical characteristics of
these subjects.

The postoperative radiography allowed identifi-
cation of the electrode array within the cochlea
(Figure 1.D, 1.E, 1.F).

SUBJECT#1

A 60-year-old female subject with severe bilateral
sensorineural hearing loss was referred for
cochlear implantation of the right ear. The preoper-
ative high-resolution CT scan and MRI revealed
normal anatomy and no evidence of cochlear ossi-
fication or fibrosis. She had no history of meningi-
tis. The round window niche was widened by
drilling the bony rim over the round window to
ensure good exposure of the membrane. There was
no physical evidence during surgery to suggest the
potential for intra-cochlear malposition of the elec-
trode array, and the intraoperative tests (imped-
ance, ESRT and NRT examinations) did not show
any abnormality (Figure 2.A, B). On the day after
the implantation, a postoperative X-ray scan was
performed (Figure 1.A). With the help of the X-
ray image, tip fold-over of the 18th electrode was
detected. Unlike our standard protocol, the sound
processor was programmed to the patient that day.
The four apical electrodes that curved back were
switched off so that the patient reported hearing
sensations and the frequency discrimination was
appropriate. The processor was programmed four
weeks after the surgery again. At that time, the sub-
ject only reported whistling and beeping, but was
unable to discriminate various frequencies. During
the next two months, we were unable to produce a
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hearing experience for the patient. Hence, we
decided to reimplant the patient with a contour
advanced (CI512) electrode from the same implant
family.

SUBJECT#2

A 21-month-old girl with severe hair cell impair-
ment - detected by distortion product brainstem
evoked response audiometry (BERA), Auditory
Steady State Response (ASSR) and otoacoustic
emissions (DPOAEs), - was referred for bilateral
cochlear implantation in June 2017. Genetic testing
revealed mutation of the connexin 26 gene.
Preoperative radiography and MRI scans revealed
normal anatomy of the middle and inner ear. She
had no history of bacterial meningitis. The round
window was not detected on the right side; thus,
cochleostomy insertion was performed. Unexpected
oozing of the perilymph was noted. Accordingly,
lower impedance (Figure 2.C) and higher NRT val-
ues were measured during the intraoperative evalua-
tions (Figure 2.D). The ESRT, with the exception of
electrode 5, could not be triggered. On the following
day, a postoperative X-ray imaging (Figure 1.B)
revealed tip fold-over at the 18th electrode. Our
team decided to perform a revision surgery.

SUBJECT#3

A four-year-old male patient with severe bilateral
sensorineural hearing loss was referred for sequen-
tial bilateral implantation. The first CI on the right
side was performed without complication in
September 2017; the surgery of the left side was per-
formed in January 2018. Preoperative high-resolu-
tion CT and MRI scans showed regular anatomy of
the middle and inner ear. He had no history of
meningitis. The smooth contralateral insertion sug-
gested the potential for a successful surgical inser-
tion. The electrode array was gently inserted via the
provided sheath through the round window using a
soft-surgery technique. The surgeon reported some
unusual resistance during the electrode insertion.
The intraoperative tests did not show any abnormal-
ities (Figures 2.E, F). The following day, a tip fold-
over was detected with X-ray imaging (Figure 2.B).

SOLUTIONS

In the case of Subject #1, our team decided to
implant a new device (CI512) with a more rigid and
thicker electrode (Figure 1.D) because tip fold-over
of the slim perimodiolar electrode may have indicat-
ed an obstruction in the membranous labyrinth -
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Figure 3. Reimplantation results. A First fitting comfort (black
line) and threshold (grey line) levels. B Free-field sound measure-

ment results

which the preoperative CT scan did not reveal. The
speech processor was reprogrammed four weeks
after the reimplantation (Figure 3.A). Instead of the
whistling and unpleasant sounds, the patient report-
ed a good sound experience. As of this report, she
successfully differentiates the sound spectrum and
hears sounds in a corresponding tone (Figure 3.B).

In the second and third cases, early reimplanta-
tion'” was performed on the second postoperative
day. The electrode array was gently removed from
the cochlea and reinserted into a backup sheath
(Figure 4) as used in our centre in these cases.
Apart from its thin nature and proximity to the
modiolus, another advantage of the slim perimodi-
olar electrode is that it can be reloaded into its
external insertion sheath if necessary. Reinsertion
was made in both pediatric cases. The intraopera-
tive test results were normal (Figure 5.A, B, C, D).
The following day’s postoperative X-ray images
showed correct electrode location (Figure 1.E, F).
In both cases, we fitted the speech processor four
weeks after the surgery. The pediatric patients also
demonstrated good onset of speech perception with
babbling and repetition of monosyllables. Speech
development in Patient #2 successfully started con-

Figure 4. Sheet re-loading in case #2 and revision surgery in
case #3
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A Intraoperative impedance (CG) in case #2 B Intraoperative ESRT, T-NRT in case #2
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Figure 5. Revision surgery’s intraoperative tests in case #2 and
case #3. A Intraoperative impedance telemetry in CG stimulati-
on mode in case #2. B Subject#2: Results of intraoperative sta-
pedius reflex and nerve response telemetry. With the exception
of the 14th electrode, intraoperative stapedius reflex could not
be triggered. Increased T-NRT values could be the result of
oozing during the previous surgery. C Intraoperative impedance
telemetry in CG stimulation mode in Subject#3. D Subject#3:
Results of intraoperative stapedius reflex and nerve response
telemetry. No irregularities occurred during the measurements

sciously using disyllabic words one year later.
Currently, her passive vocabulary is estimated at
approximately 2-300 words. Patient #3 is a perilin-
gual child. Her vocalization has started and, for the
time being, she has been producing lallation/unar-
ticulated sounds. She uses her speech processor
three hours a day on average. She had not used a
hearing aid before, which could possibly cause her
dislike towards the speech processor.
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Introduction

There are currently different trends in cochlear implant
electrode design [1]. The manufacturers provide a var-
iety of implant configurations including different re-
ceiver-stimulators, electrode arrays (e.g. straight or pre-
curved, full-length or short) and sound processors to
choose from, which can facilitate decision making on an
individual basis. Proximity to the modiolus [2, 3], elec-
trical current requirements [4], energy consumption,
trauma to the cochlea [5], combined electro-acoustic
stimulation [6, 7]), preservation of cochlear structures
with low-trauma surgical technique [3, 8—10] and hear-
ing preservation [11-14] are important aspects of im-
plant design which have become the focus of many
discussions and studies.

For example, recent evidence suggests that speech dis-
crimination is not improved by deep insertion, but it is
significantly improved by perimodiolar position of the
electrode [15].

Studies in implanted recipient groups using multiple
implant types make it difficult to compare the influence
of the implant electrode characteristics on outcomes in
the presence of additional variables such as implant elec-
tronics, sound processors and speech coding paradigms.
Hence, to reduce the number of variables, comparison
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of the influence of electrode designs on outcomes could
be interpreted more effectively if a consistent receiver-
stimulator design and a common sound processor are
used. Recent publications [16—20] represent imaging and
electrophysiological results with CI532, but no compara-
tive studies have yet been published.

Our center’s postoperative radiological comparative
study demonstrated that the Slim Modilar electrode
array took a closer position to the modiolus than the
Contour Advance electrode array [21].

As a consequence, the authors’ aim in this multicenter
study that is to their knowledge the first with this focus
was to compare the influence of various electrode de-
signs upon selected electrophysiological outcomes for
cochlear implant recipients using the same model of re-
ceiver-stimulator, Cochlear™ Nucleus® Profile Series and
sound processor in a retrospective study.

Materials and methods

Inclusion and allocation of subjects

A total of 139 consecutive subjects who were implanted
between 13 June 2014 and 4 May 2017 with a Profile
CI532 (CI532), a Profile CI512 (CI512), and a Profile
CI522 (CI522) device manufactured by Cochlear Ltd.,
Australia and gave their informed consent were recruited
to this retrospective study from two tertiary referral im-
plant centers. Time periods of the study recruitment were
from 13 June 2014 to 14 December 2015 for CI512, from
13 November 2015 to 4 May 2017 for CI532and 11 March
2015 to 29 November 2016 for CI522. All subjects were
examined with high resolution computed tomography

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
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and/or magnetic resonance imaging before surgery. Exclu-
sion criteria were cochlear malformations, cochlear oto-
sclerosis, obliterative postmeningitis changes and
electrode tip foldover. To the authors knowledge there
were no neural disorders in either group. Postoperative
radiography was performed in each subject to confirm
that the active electrode occupied an intracochlear pos-
ition with no complications or abnormal electrode
position.

The subjects were allocated into groups based on the
electrode type implanted as shown in Table 1. Those
who received a CI532 formed group 532, those who re-
ceived a CI512 formed group 512, and those who re-
ceived a CI522 formed group 522. Subjects were
consecutively treated as part of routine clinical practice
that was comparable at each respective implant site.

e A total of 159 ears in 139 subjects were implanted
with devices, including the same implant receiver-
stimulator electronics. CI532 had a 22 electrode
array which was perimodiolar and with a relatively
smaller diameter (named Slim Modiolar), CI512 had
a 22 electrode array which was perimodiolar with a
relatively larger diameter (named Contour Advance),
and CI522 had a 22 electrode array which was
straight, also with a relatively small diameter (named
Slim Straight). A total of 54 ears were implanted
with CI532 (all in Clinic 1), 54 ears with CI512 (51
in Clinic 1 and 3 in Clinic 2), and 51 ears with
CI522 (47 in Clinic 2 and 4 in Clinic 1). Patients
who were implanted with CI532 formed the test
group. Two control groups were formed from
patients who were implanted with Implants 512 and
522. The underlying causes of hearing loss were
congenital, progressive, unknown and others (e.g.
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choesteatoma, infection, Meniere’s disease,
meningitis, ototoxic drugs, sudden hearing loss,
trauma) in 29, 22, 16, and 33% for group 532, 28, 26,
28, and 17% for group 512, and 17, 23, 35, and 25%
for group 522, respectively.

Implantation technique

The electrode arrays were inserted into the cochlea ac-
cording to the manufacturer’s instructions provided in
the physician’s surgical guide. The method of electrode
insertion was identical in both implant clinics [22]. Full
insertion was achieved via the extended round window
approach with CI532 and CI512 and via the round win-
dow approach with CI522 in all ears. The AOS (advance
off-stylet) technique was used for CI512 and the free-
hand technique was used for CI522. Electrode choice
was dependent on the actual implant pool of each center
(regulated by the health authorities). The age of the pa-
tients did not influence implant choice. Discussion of
hearing preservation was not an objective of this study.

Electrophysiological testing
The three different types of electrode arrays were com-
pared with regards to outcomes from intraoperative and
3-months postoperative electrophysiological testing per-
formed as per routine clinical protocol (Table 2).
Intraoperative electrophysiological tests were carried
out as part of the regular fittings with Nucleus Custom
Sound 4.4 software: Impedance was measured for each
electrode, the electrical stapedial reflex threshold (ESRT)
with 25 s pulse width for every second electrode con-
tact (No. 2, 4, 6 etc) and neural response telemetry
threshold (T-NRT) for 6 (No. 2, 6, 10, 14, 18 and 22)
electrode contacts. ESRT values were compared in

Table 1 Subject demographics for each subject group. Note: For continuous variables, the mean and + 1 standard deviation are

shown in brackets

Subject group 532
Device Cl532
Electrode type Slim modiolar
Number of patients 46
Number of ears 54
Age (year) 25.17+26.29
Sex (male/female) 25/29
Duration of deafness (year) 29447 46
Cause of deafness
Congenital 29%
Progressive 22%,
Unknown 16%

Others 33%

512 522

cl512 Cl522
Contour advance Slim straight
45 48

54 51
20.80+25.87 55.36+28.59
23/31 33/18
3.06+9.34 3.13£12.99
28% 17%

26% 23%

28% 35%

17% 25%
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Table 2 Summary of the intraoperative and postoperative evaluation protocols and available data sets for each type of electrode.
The routine protocol in Clinic 2 did not include measurement of intraoperative ESRT, and postoperative T-NRT

Group 532 Group 512 Group 522
Nucleus CI532 (n/54 implants) Nucleus CI512 (n/54 implants) Nucleus CI522 (n/51 implants)
intraoperative ESRT 44 47 0
intraoperative T-NRT 50 47 43
postoperative C-level (1 month) 54 54 51
postoperative C-level (3 month) 54 54 51
postoperative T-NRT (3 month) 32 36 0

groups 532 and 512. T-NRT values in group 532 were
compared with those in both control groups. A common
sound processor (Nucleus CP910) was used.

The centers followed their normal routine protocol,
thus the electrophysiological measurement protocol of
the two centers was not identical, i.e. intraoperative
ESRT testing, postoperative T-NRT measurements were
not included in the routine protocol by Clinic 2, and
thus CI522 was not analyzed with regards to these pa-
rameters. Furthermore, postoperative NRT was not mea-
sured for subjects in each group, where the current
required to elicit a threshold response exceeded their
discomfort or pain level.

The first fitting was performed 4 weeks after surgery in
each case. In order to determine the electric threshold (T-
levels), and comfort threshold (C-levels), the subjective fit-
ting method was used in adults and the semi-objective
NRT based fitting (based on the intraoperative T-NRT
results) was applied in children [23, 24]. Default MAP
parameters (25 ps pulse width, 900 Hz stimulation rate
and 8 maxima) were used. Postoperative NRT was mea-
sured 2 months after the first fitting, i.e. 3-months follow-
up. C-levels at first fitting and 3-months follow-up fitting
and T-NRT at 3-months follow-up were compared.

Outcomes for precurved slim perimodiolar electrode
design, used at one implant clinic were compared to out-
comes for two control groups of recipients implanted
with precurved perimodiolar and straight electrodes in
both implant clinics. Electrode designs were compared
on the basis of outcomes for intraoperative objective
electrophysiological measures and postoperative thresh-
old levels and comfort levels to characterize electrode
position within the cochlea.

Statistical analysis

Statistical analysis with the Student’s t-test (P < 0.05) and
one-way repeated measures ANOVA test were per-
formed with 95% confidence interval (p < 0.05). Before
the calculation, tests for normality of data distribution
were performed. Bonferroni correction was used as
needed to consider multiple variables (e.g. comparison
of all three implant groups). The comparison was made
on each electrode and all of the electrodes (Grand

average). The tests were performed with Microsoft Excel
2016 and SPSS for Windows.

Results

All subjects received Nucleus Profile implants. The only
difference was the type of electrode. The patient groups
were similar in subject numbers, etiology and duration
of deafness, and indications.

Electrophysiology testing

Intraoperative measurements

Firstly, intraoperative electrical stapedial reflex threshold
(ESRT, Fig. 1) and Neural Response Telemetry (T-NRT,
Fig. 2), results were compared across implant groups. A
stapedial reflex was tested in all subjects in group 532
and 512 and could be elicited in 44 out of 54 cases in
group 532 and in 47 out of 54 cases in the control group
(group 512). Figure 3 shows that the mean ESRTs were
lower in group 532 than in group 512. This difference

Intraoperative T-NRT
532 vs. 512 vs. 522
n=50vs.47 vs. 43

+ + +
= - * = *
240
220 ) ,I,
s i T T 1 |
£ i fea,
g 200 |2 | e S —s3
2 l......
ol - =512
180 |4
e 4+ 7+ 1+ T . 522
i3
160
1
140 apical basal

22 18 14 10 6 2

Grand Ty 55° p = 1.8273E-11 +532 vs. 512 p<0.05

Electrodes
Grand Tsa;.55: p = 3.03227E-40 * 532 vs. 522 p<0.05

Fig. 1 Intraoperative T-NRT values in all groups: Groups 532 (n = 50),
512 (n=47) and 522 (n=43). The “+" stands for significant difference
between groups 532 and 512. The “*" represents a significant difference
between groups 532 and 522. Error bars represent the standard deviation
(SD). The mean NRTs proved to be lower in each electrode in group 532
when compared with both control groups. The difference was significant
in 5 measured electrodes when compared with 522 and 3 measured
electrodes when compared with 532 (t-probe: p < 005). Grand Ts3,_51>
means statistical comparison between groups 532 and 512. Grand Ts3»_52
means statistical comparison between groups 532 and 522
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Fig. 2 The mean postoperative C-levels in patient groups with different types of Cl: Group 532 (n =54, n = 54), group 512 (n = 54, n = 54) and group
522 (n=51,n=>51) at first fitting (a) and 2-month follow-up fitting (b). The “*" stands for a significant difference between groups 532 and 522. Error
bars represent the standard deviation (SD). Grand Ts3,_s1>, means statistical comparison between groups 532 and 512. Grand Ts3,_51, means statistical

Grand Ts3,.515: p = 0.200222525
Grand Ts3,.55,: p = 0.004028425

was significant (t probe: p = 0.007) for electrode contact
2. Grand average (all electrodes) statistic calculation
(Grand Ts3;_512) showed significant differences between
groups 532 and 512 (p < 0.05).

Intraoperative NRT measurements were performed in
all three groups. The neural response threshold was
tested in all subjects and could be elicited in 50 out of
54 (group 532), 47 out of 54 (group 512), and 43 out of
51 (group 522) cases. Repeated ANOVA analysis re-
vealed significant difference p < 0.05) between the three

Intraoperative ESRT
532 vs. 512
n=44vs. 47 .

250

240

230

220

cu
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210
= =512

Smaller the better
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180 v @pical basal

22 18 14

Electrodes

10 6 2
+532 vs. 512 p<0.05
Grand Tsp, 517 p = 7.11865E-05

Fig. 3 The mean intraoperative ESRT values in patient groups with
different types of Cls: group 532 (n =44) and group 512 (n=47).
The “+" means a significant difference between groups (a) and (b).
Error bars stand for the standard deviation (SD). ,A" stands for
Nucleus C1532 and ,B" for Nucleus CI512 implants. Grand Ts3y_s;>
means statistical comparison between groups 532 and 512

groups. On examining the significance in pairs, we found
that the mean T-NRTs (Fig. 2) proved to be lower in
each electrode in group 532 when compared with each
control group. The difference was significant in 5 mea-
sured electrode contacts when compared with CI522
and 3 measured electrode contacts when compared with
CI512 (t-probe: p < 0.05). Grand average (all electrodes)
statistic calculation (Grand Ts35_515 and Grand Ts35_595)
showed significant lower T-NRT values in group 532
compared with the two control groups (p < 0.05).

Postoperative C-levels

The subjects were scheduled for the first fitting 4 weeks
after surgery. C-levels during the first fitting were com-
pared in patient groups with different implants (Fig. 4).
No significant difference in mean C-levels was seen on
any electrodes between groups 532 and 512, but grand
average (all electrodes) statistic calculation (Grand Ts3,_
s12) showed significant differences between the two
groups (p <0.05). C-levels were considerably higher on
every electrodes in group 522 compared to groups 532
and 512, and the difference was significant for apical
electrodes 2 to 12 (p <0.05, Fig. 4)a. Grand average (all
electrodes) statistic calculation (Grand Ts35_545) showed
significant differences between the groups (p<0.05).
However, no significant difference was present on any
electrodes in C-levels 2 months after the first fitting,
only the grand average statistical analysis (Grand Ts3,_
522) showed significant differences between groups 532
and 522 (Fig. 4)b.
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Fig. 4 The mean postoperative T-NRT values in subject groups with
532 (h=32) and CI512 (n = 36). The ,+" represents a significant difference
between groups 532 and 512. Error bars represent the standard deviation
(SD). Grand Ts3,_51, Means statistical comparison between groups 532

and 512

Postoperative T-NRT

In group 532 and 512, T-NRT measurements were
attempted in all subjects at the two-month follow up fit-
ting and the measurements were successfully carried out
in 32 subjects in group 532 and 36 subjects in group
512. The intraoperative electrophysiological measure-
ments could be performed in all subjects under general
anesthesia, whereas the postoperative measurements
were performed in vigil subjects. In the latter case, some
of the subjects complained about unpleasant sound vol-
ume before a neural response could have been mea-
sured, for this reason the electrophysiological testing
cannot be performed.

Figure 4 shows the postoperative mean T-NRT values.
The mean T-NRT results in the basal section were lower
in group 532 than in group 512. The difference was sig-
nificant (p < 0.05) on two electrodes (No 14 and No 16).
Grand average (all electrodes) statistic calculation
(Grand Ts3;_512) showed significant differences between
the groups (p < 0.05).

Discussion

A wide range of cochlear implants with different elec-
trodes are available for rehabilitation of hearing impaired
patients with severe to profound sensorineural hearing
loss. Hearing rehabilitation outcomes may be influenced
by optimizing device and electrode choice for the indi-
vidual. Several comparative studies have been conducted
including electrophysiological (ESRT, NRT) test
methods to evaluate the influence of straight and peri-
modiolar electrode designs and their in-situ characteris-
tics on clinical outcomes [1-3, 25-27]. Our study is
unique in that it measured the influence of various elec-
trode designs combined with a common receiver-
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stimulator upon electrophysiological assessments for a
relatively large routinely treated multicenter study co-
hort. As such, it is the first study to report on the influ-
ence of electrode design while using consistent implant
receiver-stimulator electronics. The cooperation of the
two clinics was established in 2017 with the aim to com-
pare the perimodiolar and the straight electrode arrays.
The study clinics followed a standard protocol enabled
by the manufacturer’s software, thus a conclusion from
their individual results can be made. The results of Hey
et al. from their multicenter study on CI532 are in good
correlation with our results which proves that our meth-
odology and results are reliable [20].

The Contour Electrode was the first perimodiolar elec-
trode from Cochlear. As reported by researchers, some
intracochlear trauma has been associated with its insertion,
with a more reliable and less traumatic insertion achieved
when deployed using the recommended advance off-Stylet
technique [3]. This is largely due to an inherent reduction
in intracochlear outer wall force generation when using this
technique for this electrode [3].

The Slim Modiolar Electrode is designed for insertion
with minimal cochlear trauma. It has the advantage of
taking 60% less volume in the scala tympani compared to
the Contour Advance Electrode and is therefore placed in a
position close to the modiolus. Perimodiolar proximity is an
important clinical consideration as Holden et al. [15] con-
cluded, observing that total insertion depth was not associ-
ated with better speech discrimination outcomes, however,
the distance from the electrodes to the modiolus did indi-
cate a significant influence. The Slim Modiolar electrode
array takes a closer position to the modiolus than the Con-
tour Advance electrode array as confirmed by a comparative
radiological evaluation [21].

In this retrospective study the data from recipients
with the three main types of electrode arrays used in
each of the two author implant centers were included.
Although the electrode of CI522 was known to take the
lateral wall position within the cochlea, the authors’ de-
cided to enroll those subjects who were implanted with
CI522 to gain a more detailed overview. Although results
of two different implant centers were combined for
evaluation, upon review, the authors considered the rou-
tine clinical practices employed and device parameters
used at each site as sufficiently comparable.

Results from the objective intraoperative measurements
indicated that the electrode contacts of the CI532 array
were located closer to the modiolus than those of CI512.
A previous study found that withdrawal of the stylet in the
Contour Advance Electrode resulted in better NRT and
ESRT responses, than with the stylet in place. They con-
cluded that this is most probably due to a more favorable
position of the electrode array towards the modiolus
within the scala tympani once the stylet is removed [26].
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In our study, although the mean ESRT was only slightly
lower with CI532, the difference was statistically signifi-
cant at the basal most electrodes tested. However, the
mean T-NRT for CI532 was significantly lower than for
CI512, especially in the apical-middle section, which is
considered to be indicative of closer positioning towards
the modiolus. An expected rate of scalar dislocations
could be 26% with precurved electrode (i.e. CI512) and 3%
with straight electrode (i.e. CI522) with round window in-
sertion technique [28] and this dislocation should have a
significant impact on the NRT threshold in the apical part
of the electrode. In order to minimize scalar dislocation,
the extended round window insertion technique was used.
Although the institutional protocols did not include post-
operative computed tomography, the results from T-NRT
and ESRT, both being constantly higher for CI512 when
compared with CI532 and T-NRT being constantly lower
for CI512 when compared with CI522 are not indicative
of significant dislocations between scalae tympani and ves-
tibuli. The sizeable reduction in both T-NRT and ESRT
observed in our study are considered sufficiently large to
potentially influence differences in clinical outcomes as
observed for subjective comfort level [26, 29].

The surface area of an electrode is inversely propor-
tional with the resistance, thus current is proportional
with the surface area. If the electrode with a smaller sur-
face is capable of eliciting the same response it means
that it is closer to the stimulated structure. The lower
objective electrophysiological thresholds of CI532
suggest that the electrodes are capable of eliciting reflex
responses with lower stimulation intensity, resulting
from closer proximity to the modiolus.

Conclusion

Although the Slim Modiolar electrode is significantly thin-
ner than the Contour Advance and similar sized as the
Slim Straight electrode array, the Slim Modiolar electrode
provides similar or better stimulation productivity com-
pared to Contour Advance and Slim Straight electrodes.
The manufacturer’s thinnest electrode array, the Slim
Modiolar Electrode takes the position that is closer to the
modiolus compared to the Contour Advance Electrode
and the Slim Straight Electrode. Our intraoperative and
postoperative measurements confirmed this showing that
more effective stimulation can be achieved, through the
use of the Slim Modiolar Electrode.
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evokedstapedial reflex threshold; NRT: Neural response telemetry; T-
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Abstract

By using sophisticated surgical techniques in combination with the Slim Perimodiolar cochlear
implant electrode array a hitherto unattained high rate of residual hearing preservation in cochlear
implantation has been observed that makes potential for electric acoustic stimulation. One of the
primary aims of cochlear implant system engineering is to promote atraumatic electrode insertion
to maintain optimal postoperative hearing sensitivity by protecting and preserving the delicate
inner ear structures.

The study aimed to collect pre-, and postoperative audiological and surgical results from the
experience gained from the applied cochlear implant configuration.

About 30 patients (aged 43.32 + 24 years) with partial hearing loss were supplied with this atraumatic
perimodiolar thin electrode which was designed to preserve residual hearing despite intracochlear
insertion of an electrode array. All patients were implanted with consentaneous CI system and
surgery technique.

The use of new electrode array profiles in cochlear implantation plays a fundamental role in
minimally invasive soft surgery, taking into individual needs, and providing long-term acoustic
hearing preservation. Hearing preservation was achieved in most cases (partial residual hearing
preservation) after a long-term follow-up period (preoperation, at least one year).

Keywords: Cochlear implantation; Hearing preservation; Soft surgery; Perimodiolar electrode
profile

Introduction

Competing companies (Advanced Bionics, Cochlear, Med-El and Oticon, etc.) provide different
types of receiver-stimulators, implant electrodes and speech processors. There are several pros and
cons when opting for an electrode profile (straight or perimodiolar), cochlear coverage (total or
partial), receiver-stimulator (physical attributes) and speech processor (electric or electroacoustic
stimulation), that meet the individual needs. One of the primary aims of cochlear implant system
engineering is to promote atraumatic electrode insertion to maintain optimal postoperative hearing
sensitivity by protecting and preserving the delicate inner ear structures.

Residual hearing sensitivity may deteriorate due to perioperative traumas or complications with
delayed onset. The applied surgical approach (Round Window (RW), Extended Round Window
(ERW), Cochleostomy (CS)) and the implanted electrode profile mainly lead to immediate or short-
term damage, while delayed alteration in cochlear function usually derives from the fibrous or bony
remodelling of the endocochlear compartments.

Surgically important properties are the physical attributes of the electrode configuration
(perimodiolar vs. straight; rounded vs. smoothened tip; short vs. regular; with or without stylet,
etc.), the type of cochlear fenestration (RW, ERW, CS), the method of electrode insertion (standard
vs. soft surgery with advance-off-stylet), the use of lubricants or drugs in the cochlea (e.g. intrascalar
corticosteroids) and the intrascalar position of the electrode array (perimodiolar, mid-scala, lateral-
wall) [1-3].

However, the possible disproportion between the physical dimensions of the electrode profile
and the endocochlear compartments (diameter, shape, length of scala tympani) play a significant
role in preserving inner ear structures and functions, too.
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Figure 1: (A) A traumatic electrode insertion in optimal position with the
reloadable sheath. (B) Slim, perimodiolar electrode configuration with total
cochlear coverage.

Figure 2: Skull AP axial on the first postoperative day that confirms the
proper in situ electrode position. The depicted subject (not included into the
present study due to completely missing preoperative hearing) was chosen
to interpret the differences between sequentially implanted systems (A:
right ear: C1512 Contour Advanced; B: left ear: CI532 Slim Perimodiolar).
A decreased electrode array curvature is seen with the slim perimodiolar
system (B).

Minimizing the damage in the inner ear enhances the possibility
for hearing preservation, thus leading to better hearing performance.
Systemic and/or intratympanic administration of steroids may
contribute to hearing preservation. The beneficial effects of
glucocorticoids are thought to be mediated through several different
pathways: the anti-inflammatory effects; the down-regulation of
production of inducible nitric-oxide synthase; and direct inhibition
of the MAP/JNK cell death signal cascade [2-5].

We aimed to study long-term hearing preservation in a non-
randomized, prospective clinical cohort with cochlear implant
systems, limited to ones produced by Australian and Austrian leader
companies, provided and fully financed by the Hungarian National
Health Insurance.

Materials and Methods
Study cohort

Out of the total number of cochlear implantees with slim
perimodiolar implant system (n=94) our study population was
recruited on the basis of the following criteria: (1) patient with good
compliance; (2) measureable preoperative hearing threshold; (3) slim
perimodiolar electrode array implant system; (4) minimum one-year
follow-up period. Thirty consecutive subjects were enrolled into this
prospective, non-randomized clinical study. Twenty females and ten
males with mean age at implantation of 43.32 years, ranged between
10 years to 77 years. All subjects were implanted at the University of
Szeged from 2015 until 2017. The postoperative follow-up duration
lasted 1.72 years at average (ranged between 1.1 and 2.55 years). All
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Figure 3: Number of implantees with measurable hearing threshold at
different frequencies. Preoperative (striped pattern columns); postoperative
(checked pattern columns). On the top horizontal axis, the frequency-specific
success rate of hearing preservation is showed in percentages.

subjects met the official indication criteria of Cochlear Implantation
(CI). Anatomical / structural malformation was not revealed by the
preoperative radiological examinations. For detailed patient data,
please see Table 1.

Implant configuration

The studied cochlear implant system has a slim, full-length
perimodiolar electrode (Figure 1). The thin implant body has no
pedestal and it is designed to minimize bone excavation and skin
protrusion. At the implant coil the implant measures 3.7 mm and the
implant main body measures 3.9 mm in thickness. The side-by-side
symmetrical shape makes the implantation easier for the surgeon.
The titanium casing has been used for high impact resistance, and
the smooth external geometry to minimize biofilm formation, that
reduces the risk of infection. The 98 mm total length of electrode
array helps to insert it in a better position, but the main handle assist
tool is the reloadable sheath for the smooth electrode insertion. The
thin electrode array allows unobstructed access to the scala tympani
that has a tip diameter of 0.35 x 0.4 mm and 0.45 x 0.5 mm at the
base. At the last edge of the electrode array there are three white
marker rings for controlling the insertion depth that are followed by
22 half banded platinum electrode contacts. These properties make
this implant configuration easier to use with shorter incision and
surgery time. The insertion assistant sheath platform and the physical
attributes of the electrode array facilitate to proximate the modiolus
and thus prevent the electrode from dislocation into the scalae media
or vestibuli [6-8].

Surgical technique

Preserving the residual hearing requires minimally invasive
techniques of (1) cochlear fenestration, (2) management of
endocochlear fluid compartments and (3) atraumatic electrode
insertion, known as soft surgery. Thinner and atraumatic electrode
arrays are also designed to accomplish these aims, as postoperative
hearing performance can be maximized by minimizing the insertion
trauma [3,8-11].

Several important factors contribute to intracochlear damage
during implantation: (1) direct physical trauma, (2) pressure
wave propagation in the perilymphatic fluid, (3) vibration and/
or heat trauma from drilling, (4) loss of perilymph, (5) changes
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in homeosthasis/hydrodynamics of the endocochlear fluid
compartments, (6) delayed fibrotic alteration and new bone formation
within the cochlear lumen [3,12-16].

The physical attributes (length and diameter) of the electrode
array may each limit the postoperatively achieved residual hearing
[17].

Comprehensive analysis of imaging diagnostics of the middle and
inner ear provide indispensable information for planning the proper
surgical access route and electrode [17,18].

Soft surgery

The term soft surgery was introduced by Lehnhardt in 1993 and it
provided basis for numerous publications [9,19].

Our routinely applied minimally invasive surgical technique
involved electrode insertion via the Round Window (RW). In order
to reduce bleeding and to prevent blood from accessing the cochlea,
we filled the tympanic cavity with adrenaline solution after having the
posterior tympanotomy been completed. To prevent bone fragments
entering the cochlea, the tympanic and mastoid cavity were flushed
with abundant amount of saline. To remove the bony overhang of
the round window, we used a 1 mm diamond burr at low speed (max.
350 rpm) in order to avoid noise and heat injury. We opened the RW
membrane with a microscopic needle or hook. After opening the
inner ear, suction was applied with care in order to avoid reducing
the amount of perilymph. Furthermore, the scala tympani was left
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Figure 6: Preoperative threshold of HP (striped pattern columns, n=number
of patients) and THL (squared pattern columns, m=number of patients)
patients (Continuous line measureable threshold level).

open for the shortest possible period, to prevent bone fragments,
blood or other substances entering the inner ear, which might have
been sources of primary and/or secondary injuries that finally would
lead to loss of residual hearing. As a sort of prevention, after having
opened the RW, we placed a piece of gel-foam soaked in corticosteroid
solution into the RW niche.

The slim modiolar electrode of the CI532 implant was soaked
into methylprednisolone solution (40 mg powder dissolved in 10 ml
saline) and it was retracted into the insertion sheath. The insertion
sheath together with the electrode array was inserted into the scala
tympani with the lowest possible force. Any minute resistance felt by
the surgeon would have indicated physical contact of the electrode
array to the basilar membrane or the lateral wall of the scala tympani
or stria vascularis and possible injury of these structures. After the
electrode had been inserted in full length, indicated by the 1** marker
ring, the RW was immediately sealed with an autologous tissue (e.g.
fascia or muscle) in order to prevent loss of perilymph [9].

Radiological validation

Radiography (skull AP axial/Towne view) was performed on the
first postoperative day to confirm the proper intracochlear electrode
position (Figure 2).

Pure-tone audiometry

Pure-tone air-conduction thresholds were used to register
residual hearing with the ascending method, with 5 dBHL intensity
steps. The audiometer (GSI 61 Clinical Audiometer; Grason-
Stadler, MN USA) was calibrated according to the standards of the
International Organization for Standardization (ISO 389-1:2017).
THD-50P (Telephonics Corporation/Griffon Company, NY USA)
headphone was used for air conduction hearing measurements.

Results

Pre- and postoperative pure tone hearing threshold
measurements were completed for all the 30 recruited subjects. Figure
3 frequency-dependently illustrates the number of patients pre- and
postoperatively, where hearing sensitivity was measurable. It is well
demonstrated that hearing is the most stable within the 250 to 1000
Hz range, and the least is beyond 4 kHz. This statement is true either
pre-, or postoperatively.
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Table 1: Population of study patients.

No. Gender Age (year) Implanted ear Hearing Loosrsigv;/r/]wo genetic Total Hearing Loss (THL) after implantation
1 Male 55 Left No No
2 Male 59 Left Yes Yes
3 Male 16 Right No No
4 Male 24 Right No No
5 Male 15 Left No Yes
6 Male 72 Right No No
7 Female 70 Right No No
8 Female 71 Left No No
9 Female 10 Right Yes Yes
10 Male 11 Right No No
11 Female 43 Left Yes Yes
12 Female 28 Right No No
13 Female 28 Left No No
14 Female 11 Right No No
15 Female 70 Right No No
16 Female 24 Right No No
17 Male 62 Right No No
18 Female 7 Right No No
19 Female 42 Right No No
20 Female 48 Right No Yes
21 Female 71 Left No No
22 Female 53 Right No Yes
23 Female 59 Right No No
24 Male 13 Right No No
25 Female 27 Right No No
26 Female 35 Left No Yes
27 Female 59 Left No No
28 Female 30 Right No No
29 Male 53 Right No No
30 Male 69 Right No Yes

Average | Male=10 Female=20 (Mean + SD)43.32+ 24 Right=21 Left=9 Gsze;: dd;f]c;;df;?’ THL=7

The average preoperative thresholds of the hearing within the
lower frequency range were 61.75 dBHL at 125 Hz (no response from
10 patients); 78.52 dBHL at 250 Hz (no response from 3 patients). At
the middle frequency range, mean values were 88.67 dBHL at 500 Hz
(response from all patients); 97.07 dBHL at 1 kHz (no response from
1 patient) and 100.50 dBHL at 2 kHz (no response from 10 patients).
At the higher frequencies, the average values were 91.36 dBHL at 4
kHz (no response from 19 patients) and 84.00 dBHL at 8 kHz (no
response from 25 patients).

The difference in height between the striped and checked pattern
columns represents the percentage of successful hearing preservation
at specific frequencies.

One year postoperatively the average values of the hearing
thresholds at the lower frequency range were: 93.89 dBHL at 125 Hz
(no response from 17 patients); 87.86 dBHL at 250 Hz (no response
from 10 patients). At the middle frequencies mean values were 102.86
dBHL at 500 Hz (no response from 10 patients); 111.61 dBHL at 1

kHz (no response from 14 patients) and 113.75 dBHL at 2 kHz (no
response from 21 patients). At the higher frequencies, average values
were 115.18 dBHL at 4 kHz (no response from 24 patients) and 99.29
dBHL at 8 kHz (no response from 29 patients).

Figure 4 illustrates the preoperative (striped pattern columns)
and the postoperative (dotted pattern columns) hearing thresholds
in dBHL at the measured frequencies. Decrease was detected at each
examined frequencies but the grade of it varied. The highest decrease
was measured at 500 Hz with an average decrease of 14.19 dBHL and
at 1000 Hz with an average decrease of 13.77 dBHL. At the lower
frequency range, hearing remained substantially stable. At 125 Hz
only 3.06 dBHL, while at 250 Hz only 7.19 dBHL loss was detected. At
the high frequencies, from 2 to 8 kHz preoperative hearing sensitivity
had been already proved to be rather poor, thus further loss had just
little consequences.

Figure 5 frequency-specifically demonstrates the degree of loss of
acoustic sensitivity grouped into dBHL ranges, while exhibiting the
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number of implantees. It is clearly shown that only minute threshold
decay with less than 5 dBHL loss is the most frequently found one,
while prominent postoperative loss of hearing appears less often.

Subjects with complete loss of hearing following surgery

Nine implantees (9/30=30%) showed up with total loss of
residual hearing at every measured frequency following surgery.
Their preoperative hearing sensitivity is presented in Figure 6. It is
clearly seen that within this subgroup of this cohort the measured
average hearing threshold have been already poorer prior to surgery
compared to those with preserved hearing. Genetic screening of
the 30 recruited subjects revealed mutations in three cases in the
background of hearing loss. All of these subjects suffered complete
hearing loss postoperatively (3/3=100%), that genetic alteration
may serve as a predictor when opting for an electro-acoustic/hybrid
device, should be taken into consideration when indicating these
systems [20].

Discussion

Preservation of acoustic hearing associated with cochlear
implantation improves the postoperatively achievable periodicity
and spectral resolution, which improves the patient's speech
comprehension and the localization of the tone in particularly
difficult conditions [21-26].

The effects of cochlear implantation on residual hearing have
been discussed in several studies in which a number of surgical and
technical factors have been identified [27]. There are some surgical
techniques of approaching the scala tympani (i.e., RW, ERW, CS)
with varying risks of harming the fine structures of the cochlea
with prompt or delayed onset [13]. Such late complications, like the
appearance of endocochlear connective tissue or new bone formation,
may lead to a gradual partial or complete loss of residual acoustic
hearing [28]. This is most likely to be seen when the round window
is extendedly exposed, where endothelial lesions trigger new tissue
proliferation. The slightest is the tendency to harm the endocochlear
structures when minimally invasive, soft surgery is applied [13].

Physical attributes of the electrode profile may also interfere with
postoperative cochlear function. Theoretically, the endocochlear
hydrodynamics may also be altered, as the vibration of the basilar
membrane is restricted due to the presence of an electrode array. At
this point, as the travelling waves to the apical region are modified,
the basilar membrane would react to sounds differently, leading to an
endocochlear “conductive” hearing loss [29, 30].

The new type of thin-diameter electrode arrays close to the
modiolus are expected to have a lower hydrodynamic load, since the
bony spiral lamina is attached from below, thus the basilar membrane
vibrations remain unrestricted. However, the perimodiolar position
of the electrode array allows the adjacent nerve elements of the spiral
ganglion to be stimulated with a lower electrical intensity and through
a smaller surface.

Cadaver experiments demonstrated that a force, applied to the
basilar membrane with an average of 88 mN (42 mN to 122 mN)
would be sufficient to accomplish the interscalar dislocation of the
electrode, of which manual perceptibility is questionable [31]. Studies
with large case numbers (n=100) have shown that the probability
of the electrode line being located in the scala vestibuli significantly
increased during CS, which also manifested itself in the absence of
improvement in speech comprehension [32].

In a number of studies, intraoperatively performed electro-
cochleography is used to track the electrode insertional trauma,
furthermore to postoperative residual hearing follow-ups [33-35].

For the implementation of Electro-Acoustic (EAS) or hybrid
speech processors the long-term preservation of residual acoustic
hearing is inherently inevitable, thus application of atraumatic
surgical techniques and electrode arrays is essential.

Our study cohort obviously demonstrates that by the application
of appropriate soft surgery techniques and atraumatic electrodes are
able to retain residual hearing on a long run. The positive experience
gained with the new type of CI532 Slim Modiolar electrode predicts
the possibility for the preservation of structural and functional
integrity of all cochlear regions. Furthermore, a prompt, definitive
solution could be provided for a possible late hearing loss progression,
where only a psychophysical reprogramming of the implant would be
enough.

On the basis of our results, if the acoustic hearing loss can be
preserved with the assurance and efficacy of the initial experience,
we will be able to provide sustained prominent hearing rehabilitation
even in the indication of EAS that results in significant improvement
in the life quality of many implantees.

In addition, long-term residual hearing loss may be of crucial
importance in the subsequent feasibility of regenerative procedures
and medical treatments [3,7,36,37].

Conclusion

In cochlear implantation, the use of new electrode array profiles
plays a fundamental role in minimally invasive soft surgery, taking
into individual needs, and providing long-term acoustic hearing
preservation. Our study demonstrates the efficacy of the Nucleus
CI532 Slim Modiolar electrode profile and it has the potential for
granting residual hearing, which predicts the possible use of this
configuration as part of EAS systems and makes it available for future
treatments, i.e., the regeneration-based new therapeutic approaches
of intracochlear hair-cells.
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A halldssériilt betegek rehabiliticiéjaban alkalmazott cochlearis implanticié sordn a residualis hallds posztoperativ
megdrzése és a hallasi teljesitmény maximalizalasa az elektrodaprofil implanticiéjakor kialakult trauma minimalizla-
siatdl fiigg. Ennek megvaldsitisihoz minimélinvaziv médszerek, tovabba vékonyabb, atraumatikus elektrédasorok
alkalmazdsdra volt sziikség. Célunk a posztoperativ akusztikai hallismaradviany-megdrzés lehetéségének audioldgiai
nyomon kovetése volt. Betegiink velesziiletett halliscsokkenése miatt gyermekkora 6ta hagyomanyos, légvezetéses
hallasjavit6 késziiléket viselt mindkét fiilén. A cochlearis implanticiét 6 hénappal megel8z8en halldscsokkenésében
mindkét oldalon kifejezett progresszidt mértiink, ezért cochlearis implantitum beiiltetése mellett dontottiink. A be-
teg a mitétet megel6z&en mindkét fiilén rendelkezett residualis halldssal, ezért Cochlear® Nucleus CI532 Slim
Modiolar implantitumot alkalmaztunk. A minimdlisan invaziv m{tétet a beteg jobb fiilén végeztiik el kerekablak-
behatolason keresztiil. A preoperativ halldskiiszobhoz (4tlag 85 dBHL) viszonyitva a 4. posztoperativ héten 0,25-1,0
kHz kozott 5-10 dBHL, mig 2,04,0 kHz-en 20-25 dBHL mértékd inicidlis halliskiiszobromldst tapasztaltunk.
A 6. hénapban mért halldskiiszob az 1 kHz feletti tartomdnyban tovibbi kisfokd progressziét mutatott, ugyanakkor
a 12. hénapban a halldskiiszob javult, a 4. héten kapott eredményekkel megegyezett. A cochlearis implanticié resi-
dualis halldsra gyakorolt hatdsait tobb tanulmany is vizsgilta, melyekben szimos sebészi és technikai tényezé kulcs-
szerepét meghataroztak. A CI532 Slim Modiolar eletrédaprofil modiolushoz kozeli elhelyezkedése virhatéan kisebb
endocochlearis hidrodinamikai terhelést jelent, mindemellett lehetévé teszi, hogy a ganglion spirale szomszédos
idegelemeit alacsonyabb aramintenzitissal, kisebb feliileten ingerelhessiik, ami neuroprotektiv hatasa lehet. Az akusz-
tikai halldsmaradvany cochlearis implanticié kapcsan torténé megorzése javitja a beteg beszédértését és hanglokaliza-
cids képességét, kiilonosen nehezitett koriilmények kozott. A residualis hallds hosszi tivih megdrzése kiemelkeds
fontossaguinak bizonyulhat tovabba a kés6bbi regenerativ eljirdsok, gydgyszeres kezelések megvalésithatésiga kap-
csdn is.

Orv Hetil. 2018; 159(41): 1680-1688.

Kulcsszavak: cochlearis implantitum, CI532 Slim Modiolar elektréda, maradvanyhallis-meg8rzés, minimalinvaziv
sebészet

Possibilities for residual hearing preservation with Nucleus CI532
Slim Modiolar electrode array

Case report

During the rehabilitation of hearing-impaired patients, the preservation of residual acoustic hearing following coch-
lear implantation by minimizing the implantation trauma allows for improved hearing performance. To achieve this,
minimally invasive, soft surgery methods and thinner, atraumatic electrodes were required. In our present study, we
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reported a case where Cochlear® Nucleus CI532 Slim Modiolar electrode was implanted in a patient with residual
hearing. Our aim was to study the possible preservation of postoperative acoustic residual hearing by audiological
monitoring. Since childhood, due to her congenital hearing loss, she has been wearing a conventional, airborne hear-
ing correction device on both ears. Six months before cochlear implantation, we measured the progression on both
sides of the hearing loss, so we decided to perform cochlear implantation. The patient had residual hearing on both
ears prior to surgery thus the Cochlear® Nucleus CI532 Slim Modiolar Implant was used. The minimally invasive
surgery was performed on the patient’s right ear through the round window approach. Compared to the preopera-
tive hearing threshold (average 85 dBHL) in the 4th postoperative week, an initial hearing threshold progression of
20-25 dBHL was observed between 0.25 and 1.0 kHz, while of 5-10 dBHL between 2.0-4.0 kHz. Hearing thresh-
old measured in the 6th month showed a slight progression in the range above 1 kHz, but improved by the 12th
month, to the results achieved at the 4th week. The effects of cochlear implantation on residual hearing have been
studied in numerous studies, in which several key surgical and technical factors have been identified. Nucleus CI532
is a Slim Modiolar electrode profile that is close to the modiolus, so it is expected to have a lower endocochlear hy-
drodynamic load since it lies in the covering of the osseus spiral lamina, thus less influencing the dynamics of the
basilar membrane. However, the perimodiolar location of the electrode array allows the adjacent nerve elements of
the spiral ganglion to be stimulated with a lower electrical intensity and a reduced surface that may be neuroprotec-
tive. Preservation of acoustic residual hearing following cochlear implantation improves the patient’s speech percep-
tion and the sound localization skills, particularly in difficult circumstances. Long-term residual hearing preservation
may also be of great importance in the subsequent feasibility for regenerative procedures and drug treatments.

Keywords: cochlear implant, CI532 Slim Modiolar electrode, residual hearing preservation, soft surgery
Nagy R, Jarabin JA, Dimédk B, Perényi A, Téth F, Sziits V, J6ri J, Kiss JG, Rovo L. [Possibilities for residual hearing

preservation with Nucleus CI532 Slim Modiolar electrode array. Case report]. Orv Hetil. 2018; 159(41): 1680-
1688.

(Beérkezett: 2018. mircius 1.; elfogadva: 2018. dprilis 5.)

Roviditések

ASSR = (auditory steady-state response) auditoros steady-state
valasz; CI = cochlearis implantaitum; CT = (computed tomog-
raphy) szamitogépes tomogrifia; BERA = (brainstem evoked
response audiometry) agytorzsi kivaltott potencidl vizsgilat;
DPOAE = (distortion product otoacoustic emission) disztorzi-
6s otoakusztikus emisszid; EAS = (electric-acoustic stimulati-
on) elektroakusztikus stimuldcié

A legutébbi években csaknem az Gsszes stlyossigi foka
és tipust halldscsokkenés rehabilitdlhatéva vélt valamely
implantalhat6 hallasjavito rendszer alkalmazasaval [ 1-3].
A cochlearis implantaitumok (CI) évtizedek 6ta jé funk-
ciondlis eredménnyel biztositjik a kiillonb6z8 hattert
cochlearis karosodasbdl eredd, stlyos fokt hallascsokke-
nések rehabiliticiéjait mind gyermekek, mind feln&ttek
esetében [4]. A CI egy miitéti uton, részben betiltetett
hallasjavit6é eszkoz, mely kozvetlentl a csiga lumenébe
vezetett, szorsejtprotézisként miikods elektrédasoron at
hozza ingeriiletbe a halléideg még mikods periférias
sejtjeit. A cochlearis implantaitumok mtkodési elve a ko-
vetkez6: a kiilsé beszédprocesszor a kornyezet hangjait
clektromos jelekké alakitja at, melyeket az adotekercs az
intakt bér alatt elhelyezkedd bels§ implantitumegység-
hez tovabbit. Az elektromos impulzusok ezt kovetSen a
belsé elektronikdhoz csatlakozé elektrédasoron keresz-
til kozvetleniil a ganglion spirale sejtekhez, majd a cent-

1. dbra

A cochlearis implantitum sematikus felépitése és miikodése.
A kiils6 beszédprocesszor (A) a kornyezet hangjait elektromos
jelekké alakitja dt, melyeket az adétekercs (B) az intakt bér alatt
clhelyezkedd belsé implantitumegységhez (C) tovabbit. Az
clektromos impulzusok ezt kovetSen a belsG elektronikihoz
csatlakozé elektrodasoron (D) keresztiil kozvetlentil a ganglion
spirale sejtekhez (E), majd a centrilis hallépdlydn keresztiil a
hallokéreghez jutnak
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2. 4bra

vestibuli; DC — ductus cochlearis)

ralis hallopalyan keresztiil a hallokéreghez jutnak (1/A-
E dabra).

Megjelenésiik 6ta a CI-k jelent8s technikai fejlédésen
mentek keresztil, ami id6rél id6re a miitéti technikak
adapticidjit tette sziikségessé. A kezdetektdl fogva jelen
volt az a torekvés, hogy a beteg esetleges residualis halla-
sat a mitétet kovetSen is megbrizziik [5]. Ezen koncep-
cié kiilonosen el6térbe keriilt minden olyan esetben,
amikor a beteg mélyhang-hallisa még hagyomanyos
hallokésziilékkel is rehabilitalhatdé volt, ugyanakkor a
beszédértés az egyidejlleg jelen 1évé, salyos foka, ko-
z€ép- és magashang-vesztés miatt akusztikai erdsités mel-
lett is csaknem lehetetlen volt. Ez vezetett az elektroa-
kusztikus stimuldcié (EAS) elvén miik6dd implantitum-
rendszerek megjelenéséhez, melyek egyszerre alkal-
maznak hagyomanyos, akusztikai erGsitést, tovabba
implantilt, elektromos stimuldciét [6]. Az elébbi a mély
hangok tartomdnydban nyajt erGsitést, mig az utdbbi a
magasabb hangok teriiletén biztosit kell6 stimulaciot,
igy optimalizalva a beteg beszédértését.

A residualis hallds posztoperativ meg@rzése 0sztondz-
te az egyre vékonyabb, atraumatikus elektrédasorok
megalkotdsat is [ 5, 7]. A hallasi teljesitmény maximalizi-
ldsa ugyanis a beillesztési trauma minimalizalasitél fiigg
[8]. Cochlearis implanticié soran kirosodhatnak az en-
docochlearis struktarak, melyek azonnali vagy akar késéi

A Cochlear® Nucleus CI532 Slim Modiolar elektrédaprofil endocochlearis elhelyezkedése. A cochlea megnyitdsinak leggyakoribb sebészi kapui

(A) A sémds dbra a labyrinthus szerkezetét abrazolja, melyen jol lithaté a fenestra rotunddn (fekete nyil) at bevezetett elektrédasor (narancsszin().
Alternativ sebészi behatoldsként, a cochleostoma furatinak helyét az dbran fekete csillag jeloli. Az dbra jobb oldalan kinagyitott dtmetszeti kép a csiga
mikroszképos vizlati szerkezetét, az implanticié sikeressége szempontjabol nélkiilézhetetlen folyadéktereit abrazolja (ST — scala tympani; SV — scala

(B) Lathat6 a scala tympaniba vezetett elektrodasor intracochlearis clhelyezkedése két, eltérd elektrédaprofil fizikai paramétereinek illusztrcidjaval.
A CI532-es (narancsszind, tomor dtmetszetd) elektrodaprofil koriilbeliil 60%-os relativ keresztmetszet-csokkenése, kovetkezményes intracochlearis-
pozicié-viltozdsa szembetling a kordbbi, CI512-es (narancsszind, szaggatott korvonala) elektrédaprofilhoz képest

posztoperativ residualishallds-romlds forrdsai lehetnek
[9-11]. Az elektrédasor bevezetése soran esetlegesen ki-
alakul6 belséfiil-trauma az eredete alapjan, sebészi szem-
pontbdl, két csoportba sorolhatd. Ezek koziil az elsé az
elektrodasornak a scala tympaniba torténd célzott beve-
zetése [12]. A legelterjedtebb sebészi technikdk ezt vagy
a kerekablak-membranon at (dgynevezett ,,round win-
dow approach”), vagy egy tgynevezett cochleostomdn,
azaz a cochlea basalis kanyarulatinak mesterséges furatin
at valositjadk meg [10] (2. dbra). A méasodik jelent&sebb
csoportot az elektrédasor minimalis traumat okozo be-
vezetése képezi. Ebben szintén szimos tényezének lehet
meghatarozé szerepe, mint példaul: (1) az elektréda be-
vezetése soran keletkezé kozvetlen trauma; (2) az im-
planticié kapcsin a perilympha folyadéktérben kialakuléd
nyomashullim hatdsa; (3) a faré altal okozott vibricio,
hangartalom, esetleg hétrauma; (4) perilymphavesztés;
(5) a belsé fiil folyadéktereinek homeosztizisiban 1étre-
jov6 valtozasok; endolymphaticus hydrops kialakuldsa;
(6) a csiga lumenének késdi fibroticus, csontos dtalakula-
sa [13, 14]. Az clektrédasor hossza és keresztmetszete
szintén korldtozhatja a posztoperativan elérhetd residua-
lis hallds meg@rzését [15]. A kdzép- és a belsé fiil dtfogd
preoperativ radioldgiai elemzése segithet mind a mitéti
behatolas megtervezésében, mind az elektrédaprofil ki-
vélasztasiban [16-18].
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EAS-t alkalmazva a magashang-tartoményban karoso-
dott sz8rsejtek teriiletét, azaz a basalis régiot sok esetben
egy rovid elektrodasor bevezetésével fedik le, mellyel
megkimélhetS az apicalis cochlearis régiok szerkezete,
miikodése. Ez esetben a kihivast a residualis hallas hosz-
szabb tivih megé6rzése jelenti [19]. Ha ugyanis a mély-
hang-halldsban progresszié kovetkezik be, az eredetileg
optimalis hosszusiga elektrdda, fizikai lefedettség hid-
nyaban, mar nem lesz képes pétolni a cochlea ezen régi-
6janak funkciéjit. A progresszid hatterében kivalté ok-
ként szerepelhet kés6i endocochlearis fibrosis vagy
csontszovetképzidés is [20]. Az ebben a helyzetben fel-
merilé teljes belsGegység-csere, hosszabb elektrodasor
bevezetése ennek kapcsan akar fizikai akaddlyba is titkoz-
het. Elzdr6dés hidnydban ugyanakkor akar tobb egymast
kovetd implanticié sziikségessé valhat, kovetve a beteg
halldsdnak folyamatos rosszabbodisit, ezzel nyilvinvalo
sebészi, altatasi terhet réva a betegre. Mindemellett szi-
mos finanszirozasi kérdés is felmeriilhet.

A cél tehat egy atraumatikus elektrédasor kifejlesztése
volt, mely a residualis hallis maximalis megdrzése mellett
képes az eclektromos hallds hossz tava biztositisara.
A cochlea teljes hossziban bevezetve az elektrédasort
kezdetben az EAS részeként tizemelhet, majd egy esetle-
gesen bekovetkezd mélyhanghallds-vesztés esetén, az
apicalisan elhelyezkeds elektrédakat aktivilva, csupan az
implantitum programozisinak moédositisaval biztosit-
haté djra a teljes cochlea elektromos hallas lefedése.
A folyamat lényege tehdt egy hibrid, akusztikus és elekt-
romos rendszerrdl tisztin elektromos rendszerre torténd
attérés a betiltetett elektrodasor cseréje nélkiil.

Az el6bbi feltételeknek véleményiink szerint megfele-
16 elektrédasor (Cochlear® Nucleus ,,CI532 Slim Modi-
olar”) 2015 novemberében ,,closed-market release” ke-
retében a Szegedi Tudomanyegyetem Fiil-Orr-Gégészeti
és Fej-Nyaksebészeti Klinikdjan keriilt beiiltetésre els6-
ként a viligon (operatdr: Prof. Dr. Rovo Laszlé tanszék-
vezetd egyetemi tandr).
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A B C

3. dbra Az elektrédaprofilok csoportositisa a modiolustél vald tavolsa-

guk alapjin. Az elektrédaprofilok modiolustdl valé tivolsiguk
alapjdn (A) perimodiolaris, (B) mid-scala, (C) ,,lateral-wall” ti-
pusba sorolhaték. A jelen cikk targyit képezé Nucleus CI532-es
clektréda a perimodiolaris csoport tagja

Klinikdnkon ez iddig 89 esetben (69 beteg) iiltettiink
be CI532-es elektrodasort, melyek koziil 40 {6 esetében
mértiink preoperativ residualis halldst. A homogén be-
tegcsoportok adatainak részletes feldolgozasa jelenleg
folyamatban van.

Jelen tanulminyunkban egy olyan esetrdl szamolunk
be, amelyben Cochlear® Nucleus CI532 Slim Modiolar
elektrodat iltettiink be residualis hallassal rendelkezé
betegnek. Vizsgilatainkkal arra kerestiik a valaszt, hogy
rovid vagy akar hosszu tavon is megdlrizheté marad-e az
akusztikai hallas.

Anyag és modszer
Nucleus CI532 Slim Modiolar elektrodaprofil

Az elektrédaprofilokat a modiolustdl valé tavolsaguk
alapjan perimodiolaris, ,,mid-scala”, illetve ,lateral-wall”
kategoéridkba sorolhatjuk (3. dbra) [21]. A Nucleus
CI532-¢s clektrédasor jelenleg a vildg egyik legkisebb
atmér&jl perimodiolaris pozicidju elektrodaprofilja. Ba-
salisan 0,5 mm, mig apicalisan 0,3 mm atmérdjd, ezzel
mintegy 60%-ban kisebb térfogati, mint a gyart6 szin-
tén perimodiolaris elhelyezkedésti, el6z6 genericios
elektrédaprofilja, az tgynevezett Nucleus Contour Ad-
vance (4. dabra) [22]. Kilonleges, rugalmas hiromdi-
menzids (3D-s) konformacidjanak koszonhetGen lehe-

\—’ﬁ) 14 mm
r — -~

CI532 Slim Modiolar Q 005

@ 0,5 mm )5 mm
90,5 mm
14,25 mm @ 0,8 mm ':;
™ e
CI512 Contour Advance @08 mm \
u @0,5mm

4. dbra Perimodiolaris elektrédasorok Gsszehasonlitisa. Az abran a Nucleus CI532 vékony, perimodiolaris elektrodaprofil méretei lithatok az el6z8, tgyne-

clektrédaprofilja. Basalisan 0,5 mm, mig apicalisan 0,3 mm 4tmérdjii, ezzel mintegy 60%-ban kisebb térfogat, mint a szintén perimodiolaris elhelyez-
kedésti, el6z8 genericios elektrodaprofil, az tgynevezett Nucleus Contour Advance CI512
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t6vé teszi, hogy az elektrédik a lamina spiralis ossea
eredése alatt helyezkedjenck el, igy biztositva, hogy a
stimulaciés pontok a ganglion spirale sejtjeinek kozelébe
kertiljenek (2/B abra). Atraumatikus kialakitasa biztosit-
ja az endocochlearis finomstruktiarik megdérzését [23].
Egyediilallé beillesztési mechanizmussal rendelkezik,
amely a sebész szamara lehet&vé teszi, hogy kivalaszthas-
sa a legmegfelel6bb megkozelitést a cochlea anatémiaja-
nak fiiggvényében. A biztonsig érdekében az elektroda
GjratolthetS vezetSeszkozzel rendelkezik, mely szignifi-
kins mértékben noveli az elektréda optimilis helyzetbe
kertilésének esélyét [21].

Minimalisan invaziv sebészi technika

A residualis hallds cochlearis implanticié sorin torténd
meglrzésének szindéka vezetett az Ggynevezett ,soft
surgery”, azaz minimdlisan invaziv mtitéti eljarasok meg-
jelenéséhez. Ezek alapvetSen meghatarozzak a cochlea
megnyitdsinak és az endocochlearis manipuldciéknak
minden olyan elemét, amely makro- és mikroszerkezeti
kirosoddsok dltal negativan befolyasolhatja a posztope-
rativan elérhetd hallasteljesitményt (direkt trauma és/
vagy kiillonb6z6 anyagok bekeriilése a cochledba stb.).
A minimdlisan invaziv cochlearis implanticids eljras te-
hit nem konkrét mttéti tipus, hanem inkdbb olyan sza-
bélyok 0Osszessége, melyeket kovetve egyre tokéletesebb
funkcidmegdbrzés lehetséges. A fogalmat és a f6bb szem-
pontokat els6ként Lebnhardt kozolte 1993-ban [24],
ami szdmos késGbb megjelent publikicié alapjit jelentet-
te [25]. A residualis hallis meg6rzésének szindéka leg-
Gjabban az EAS-rendszerekkel torténé hallasrehabilita-
ci6 soran meriil fel [26-28].

Minimalinvaziv technikat alkalmazva egyarant vélaszt-
hatunk kerek ablakon, kiterjesztett kerekablak-behatola-
son vagy cochleostomin it torténd elektrodabevezetést
[11]. A csont sziikséges mértékd elfariasahoz minden
esetben 1 mm atmérdjl gyémantfardt hasznalunk lassa
fordulatszimon, ezzel elkeriilve a faras sordn keletkez§
hang- és héartalmat [13, 14]. Az endosteum megnyitasa
el6tt, annak felszinére szteroidtartalma oldatot vagy nat-
rium-hialurondt-tartalma készitményt helyezhetiink. Az
endosteum megnyitidsihoz mikrotiit vagy -horgot, to-
vabba kiilonbozd6 1ézereket hasznalhatunk. A belsd fiil
megnyitasit kovetGen fokozottan tgyelniink kell arra,
hogy elszivis kozben nehogy perilymphavesztést okoz-
zunk. A scala tympani csupdn a lehet§ legrovidebb ideig
lehet nyitva, ugyanis azon mint behatoldsi kapun ét pri-
meren vagy az elektrédihoz tapadva szekunder médon
csontpor, vér vagy egyéb anyag juthat a belsé fiilbe, mely
szamos direkt és/vagy masodlagos kirosodas forrasa le-
het, s ez végs§ soron a posztoperativ residualis hallds
csOkkenéséhez, elvesztéséhez vezethet. Bevezetése el6tt,
a Nucleus CI532-es elektrodaszélat az implantitumhoz
tervezett specidlis vezetGsinbe vissza kell htizni. Ez el6se-
giti az optimdlis implanticids sz0g meghatirozasit,
megtartasat. Az elektrodaszal bevezetése a lehets legki-
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sebb erd kifejtése mellett kell, hogy torténjen. Minden
érzékelhetd ellenallds a basilaris membrdn, a lateralis sca-
la tympani fal vagy a stria vascularis kontaktusat, kovet-
kezményes sériilését jelezheti. Az elektroédaszal beveze-
tését elGsegitheti felszinének szteroidos oldattal vagy
natrium-hialuronattal torténé bevondsa. Amint az elekt-
roda a megfelel§ hosszusigban bevezetésre keriilt — amit
markergytrdk jeleznek —, a kerek ablakot vagy a cochleo-
stomat autolog szovettel (példaul fascia, izomszovet) le-
zérjuk, megel&zve a tovabbi perilymphavesztést [25].

Az implantitumtestet és a referenciaelektrodat a gyar-
t6 altal kiadott templat segitségével a bér alatt kialakitott
zsebbe helyezziik.

Betegadatok

No6betegiink 1987-ben sziiletett. Velesziiletett hallas-
csokkenése miatt gyermekkora ota hagyomanyos, 1ég-
vezetéses halldsjavitd késziiléket viselt mindkét fiilén.
A cochlearis implanticiét 6 honappal megel6zGen hallds-
csokkenésében mindkét oldalon kifejezett progressziot
mértiink, {gy mar késziilékeinek viselése mellett sem volt
kielégitd beszédmegértési képessége. Mitéti alkalmassa-
gat részletes audiologiai és radiologiai tesztekkel birdltuk
el. Ezt kovetSen az implanticiot a beteg 30. életévében
végeztiik el dltalinos anesztézidban. Mivel a beteg a m-
tétet megel6zben mindkét fiilén rendelkezett residualis
halldssal, vékony perimodiolaris elektrodaprofil (CI532
Slim Modiolar implantitum) alkalmazasa mellett don-
tottiink. A mitétet a beteg jobb fiilén végeztiik el a fen-
tebb részletezett minimdlisan invaziv sebészi technikat
alkalmazva kerek ablakon kereszttil.

Eredmények

Preoperativ hallasvizsgilatok

A preoperativ halldsdiagnosztika teljes kort szubjektiv és
objektiv tesztekbdl dllt. Az elvégzett tisztahang-kiiszob-
audiometria a beszédfrekvencidkon (0,25-1,0 kHz) itla-
gosan 85 dBHL halldskiiszobot igazolt (5/A dbra), mig
a beszédaudiometria az audiométer méréshataraig nem
volt vizsgalhato.

Az objektiv teszteket normilis kozépfiil-ventilacio
mellett végeztiik (normdl A tipusti timpanogram mind-
két oldalon). A disztorziés otoakusztikus emisszid
(DPOAE) mérésével egyik oldalon sem volt regisztrilha-
t6 kiilsGszorsejt-aktivitds, ami sensorineuralis halldscsok-
kenés esetében belséfiil-eredetet igazol. Agytorzsi kival-
tott potencidl vizsgalattal (BERA) nagy intenzitis mellett
még éppen regisztralhatd, kis amplitddéja, ugyanakkor
normal atenciju, reprodukdlhat6 valaszokat regisztral-
tunk, ami szintén a Corti-szerv-eredet mellett szol. Az
agytorzsi szakaszon neuralis érintettségre (dgynevezett
retrocochlearis laesiéra) utalé jeleket nem lattunk. Audi-
toros steady-state valaszok (ASSRs) vizsgilata soran az
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5. ibra Pre- és posztoperativ tisztahang-kiiszobaudiometriai eredmé-

nyek. Az implantdciot a jobb fiilén végeztiik el (piros gorbék);
az ellenoldali halldst a kék gorbék jelzik. A preoperativ tiszta-
hang-kiiszobaudiometria a beszédfrekvencidkon (0,25-1,0
kHz) atlagosan 85 dBHL halldskiiszobot igazolt (A). A negye-
dik posztoperativ héten a beszédfrekvencia-tartomdnyt tekintve
0,25-1,0 kHz kozott 5-10 dBHL, mig 2,0-4,0 kHz-en 20-25
dBHL mértékd inicidlis hallaskiiszobromlist tapasztaltunk (B).
A 6. hénapban mért halldskiiszob 1 kHz felett ismét progresszi-
6t mutatott (C), ugyanakkor a posztoperativ 12. hénapban, ja-
vuldst kovetSen, a 4. héten kapott eredményekkel megegyezd
halldskiiszobértékeket mértiink (D). A 6. honapban elvégzett
szabad hangteres halldskiiszob-vizsgilat a jobb fiilon viselt coch-
learis implantitummal kozel a szocidlis hallaskiiszobnek megfe-
lel6 hallast igazolt, dtlag 35—40 dBHL kiiszobszinttel. A poszt-
operativ 12. hénapban mért szabad hangteres halldskiiszob
tovabbi javuldst mutatott, dtlag 25-30 dBHL-nek bizonyult

Jelolések: —X— = bal oldali légvezetéses hallaskiiszob; —O— =
jobb oldali légvezetéses halldskiiszob; —A— = CI-vel mért hallds-
kiiszob szabad hangtérben

objektiv halldskiiszobot mindkét oldalon nagy-silyos fo-
kanak becsiiltiik (6. dbra).

Eredményeink alapjin tehat a beteg bizonyos mértékd
residualis halldssal rendelkezett ugyan, ez azonban a ha-
gyomanyos légvezetéses erGsitéssel nem lett volna kell§
mértékben rehabilitilhaté. Az objektiv tesztek a nervus
cochlearis retrolabyrinther kiarosodasit nem vetették fel,
melyet a preoperativan elvégzett nagy felbontisa pira-
miscsont-CT-vizsgalat szintén kizart. Bels6fiil-fejlédési
rendellenesség nem abrazolddott.

Mivel a beteg a cochlearis implanticié audiologiai és
radiolégiai indikdcids kritériumainak megfelelt, mdtétet
javasoltunk.

Posztoperativ hallasvizsgalatok

Az els6 ellenérzd tisztahang-kiiszobaudiometriai vizsga-
latunkra a negyedik posztoperativ héten keriilt sor (5/B
dbra). A beszédfrekvencia-tartomanyt tekintve 0,25-1,0
kHz kozott 5-10 dBHL, mig 2,0—4,0 kHz-en 20-25
dBHL mértékd inicidlis halldskiiszobromlast tapasztal-
tunk. Ezt kdvetSen a posztoperativ hatodik és tizenket-
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tedik hénapban tjabb kontroll-hallisvizsgalatot végez-
tink. A 6. hénapban mért hallaskiiszob 1 kHz felett
ismét progressziét mutatott (5/C dbra), ugyanakkor a
posztoperativ 12. hénapban (5/D dbra), javulist kove-
téen, a 4. héten kapott eredményekkel megegyezd hal-
laskiiszobértékeket mértiink. A posztoperativ teszteket
tisztdn akusztikus ingerrel, a cochlearis implantdtum ki-
kapcsolasa mellett végeztiik el.

Elektrofiziologin
A Nucleus CI532 egy 22 csatornibdl 4ll6 vékony, peri-

modiolaris elhelyezkedésl elektrédaprofillal rendelkezé
implantatum. A posztoperativ hallasvizsgalatokkal egy
idében elvégzett elektréodankénti impedanciamérések
szamos ingadozdst mutatva, a 10-22. elektrédatarto-
mdanyban mar a 6. hénapban, mig az 1-9. elektrédakon
a 12. hénapban valnak relative stabilld, kiegyenlitetté
(7. abra), ami az elektrodasor megfeleld integracidjara, a

bels6fiil-homeosztizidsnak a rendezettségére utalhat.

Megbeszélés

Az akusztikai residualis hallds cochlearis implantacié kap-
csan torténd megorzése javitja a posztoperativan elérhe-
t6 periodicitast és spektrilis felbontist, aminek koszon-
het8en javul a beteg beszédértése és hanglokalizacios
képessége, kiillonosen nehezitett koriilmények kozott,
ezért kiemelked$ annak megdrzése [29-35].

A cochlearis implantacié residualis halldsra gyakorolt
azonnali hatdsait tobb tanulmany is vizsgalta, melyekben
szamos sebészi és technikai tényezd kulcsszerepét meg-
hatdroztik [10, 36, 37]. Hasonl6 vizsgalatok kutatjak a
mikrofiilsebészeti  beavatkozisok labyrinthfunkciékra
gyakorolt hatasait [ 38]. Az implanticiot kovetd idEszak-
ban ugyanakkor szamolnunk kell kés6i komplikaciokkal
is, ugymint endocochlearis k6t6- vagy csontszovetkép-
zGdéssel, mely masodlagosan a residualis akusztikai hal-
las romlasahoz, elvesztéséhez vezethet [20]. Erre a leg-
nagyobb val6szintiség a kiterjesztett kerekablak-feltaras-
kor (,,extended round window approach”) mutatkozik,
melynek soran az endosteum karosoddsa valt ki 4j szove-
ti proliferaciot. A legesekélyebb a kirosodas kialakulasa-
nak valészinisége minimalinvaziv kerekablak-behatolas
soran [10]. A cochlea hidrodinamikai rendszerének ki-
rosoddsa ugyanakkor létrejohet egy, az alaphdrtya moz-
gasat korlitozo6 elektrédasor jelenléte miatt is. Ekkor a
membrana basilaris eltéré6 maximummal és helyen tér ki
a kiilonboz6 hangokra, igy a haladéhullam terjedését be-
folyasolé elektrédasor a mély frekvencidkért felelGs api-
calis régié elemeit is kdrosithatja, tgynevezett cochlearis
vezetéses hallascsokkenést okozva [39,40]. Az 4j tipust,
vékony atmérGjl, modiolushoz kozeli clhelyezkedést
elektrédasorok varhatéan kisebb hidrodinamikai terhe-
1ést jelentenek, hiszen a lamina spiralis ossea takarasaban,
az alatt helyezkednek el, a membrana basilarist nem érin-
tik (2. abra). Az elektrodasor perimodiolaris elhelyezke-
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6. abra Preoperativ objektiv hallaskiiszobértékek jobb és bal oldalon. Auditoros steady-state vilaszok (ASSRs) vizsgdlata sordn az objektiv halldskiiszobét,

czzel a residualis halldst mindkét oldalon nagy-stlyos fokban emelkedettnek mértiik. A hallaskiiszob a jobb oldalon (A) az objektiv halldskiiszob 80-90
dB corHL, mig a bal oldalon (B) 90-100 dB corHL mértékiinek bizonyult, bal oldalon 500 Hz-en relative megkimélt residualis halldssal (corHL:
hangintenzitas-korrekcios faktor figyelembevételével, mely tiikrozi a beteg életkorat és a rogzités kortilményeit)
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7. abra Posztoperativ elektrédaimpedancia-valtozdsok. A posztoperativ
hallasvizsgalatokkal egy id6ben elvégzett elektroddnkénti impe-
danciamérések szimos ingadozist mutatva, a 10-22. elektréda-
tartomdnyban mar a 6. hénapban, mig az 1-9. elektrédakon a
12. hénapban vélnak relative stabilld, kiegyenlitetté. Ez az elekt-
rédasor megfelel6 integracidjara, a bels6fiil-homeosztizisnak a
rendezettségére utalhat. A diagram felsé tengelyén a kiilonboz6
clektrédak frekvencialefedettség-atlaga keriilt feltiintetésre

Jelolések: —e— = posztoperativ 4. hét; —A— = posztoperativ 6.
hénap; —m— = posztoperativ 12. hénap

dése mindemellett lehet&vé teszi, hogy a ganglion spirale
szomszédos idegelemeit alacsonyabb dramintenzitdssal,
kisebb feliileten ingerelhessiik.

Korai post mortem kadaverkisérletek sordn igazoltik,
hogy az interscalaris (azaz a scala tympanibdl a scala ves-
tibuliba torténd) elektrédadiszlokicidhoz mar 42-122
mN (itlagosan 88 mN) erd kifejtése is elegendd, mely-

nek manualis érzékelhetGsége kérdéses [41]. Nagy eset-
szamon (n = 100) végzett vizsgilatokkal kimutattik,
hogy cochleostoma készitése soran szignifikins mérték-
ben nétt a valdszintisége, hogy az elektrodasor a scala
vestibuliban helyezkedjen el, ami a betegek beszédértés-
javuldsdnak elmaraddsiban is megnyilvanult [42].

Szamos tanulmanyban az intraoperativan elvégzett
electrocochleographiai mérések segitségével kovethetd-
nek tartjik az elektréda bevezetése soran 1étrejove trau-
mit, végsS soron a posztoperativ residualis hallds megdr-
zésének tényét [12, 43, 44].

A posztoperativ idGszakban esetiinkben is mérhetd
volt a residualis hallds kiiszobértékeinek fluktuicioja.
A funkcionalis romlas hitterében az elektrédasor megte-
lelS integracidja, a belséfiil-homeosztizisnak a rendezd-
dése, végs6 soron egy adapticids folyamat dllhat. Az
implanticié altal facilitilt neuroregenericié ugyanakkor
a halldskiiszob javuldsit eredményezheti.

Az EAS megvalositisihoz a kiils¢ hibrid beszédpro-
cesszorok (akusztikus és elektromos) 6nmagukban nem
elegenddek, az elektrodasornak is atraumatikus profillal
kell rendelkeznie, hogy a belsé fiil struktarainak megd&r-
zése révén lehetGség legyen a residualis akusztikai hallds
hosszabb tivii megdrzésére [45].

Esetiink jol demonstralja, hogy minimaélisan invaziv
technikat, valamint atraumatikus elektrédasort alkalmaz-
va a residualis hallds hosszabb tdvon megdrizhets. Az (j
tipustt CI532 Slim Modiolar elektrédasorral nyert ked-
vez( tapasztalataink elGrevetitik annak lehet8ségét, hogy
a cochlea minden régidjinak szerkezeti és funkcionalis
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épsége megdrizhetd, ugyanakkor végleges megoldast
nyujthat egy esetlegesen bekovetkezé késéi halldscsokke-
nés-progresszié kapcsin, amikor is elegendd csupian az
implantatum pszichofizikai modszerekkel torténd at-
programozasa.

Eredményeink alapjan, amennyiben a kezdeti tapasz-
talatoknak megfelel§ biztonsiggal és hatékonysiggal
Orizhetd meg az akusztikai residualis hallas, tgy 1ényege-
sen kevesebb mitéti és altatdsi teher mellett lesziink ké-
pesek tartdsan kiemelkedd halldsrehabiliticiot biztositani
az EAS indikdciéjaban is, ami jelentds életminség-javu-
last, tovibba financidlis tehercsokkenést eredményez a
beteg és a tarsadalom szdmdra egyarant.

Emellett a residualis hallds hosszabb tavi megdrzése
kiemelked§ fontossigtinak bizonyulhat a késébbi rege-
nerativ eljarasok, gyogyszeres kezelések megvaldsithato-
sdga kapcsan is [46, 47].

Kovetkeztetés

A cochlearis implanticio sordn alapvetd szerep jut, a mi-
nimalinvaziv technikik mellett, az individualis igényeket
figyelembe vevd, hossza tdvon is biztonsdgos hallismeg-
Orzést nyjté elektrodasorok alkalmazasanak. Esetiink
jol demonstrilja a Nucleus CI532 Slim Modiolar elekt-
rédaprofil hatékonysagat residualis akusztikai hallds ese-
tében, ami elbrevetiti az elektrédasorok ezen generaciod-
janak EAS-rendszerek részeként torténd alkalmazhatésa-
gat, hosszabb tavon biztositva egy esetlegesen a jovGben
megjelend, sejtregeneracion alapuld 4j terapids modszer
alkalmazhatésaganak alapjat.

Anyagi tamogatds: A kozlemény megirdsa anyagi timo-
gatisban nem részesiilt.

Szerzdi munkamegosztas: N. R.: Elektrofiziologiai méré-
sek elvégzése, az abrak megszerkesztése, a kézirat nyers
valtozatinak elkészitése. J. J. A.: Audiologiai leletek érté-
kelése, a kézirat végleges szovegének megirasa. D. B.:
Elektrofizioloégiai és audioldgiai mérések elvégzése.
P. A.: A cochlearis impantacios kivizsgilis megszervezé-
se, részvétel a miitét folyamatiban. T. F.: Az elektrofizi-
oloégiai mérések értékelése, lektorilas. Sz. V.: A belsé fiil
regenericiéjat vizsgilé kutatisok értékelése, kéziratra
adaptalasa. J. J.: A kézirat lektoraldsa, publikiciéra vald
felkészitése. K. J. G.: Az elektrofiziol6giai mérések, audi-
ologiai vizsgilatok menetének bedllitisa, ellen&rzése,
eredményeik értékelése, tudomdanyos tanidcsadas. R. L.:
Az implanticiés team vezetdje, a cochlearis implanticié
elvégzése, a beteg posztoperativ gondozdsa, a végleges
kézirat lektorildsa, a publikicié folyamatinak nyomon
kovetése, irdnyitasa, lektoralas.

Erdekeltségek: A szerzGknek nincsenek érdekeltségeik.
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EREDETI KOZLEMENY

Cochlearis implantatumok kiilonb6z6,
elore gorbitett elektrodasorainak
elhelyezkedése a cochlea tengely¢hez
viszonyitva

Radioldgini vizsgilat a pevimodiolaritas mértékének
megallapitisira

Perényi Addm dr. = Nagy Roland = Dimék Balazs
Csanady Miklés dr. = Jori Jozsef dr.
Kiss Jozsef Géza dr. = Rové Laszlo dr.

Szegedi Tudoményegyetem, Altalanos Orvostudoményi Kar, Fiil-Orr-Gégészeti és Fej-Nyaksebészeti Klinika,
Szeged

Bevezetés: A cochlearis implantitumok elektréddi gyart6tol és modelltdl fiiggSen kiilonboznek hosszukban, vastagsa-
gukban és implanticiét kovetSen a csiga tengelyéhez (modiolushoz) viszonyitott elhelyezkedésiikben. Az el6re gor-
bitett elektrodasorok kozelebb kertilnek a stimuldland6 ganglion spirale sejtekhez, mint az egyenes elektrédasorok,
ami a stimuldciéban tapasztalt elektrofiziol6giai kiillonbségek mellett el6nyos lehet a hangélmény minéségének szem-
pontjabol.

Célkitiizés: ElGzetes elektrofizioldgiai vizsgalataink eredménye szerint ugyanannak a termékesalidnak (Cochlear™
Nucleus® Profile) a vastagabb (Contour Advance) és vékonyabb (Slim Modiolar) perimodiolaris elektrédasorai koziil
a vékonyabbnak az elektroddi hasonlé toltésmennyiség dtadisa mellett is képesek hasonlé idegi vilaszt kivaltani, mint
a vastagabbnak az elektréddi. Vizsgdlatunkkal arra kerestiik a vilaszt, hogy milyen jelenség all az elektrofiziol6giai
eredmények hatterében.

Modszer: Betegesoportonként 54, Contour Advance és Slim Modiolar tipust elektrédasorral implantéltakat vontunk
be. Az elektrdédasor bevezetése minden esetben a kerek ablakon keresztiil tortént, a kerek ablak eliilsé-alsé csontszé-
lének elfarisit kovetSen vagy a nélkiil. A mdtét misnapjin késziilt, Stenvers-féle rontgenfelvételeken megmértiik az
elektrédasorok dltal leirt hurok cochledn beliili legnagyobb atméréjét. A betiltetés utdn két hénappal megbecsiiltiik a
kétféle perimodiolaris elektrodasorral felszerelt implantitum energiafelhasznalasi mutatoit.

Eredmények: A posztoperativ rontgenfelvételeken a vékonyabb perimodiolaris elektrédasorral implantilt csoportban
az elektrédasorok dltal leirt hurok cochledn beliili dtlagos dtmérdje 4,2 + 0,5 mm, mig a vastagabb perimodiolaris
elektrédasorral implantélt csoportban 4,9 + 1,1 mm értéknek adédott. Az *Auto power’ a CI532-csoportban 44,81
+ 5,05%, a CI512-csoportban 50,85 + 8,35% volt, tehit alacsonyabb energiafogyasztist tapasztaltunk a CI532-cso-
portban.

Kovetkeztetés: Képi diagnosztikai moédszerrel, viszonylag nagy esetszdm bevondsaval arra kovetkeztettiink, hogy a
vékonyabb perimodioldris elektrodasor még a vastagabbnadl is szignifikinsan kozelebb keriil a modiolushoz, ami elfo-
gadhat6 magyarazatot ad el6zetes elektrofiziol6giai mérési eredményeinkre.

Orv Hetil. 2019; 160(31): 1216-1222.

Kulcsszavak: siketség, cochlearis implantatum, elektrédapozicié, modiolus, perimodiolaris
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EREDETI KOZLEMENY

The distance from the modiolus of perimodiolar electrode arrays of cochlear
implants

A radiological study to evaluate the diffevence in perimodiolar properties

Introduction: The cochlear implants vary in electrodes in terms of length, width and proximity to the modiolus. The
precurved electrode arrays could be placed closer to the modiolus and the ganglion cells compared to straight elec-
trodes. The two types of electrode arrays provide different electrophysiological characteristics; however, proximity to
the modiolus may lead to better hearing performance.

Aim: To investigate our preliminary electrophysiological results that suggest that the Slim Modiolar (SM) electrode
array has the potential to elicit similar neural responses as the thicker perimodiolar (Contour Advance, CA) electrode
from the same generation of implants.

Method: Subjects that were implanted either with CA or SM electrodes were enrolled, 54 consecutive subjects in each
group. All electrodes were introduced into the cochlea via the round window. The diameter of the largest turn of the
electrode arrays within the cochlea was measured through postoperative radiography. The energy consumption pa-
rameters were estimated 2 months after implantation.

Results: The mean of the largest turns of the arrays within the cochlea was 4.2 + 0.5 mm in the SM group and 4.9 =+
1.1 mm in the CA group. ‘Auto power’ was 44.81 = 5.05% and 50.85 = 8.35% with SM and CA, respectively. Esti-
mated energy consumption was lower with SM. The differences were statistically significant.

Conclusion: Our measurements for a large cohort in each group suggest that the SM electrode array takes a signifi-
cantly closer position to the modiolus than the CA. This finding supports our earlier electrophysiological result and
indicates better performance abilities.

Keywords: deafness, cochlear implant, electrode position, modiolus, perimodiolar
Perényi A, Nagy R, Dimik B, Csanidy M, Jéri J, Kiss JG, Rové L. [The distance from the modiolus of perimodiolar

electrode arrays of cochlear implants. A radiological study to evaluate the difference in perimodiolar properties]. Orv
Hetil. 2019; 160(31): 1216-1222.

(Beérkezett: 2019. februdr 21.; elfogadva: 2019. marcius 25.)

Stalyos fokti sensorineuralis hallascsokkenés esetében,
amikor nagy teljesitményti hall6késziilékkel sem valosit-
haté meg kielégit6 hallas(re)habiliticio, cochlearis im-
plantitum beiiltetése lehet indokolt. Tobb gyartd kinal
belsétiil-implantitumot és tobbféle beszédprocesszort,
és egyazon gyart6tdl is tobb konfiguricié all rendelke-
zésre. A konfiguricidk kiilonboznek az elektrodasorok
tipusaban (példaul egyenes vagy elére gorbitett, teljes
hosszusagu vagy rovid, vékony vagy vastag), ezaltal lehe-
t6séget biztositanak a paciensek egyéni anatomiai tulaj-
donsagaira és igényeire szabott eszk6z megvalasztisara.
A variaciok ugyanakkor megnehezitik a klinikai vizsgala-
tok eredményeinek Osszehasonlitdsat, értékelését. Tobb
kutatécsoport végzett célzott vizsgalatokat a kiilonboz6
elektrédasorok tulajdonsigaibdl ad6dé gyakorlati kovet-
kezmények felmérésére, igy példaul a stimulalé elektré-
dasornak a cochlea tengelyéhez, azaz a modiolushoz vi-
szonyitott tavolsagira [1, 2] és ennek elektrofiziolbgiai
hatasaira [3], az energiafogyasztisra, az endocochlearis
struktarak sériilésének mértékére [4], a lehetd legkisebb
traumadval jar6 sebészi technikikra [2, 5-7], a kombinalt
elektroakusztikus stimulaciéra [8, 9] és a halldismarad-
vany megérzésére [10-14] vonatkozban. A megfelel
hangélmény biztositisit a tudomdinyos kozlemények
szerzGi els@sorban az elektrodasor tulajdonsigaiban, az
elekrédasor kiméletes bevezetésében és a beszédprocesz-

szor j6 beprogramozasiban latjak. Egyes szerzék az el6-
re hajlitott elektrédasorok modiolushoz kozeli helyzeté-
vel, mig masok a cochlea hossza elektrédasor altali teljes
lefedettségével tapasztaltak jobb eredményeket a hal-
lasélményben [15-18].

Az elektrodasorok a cochledn beliil, tipustdl fiiggSen
két ,,5z€Els6 pozicibba” keriilhetnek: az egyenes elektré-
dasorok a modiolustdl tavoli, an. laterdlis fuli helyzetet,
mig az elére gorbitett elektrédasorok modiolushoz ko-
zeli, Un. perimodioldaris helyzetet foglalnak el (1. dbra).
Létezik még az ugynevezett midscaln elhelyezkedést
elektrédasor, amely a scala tympaniba vezetve ,koztes”
poziciot vehet fel.

Biér vitatott dolog, hogy az egyenes vagy az el6re gor-
bitett elektrodasorokkal érhetd el jobb hallisélmény, a
stimuldlé elektrédik és a modiolus viszonydnak fontossa-
gdra mutat ra az a vizsgilati eredmény, amely szerint a
hangélmény és a beszédértés mindségében szignifikins
javulast eredményezhet, ha az elektrédik kozelebb ke-
rillnek a modiolushoz, elére gorbitett elektrédasorok
esetében [15]. Az elbre gorbitett elektrédasorok elénye
az egyenesekkel szemben az, hogy kialakitott tulajdonsi-
guknak koszonhetSen az egyes elektrédik kozelebb ke-
rilhetnek a modiolushoz, ezéltal az elektromosan stimu-
liland6 ganglion spirale sejtekhez is. Kovetkezésképpen
a leadott toltésmennyiség — a kisebb tivolsag miatt — ki-
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Az egyenes és a perimodioldris elhelyezkedést elektrodasorok cochledn beliili helyzetének szemléltetése ugyanannal a paciensnél, szekvencialis coch-

bal oldal

learis implanticiét kovetSen, Stenvers-szerinti rontgenfelvételeken. A jobb és a bal oldali cochlea szabdlyos alaka és azonos méret(, amit az implanta-
ciokat megel6zEen késziilt komputertomografis felvételen, méréssel ellendriztiink. A jobb cochledba vékony, egyenes stimuldlé elektroda (Cochlear™
Slim Straight), a bal cochledba vékony, elére gorbitett stimuldlé elektroda (Cochlear™ Slim Modiolar) keriilt. A szaggatott fekete kettSs nyilak az
clektrédasorok altal a cochledn beliil leirt hurok legnagyobb dtméréjét mutatjdk

sebb mértékben sz6rddik szét a cochlea folyadékterében,
igy kisebb dramer@sségli impulzusok elegendbek a gang-
lion spirale sejtjeinek ingerléséhez [14, 19, 20]. Emiatt
szélesebb a hallaskiiszob és a komfortkiiszob kozotti di-
namikai tartomdny, csokken az energiafogyasztis, és né
az elem/akkumulditor életideje [1, 21].

Cochlearis implantitum betiltetését kovetSen rutin-
szer(ien rontgenfelvételt készitiink. A Stenvers-féle felvé-
telen nagy biztonsiggal dllapithaték meg azok a kompli-
kaciok, amelyek az elektrodasor eltavolitasit és tjboli
pozicionalasat teszik sziikségessé, igy példaul ha az elekt-
rédasor rendellenes, cochledn kiviili helyzetbe kertilt

cholesteatoma é

aktiv elektroda

hypotympanalis sejtek

2. 4bra

modiolus
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Cochlearis implanticiot kovetSen 15 évvel, recidivilé cholesteatoma gyantja miatt készitett cone-beam komputertomogrifids vizsgilat, modiolusra

centrélt, rd merdleges sikd, a cochlea bazilis kanyarulatdt dbrazol6 rekonstrukciéja. A cochledban kiterjesztett kerek ablaki behatoldsbol bevezetett
Contour Advance elektrédasor lithaté. A dobiiregben — hipodenz megjelenést levegd helyett — lagyrésznek megfelel§ fedettséget (mitéti leletiink
alapjin recidiv cholesteatomit és hegeket) taldlunk. Elkiilonithetd a csontos cochledn beliil a hdrtyds cochlea, és lithat6, hogy az el6re gorbitett elekt-
rodasor nagy része a hartyds cochlea bels faldhoz kozel helyezkedik el
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vagy a vékony, el6re gorbitett elektrodasorok esetében
gyakran észlelt *tip fold-over’ (az elektrédasor csticsi ré-
szének visszahajldsa) [22, 23]. A szummicids rontgenké-
peken a csigan beliili részletek (scala tympani, scala vesti-
buli) nem kiiloniilnek el. Komplikicié gyantjakor, a
részletgazdagabb képi megjelenités érdekében szoba jon
a sziklacsont vékony szeletes komputertomografias (CT-)
vizsgalata vagy még inkabb cone-beam (kapsugaras) CT-
vizsgilata, amely szignifikinsan alacsonyabb effektiv su-
gardozissal elvégezhetd, és kevesebb mititerméket okoz-
nak rajra a fémelektrédik (2. abra) [24-26].

A hallasmaradvany implanticiét kovet§ megdrzésének
kiemelten fontos feltétele az, hogy az elektrédasor mind
a bevezetésekor, mind azt kovetSen a lehet§ legkisebb
traumat okozza a cochleaban. Ezért alkalmazunk vé-
kony, hajlékony elektrédasorokat, amelyeket az an. soft
surgery [27] technikaval vezetiink a cochlea scala tympa-
ni jaratiba. A rendelkezésre all6 vékony elektrodasorokat
az 1. tablazatban mutatjuk be [28-32].

A Kklinikai vizsgilatok eredményeinek értékelését meg-
nehezité variacidk csokkentése érdekében ugyanannak a
termékesalidnak kétféle elére gorbitett elektrdédasorral
rendelkezé implantaitumtipusat valasztottuk a vizsgdla-
tunkhoz. Munkacsoportunk rendszeresen alkalmazza a
Cochlear™ Nucleus® Profile termékcsalidot (Cochlear
Limited, Sydney, Ausztralia), és széles kord tapasztalatra
tett szert mindkét perimodiolaris elektroédaval. A ter-
mékesaldd tagjai csupdn az elektrédasor tipusiaban kii-
lonboznek, az implantitumtestben elhelyezked$ elekt-
ronikai egység azonos. A Slim Modiolar a jelenleg
elérhetd egyik legvékonyabb elektrédasor, amely
’closed-market release’ (zdrt piaci kibocsitds) keretében
a Szegedi Tudomanyegyetem Fiil-Orr-Gégészeti és Fej-
Nyaksebészeti Klinikdjan kertlt beiiltetésre elsGként,
2015 novemberében. A Contour Advance® elektrédasor
mind az apicalis, mind a bazalis 4tmérGjében (a: 0,5 mm,
b: 0,8 mm) szignifikdnsan vastagabb a Slim Modiolar
elektrodasor atmérinél (a: 0,4 mm, b: 0,5 mm), és az
egyes elektrodak aktiv feliilete nagyobb, mint a Slim Mo-
diolar elektrédaké [31, 32]. Mivel az ingerl6 elektrédak
felszine ¢és az ellendllas kozott forditott ardnyossig all

1. tiblazat | A vékony elektrédasorok tipusa és dtmérdi [28-32]
Elektrédasor Elektrédasor tipusa  Elektrédasor dtmérdje
megnevezése (a: apicalis, b: bazalis)
MED-EL FLEX24 és Egyenes a: 0,3 x 0,5 mm
FLEX28 b: 0,8 x 0,8 mm [28]
Advanced Bionics ElSre gorbitett a: 0,5 mm
HiFocus™ Mid-Scala b: 0,7 mm [29]
Oticon Medical Egyenes a: 0,4 x 0,4 mm
EVO® b: 0,5 x 0,5 mm [30]
Cochlear™ Nucleus® Egyenes a: 0,3 mm

Profile Slim Straight b: 0,6 mm [31]

Cochlear™ Nucleus®
Profile Slim Modiolar
(CI532)

El6re gorbitett a: 0,35 x 0,4 mm

b: 0,45 x 0,5 mm [32]

EREDETI KOZLEMENY

fenn, valamint az ingerl6 elektroddk és a célzott idegele-
mek (modiolus, ganglion spirale) kozotti tavolsig egye-
nesen aranyos a kozeg elektromos ellenallasaval, ebbdl az
kovetkezik, hogy ha a kisebb felszind elektrodak kisebb
toltésmennyiséggel képesek lehetnek kivaltani hasonld
mértékd akcids potenciilt, akkor kozelebb kell lennitik a
stimulalt struktardhoz.

Munkacsoportunk koribbi, nagy esetszimon elvég-
zett elektrofizioldgiai vizsgilatainak eredményei arra
utalnak, hogy ugyanazon elektronikai egység mellett a
Slim Modiolar elektrédasor (CI532 tipust implantdtum)
még alacsonyabb aramerdsségii impulzusok mellett is
képes idegi vélaszt, akcids potencialt generalni, mint a
Contour Advance elektrédasor (CI512 tipust implanta-
tum) [33, 34]. Vizsgalatunk célja annak megallapitasa
volt, hogy a fenti elényds elektrofiziologiai tulajdonsa-
gokbdl levont kovetkeztetést alatimasztjak-e az implan-
tatum energiafelhaszndldsi mutat6i és a posztoperativ
képalkoté vizsgalatok eredményei.

Anyag és modszer

Az elsG 54, CI532 és az els 54, CI512 késziilékkel im-
plantalt esetiinket vizsgaltuk. A betegcsoportok demog-
rafiai jellemzGit a 2. tdblazatban tintettik fel.

A mitéteket két, cochlearis implanticiéban jartas, ta-
pasztalt fiilsebész végezte el a nemzetkozileg leginkabb
clfogadott és elterjedt mddszerrel, posterior tympanoto-
mias feltardsbol, ,soft surgery” technikaval a Szegedi
Tudomanyegyetem Szent-Gyorgyi Albert Klinikai Koz-
pontja Fil-Orr-Gégészeti és Fej-Nyaksebészeti Klinikd-
jan. Az elektrodasorok bevezetése a kerek ablak fiilkéjét
(fossula fenestrae cochleae) képezS csontos struktarak
elvétele utdn a kerek ablakon keresztiil vagy jarulékosan
a kerek ablak eliilsG-alsé csontszélének elfarisit kovets-
en, un. kiterjesztett, kerek ablaki behatoldsbdl tortént.

2. tiblazat | A vizsgalatba bevont betegek demogrifiai adatai

Betegcsoport CI532 CI512

Az implantatum tipusa Cochlear Nucleus  Cochlear Nucleus

CI532 CI512
Az elektroda tipusa Slim Modiolar Contour Advance
(vékony perimodi- (vastag perimodio-
oldris) laris)
Betegszdm 46 45
Az implantlt fiillek szima 54 54
Eletkor (év) 25,17 + 26,29 20,80 + 25,87
Nem (férfi/nd) 25/29 23/31
A siketség idStartama (év) 2,94 + 7,46 3,06 £ 9,34
A siketség oka
velesziiletett 29% 28%
progressziv 22% 26%
ismeretlen 16% 28%
egyéb 33% 17%
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Perimodioldris elektrodasorok helyzete a cochledn beliil, ugyanannal a paciensnél, szekvencidlis cochlearis implantdciét kovetSen, Stenvers szerinti

rontgenfelvételeken. A jobb és a bal oldali cochlea szabdlyos alaka és azonos méretti, amit az implantaciokat megel6z8en késziilt komputertomogra-
fids vizsgilaton ellendriztiink. A jobb cochledba a vastagabb elére gorbitett stimuldlé elektrédasor (Contour Advance), a bal cochledba a vékonyabb
el6re gorbitett elektroédasor (Slim Modiolar) kertilt. A szaggatott fekete vonalak az elektrédasor dltal a cochledn beliil leirt hurok legnagyobb dtméré-

jét mutatjak

Az elsd posztoperativ napon protokollunknak megfe-
lel6en digitdlis rontgenfelvétel késziilt Stenvers-nézet-
ben [35] a beiiltetett implantitum helyzetének meghatd-
rozdsara. Jellemeztiik az elektrodasor és a modiolus
viszonyat: a 3. dbran teltiintetett médon a modiolus ten-
gelyére dllitott merdleges egyenesen megmértiilk az
elektrodasor altal leirt hurok cochlean beliili legnagyobb
atmérsjét. Osszehasonlitottuk az elektrédahurkok ezen
atmérdit a két betegcsoportban. A statisztikai értékelést
kétmintas t-probaval végeztiik.

A beltiltetést kovetGen két honappal, ugyanannak a be-
szédprocesszornak (Cochlear™ Nucleus® CP910) az
alkalmazasa mellett, a késziilék beprogramozdisa utin
megbecsiiltiik a kétféle perimodioldris elektrédasorral
rendelkezé implantitum energiafelhasznaldsi mutatéit a
Cochlear™ Custom Sound® Suite 4.4 verzidja szoftver-
rel.

Eredmények

A posztoperativ rontgenfelvételeken a CI532-betegcso-
portban az elektrédahurok cochlean beliili dtlagos 4tmé-
r6je 4,2 + 0,5 mm SD, mig a CI512-betegcsoportban
4.9 + 0,1 mm SD volt (kétmintas t-préba: p = 0,00136)
(3. abra).

Egyik paciensiink esetében két kiilonboz§ elektréda-
sorral végeztiink szekvencidlis bilateralis implanticiot:
jobb oldalra CI512 tipust, bal oldalra CI532 tipust
implantatumot iltettiink be masfél év kiilonbséggel. Az
elektrodak perimodiolaris elhelyezkedését talaltuk mind-
két oldalon, ugyanakkor a Slim Modiolar elektrédasor-
nak kisebb a cochledn beliili hurokatmérdgje.

"Tip fold-over’-t a vizsgalt 108 esetiinkben nem talal-
tunk.

Az ’Auto power’ szint szignifikinsan alacsonyabbnak
bizonyult a CI532-betegcsoportban (44,81 + 5,05%),
mint a CI512-betegesoportban (50,85 + 8,35%)
(p<0,05). Nagyobb *maximaértékek’ (7,50 = 0,87 versus

6,56 + 1,02) mellett is hosszabb az akkumulator becsiilt
életideje (napi élettartama) a vékonyabb perimodiolaris
elektrédasor esetében (3. tdblazat).

Megbesz¢lés

A nagyfoka hallascsokkenésben szenvedS paciensek

(re)habilitaci6jara tobb gyarto kiilonféle elektrodasorok-
3. tablazat Ugyanannak az implantitumcsalddnak a vékonyabb (Slim Mo-
diolar) és vastagabb (Contour Advance) perimodiolaris elektro-
dasoraval rendelkezd implantaitumok energiafelhaszndldsi muta-
téi ugyanazzal a tipust beszédprocesszorral

Slim Modiolar Contour Advance

elektrodasor (CI532) elektrédasor (CI512)

44 81 + 5,05% Auto power 50,85 + 8,35%
7,5+ 0,87 Maxima 6,56 =+ 1,02

4325 +846h Battery 40,04 + 6,48 h

1956 + 1,82 h
11,5+ 1,15 h

Standard accu 18,04 + 252 h

Compact accu 10,58 + 1,51 h

Auto power: A késziilékprogramozashoz sziikséges gyartoi szoftver le-
het6vé teszi a teljesitmény automatikus vagy manudlis konfiguralasat
minden egyes paraméterezett bedllitishoz, tgynevezett MAP-hez.
Ajanlott az Auto power funkci6 hasznalata minden lehetséges esetben,
amely hozzajarul a hangprocesszor teljesitményszintjének automatikus
optimalizdldsihoz. Miutin meghatiroztuk az egyes késziilékbedllitas-
hoz sziikséges paramétereket, Gigy az automatikusan szamitott teljesit-
ményszint megjelenik a MAP-cken.

Maxima: A maximaérték az egyes beszédkodolasi stratégiak paraméte-
re (SPEAK, az ACE™ és az MP3000™); az audiojel azon spektrilis
felbontds utdn frekvenciatartomdnyaira utal, amelyek a legnagyobb
hanger6sséggel rendelkeznek. Ez az érték adja meg az adott jelhez ki-
valasztott maximaértékek szamat, tehat adott idépillanatban a maxima-
értéknek megfelel§ szdma legnagyobb hangerdsséggel bird, aktiv
elektrodak szamdt.

Battery: hagyomanyos elem, vagyis kettd darab, 675 tipusszamau, 1,45
V gombelem.

Standard accu: hagyomanyos akkumulator.

Compact accn: kompakt akkumuldtor, kisebb a hagyomdnyos akkumu-
litornal.
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kal ellatott cochlearis implantituma 4ll rendelkezésre. A
hallas(re)habilitacié eredményeire kihat a késziilék és az
elektréda egyénre szabott megvalasztdsa. A perimodiold-
ris elektrédik modiolushoz minél kozelibb elhelyezke-
désének fontossdgdra hivja fel a figyelmet Holden és mun-
katdrsainak 2013-ban  publikilt eredménye, amely
szerint a paciensek hangélményének és beszédértésének
minésége elsésorban nem a bevezetett elektrédasor
hosszatdl, illetve a bevezetés mélységétdl fiigg, hanem az
elektrédasor modiolushoz viszonyitott helyzetétdl [15].

A Contour Advance olyan, elére gorbitett elektrdda-
sor, amelyet belsé fém vezetGszal segitségével, kiegyene-
sitett allapotban vezetiink be a cochlea scala tympani
jaratiba. Az ’advance oft-stylet’ technika jelentds ered-
ményeket hozott az endocochlearis struktirik sériilésé-
nek csokkentésében, ez az elektrédasor a vastagsiga és a
fém vezet6szal miatt mégis nagyobb aranyban okoz sé-
riilést, mint a vékonyabb egyenes elektrédasorok [2]. A
cochledban okozott sériilések csokkentésére fejlesztették
ki a szintén elére gorbitett, vékony és kevésbé merev
Slim Modiolar tipust perimodioldris elektrédasort, ame-
lyet kiilsé vezetShiively segitségével vezetiink be a coch-
ledba. Az utébbi a scala tympani folyadékterébdl jelentd-
sen kisebb volument foglal el a vastagabb elektrédasorhoz
képest, és azt is dontSen a bazdlis membrin csontos ré-
sze alatt, ami kevésbé zavarja a cochlea hidrodinamikai
mikodését. Fontos ez a koriilmény a mitét elStti hallas-
maradviny meg6rzésének lehetGsége szempontjabol
[14].

A pécienseinkrél rendelkezésre dll6 posztoperativ digi-
tilis rontgenfelvételekrdl hatiroztuk meg a stimulald
elektrodak cochlean beliili helyzetét. Cone-beam CT-vel
(2. dbra), roticids tomogrifiaval vagy vékony szeletes
CT-vizsgilattal részletgazdagabb képeket, eziltal az
egyes esetekben pontosabb tavolsigmérési adatokat kap-
hatnank [24-26, 36]; ezeknek a vizsgilatoknak lényege-
sen nagyobb a pdcienst érint$ sugarterhelésiik (effektiv
dézisuk), mint a koponya-rontgenfelvételeké, és korlato-
zottabban juthatunk hozzajuk a mindennapi ellitasban.
Ugyanakkor a standardizalt protokollnak koszonhetGen
a direkt digitdlis rontgenfelvételeken [34] is j6l megalla-
pithat6 a kiilonboz6 elektrodikkal implantalt betegcso-
portok kozotti kiilonbség, nagy esetszim mellett. Sten-
vers-felvételen a centralis sugdrnyalib a cochlean hatol
keresztiil, igy a rontgentechnika sajitossigaként ismert
nagyitas és torzitds szerepe minden vizsgilatnal csak egy-
forman kis, gyakorlatilag elhanyagolhat6 mértékben je-
lentkezik. A szummdcié szintén elhanyagolhaté a fém
(elektréda), a csont és a lagyrészek eltérd sugirelnyels
képessége miatt. A paciensek életkorbeli kiilonbségei a
képalkot6 vizsgalatok szempontjabél elhanyagolhaték,
mivel a belsé fiil méretei mér a sziiletéskor megegyeznek
a feln6ttkori méretekkel [37-39].

A fenti vizsgilatainkkal szignifikins kilonbséget talal-
tunk a kétféle perimodioldris elektrodasor cochlean belii-
li hurokdtmér&jében és az energiafelhasznalasi mutatok-
ban, a vékonyabb elektrédasor javara.

EREDETI KOZLEMENY

Kovetkeztetés

Képi diagnosztikai médszerrel, nagy esetszimon megal-
lapitottuk, hogy ugyanazon termékcsalad vékonyabb
perimodioldris elektrodasora a vastagabb perimodiolaris
clektrédasornal szignifikinsan kézelebb keriil a modio-
lushoz. A CI532 energiafelhasznaldsi mutatéi jobbak a
CI512 mutatéindl, tehit a vékonyabb perimodiolaris
clektrédaval alacsonyabb energiafelhasznalds mellett is
ugyanolyan hatékonyan stimuldlhaté a halldideg (3. tb-
ldzat).

Az clektrodasor megvilasztiasinak fontos szempontjait
(a halldsélmény, a beszédértés javitasa, a hallismaradvany
megdrzése) figyelembe véve munkacsoportunk a peri-
modiolaris elektrédasorok koéziil a vékonyabb perimodi-
olaris elektrodasor alkalmazasit tartja megfelelének és
kivanatosnak.

Anyagi tamogatis: A kozlemény megirasa, illetve a kap-
csolédo kutatémunka anyagi timogatasban nem része-
stilt.

Szerzdi munkamegoszris: P. A.: A protokoll kidolgozdsa,
a mérések elvégzése, a kézirat megszovegezése. N. R.,
D. B.: Az elektrofiziolégiai vizsgilatok elvégzése, a kéz-
irat megszovegezése. Cs. M.: A kézirat megszovegezése.
J. J.: Mttétek végzése, a kézirat megszovegezése. K. J.
G.: A mérési médszer kidolgozasa, statisztikai elemzés.
R. L.: A protokoll kidolgozasa, mttétek végzése, a kéz-
irat megszovegezése. A cikk végleges valtozatat vala-
mennyi szerzd elolvasta és jévahagyta.

Erdekeltségek: A szerzSknek nincsenek érdekeltségeik.

Készonetnyilvanitas

A szerzGk koszonetet mondanak a Szegedi Tudomédnyegyetem Szent-
Gyorgyi Albert Klinikai Kozpontja Radioldgiai Klinikdjanak és az Ath-
dea Diagnosztika Kft.-nek a radiolégiai vizsgalatok kivilé minéségben
tortént elvégzéséért.
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